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Application Note

 

MPC8xx True Little-Endian Mode

 

The MPC8xx implements three endian modes:

• Big-Endian (BE)—useful in big-endian systems

• True little-endian (TLE)—useful in little-endian systems 

• PowerPC little-endian (LE)—used in systems where compatibility with 60x 
processors running in PowerPC little-endian mode is necessary

This document compares the MPC8xx true little-endian mode with the PowerPC little-
endian mode, describes the MPC8xx hardware involved in endian mode support and
provides guidelines for software development in true little-endian mode.

 

1.1  True Little-Endian vs. Little-Endian Mode

 

The PowerPC little-endian mode achieves the effect of little-endian byte ordering by
modifying the low-order three bits of the effective address (EA), shown in Table 1, (this is
known as munging).
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The EA modification makes it appear to the processor that individual aligned scalars are stored little-endian,
while in fact they are stored big-endian but in different bytes within double words from the order in which
they are stored in big-endian mode. This way, little-endian application programs and operating systems can
be easily ported to PowerPC systems. However, if the storage used by a PowerPC running in little-endian
mode is accessed by another agent (processor, bridge,...) designed to operate in little-endian mode the
results are not correct, as illustrated in Figure 1.

 

Figure 1. Little-Endian System

 

Let’s assume the content of one of the PowerPC processor registers is 0x11223344. This 4 bytes of data is
stored at the effective address 0b0000. The address modified according to the Table 1

 

 

 

is 0b100, so the
content of the storage system becomes:

0000: xx xx xx xx 11 22 33 44

If the PowerPC processor reads a byte from effective address 0b0001 (modified to 0b0110) the result (0x33)
is consistent with the little-endian mode of operation.

However, if the little-endian agent reads a word from the address 0b0000 the result (xx xx xx xx) is not the
one expected.

To overcome this limitation the MPC8xx implements a true little-endian (TLE) mode. Dedicated hardware
is used to swap the byte lanes according to the length of the data which is transferred while the effective
address is not modified. This way data is stored in little-endian mode.

Following the same example in TLE mode the result of storing the word 0x11223344 at address 0b0000 will
be:

0000: 44 33 22 11 xx xx xx xx.

If the PowerPC processor reads a byte from effective address 0b0001 the result will be 0x33; if the little-
endian agent reads a word from the address 0b0000 the result will be 0x11223344, both results being correct
and consistent with the little-endian mode of operation.

 

Table 1. PowerPC Little-Endian EA Modification

 

Data Length (Bytes) EA Modification

 

1 XOR with 0b111

2 XOR with 0b110

4 XOR with 0b100

8 (no change)

Storage Little-Endian
Agent

PowerPC 
Processor in
Little-Endian

System
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1.2  MPC8xx Endian Modes Related Hardware

 

The hardware found in Table 2 supports the various MPC8xx endian modes. 

 

Table 2. Endian Modes Related Hardware

 

Hardware Resource Controlled by: Value

Big-Endian Mode

 

SDMA byte lane swapper BO field of FCR 1x

 

PowerPC Little-Endian Mode

 

Load-Store address munging (3 bits) MSR

 

LE

 

1

Sequencer address munging (3 bits) MSR

 

LE

 

1

SDMA address munging (3 bits) BO field of FCR 01

LCD address munging (3 bits) LCHCR

 

BO

 

0

 

True Little-Endian Mode

 

Load-Store address munging (2 bits) DCCST

 

LES

 

1

SIU address de-munging (2 bits)
(only for cache initiated accesses)

DCCST

 

LES

 

1

SIU byte lane swapper
(only for cache initiated accesses)

DCCST

 

LES

 

1

SDMA byte lane swapper BO field of FCR 1x
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U-Bus Agents

Endian Modes Resources

SLAVE MASTER SLAVE

DPRAM SDMA

Internal
Regs.

(memory
mapped)

PowerPC LE: 3-bit address munging
TLE, BE: byte lane swap

TLE: 2-bit address de-munging and byte
lane swap only for accesses initiated by
the caches; no change for accesses
initiated by the SDMA

U-Bus E-Bus
S
L
A
V
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SIU

PowerPC LE: 3-bit address munging
TLE: 2-bit address munging

CPM

SCC SCC SCC
...
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1.2.1  Big-Endian Mode

 

The MPC8xx runs in BE mode if programmed as described in Table 3.

