Lecture 2

Interfacing ARM Assembly
Language and C

ECE349 - Spring 1998

Example 1
int a,b; AREA |C$$code|, CODE, READONLY
int main() K‘]iic:desegl pe relative (-8 ‘cause pcis 8
L MOV 243 ahead of this instruction)
a=3; LDR  al,[pc, #.00001c--8]
b=4 STR  a2,[al,#0]
} /* end main() */ MOV  a2#4
STR  a2,[al#4]!
MOV  al#0
MOV  pc,Ir
] L00001c — delare one or more words
label “LO00LC” - compiler /‘ DCD  |xcfiseg|

tends to make the labels
equal to the adress

J—

AREA |C$$datal, DATA )
1 loader will pu the address of

|x$dataseg|

a

[x$dataset| into this memory
location

DCD 00000000

b

DCD 00000000 L declares storage (1word) and

initializes it with zero

EXPORT main
EXPORT b
EXPORT a

END
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Example 1 (con't)

Address

0x00000000
0x00000004
0x00000008
0x0000000C
0x00000010
0x00000014
0x00000018

0x0000001C

0x00000020

0x00000024

AREA |C$S$code|, CODE, READONLY

|x$codeseg|
main
MOV  a2#3
LDR  al,[pc, #L00001c-.-8]
STR  a2,[al#0]
MOV a2 #4
STR  a2,[al#4]!
MOV  al#0
MOV pc,Ir
L00001c
DCD  0x00000020

AREA [C$$datal,DATA

|x$dataseg|

a

DCD
b

DCD 00000000

00000000

EXPORT main
EXPORT b
EXPORT a
END

; was originally the label |

Thisis apointer to the |X$dataseg| area
—Tiisisap [Xsdataseg|

x$dataseg|
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Example 2

int tmp;
void swap(int a, int b);

int main()
inta,b;
a=3;
b =4
swap(a,b);
} /* end main() */
void swap(int a,int b)
tmp = a;
a=Db;

b =tmp;

} /* end swap() */

MOV
MOV
BL

MOV

swap
LDR
STR
MOV

L000024
DCD

|x$dataseg|
tmp
DCD
END

main
STMDB sp!,ﬂr)

AREA [C$S$code|, CODE, READONLY

sp<-s
aL#3 mem[sp
a2 #4
swap
al#0

LDMIA  sp!,{pc}

a2,[pc, #L000024-.-8]
al,[a2,#0]
pc,Ir

|x$dataseg|

AREA |C$$data|,DATA

00000000

?;Ir link register

STMDB - store multiple, decrement before

contents of Ir
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Example 3

int tmp;
int *pa, *pb;

void swap(int a, int b);
int main()

int a,b;

pa = &a,

pb = &b;

*pa=3;

*pb = 4;

swap(*pa, *pb);
}/* end main() */
void swap(int a,int b)

tmp = a;

a=b;

b = tmp;

} I* end swap() */

main  STMDB  sp!{Ir}

SUB  sp,sp.#8

ADD  a2,sp,#4

LDR  al,[pc, #L00003c-.-8]

STMIB all{a2,sp}

MOV  al#3

STR  al,[sp,#4]

MOV  al#4

STR  al,[sp,#0]

MOV a2,al

LDR  al,[sp,#4]

BL  swap

MOV  al#0

ADD sp,sp,#8

LDMIA  sp!{pc}
L0O0003c DCD  |x$dataseg|
swap LDR  a2,[pc, #L00003c-.-8]

STR  al,[a2,#0]

MOV  pc,Ir

AREA |C$$datal,DATA
|x$dataseg|
tmp DCD 00000000
pa DCD 00000000
pb DCD 00000000

STMIB - store multiple, increment
before

sp<--sp-4 .
mem[spﬁJ: Ir; link register
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Example 3 (con't)

man  STMDB spl{T}

)
Q)

SUB  sp,sp.#8

ADD  a2,sp,#4

LDR  al,[pc, #L00003c-.-8]

STMIB al!{a2,sp}

MOV  al#3

STR  al,[sp,#4]

MOV  al#4

STR  al,[sp,#0]

MOV a2,al

LDR  al,[sp,#4]

BL swap

MOV  al#0

ADD sp,sp,#8

LDMIA sp!{pc}
L00003c DCD  |x$dataseg|
swap LDR  a2,[pc, #L00003c-.-8]

