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ABSTRACT

The thesis mainly discusses how to port the core of the embedded real time
operating system DeltaOS under the same architecture.

First of all, the thesis simply introduces each fields that the porting of
operating system core is involved in and the related work. Then it explaines the
whole process of core porting detailly including the porting of system booting, the
poring of device drivers and the strict tests. The porting of system booting is the
main part, which ensures the normal running of the main part of the operating
system core. The poring of device drivers is additional, which extends the
operating system core’s control over external devices. The test part takes two real
test case as examples to show the whole process of strict test.

The thesis especially analyzes the problem met in the development and brings
up some solutions. Finally it gets a simple summary of the entire porting work
and shows my opinion of the perspective of the operating system core poring’s

future.
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1-1
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DeltaCORE
Lambda DeltaCORE
® C/C++
C C++ DeltaCORE
DeltaCORE C++ Deltat++
DeltaCORE
)
DeltaCORE
DeltaCORE
DeltaCORE 90% C
DeltaCORE
1.2.2
NET+50 NetSilicon 32
System-on-Chip
NET+50
® 32 ARMT7TDMI 16 Thumb
® 8KCache 16K RAM
® 5
® 4MB FlashROM 32MB SDRAM MMU
® 8 16 32 28
o 4 2 2us  20.7 1
® 10 DMA
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o 2.25~2.75 44MHz 100mw

1.2.3
1-4
il = =] ;-
1-4
ICE
In-Circuit Emulator Cross Compiler Tools
Simulator
LambdaTools LambdalDE

LambdaGCC LambdaGDB BDI2000JTAG
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2.1 ARM

NET+50 ARM Advanced RISC Machines
ARM7TDMI ARM7TDMI : Von Neumann
32
2.1.1 ARM
ARM RISC Reduced Instruction Set Computer
RISC
()

® | oad/Store
°

ARM RISC RISC

[ ALU

L oad/Store



2.1.2 ARM

ARM 37 30
PC 6 PSR 32
overlapping bank

RO R15 CPSR

R15 PC
4 Thumb
R15
ARM PC-8 Thumb
R13 Ri14
SP  Stack Pointer R14 LR

2-1

SPSR

ARM

PC-4 RO

Link Register

R14
R13



Mode

User/System| Supervisor Abort Undefined | Interrupt | Fast Intr
RO RO RO RO RO RO
R1 R1 R1 R1 R1 R1
R2 R2 R2 R2 R2 R2
R3 R3 R3 R3 R3 R3
R4 R4 R4 R4 R4 R4
R5 R5 R5 R5 R5 R5
R6 R6 R6 R6 R6 R6
R7 R7 R7 R7 R7 R7
R8 R8 R8 R8 R8 R8_FIQ
R8 R8 R8 R8 R8 R9_FIQ
R10 R10 R10 R10 R10 R10_FIQ
R11 R11 R11 R11 R11 R11 FIQ
R12 R12 R12 R12 R12 R12_FIQ
R13 R13 SVC R13_ABT R13_UND R13_IRQ R13 FIQ
R14 R14 SVC R14 ABT R14 _UND R14 IRQ R14 FIQ
PC PC PC PC PC PC
CPSR CPSR CPSR CPSR CPSR CPSR

SPSR_SVC SPSR_ABT SPSR_UND SPSR_IRQ SPSR_FIQ
B = banked register
2-1 USR SYS
FIQ RO R12
SP LR FIQ R8 R12
FIQ R8 R12

2.2

Embedded System

Operating System

FIRMWARE

PC



2.3 LambdaTRA

LambdaTRA Lambda Target ROM Agent Lambda

Flash Memory

LambdaTRA
2-1

v

\ 4

2-1 LambdaTRA
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Lambda
® config
® init

® include

lib

targets

® tools

MPU LambdaTRA

LambdaGDB

LambdaGDB

LambdaTRA

LambdaTRA

tra-arm

LambdaTRA

ARM

LambdaTRA

TRA
LambdaTRA

LambdaTRA
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DeltaCORE NET+50

HAL Hardware Abstraction Layer
BSP Board Support Package

BSP
BSP

BSP

MPU
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DeltaCORE
o
MPU
)
) makefile
° config.h
3.1 BOOT
BOOT BSP
M PU
PC BOOT
BIOS BIOS
MBR MBR
MPU
BOOT
RAM

MPU MPU

LambdaTRA

BOOT chipselect
LambdaTRA
config.h
LINUX PC
MPU MPU
PC
LILO LILO LINUX
LINUX LINUX
PC
FLASH
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3.2

3.2.1

3.2.2

NET+50

ROM

MPU

FLASH

BOOT

MPU
MPU

BOOT

MPU
0x0

BOOT

32 BOOT

MPU
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3.2.3

(1).

