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" A METHOD AND APPARATUS FOR DATA ORDERING
OF IO TRANSFERS IN B-MODAL ENDIAN POWERPC SYSTEMS

TECHNICAL FIELD

The present invention relates in general to data processing systems, and in
particriar, fo supporting data communications between input/output devices aid a
Processor.

BACKGROUN o

In most computer systems today, the smallest addressable unit of storage is

an 8-bit byte. Data is typically transferred between the various components of a
computer system in groups of bytes, such as words, doublewords and quadwords to
meet bandwidth needs. If the data is to be used or evaluated correctly, it is
necessary to know the cormrelation of the byte addresses to the value of the data,
i.e., the most significant byte ("MSB"). '

" Processor architectures that order data such that the lowest byte address
corresponds to the highest order byte (lefimost) are called Big Endian.



Arghlt‘@ectures that assign the lowest byte address to the |owest order
(rightnost) byte are referred to as Little Endian. Sone processor

architectures, §iGhcAss BharRmsar PC processor manufictured by | o
corporation supp ordering schenmes. To illy ﬁ@@r@gﬁ‘ﬁéﬁ U
di fferece, consi E“{l! m h ﬂ of thedwrd of data sho I n #FHPGUREY 1 Dat a
structure "n" co tes of data represented as ~hexdeci mal
characters 1A, 2B, 3C, 4D. Wen a processor, in Big Endian node, stores the
word in nmenory, the resulting storage map appears_as shown in FIGURE 2. |f
the processor was set up in Little Endian node, the storage mappi ng woul d

| ook as shown in FIGURE 3. When configured to operate in Little Endi an

node, processors based-on the Power PC architecture present a slightly
different storage map to the true Little

Architectures that assign the lowest byte address to the lowest order (rightmost)
byte are referred to as Little Eodian, Some processor architectures, such as the
PowerPC processor manufactured by IBM corporation support both byte ordering
schemes. o

To illustrate the difference, consider the format of the word of data shown
in FIGURE 1. Data stracture "n" consists of 4 bytes of data represented as

" hexidecimal characters 1A, 2B, 3C, 4D. When a processor, in Big Endian mode,
stofes the word in memory, the resulting storage msp appears as shown in
F;GURE 2. If the processor was set up in Little Endian mode, the storage
mapping would lock as shown in FIGURE 3.

When configured to operate in Little Endian mode, processors based-on the
PowerPC architecture p§sent a slightly different storage map to the true Little
Endian map as shown in RIGURE 3. When presenting 1, 2 or 4-byte data transfers
to the memory subsystem, PowerPC processors such as the 601, 604 and 620 chips
will modify the lower 3 bits of the effective storage address creating the
“pseudo-Little Endian" storage map as shown in FIGURE 4. The address .
translation results in reversing the byte ordering within doublewords from the true
Little Endian mapping. This creates a problem for input/output (I/0) devices that
negd access to architected storage areas. Therefore, there is a need _in the art to
permit /O devices, which require a true Little Endian image of these storage
facilities to be able to operate with PowerPC processors.



Endi an map as shown in FIGURE 3. Wen presenting 1, 2 or 4-byte data
‘transfers to th‘é*mmry%sysLem Power PC processors such as the 601, 604
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SUMMARY OF THE INVENTION

- The foregoing need is addressed by the present invention, which provides
circuitry for reordering data structures so that input/output devices, which require a
true Little Endian data structure order, can efficiently commumcam with 8

" PowerPC processor and its particular manner for ordering data structures. More
particularly, the present invention provides for byte ordering multiplexers
implemented between the mput/output devices and the remainder of the PowerPC
system architecture.

In one embodiment, the present invention includes a data processing syéiem
that comprises a PowerPC processor utilizing PowerPC Little Endian byte ordering,
and an J/O device utih'z{ng_ true Little Endian byte ordering, and a memory
controller operable for cém'municating data between the PowerPC processor and
the YO device, wherein thé‘ memory controller includes circuitry operable for
converting data so that it can be transferred between the /O device and the
PowerPC processor despite the differences between their respective Little Endian
byte ordering. The PowerPC Little Endian byte ordering within a doubleword is
reversed with respect to the true Little Endian byte ordering. In true little Endian
byte ordering, bytes 0:3 are associated with addresses 3:0 of the doubleword .
respectively,. Within PowerPC Little Endian byte ordering, bytes 0:3 are assocxated
with addresses 4:7 of the doubleword.