STR  al,[a2#0]

MOV  pc,Ir

AREA |C$$datal,DATA
|x$dataseg|
tmp DCD 00000000
pa DCD 00000000
pb DCD 00000000

address

0x90

sp contents of Ir

0x8C

<] ©

0x88

0x84

0x80

O

address

0x90

contents of Ir

0x8C main’s local variables, a
&b, are placed on the

. —

0x88 stack

sp ~-

o

0x80
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Example 3 (con't)

main  STMDB  sp! {Ir}

LDMIA sp!{pc}
L00003c DCD  |x$dataseg|
swap LDR  a2,[pc, #L00003c-.-8]
STR  al,[a2#0]
MOV  pc,Ir
AREA |C$$datal,DATA
|x$dataseg|
tmp DCD 00000000
pa DCD 00000000
pb DCD 00000000

SUB  sp,sp.#8

ADD  a2,sp,#4

LDR  al,[pc, #L00003c-.-8] -
STMIB  all{a2,sp} B
MOV  al#3

STR  al,[sp,#4]

MOV  al#4

STR  al,[sp,#0]

MOV a2,al

LDR  al,[sp,#4]

BL  swap

MOV  al#0

ADD sp,sp,#8
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Example 4

i—loads al with a pointer to the start of the data segment
— stores the addresses of aand b%&a, &b) into the global

variables *pa and *pb (which are found in the x$dataseg)

typedef struct
testStruct {
unsigned int a;
unsigned int b;

char c;
} testStruct;
testStruct *ptest;
int main()
ptest->a = 4;
ptest->b = 10;
ptest->c ="'A;

} /* end main() */

main
MOV
LDR
LDR
STR
MOV
LDR
STR
MOV
LDR
STRB
MOV
MOV

L000030
DCD

al<-- J\/I[[#LOQOO?>O]
whichis the pointer
ptest

—— 2<-p->a

a3, #4
al,[pc, #L000030-.-8]
a2,[al,#0]
a3,[a2,#0]

a2 #&a
a3,[al,#0]
a2,[a3,#4]!

a2 #&41

al,[al,#0]
a2,[al,#8]
al#0
pc,Ir

<«—p->h=10

|x$dataseg|

AREA |C$$data|,DATA

|x$dataseg|
ptest
DCD

00000000 ~&— watchout, ptestisonlyaptr

the structure was never malloc'd
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Example 5

inttmp; .
void test(int a, int b,
intc,intd, int*
e);

int main()

} /* end main() */

main

STMDB  sp!{Ir}

MOV  al#3
MOV  a2#4
MOV  a3#4
MOV  ip#5
MOV  a4,#6
STR  a4,[sp,#-4]!
MOV  a4d,sp
STMDB  sp! {a4}
MOV  a4d,ip

BL test

MOV  al#0

x parametersa,b,c&d
are stored inregs

overflow of test()
K parameters - pushes
parms onto the stack
~&—save the stack pointer --
“a4 <--sp”so that the
preincrement won't affect the
address save on the stack

ADD sp,sp,#8
void test(int a int b, L DMIA :p!?pc} al holds the return value
int c, int d, int *e) fest LDR  a2,[sp#0]
tmp = a; LDR  a3,[pc, #L00004c-.-8]
a= b; ) STR  al,[a3,#0]
E = imp; STR  ad,[a2,#0]
b=d: MOV pc,Ir
*e =d; LO0004c DCD  |x$dataseg|
AREA |C$$data|,DATA
} * end test() */ x$dataseg|
tmp DCD 00000000
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Example 5 (con't)