3-1

MPU

INTA
MPU
v v
v v
v v
PSI PC oSy pe
v
PC
I
3-1
1/0 1/0
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2).

(3).

(4).

(5).

PSW

PSW

PSW

1/0
/10
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3.2.4 ARM

ARM 3-1
3-1 ARM
SvC 0x00000000 OxFFFFO000
UND 0x00000004 OxFFFF0004
SWi SvC 0x00000008 OxFFFFO0008
ABT 0x0000000C | OxFFFFOOOC
ABT 0x00000010 OxFFFF0010
IRQ IRQ 0x00000018 OxFFFF0018
FIQ FIQ 0x0000001C | OxFFFFOO1C
LR
SPSR
PC  X86

.section ".rom_vectors", #alloc, #execinstr

B _reset
B _Undefined_Handler
B _SWI_Handler
B _Prefetch_Handler
B _Abort_Handler
NOP I/l Reserved vector
B _IRQ_Handler
B _FIQ_Handler
B _reset

_reset
17



_IRQ Handler M PU
B _IRQ _Handler
_IRQ_Handler:
SUB sp, sp, #4
STMFD sp!, {r0}
LDR r0, =Handlelrq
LDR rO, [rO]
STR r0, [sp, #4]
LDMFD sp!, {r0, pc}
ARM “B ?

Handlelrq
Handlelrq
LambdaTRA

delta_isr_entry current_irqfigJARM_EXCEPTION_IRQ_AND_FIQ_NUMBER];

current_irgfiq

3.3

ARM 7 3-2

USR
FIQ

IRQ
svC
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ABT

UND
SYS ARMv4
_reset MPU
MPU
MPU CPSR  SPSR
CPSR  SPSR 3-2
3130292827 876543210
N|Z|C|V DNW/RAZ 1| F|T M4M3M2|M1MO
3-2
8 M[4..0]
3-1 T Thumb
F 4 N
Negative Z Zero V oVerflow C Carry
3-1
M[4..0]
10000 User
10001 FIQ
10010 IRQ
10011 SvC
10111 Abort
11011 Undef
11111 System

19



MOV RO, #SUP_MODE

ORR RO, RO, #|_Bit
ORR RO, RO, #F_Bit
MSR cpsr_all, RO
3.4
M PU
BOOT
ROM
RAM
()
() RAM

20
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RAM

System Bus

RAM

3.5 RAM

ROM
RAM

ADRL
LDMIA
LDR
STMIA

Burst Access Size in Beats
4 System Bus cycles in burst

cycles in burst

ROM RAM
RAM
ROM
r0, SystemHandlerData
ro, {r1-r8}
r0, =0x00000000 /* HANDLER TABLE*/
ro, {r1-r8}
BSS BSS

[dr r4,= bss_size

cmp r4,#0

beq no_bss

Idr r3,=_bss_start
add r4,r4,r3

21

RAM
16

RAM



mov r5,#0x0

clear_bss_loop:

str r5,[r3],#+4

cmp r3,r4

bne clear_bss_loop

no_bss:

ROM RAM

Idr r4,=_data_size

cmp r4,#0

beq no_data

Idr r3,=_data_start

Idr r6,=_rom_data_start
mov_data_loop:

Idr r0O,[r6]

str r0,[r3]

Idr r0O,[r3]

Idr r5,[r6]
cmp r0,r5

beq ram_right
b ram_error

ram_right:

sub r4,r4,#4
cmp r4,#0

beq no_data

add r3,r3,#4
add r6,r6,#4

b mov_data_loop

22



no_data:

3.6
ARM 7
IRQ FIQ

MRS ro, cpsr

BIC ro, r0, #LOCK_MASK | MODE_MASK

ORR r2,r0, #USR_MODE

ORR r1, r0, #LOCKOUT | FIQ_MODE

MSR  cpsr, rl

MSR spsr, r2

LDR sp, =_tra_fig_stack_top

ORR r1, r0, #LOCKOUT | IRQ_MODE

MSR  cpsr, rl

MSR  spsr, 12

LDR sp, =_tra_irq_stack_top
FIQ MODE IRQ _MODE _tra fig_stack_top
3.7

SP

LOCK_MASK MODE_MASK USR_MODE LOCKOUT

23
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FLASH
ENTRY (_reset) ;