The foregoing need is addressed by the present invention, which provides
cFrguitry for reordering data structures so that inputloutput devices,
;which require a true Little Endian data structure order, can efficiently
communi cate wit-h a Power PC processor and its particular manner for ordering

data structures. "More particularly, th& present invention provides for byte
ordering nultiplexﬁhgm&gnhémaﬂWEﬁ etween the input/outpi sEevi e&s saEN (t he

remai nder of the Po i 4 R chitecture. In one enbodig®ohcEd he
present invention iwﬂh . processing systemt i

€S a
Power PC processor utli

ower PC Littl e Endian byte ordering, and an I/ O
device utilizing true Little Endian byte ordering, and a nenory controller
operabl e for ednui nuni cating data between the Power PC processor and the 1/0O
devi ce, wherein the nenory controller includes circuitry operable for
converting data so that it can be transferred between the 1/0O device and

t he Power PC processor despite the differences between their respective
Little Endian.byte ordering. The PowerPC Little Endian byte ordering within

a doubl eword i s The present invention can be configured to operate to convert data in the
manner set forth above between any two data processing system devices, wherein
the first device is configured to operate with a Little Bndian byte ordering that is
the reverse of the Little Endian byte ordering of the second device.

- The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the
ﬁnmmﬁmnﬂuﬁfbﬂoum1nmibelxmmzunmnMno¢.iummﬁmndeHuussmd
advantages of the invention will be described hereinafter which form the subject of
the claims of the invention.



r‘e;e‘rsed Wit h respect to the true Little Endian byté ordering. In true
IiTtle Endi an byte orderimng,—bytes 0:3 are associated with addresses 3:0 of
the doubl eword r@'ﬁp_ﬁfé&hv y. Wthin PowerPC Little Endian byte ordering,

bytes 0:3 are ass Plagtdr esses 4: 7 of the doubl eperd FTAHASBEEN
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present invention ured to ®perate to convert
manner set forth flany two data processing sy
wherein the first device is configured to operate with a Little Endian byte
ordering that is the reverse of the Little indian byte ordering of the
second device. The foregoing has outlined rather broadly the features and
techni cal advantages of the present invention in order that the detailed
description of the invention that follows nmay be better understood.

Addi tional features and

.. For a more complete understanding of the present invention, and the
advantages thereof, refercuce is now made to the following descriptions taken in
conjunction with the accompanying drawings, in which:

FIGURE 1 illustrates the format of & word of data;

IﬂGﬂHﬂB2&ﬂnmnmésaiﬁgiﬁnﬁmlﬂnmgenmm;

FIGURE 3 illustrates a Little Endian storage map;

FIGURE 4 illustrates a Little Endian storage miap within a PowerPC
gmhﬂzmnnx '

| FIGURE 5 illustrates an implementation of the present invention;

FIGURE 6 illustrates byte ordering multiplexers in accordance with the
present invention; and

FIGURE 7 illustratés a gata processing system configured in accordance
with the present invention,



advant ages of the invention will be described hereinafter which formthe

subj ect :of the claims—of—the Tnvention. 5 BRI EF DESCRI PTI ON OF THE
DRA NGS For. a m)re corT“Eeeng&g@rstandl ng of the present |nvent|on and
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the advant ages t hefi is now nade to the foll ‘1"11{]{951 PR
taken in conjunctio orrpanyé ng draw ngs, in wh Igj?g
illustrates the for of data; FIGURE 2 il |l ustk °*CS BBt Eadian

storage map; FIGURE 3 illustrates a Little Endian storage map; FlI GURE 4
illustrates a Little Endian storage map within a Power PC architecture;

DRTAILED DESCRIPTION

" In the following description, numeous specific details are set forth such as
specific word or byts lengths, etc. to provide a thorough understanding of the
preseat inveation. However, it will be obvious to those skilled in the art that the .
present invention may be practiced without such specific details. In other

' instances, well-known circuits have been shown in block diagram form in onder not
to obscure the present invention in unnecessary detail. For the most part, details
concerning timing considerations and the like have been omitted inasmuch as such
details are not necessary to obtain a complete understanding of the present
inveation and are within the skills of persons of ordinary skill in the relevant art.