In BE mode the SDMA swaps the byte lanes from the order in which the bytes are delivered by the serial
interfaces to big-endian order.

The CPM forwards the bytes received from one of the serial interfaces in the order in which they are
received. To store them in the external memory in a natural order (first byte received at address ADDR,
second byte at address ADDR+1,...) it is necessary to swap the byte lanes according to Figure 3.

 

Figure 3. Data Path from Serial Interfaces to Memory

 

If the CPM has to transfer to the DMA less than one word, the data will be right-aligned (in Figure 3 00 for
byte transfers and 11 00 for half word transfers). Table 4 shows the BE/TLE data path between CPM and
32-bit memory.

 

Table 3. Big-Endian Mode Programming

 

Bit/Field Value

 

MSR

 

LE

 

0

DCCST

 

LES

 

0

FCR

 

BO

 

1x

LCHCR

 

BO

 

1

00 11 22 33 44 55 66 77 88 99 aa bb cc dd ee ff

33 22 11 00

77 66 55 44

bb aa 99 88

ff ee dd cc

reg 0

reg 1

reg 2

reg 3

SDMA REGs (data from the serial interfaces 

shifter

Incoming Data Time

00112233 44556677 8899aabb ccddeeffdata bus

address=0 address=4 address=8 address=c

Burst Cycle on External Bus

first byte received

provided by the CPM)
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Data lanes: 0-D0–7, 1-D8–15, 2-D16–23, 3-D24–31

 

1.2.2  True Little-Endian Mode

 

The MPC8xx runs in TLE mode if programmed as described in Table 5. 

In TLE mode the following address/data changes are performed:

• The load-store unit munges the two least significant bits of the address according to Table 6.

• The instruction cache fetch addresses are not modified because they are always 4 bytes long.

• The internal slaves (DPRAM and on-chip memory mapped registers) are addressed using the 
munged address as described in Table 6.

 

Table 4. Big-Endian/True Little-Endian Data Path between CPM and 32-bit Memory

 

Read/Write 
Type

Big-Endian 
Addr.

U-bus Addr
External Bus

Addr

Data in the 
Register

U-bus and E-bus 
Format

0 1 2 3 0 1 2 3

 

Word 0 0 0 11 12 13 14 14 13 12 11

Half word 0 0 0 21 22 22 21

Half word 2 2 2 31 32 32 31

Byte 0 0 0 ‘a’ ‘a’

Byte 1 1 1 ‘b’ ‘b’

Byte 2 2 2 ‘c’ ‘c’

Byte 3 3 3 ‘d’ ‘d’

 

Table 5. True LE Mode Programming

 

Bit/Field Value

 

MSR

 

LE

 

0

DCCST

 

LES

 

1

FCR

 

BO

 

1x

LCHCR

 

BO

 

1

 

Table 6. Address Munging in TLE mode

 

Data Length (Bytes) EA Modification

 

1 XOR with 0b11

2 XOR with 0b10

4 (no change)
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• For instruction and data caches access to the external bus (E-Bus) the SIU de-munges the address 
restoring its initial value and swaps the byte lanes according to the size of the data transferred. 
Table 7

 

 

 

describes this process. 

The little-endian address is the fetch or load-store address as computed by the sequencer or load-
store unit. The U-Bus address is the little-endian address munged by the load-store unit. The 
external bus address is the U-Bus address de-munged by the SIU (equal to the little-endian address).

The data in the register is the data as stored in a general-purpose core register. The U-Bus and caches 
format is identical to the data in the register format. Finally, the E-Bus format is the U-Bus and 
caches format swapped by the SIU.

 

 

 

Data lanes: 0-D0–7, 1-D8–15, 2-D16–23, 3-D24–31

• The SDMA swaps the byte lanes as in big-endian mode. The data format in the external memory is 
the same in big- and true little-endian modes:

— ADDR: first byte received by a serial interface

— ADDR+1: second byte...