main "
STMDB  sp!,{Ir} @ address
MOV  al#3 0x90
MOV  a2#4
MOV  a3#4 #6 0x8C
MOV ip#5 0x8C 088
MOV  a4,#6
STR  ad[sp#-4]! 0x84
MOV  a4d,sp 0x80
STMDB  sp! {a4}
MOV a4iip a2 <--mem[0x88] ;a2 <--0x8¢c
BL test
MOV  al#0
ADD  sp,sp#8 @ address
LDMIA sp!{pc}
. 0x90
test LDR  a2,[sp,#0] ; load the ptrto e
LDR  a3,[pc, #L00004c-.-8] ; load addr of tmp #6 0x8C
STR  al,[a3,#0] ;tmp <--a
STR  a4,[a2,#0] :*g < d 0x8C 0x88
MOV  pc,Ir ; return 0x84
L00004c DCD  |x$dataseg| 0x80
AREA |C$$datal,DATA X
|x$dataseg|
tmp DCD 00000000 mem[0x8c] <--a4
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int tmp; am |
int swap(int a, int b); STMDB  sp!.{Ir}
void swap2(int a, int b); MOV  al#3 ; set up the parms
int main(){ MOV  a2#4 ; before the call to swap
inta, b, c; BL swap
a=3 MOV  al#0 ; al <--return value
b=4: LDMIA  sp!,{pc}
¢ = swap(a,b); swap . '
STMDB  sp! {Ir} ; save link register
} /% end main() */ LDR  a3,[pc, #L00003c-.-8]
STR  al,[a3#0]
int swap(int a,int b){ MOV a3,al
tmp = a; MOV  al,a2
a=b; MOV a2,a3
b =tmp; BL swap2
swap2(a,b); MOV  al#&a ; return value in al
return(10); LDMIA  sp!{pc} ; restore LR
}/* end swap() */ L00003c DCD  |x$dataseg|
swap2
void swap2(int a,int b){ LDR  a2,[pc, #.00003c-.-8]
tmp = a; STR  al,[a2#0] ;tmp<--a
a=b; MOV pc,Ir
b = tmp; AREA |C$$data|,DATA
|x$dataseg|
} /* end swap() */ tmp
DCD 00000000
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Example 7

int tmp; e | Compare with example 6 - in this
int swap(int a,int b); STMDB sp!{ir} p .p Lo
void swap2(int a,int b); mgx a;':ﬁ example, the compiler optimizing
. . az,
int main(){ BL  swap the code so that swap?2() returns
int a, b, ¢; MOV  aL#0 directly to main()
a= 3f LDMIA  sp!{pc}
b=4; swap
¢ = swap(a,b); LDR  a3,[pc, #L000030-.-8]
} /* end main() */ STR  al,[a3,#0]
MOV  a3,al
int swap(int a,int b){ MOV  al,a2
tmp = a; MOV  a2,a3
a=Db; B swap2
b = tmp; L000030
swap2(a,b); DCD |x$dataseg|
} /* end swap() */ swap2
LDR  a2,[pc, #.000030-.-8]
void swap2(int a,int b STR  al[a2#0] .
tmp = éf, ( N MOV pclr ~a— Doesn't return to swap(),
azh AREA |C$$datal,DATA instead it jumps directly back
b= Uhp_ [x$dataseg| tomain()
! tmp
} 7+ end swap() */ DCD 00000000
ECE349 - Spring 1998 13

Interfacing C and Assembly Language

u ARM has developed a standard called the “ARM Procedure Call
Standard” (APCS) which defines:

= constraints on the use of registers
= stack conventions
= format of a stack backtrace data structure
= argument passing and result return
= support for ARM shared library mechanism
u Compiler-generated code conforms to the APCS
« It'sjustastandard - not an architectural requirement
= Cannot avoid standard when interfacing C and assembly code
= Canavoid standard when just writing assembly code or when writing assembly
code that isn't called by C code
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Register Names and Use

Reqgister# APCS Name APCSRole

RO al argument1

R1 a2 argument 2

R2 a3 argument 3

R3 a4 argument 4

R4.R8 vl.v5 register variables

R9 sh/v6 static base/register variable
R10 sliv7 stack limit/register variable
R11 fp frame pointer

R12 ip scratch reg/ new-sb in inter-link-unit calls
R13 sp low end of current stack frame
R14 Ir link address/scratch register
R15 pc program counter
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How Does LDM Place Things into Memory

address

STM Sp!, {I’O-r15} SPhefore 00
pc 0x8c

. Ir 0x88

u ARM processor uses a bit 5 84
vector to represent each m 0180
register to be saved \P ox1e

u Architecture places lowest \U 08
number register into lowest XQ 0i74
address vi\ o