Refer now to thé\drawings wherein depicted elements are not necessarily
shown to scale and whereighlike or similar elements are designated by the same
reference numeral through tfie several views,

A representative hardware environment for practicing the present invention
is depicted in FIGURE 7, which illustrates a typical hardware configuration of
workstation 700 in accordance with the subject invention having central brocessing
unit (CPU) 710, such as a conventional microprocessor, and a number of other
uni;s interconnected via system bus 712, Workstation 700 includes random access
memory (RAM) 714, read only memory (ROM) 716, and input/output (/0)
adapter 718 for connecting peripheral devices such as disk units 720 and tape
drives 740 to bus 712, user interface adapter 722 for connecting keyboard 724,



FIGURE 5 illustrates an inplementation of the present invention; FIGURE 6
I krustrates byte ordering nultlplexers in accordance with the present

. nveption; and FIGHRE@&H&B«BB%%W S a data processing ; gedlin
“accordance with the mzﬂ tlon 6 In the fol &-{‘dptlo
nuner ous specific d forth?such as specif c wo Sr—byte

| ei gtbs, etc. to pr a thorough underandlng of the present invention.
However, it will be obvious to those skilled in the art that the present

i nvention may be practiced without such specific details. In other

I nstances, well-known circuits have been shown in block diagramformin
order not to obscure the present invention in unnecessary detail. For the
nost part, details '

mouse 726, speaker 728, microphone 732, and/or ofher user interface devices such
as touch screen device (not shown) to bus 712, communication adapter 734 for
connecting workstation 700 to a data processing network, and display adapter 736
for connecting bus 712 to display device 738. CPU 710 may include other
circuitry not shown herein, which will include circuitry commonly found within a
microprocessor, e.g., execution unit, bus interface unit, arithmetic logic unit, ete.
CPU 710 may also reside on  single integrated circuit.

In one embodiment of the present invention, CPU 710 is a PowerPC
processor manufactured by IBM Corporation.

Referring to FIGURE §, the invention describes a method to support !rue
Little-Endmn data transfers between I/O devices 718 and PowerPC architected
processor chips 710 anq memory 714 in Little Endian systems. Please refer to
Chapter 23; Big vs. Lnﬂe ‘Endian in PowerPC System Architecture, copyright
1995 by MindShare, Inc., pp 277-308, which is hereby incorporated by reference
herein. In the example herein, I/O device 718 refers to I/O adapter 718 in
FIGURE 7; however, any device operating in a true Little Endian mode may take
advantage of the features of the present invention. Byte reordering stations 500 are
incorporated into the dsita paths between the I/O and processor ports of the
memory controller subsystem 501. Byte reordering will occur on data transfers
oﬁginating from devices on the CPU bus 712 targeted for /O devices 718, for data
transfers from 1/O devices 718 targeted for the memory controller 501, and for
memory accesses from I/O devices 718,



concer ni ng tinmng consi deratiens—and the |ike have been onitted i'nasnmuch as
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‘the relevant art. the drawi ngs wherei n dep e e
not necessarily s l“ m‘ land wheBein\like or si m 3
desi gnated by the same reference numeral through the seyera N T :
representative hardware environment for practicing the present invention is
depicted in FIGURE 7, which illustrates a typical hardware configuration of
wor kstation 700 in accordance wth the subject invention having central
processing unit (CPU) 710, such as a conventional m croprocessor, and a
nunber of other units interconnected via system bus 712. Wrkstation 700

i ncl udes random access nenory (RAM 714, read only nenory (ROM 716, and

i nput/output (I/0O adapter 718 for connecting peripheral devices such as
di sk units 720 and tape drives 740 to bus 712, user interface adapter 722

for connecting keyPORE ¢'ifidsrates how the byte reordering task is accomplished. Each
BE/LE station 500 consists of two 32-bit 2:1 multiplexors 601, 602, which are data
doubleword wired. Data is presented to the lefimost 4-byte input [0:3] of each
mux 601, 602 in the order it was received from the external buses. The rightmost
4-byte date input [4:7] is wired to the mux 601, 602 in reversed order. When the
system is operating in Big Endian mode, the multiplexor select signal LE_ENB is
disabled (“0"), the lefimost 4 bytes of each multiplexor 601, 602 (bytes [0:3] of
‘mux 601 and bytes [4:7] of mux 602) are gated to the output and no reordering of
bytes takes place. The significance of each byte remeins unchanged.