 

1.2.3  PowerPC Little-Endian Mode

 

The MPC8xx runs in PowerPC LE mode if programmed as described in Table 8.

 

Table 7. True Little-Endian Program/Data Path between Register and 32-bit Memory

 

Fetch/Load
Store Type

Little-
Endian
Addr

U-bus 
and 

Caches 
Addr

External 
Bus Addr

Data in the 
Register

U-bus and 
Caches Format

E-bus Format

0 1 2 3 0 1 2 3 0 1 2 3

 

Word 0 0 0 11 12 13 14 11 12 13 14 14 13 12 11

Half word 0 2 0 21 22 21 22 22 21

Half word 2 0 2 31 32 31 32 32 31

Byte 0 3 0 ‘a’ ‘a’ ‘a’

Byte 1 2 1 ‘b’ ‘b’ ‘b’

Byte 2 1 2 ‘c’ ‘c’ ‘c’

Byte 3 0 3 ‘d’ ‘d’ ‘d’

 

Table 8. PowerPC-LE Mode Programming

 

Bit/Field Value

 

MSR

 

LE

 

1

DCCST

 

LES

 

0

FCR

 

BO

 

01

LCHCR

 

BO

 

0
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In PowerPC LE the three U-Bus masters (data cache, instruction cache and SDMA) will munge the three
least significant bits of the address as a function of the size of the data transferred, according to Table 1.

 

1.3  True Little-Endian Mode Transfer Examples

 

The examples in this section assume the memory has a 32-bit port width.

 

1.3.1  Core Registers to/from External Memory

 

The code from Table 9 illustrates such transfers.

 

Table 9. Examples of Transfers between Core Registers and External Memories

 

Instruction

Register Value after the 
Execution of the 

Instruction
(hex)

E-Bus Address
(hex)

E-Bus Data
(hex)

Transfer
Size

 

xor r30,r30,r30

oris r30,r30,0x1234

ori r30,r30,0x5678 r30=12345678

xor r31,r31,r31

oris r31,r31,0x000f

ori r31,r31,0xf000 r31=000ff000

stw r30,0x0000(r31) r30=12345678 000ff000 78563412 Word

sth r30,0x0010(r31) r30=12345678 000ff010

 

7856

 

5678 Half word

sth r30,0x0022(r31) r30=12345678 000ff022 7856

 

7856

 

Half word

stb r30,0x0030(r31) r30=12345678 000ff030

 

78

 

345678 Byte

stb r30,0x0041(r31) r30=12345678 000ff041 78

 

78

 

7812 Byte

stb r30,0x0052(r31) r30=12345678 000ff052 7878

 

78

 

34 Byte

stb r30,0x0063(r31) r30=12345678 000ff063 787834

 

78

 

Byte

lwz r29,0x0100(r31) r29=

 

10203040

 

000ff100 40302010 Word

lhz r28,0x0110(r31) r28=0000

 

1314

 

000ff110

 

1413

 

1211 Half word

lhz r27,0x0122(r31) r27=0000

 

2122

 

000ff122 2423

 

2221

 

Half word

lbz r26,0x0130(r31) r26=000000

 

34

 

 000ff130

 

34

 

333231 Byte

lbz r25,0x0141(r31) r25=000000

 

43

 

000ff141 44

 

43

 

4241 Byte

lbz r24,0x0152(r31) r24=000000

 

52

 

000ff152 5453

 

52

 

51 Byte

lbz r23,0x0163(r31) r23=000000

 

61

 

000ff163 646362

 

61

 

Byte

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.



 

9

 

MPC8xx True Little-Endian Mode Application Note

 

MOTOROLA

 

1.3.2  Core Registers to/from On-Chip Memory-Mapped Storage 
(DPRAM and Registers)

 

The addresses of the on-chip memory-mapped registers and locations in DPRAM must be redefined
according to Table 10. 

As an example, as defined in the 

 

MPC860 PowerQUICC User Manual

 

, the RTCSC register could be located
at 0xFF000220 (assuming the Internal Space Base Address is oxFF000000). This register is 16 bits wide
and according to Table 10, the software must access it at address 0xFF000222. The core will munge
0xFF000222 to a U-bus address of 0xFF00220.