\ 0X6C

u Default STM == STMDB V3 \ 0x68
N

I\ oo

ad \ |osc

as \ |oxss

az 0154

al
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Passing and Returning Structures

u Structures are usually passed in registers (and overflow onto
the stack when necessary)
u When a function returns a struct, a pointer to where the struct

resultis to be placed is passed in al (first parameter)
« Example
struct s f(int x);
--is compiled as --
void f(struct s *result, int x);
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Example - Passing Structures as Parameters

typedef struct two_ch_struct{ max
char chi,; MOV ip, sp
char ch2; STMDB  sp!,{al-a3, fp, ip, Ir, pc}
} two_ch; SUB fp, ip, #4
LDRB a3, [fp, #-&14]
two_ch max(two_ch a, two_ch b){ LDRB a2, [fp, #-&10]
return((a.chl > b.chl) ? a: b); CMP a3,a2
} /* end max() */ SUBLE a2, fp, #&10

SUBGT a2, fp, #&14
LDR a2, [a2, #0]
STR a2, [al, #0]
LDMDB  fp{fp, sp, pc}
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Example (con't)

max
MOV
STMDB
SuB
LDRB
LDRB
CMP
SUBLE
SUBGT
LDR
STR
LDMDB

ip, sp

spl,{al-a3, fp, ip, Ir, pc}
fp, ip, #4 @

a3, [fp, #-&14]
a2, [fp, #-&10]
a3,a2

a2, fp, #&10
a2, fp, #&14
a2, [a2, #0]
a2, [a1, #0]
fp.{fp, sp, pc}

; a3 <-- a2 from stack
; a2 <-- a3 from stack

; a2 <-- pointer to max

; grab the max value
; store it into al

O
—»
—>

address

0x90
pc 0x8C
Ir 0x88
ip 0x84
fp 0x80
a3 0x7C
a2 0x78
al 0x74

0x70

«frame pointer (fp) points to top of

stack for function
ECE349 - Spring 1998
Frame Pointer
address
. pc 0x8C
u Points to top of stack area for the T 08
current function p 0184
=Or zero if not being used ip 0x80
u By using the frame pointer and i) ox7e
storing it at the same offset for v 0x78
every function call, it creates a Xg 074
singly-linked list of activation T o
records 3 0468
u Creating stack backtrace structure VZ 064
MOV  ip, sp vl 0x60
STMFD sp!,{al-a4,v1-v5,sb,fp,ip,Ir,pc} EYs 050
SuB fp, ip, #4
as 0158
ac 0154
al
ECE349 - Spring 1998 0x50
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Mixing C and Assembly Language

ARM Source Code
CLibrary I

C Source Code

ARM Executable
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ARM C Library

u Two libraries

= ANSIClibrary

= Minimal standalone library
i division and remanding functions
1 stack-limit checking functions
I lowest-level memory management
1 program startup (calling main())
I program termination (_exit())

= We use the ANSI C standard library for now
I /afs/ece/class/ee349/VLSI/lib/armlib.32| <--1is for little endian
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Running armsd

u armsd is a software simulator of the ARM architecture

u /afs/ece/class/ee349/bin/armsd
=« armsd fileName
=« load fileName

u Ignore the documentation on the armsd - the docs explain how
to extend the simulator - not how to use it

u The simulator has the debugger built into it - so you need to
learn how to use the debugger

u Lots of commands:
= See Jumpstart Programming Techniques - Chapter 1 (Getting Started) and VLSI
Reference Manual Chapter 7 - Symbolic Debugger
= Takes abit of time to learn how to use
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Multiply

u Multiply instruction can take multiple cycles

u Canconvert Y *Constantinto series of adds and shifts
» Y*O=Y*8+Y*1
= Assume R1holds Y and R2 will hold the result
RSB R2,R1, R, LSL#3 ;LSL#3is the same as multiply by 8
ADD R2,R2,R1
= Another example: Y *105
105 =128-23
=128-(16+7)
=128-(16+(8-1))
RSB r2,rl, rl, LSL#3 (r2<--Y*7=Y*8-Y (assumerlholdsY)
ADD r2,r2,rl, LSL#4 r2<--r2+Y*4
RSB r2,r2,rl, LSL#7 1 r2<--(Y*128)-r2

« Or Y*105=Y* (15*7)=Y* (16-1)*(8-1)
RSB r2,rlrl LSL#4 12 <--(rl*16)-rl is TMP = (Y *16) - (Y *1)
RSB r2,r2 12<--(r2*8)-r2 is (TMP*8) - (TMP - 1)
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