MEMORY

{

RamVectorSpace : org = 0xO0, len = 0x100
RamSpace : org = 0x100, len = 0x10000

RomVectorSpace : org = 0x2000000, len = 0x100
RomCodeSpace : org = 0x2000100, len = 0x10000
}
RAM 0x0~0x10100 RamVectorSpace = RamSpace
RAM 0x2000000~0x2010100 RomVectorSpace
RomSpace RamSpace = RomSpace
text :
{
. = ALIGN (16);
_text_start = . :
*(.text) ;
*(.rodata) ;
*(.glue_T71);
*(.glue_7) ;
. = ALIGN (16);
_text_end = . ;
} >RomCodeSpace
text text
text .rodata .glue 7t glue 7

RomCodeSpace

3.8 MAKEFILE

24



make
make makefile

gcc
make
make  makefile

Make makefile
makefile

makefile

netarm: tra-netarm.coff
${ OBJCOPY} ${OBJICOPYFLAG} tra-netarm.coff tra.bin
cp tra.bin ./tools/netarm/tra-netarm.bin
tra-netarm.coff: TMP_NETARM_BUILD
${LD} ${LDFLAGS-BIG} -L./lib -L/host/dcore/lib/lib_big -T
${NETARM_LINKCMDS} ${NETARM_START_OBJ} ${TRA_COMM_LIB_BIG}
libtmp.a${ TRA_COMM_LIB_BIG} -lgcc -o tra-netarm.coff
rm -rf libtmp.a
TMP_NETARM_BUILD:
rm -rf ${ TARGET_ALWAYS _CLEAN_OBJS}
cd ./;3{MAKE} all --file=Makefile-netarm
${AR} ${ARFLAGS} libtmp.a ${NETARM_OBJS}
-9
coff -0

25



LambdaTRA bin
coff coff RAM bin FLASH

3.9 LambdaGCC

LambdaGCC
dcore-as
dcore-1d
3-3
LambdaGCC

dcore-as _,[

~—

er 1o

—
-
: l A 4
< dcore-ld _,[ ]
—)

3-3

3.10 LambdaGDB

LambdaGDB
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LIST—
BREAK——
STEP——
NEXT——
PRINT——
SET——
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4.1

()

()

()

()

1/0
o linux
read write
[ linux
fread fwrite
()
linux socket

4-1
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4-1

API MPU
MPU
MPU
110
D/A
4-2
/
MPU P 1/0
4-2 WPU
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4.2

Frame

LambdaTRA

uart_init () ——

com_putchar() —

com_getchar() —
turn_on_com_receive_interrupt() —

turn_off_com_receive_interrupt() —

void uart_init(int baudrate, int serial)
{
int BAUDRATE_DIV;
long ValueInCTRLReg=0;
/* to get right baudrate value */
switch(baudrate){
case 19200: BAUDRATE_DIV=0x80000005; break;
case 38400: BAUDRATE_DIV=0x80000002; break;
case 57600: BAUDRATE_DIV=0x80000001; break;
case 115200: BAUDRATE_DIV=0x80000000; break;
default: BAUDRATE_DIV=0x81000001;

}
#ifdef NET40_COM1

30



[*set base address*/

net40_uartl.io_base = BASE_ADDRI;

ValueInCTRLReg = UART_REG_READ( &net40_uartl, UART_CTRL_REG );

ValueInCTRLReg &= OxFFFFO000O;

[*disable all interrupt*/

UART_REG_WRITE( &net40_uartl, UART_CTRL_REG, ValuelInCTRLReg )

[*PORTA*/

REG_WRITE( PORTA_REG, 0xeff000ef );

/*Set baud rate:use X16 mode, the value of N register is 1 then, set bit-rate

generator to enable */

UART_REG_WRITE( &net40_uartl, UART_BITRATE_REG, BAUDRATE_DIV );

/* word length=8bit, stop bit 1,transmit interrupt request*/

UART _REG_WRITE( &net40_uartl, UART_CTRL_REG, 0x83038a08 );

#endif
}
PORTA
4.3
(O8]
DMA /0 LAN
LAN IRQ
DMA /0

31



CirrusLogic 10Base-T
10M CS8900a
MAC IP 4-3
MAC IP

MAC IP

4-3

void lan_putpkt(char * buf,unsigned short len);
unsigned short lan_getpkt(char* buf);
CS8900a First In First Out, FIFO