Accessing bytes or half words in larger on-chip memory mapped storage elements, Figure 4, is consistent
with the little-endian conventions.

 

Figure 4. Accessing Bytes in Larger On-Chip Memory Mapped Storage Elements

Table 10. Internal Addresses in True Little-Endian Mode

 

Register/DPRAM Field Size
(Bytes)

Address in True Little-Endian Mode

 

1 Address in big-endian mode XOR 0b11

2 Address in big-endian mode XOR 0b10

4 (no change)

r30 = 0x00000012

r31 = REG1

stb r30,0x1(r31)

stb r30,0x3(r31)

REG1:

REG1:

00 00 0012

12 00 12 00

 The most-significant
byte is at Offset 3

The least-significant
byte is at Offset 0

(pre-munged per Table 1-10)
;Some on-chip memory mapped register
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The code from Table 11 illustrates possible cases of transfers to/from on-chip memory mapped storage
(DPRAM and on-chip memory mapped registers).

 

1.3.3  Serial Channels to/from Internal/External Memory

 

Data received from the serial channels and transferred to the external or internal (DPRAM) memories by
the SDMA is stored in the same order as received (in both true little-endian and big-endian modes). The
same transfers occur in opposite direction for data transmitted by the serial channels. Figure 5

 

 

 

and

 

 

 

Table 12
illustrates such transfers.

 

Table 11. Transfers between Core Registers and On-Chip Memory-Mapped Storage 

 

Instruction

Core Register 
Value after the 
Execution of 

the Instruction
(hex)

U-Bus 
Address

(hex)

U-Bus Data
(hex)

Transfer 
Size

On-Chip Memory-Mapped 
Register Value after the 

Execution of the 
Instruction

(hex)

 

stw r30,0x000

 

c

 

(r31) r30=

 

12345678

 

fff0010

 

c

 

12345678 Word 12345678

sth r30,0x001

 

4

 

(r31) r30=1234

 

5678

 

fff0011

 

6

 

1234

 

5678

 

Half word 0000

 

5678

 

sth r30,0x001e(r31) r30=12345678 fff0011c 56781234 Half word 56780000

stb r30,0x0024(r31) r30=12345678 fff00127 12345678 Byte 00000078

stb r30,0x002d(r31) r30=12345678 fff0012e 34567812 Byte 00007800

stb r30,0x0036(r31) r30=12345678 fff00135 56781234 Byte 00780000

stb r30,0x003f(r31) r30=12345678 fff0013c 78123456 Byte 78000000

re-initialization code removed

lwz r10,0x000c(r31) r10=12345678 fff0010c 12345678 Word 0x12345678

lhz r9,0x0014(r31) r9=00005678 fff00116 12345678 Half word 0x12345678

lhz r8,0x001e(r31) r8=00001234 fff0011c 12345678 Half word 0x12345678

lbz r7,0x0024(r31) r7=00000078 fff00127 12345678 Byte 0x12345678

lbz r6,0x002d(r31) r6=00000056 fff0012e 12345678 Byte 0x12345678

lbz r5,0x0036(r31) r5=00000034 fff00135 12345678 Byte 0x12345678

lbz r4,0x003f(r31) r4=00000012 fff0013c 12345678 Byte 0x12345678
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Figure 5. Data Path from Serial Channels to Internal/External Storage Serial Channels 
to/from Core Registers

Table 12. Transfers between Serial Channels and Internal/External Storage

Data Received by 
the SCC (hex) 

(Byte 35 is 
received first)

Data 
Transferred 
by the CPM 
to the SDMA

(hex)

Address Transferred 
by the CPM to the 

SDMA
(hex)

Transfer 
Size

U-bus 
and E-Bus 
Address

(hex)

U-bus and 
E-Bus Data

(hex)

38373635 38373635 fff02810 Word fff02810 35363738

3635 38373635 fff02810 Half word fff02810 35363738

3635 38373635 fff02812 Half word fff02812 37383536

35 38373635 fff02810 Byte fff02810 35363738

35 38373635 fff02811 Byte fff02811 36353837

35 38373635 fff02812 Byte fff02812 37383536

35 38373635 fff02813 Byte fff02813 38373635

00  11 22 33 44

SCC CPM SDMA SIU

00

11

22

33

44

0:

1:

2:

3:

4:

00

11

22

33

44

0:

1:

2:

3:

4:

DPRAM External
Memory

time

 The SDMA to External Memory
and SDMA to DPRAM data paths
are not both active at the same time.