InLittle Endian mode, the LE_ENB select is enabled ("1"). The rightmost
data mux inputs (bytes [4:7] of mux 601 and bytes [0:3] of mux 602) are gated to
the'output. The resulting data doubleword will have byte 0 swapped with byte 7,

1 with 6, 2 with 5, and}i thh4 from the order it was received from the external
bus. The data doubleword now reflects a true Little Endian storage image with
byte 7 as the MSB and byte 0 as the LSB. Similar mux structures (not shown) are
used to adjust the parity associated with each byte in the doubleword. The
multiplexor select (LE_ENB) is sourced from a flipflop (not shown) that is either
set or reset via software prior to run-time.

The table below further illustrates the above-described operation of

* multiplexor 601 and 602:




mjuse 726 speaker 728, mcrophone 732, and/or other user interface devices
such as a touch screenjeypeefﬁmt shown) to bus 712, conmunication adapter
734 fof -connecting workstatio 7d00 to a data processing network, and
. di spl ay adapt er ﬂéﬁh&ﬂmﬁ ing bus 712 fo displa \ ) 710
may incl ude ot her HB shown sherei n, whi ch [Vas SHRET Has BEFY du uitry
comonly found w mﬁﬁ Rlocessor, e.g., executlion uRERLACBBS i ntlerface.
unit, arithmetic unit, etc. CPU 710 may al so réside on a single
integrated circuit. In one enbodi ment of the present invention, CPU 710 is
a Power PC processor manufactured by |IBM Corporation. Referring to FI GURE 5,
the invention describes a nethod to support true Littl e-Endi an data
transfers between 1/0O devices 718 and Power PC architected processor chips
710 and nenmory 714 in Little Endian systens. Please refer to Chapter 23:
Bi_‘g vs. Little Endian in Power PC System Architecture, copyright

Although the presént invention and its advantages have been described in
detail, it should be understood that various changes, substitutions and alterations
can be made herein without departing from the spirit and scope of the invention as
defined by the appended claims.
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1995 by M ndShare, Inc., pp. 277-308, which is hereby I ncor por at ed by
ré’f_erence her ei n‘T‘n‘tﬁF—éX?mpTe—hereln | /O device 718 refers to 1/0O

adapter 718 in F any device operating in a true Little
Endi an node. rray tﬂ” Emf the features of the present invention.
Byte reordering i ncorpgrated into the data paths en

the 1/0 and processor ports of the nenory controller @g@m{mmlﬂﬁlm%y e
reordering will occur on data transfers originating firom degpice¥Don
bus 712 targeted for 1/0O devices 718, for data transf om |/ O devi ces

718 targeted for the nenory controller 501, and for nenory accesses from

|/ O devices 718. 8 FIGURE 6 illustrates how the byte reordering task is
acconpl i shed. Each BE/ LE station 500 consists of two 32-bit 2:1

mul ti pl exors 601, 602, which are data

CLAIMS

| P A,dm processing system comprising;
a PowerPC processor utilizing PowerPC Little Endian byte ordering:
an I/0 device utilizing true Little Endian byte ordering; and
8 memory controller o’p;:mble for commumicefing data between said
. PowerPC processor and said /O dévice, wherein said memory controller further
comprises:

' c:rcmtry operable for converting data to be transferred from said /0
deyice to said PowerPC processor or memory from said true Little Endian
byte ordering to said PowerPC Little Endian byte ordering; and

circuitry a;\zgrable for converting data to be transferred from said
PowerPC processoNbr memory to said 1/O device from said PowerPC
Little Endian byte of&eﬁng to said true Little Endian byte ordering.