NET+50
DMA
DMA

LambdaTRA

CS8900a
16
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4.4

NET+50

MPU

TIMER

RTC

MPU

ISR
ISR
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ISRs
ISRs delta clock_tick

void timer0_isr(void)

{
1

*(unsigned int *)0xfffff014 = 0x20000;

/I MPU

delta_clock_tick();

1

*(unsigned int *)0xfffff010 = 0x20000;
}

0.001
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NET+50 LambdaTRA

4.1.1

LambdaTRA ARM

LambdaTRA

4.1.2
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® JTAG BDI12000

BDI2000 IP
® BDI12000 JTAG JTAG BDI12000
1 1
) TFTP BDI12000 JTAG
LambdaTRA RAM
LambdaGDB
LambdaTRA
LambdaTRA
4.2
DeltaCORE
LambdaTRA DeltaCORE
4.2.1

NET+50
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BSS
DeltaCORE

16

4.2.2

LambdaGDB

4.2.3 —_—

delta_task Init(void)
{

delta_status_code ret;

usr_prep();

printf("\n*** Enter Roundrobin test***\n");

I* 1*/

task_name[ 1] = delta_build_name( 'T', ‘A', '1', "' ");

ret= delta_task_create( task_name[ 1],3,DELTA_MINIMUM_STACK_SIZE * 4,
DELTA_DEFAULT_MODES|DELTA_TIMESLICE,
DELTA_DEFAULT_ATTRIBUTES,&task_id[ 1]);

ret= delta_task_start( task_id[ 1], task_1,0);

I* 2%/

task_name[ 2] = delta_build_name( 'T’, ‘A', '2',"'");

ret=delta_task_create(task_name[2],3,DELTA_MINIMUM_STACK_SIZE * 4,
DELTA_DEFAULT_MODES|DELTA_TIMESLICE,
DELTA_DEFAULT_ATTRIBUTES,&task_id[ 2 ]);

ret= delta_task_start( task_id[ 2], task_2, 0);

I* 3*/

38



task_name[ 3] = delta_build_name( 'T’, 'A', '3', "' ");

ret= delta_task_create(task_name[3],3,DELTA_MINIMUM_STACK_SIZE * 4,
DELTA_DEFAULT_MODES|DELTA_TIMESLICE,
DELTA_DEFAULT_ATTRIBUTES,&task_id[ 3 ]);

ret = delta_task_start( task_id[ 3], task_3, 0);

I* */

delta_task_delete( DELTA_SELF);

}
delta_task task_1(void)
{
while (1) {
printf("\n\n*** taskl is running! ***");
}
}
delta_task task_2(void)
{
while (1) {
printf("\n\n*** task2 is running! ***");
}
}
delta_task task_3(void)
{
while (1) {
printf("\n\n*** task3 is running! ***");
}
}
10 1 2 3
Init()
1 2 3 10
10 1

*** Enter Roundrobin test***
*** taskl is running! ***
*** task2 is running! ***

*** task3 is running! ***

39



*** taskl is running! ***
*** task2 isrunning! ***

*** task3 isrunning! ***

LambdalDE ELF
NET+50 LambdaGDB

NET+50

4.2.4 —

delta_task Init(void)

{
delta_status_code ret;
delta_time_of_day time;
delta_time_of_day time_buffer ;

usr_prep();

printf("\n*** Enter Task Wake test***\n");
time_buffer.year = 2001;
time_buffer.month =1,

time_buffer.day =1

time_buffer.hour =12;

time_buffer.minute = 0;

time_buffer.second = 0;

time_buffer.ticks =0;

I* */

ret = delta_clock_set( &time_buffer);

ret = delta_clock_get( DELTA_CLOCK_GET_TOD, &time);

printf("\n*****Task wake test start on %d/%d/%d, %d:%d:%d: %d.* * ***\n\r",
time.year,time.month,time.day,time.hour,time.minute,time.second,time.ticks);