In TLE mode, software needs to 
use pre-munged addresses to 
access data in the DPRAM
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Data from the serial channels can be accessed by the core using either the DPRAM or the external memory
as a temporary storage; refer to Figure 6.

Figure 6. Data Flow between Serial Channels and Core Registers

SCC CPM SDMA SIU

External
Memory

Data
Cache

Core

Serial Data

1

2

3 4

6

7
8

1. Serial data in 11 22 33 44 
time

2. The CPM delivers the data to the SDMA

DATA: 
ADDR:

3. The SDMA transfers the data to the SIU through the U-Bus

DATA:

0x44332211
0x00001000

ADDR:
0x11223344
0x00001000

5

4. The SIU stores the data in the external memory

DATA:
ADDR:

0x11223344
0x00001000

5. Data in the external memory

0x1000: 11 22 33 44

6. The external memory delivers the data to the SIU

DATA:
ADDR:

0x11223344
0x00001000

7. The SIU transfers the data to the data cache/core

DATA:
ADDR:

0x44332211
0x00001000

8. Data is stored in a core register

REG: 0x44332211

In big-endian mode REG: 0x11223344

Byte 11 is the “oldest”
byte received by the 
serial interface
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1.4  Entering True Little-Endian Mode 
To enter true little-endian mode a “Set Little-Endian Swap Mode” command must be issued.

Because of the pipeline structure of the MPC8xx the “Set Little-Endian Swap Mode” command issued to
the DCCST register might take effect only after executing one or several more instruction which follows it.
Because of this, after the mtspr DCCST,reg the isync instruction must be placed. If executed in big-endian
mode, this instruction will synchronize the core and the next instruction will be executed in little-endian
mode. If cmpi 0,r1,0x4c is executed instead of isync it means that the processor is already in little-endian
mode and no further synchronization is necessary.

Table 13 provides a possible sequence of code. 

The programmer must ensure that this code will not be executed after switching to little-endian mode.

Sometimes it is preferable to have a routine which brings the MPC8xx to true little-endian mode
disregarding in which mode the core runs. For example such a routine can be placed at interrupt vector
0x100 where the core might branch after hardware reset (in big-endian mode) or after software reset
(already in little-endian mode).

Table 14 provides an example of such a routine (assuming the opcodes are stored in little-endian mode in
the program memory).

Table 13. Possible Core-Dependent Code Sequence to Enter TLE Mode

Address
Big-Endian 

Interpretation
Little-Endian 
Interpretation

Remarks

ADDR - 4: whatever
Instructions executed in big-endian mode

ADDR: xori    r0,r0,0x0

ADDR + 4: addis   r0,r0,0x0500

ADDR + 8: mtspr   DCCST,r0

ADDR + 12: isync
(opcode: 0x4c00012c)

cmpi    0,r1, 0x4c
(opcode: 0x2c01004c)

Instruction executed in either big-endian or 
little-endian mode

ADDR + 16: whatever Instructions executed in little-endian mode

Table 14. Possible Core-Independent Routine to Enter TLE Mode 

Address Instruction
Flow in Big-Endian

(Executed after Hard Reset)
Flow in True Little-Endian

(Executed after Soft Reset)

0x00000100: .long 0x48000020 subfic r0,r0, 0x48 b $+0x20

0x00000104: .long 0x3c05003c addis   r0,r0,0x0500 Not executed

0x00000108: .long 0xa68b187c mtspr   DCCST,r0 Not executed

0x0000010c: .long 0x2c01004c isync or cmpi 0,r1,0x4c Not executed

0x00000110: .long 0x2c01004c isync # no-operation Not executed

0x00000114: .long 0x2c01004c isync # no-operation Not executed
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14 MPC8xx True Little-Endian Mode Application Note MOTOROLA

1.5  Performance Issues
MPC8xx performance is the same in big- and true little-endian modes. 

In PowerPC little-endian mode the performance is slightly affected because the stream hit mechanism is less
efficient than in big- and true little-endian modes, as illustrated in Figure 7 and Figure 8.