2. The system as recited in claim 1, wherein said PowerPC Little Endian byte
ordering within a doubleword is reversed with respect to true Little Endian byte
ordering.
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doublemord wired. Data is presented to the | eftnost 4- byte I nput [0 3] of
edth. nux 601, It was received fromthe external buses. The
rlg‘ht nost 4- bymﬂﬂﬁﬂ“mm'ﬁlﬂﬂ is wired to the nux 601, 602 in reversed
order. Wen the systemus @perat ng in,$ig Endi an node, the nmultiple

sel ect signal LE ENB is disabled ("0"), the lefinoft 4 -gQH@@raasﬁWEN
mul ti pl exor 601, 602 (bytes [0:3] of mux 601 and bytes|[4: /] r@fLACBR 602
are gated to the output and no reordering of bytes tak e
significance of each byte remmins unchanged. In Little Endian nDde the LE
ENB select is enabled ("1"). The rightanost data nmux inputs (bytes [4:7] of
mux 601 and bytes [0:3] of nux 602) are gated to the output. The resulting
data doubl eword will have byte O swapped with byte 7, 1 with 6, 2 with 5,
and with 4 fromthe order it was received fromthe external bus. The data
doubl eword nowreflects a true Little Endian storage inmage wth byte 7 as
the MSB and byte 0 as the LSB. Simlar nmux structures (not shown) are used
to adjust the parity associated with each byte in the doubleword. The

mul ti pl exor skl ectTie SysENBys resitedin claih 2y whereinf ini said tme Little Estiawrbyte hat i s
el ther .or_denng bytes 0:1 are associated with addresses 1:0 of said doubleword,

respectively, and wherein in said Powe:PC Little Endian byte ordering bytes 0:1
are associated with addrésses 6:7 of said doubleword, respectively.

4. The system as recited in elaim 1, wherein said converting circuitry each
 further comprises:

' first and second 2:1 muitiplexers, wherein a leftmost 4 byts input of each
multiplexer receives said data in a same order as presented on a bus coupling said
memory controller to either said processor or said YO device, and wherein a
rightmost 4 byte input of each muitiplexer receives said data in a reverse order as
pfésentcd on said bus coupling said memory controller to either said processor or
said /O device.

5. The system as recited in claim 1, wherein said memory controller may be
configured to operate in Big Endian mode.
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set or reset via software prior to run-tine. The table bel ow further
i FTustrates the above-descri bed operatlon of nul'tiplexor 601 and 602

LEENB  MJUX DATA- QUT BYTE ORDER ' O O 1 2 3 4 6
7 (Bi g Endi ah) | 7 6 5 4 3 -2 Bas BF;\
(Littl eEndi an) Al though the present imantion and its L%I%Jsggl%cggve een
described in detil, it should be understood that vari ous=ehanrges

substitutions and alterations can be made herei n w t hout—departing—from-the

spirit anql scope -of the invention as de_fi ned by the appTﬂﬂm i"ﬂlm
| K g

6. A memory controller operable for coupling a first bus device to a second
bus. device, wherein said first bus device is configured to operate with a first Little
‘Endian byte ordering that is a reverse of a second Little Endien byte ordering of
said second bus device, ‘said memory controller comprising:
circuitry operable for converting data to be transferred from said second bus

device to said first bus device from said second Little Endian byte ordering to said
first Little Endian byte ordering; and

~ circuitry operable for converting data to be transferred from said first bus
device to said second bus device from said first Little Endian byte ordering to said
second Little Endian byte ordering.
7. The memory con\t:gller as recited in claim 6, wherein said byte ordering is

with respect to a doubleword.