I* 1*/

40



}

task_name[ 1] = delta_build_name( 'T’, 'A', '1', "' ");
ret= delta_task_create( task_name[ 1 ], 5, DELTA_MINIMUM_STACK_SIZE * 4,
DELTA_DEFAULT_MODES, DELTA_DEFAULT_ATTRIBUTES,
&task_id[ 1] );
ret= delta_task_start( task_id[ 1], task_1, 0);
if( ret '= DELTA_SUCCESSFUL )
printf(“taskl error.\n");
I* 2%/
task_name[ 2] = delta_build_name( 'T’, 'A', '2', "' ");
ret= delta_task_create( task_name[ 2 ], 10, DELTA_MINIMUM_STACK_SIZE * 4,
DELTA_DEFAULT_MODES, DELTA_DEFAULT_ATTRIBUTES,
&task_id[ 2] );
ret = delta_task_start( task_id[ 2], task_2, 0);
if( ret '= DELTA_SUCCESSFUL )
printf(“task2 error.\n");
I* 3*/
task_name[ 3] = delta_build_name( 'T’, 'A', '3', "' ");
ret= delta_task_create( task_name[ 3 ],15,DELTA_MINIMUM_STACK_SIZE * 4,
DELTA_DEFAULT_MODES,DELTA_DEFAULT_ATTRIBUTES,
&task_id[ 3]);
ret = delta_task_start( task_id[ 3], task_3, 0);
if( ret '= DELTA_SUCCESSFUL )
printf(“task3 error.\n");
I* */
delta_task_delete( DELTA_SELF);

delta_task task_1(void)

{

delta status code ret;

delta_time_of_day wake_buffer;

delta_time_of_day time;

wake_buffer.year = 2001;

wake buffer.month =1;

wake_buffer.day =1

wake buffer.hour =12;

wake_buffer.minute = 0;

wake_buffer.second = 5;

wake_buffer.ticks = 0;

I* */

ret = delta_task_wake_when( & wake_buffer );

ret = delta_clock_get( DELTA_CLOCK_GET_TOD, &time);
printf("\n*****task 1 wake on %d/%d/%d, %d:%d:%d:%d.*****\n\r" time.year,

41



}

time.month,time.day,time.hour,time.minute,time.second,time.ticks);
delta_task_delete( DELTA_SELF);

delta_task task_2(void)

{

}

delta status code ret;

delta_time_of_day wake_buffer;

delta_time_of_day time;

wake_buffer.year = 2001;

wake buffer.month =1;

wake_buffer.day =1

wake_ buffer.hour =12;

wake_buffer.minute = 0;

wake buffer.second = 10;

wake_ buffer.ticks = 0;

I* */

delta_task_wake _when( &wake_buffer );

ret = delta_clock_get( DELTA_CLOCK_GET_TOD, &time);

printf("\n*****task 2 wake on %d/%d/%d, %d:%d:%d:%d.*****\n\r" time.year,
time.month,time.day,time.hour,time.minute,time.second,time.ticks);

delta_task_delete( DELTA_SELF);

delta_task task_3(void)

{

delta status code ret;

delta_time_of_day time;

while (1)

{
I* */
ret = delta_clock_get( DELTA_CLOCK_GET_TOD, &time);
printf("\nBeijing Dateis %d/%d/%d, %d:%d:%d:%d.\n\r" ,time.year,

time.month,time.day,time.hour,time.minute,time.second,time.ticks);

/*1000 tick */
delta_task_wake_after(1000);

RTC TIMER

RTC TIMER

Init() 2001 1 1

42
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0O O 1 2001 1
1 12 0 5 2 2001
1 1 12 0 10 3

1000  tick

2000 1 1 12 0 5

“ xxxxktack 1 wake on 2001/1/1, 12:0:5:0.%****” 2001 1

1 12 0 10 “ wxxxkack 2 wake on 2001/1/1,
12:0:10:0.%****”

***kxxx Preparation Done, ******

*** Enter Task Wake test* **

**x**Task wake test start on 2001/1/1, 12:0:0:0.*****
Beijing Dateis 2001/1/1, 12:0:0:68.

Beijing Dateis 2001/1/1, 12:0:1:130.

Beijing Dateis 2001/1/1, 12:0:2:171.

Beijing Dateis 2001/1/1, 12:0:3:212.

Beijing Dateis 2001/1/1, 12:0:4:253.
*****task_1 wake on 2001/1/1, 12:0:5:0.x****
Beijing Dateis 2001/1/1, 12:0:5:294.

Beijing Dateis 2001/1/1, 12:0:6:335.

Beijing Dateis 2001/1/1, 12:0:7:376.

Beijing Dateis 2001/1/1, 12:0:8:417.

Beijing Dateis 2001/1/1, 12:0:9:458.
***x*k*task 2 wake on 2001/1/1, 12:0:10:0.*****
Beijing Dateis 2001/1/1, 12:0:10:499.

NET+50
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RTC TIMER
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