Figure 7. Stream Hit Mechanism in Big- or True Little-Endian Modes

0x00000118: .long 0x2c01004c isync # no-operation Not executed

0x0000011c: .long 0x2c01004c isync # no-operation Not executed

0x00000120: # Reset Routine in True Little-Endian format

Table 14. Possible Core-Independent Routine to Enter TLE Mode (Continued)

I-Cache miss fetch request
from address 0x1000 Start of burst read from the external

memory, address 0x1000

Critical word (address 0x1000)
delivered to the I-Cache

Word from address 0x1004
delivered to the I-Cache

Word from address 0x1008
delivered to the I-Cache

Word from address 0x100c
delivered to the I-Cache

Fetch from address 0x1004.
It is a hit in the data stream
and is delivered by the I-Cache
directly from the U-bus to the
sequencer.

time
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15 MPC8xx True Little-Endian Mode Application Note MOTOROLA

Figure 8. Stream Hit Mechanism In PowerPC Little-Endian Mode

The actual performance penalty depends upon the application (stream hit-ratio, memories access time).

I-Cache miss fetch request
from address 0x1000

 

Start of burst read from the external
memory, address 0x1004

Critical word (address 0x1004)
delivered to the I-Cache

Word from address 0x1008
delivered to the I-Cache

Word from address 0x100c
delivered to the I-Cache

Word from address 0x1000
delivered to the I-Cache

Fetch from address 0x1004,

time

(0x1004 after munging)

0x1000 after munging.
The instruction from address 
0x1000 is not yet available
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16 MPC8xx True Little-Endian Mode Application Note MOTOROLA

Figure 9. Shared DRAM and External Bus between MPC8xx (TLE mode) and Little-Endian 
External Master

CSx

BS0

BS1

BS2

BS3

GPL5

A0

A31

BADDR28

BADDR30

D0

D7

D8

D15

D16

D23

D24

D31

A31

A0

D31–24
D31

D24

D23

D16

D15

D8

D7

D0

AMUX

ROW COLUMN

RAS

CAS0

CAS1

CAS2

CAS3 A9–0

(1 MB DRAM)

D31–24

D23–16

D15–8

D7–0

D23–16

D15–8

D7–0

A19–10

A9–4

A3–0

A12–21

A22–27

A28–31 (don’t connect to mux)

BADDR28–29

D0–7

D8–15

D16–23

D24–31

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.
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The appropriate byte lanes of the MPC8xx’s external bus must be connected to the appropriate byte lanes
of the little-endian external master (that is, MSB to MSB, LSB to LSB, etc.) Thus, when any size transfer
is initiated (by the internal or external master), the appropriate byte-select signals will assert; refer to
Table 16.

Table 15. MPC8xx True Little-Endian External Bus

D(0-7) LSB Corresponds to BS0

D(8-15) Corresponds to BS1

D(16-23) Corresponds to BS2

D(24-31) MSB Corresponds to BS3

Table 16. MPC8xx TLE Data Bus Connections to External LE Master 

MPC8xx (in TLE mode) External LE master

D0 D7

D1 D6

D2 D5

D3 D4

D4 D3

D5 D2

D6 D1

D7 D0

D8 D15

D9 D14

D10 D13

D11 D12

D12 D11

D13 D10

D14 D9

D15 D8

D16 D23

D17 D22

D18 D21

D19 D20

D20 D19
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18 MPC8xx True Little-Endian Mode Application Note MOTOROLA

D21 D18

D22 D17

D23 D16

D24 D31

D25 D30

D26 D29

D27 D28

D28 D27

D29 D26

D30 D25

D31 D24

Table 16. MPC8xx TLE Data Bus Connections to External LE Master (Continued)
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