8. The memory controller as recited in claim 7, wherein in said second Little
Endian byte ordering bytes 0:1 are associated with addresses 1:0 of said
doubleword, respectively, and wherein in said first Little Endian byte ordering
bytes 0:1 are associated with addresses 6:7 of said doubleword, respectively.
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- 10- V\HAT IS CLAI MED+S—1-— A-—data processing system conprisi hg: a
Power PC. processor m ﬂl mmEPowerPC Little Endian byte ordering; an 1/0O

device utilizing t] MHI&n byte ordering; and a nmenory controller
operabl e for comu tween sai d Power PC processor and said 1/0
device, wherein said rrermry contiol I er faurther CONpPri sesy—eicuitry
operable for converting data to be transferred fromsaid I"?’@ ABEETCHAS gpeqi)d
Power PC processor or nmenory fromsaid true Little Endi an REPHACEING t O
saijd PowerPC Little Endian byte ordering; and circuitry operable for
converting data to be transferred from said Power PC processor or nenory to
said I /O device fromsaid PowerPC Little Endian byte ordering to said true
Littl e Endian byte ordering. 2. The systemas recited in claim 1,
wherein said PowerPC Littl e Endi an byte

9. The memory controller as recited in claim 8, wherein said converting
cucuﬂryeach further comprises:

- first and second 2:1 multiplexers, wherein a leftmost 4 byte input of each
multiplexer receives said data in a same order as presented on a bus coupling said
memory controller to either said first bus device or said second bus device, and
wherein a rightmost 4 byte input of each multiplexer receives said data in a reverse
order as presented on said bus coupling said memory controller to either said first
bus device or said second bus device.

10.  The memory controller as recited in claim 9, wherein said memory

controller may be configured to operate in Big Endian mode.

11.  The memory controller as recited in claim 6, wherein said first bus device

is a PowerPC processor.

12. The memory controller as recited in claim 11, wherein said second bus

device is an I/O device.
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orgering within a doubleword is reversed with respect to true Little Endian
byt e. ordering. 3. as recited in claim2, wherein in said
true.Little Endi arl"mulm""mgm Eﬂubyt es 0:1 are associated with addresses
1: 0 of said doubl emord, Lrespect i*vel y, and wherein in said PowerPC Little
Endi an byte ordering bytes 0:1 are assotd ated with addr?sses 6—/-0f said
doubl eword, respectively. 4. The system as recited ifn'f8f SHEFN HAGBEENI n
said converting circuitry each further conprises: firstland SROAEED: 1
mul ti pl exers, wherein a |eftnost 4 byte input of each multiplexer receives
said data in a sane order as presented on a bus coupling said nmenory
controller to either said processor or said I/O device, and wherein a
rightmost 4 byte input of each nultiplexer receives said data in a reverse
order as presented on said bus coupling said nenory controller to either
sai d processor or said 1/0 device. 5. The systemas recited in claim
1, wherein said nenory controller may be configured to operate in Big

Endi an node.

13.  In a data processing system, a method comprising the steps of: |

o providing circuitry operable for coupling a first bus device to a second bus
device, wherein said first bus device is configured to operate with a first Little -
Endian byte ordering that is a reverse of a second Little Endian byte ordering of
said second bus device; and

converting, in said c:rcmtry, data to be transferred from said second bus

device 1o said first bus device from said second Little Endian byte ordering to said
first Little Endian byte ordering.
14.  The method as recited in claim 13, further comprising the step of:

" converting, in said circuitry, data to be transferred from said first bus
device to said second bus device from said first Little Endian byte ordering to
said.second Little Endian ytc ordering, |

15.  The method as recited in claim 13, wherein said byte ordering is with
respect to a doubleword.

16.  The method as recited in claim 14, wherein in said second Little Endian
byte ordering bytes 0:1 are associated with addresses 1:0 of a doubleword,
respectively, and wherein in said first Little Endian byte ordering bytes 0:1 are
associated with addresses 6:7 of said doubleword, respectively.
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17.  The method as recited in claim 14, wherein said coupling circuitry each
further comprises:

" first and second 2:1 multiplexers, wherein a lefimost 4 byte input of each
multiplexer receives said data in a same order as presented on a bus coupling said
coupling circuitry to either said first bus device or said second bus device, and
wherein a rightmost 4 byte input of each multiplexer receives said data in a reverse
.order as presented on said bus coupling said coupii.ng circuiftry to either said first
bus device or said second bus device.

18.  The method as recited in claim 14, wherein said coupling circuitry is a

memory controller and said first bus device is a processor.

- \
19.  The method as rec‘iged in claim 14, wherein said first bus device is a

PowerPC processor.

20. The method as recited in claim 19, wherein said second bus device is an
I/0O device.
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