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Announcements

Website up

- http://www.eecs.umich.edu/~prabal/teaching/eecs373/

Homework 1 posted (mostly a 270 review)

Lab and office hours posted on-line.
- My office hours: Tuesdays 1:30-3:00 pm in 4773 BBB

Projects
- Start thinking about them now!



Today...

Finish ARM assembly example from last time



Major elements of an Instruction Set Architecture

(registers, memory, word size, endianess, conditions, instructions, addressing modes)

32-bits

RO

R1

R2

R3

R4

RS

R6

R7

R8

R9

R10

R11

R12

R13 (SP)

R14 (LR)

R15 (PC

xPSR

Endidness

31 30 29 28 27 26

32-bits

mov ro, #4

ldr rl, [ro,#8]

v
ri=mem((re)+8)

bne loop

System

Private peripheral bus - External

Private peripheral bus - Internal

External device 1.0GB

External RAM  1.0GB

Peripheral ~ 0.5GB

SRAM 0.5GB

subs rz:\;z\\\\\

Code 0.5GB

Endianess

OXFFFFFFFF

0xE0100000

0xE0040000

0xE0000000

0xA0000000

0x60000000

0x40000000

0x20000000

0x00000000

N

Z

C

‘.’

Q

RESERVED




The endianess religious war: 288 years and counting!

e Modern version e Little-Endian

- Danny Cohen - LSB is at lower address

- |IEEE Computer, v14, #10 G T

_ Published in 1981 uints_t a = 1; exee00 o1 02 FF 00

uint8_t b = 2;

- Satire on CS religious War | inas a - oxssessres oxcoos 78 56 34 12
o Historical Inspiration e Big-Endian

- Jonathan Swift | - MSB is at lower address

a Memory Value

Offset (LSB) (MSB)

- Gulliver's Travels

- Published in 1726 e oY 0x0000 01 02 00 FF
. ’ ., uintlé_t c = 255; // 0x00
- Satire on Henry-VIII S Spl]t uint;g_t d = 0iiz345678; " 0x0004 12 34 56 78

with the Church

« Now a major motion picture!



Addressing: Big Endian vs Little Endian (370 slide)

e Endian-ness: ordering of bytes within a word

- Little - increasing numeric significance with increasing
memory addresses

- Big - The opposite, most significant byte first
- MIPS is big endian, x86 is little endian

Register Register
Memory 0OAOBOCOD OAOBOCOD Memory
a O.A - —>» q:10D
a+1:|0B | -« > a+1:/0C
a+2:|0C | = —>» a+2:|0B
a+3:10D | = > a+3:/0A
. Big-endian Little-endian :




Instruction encoding

 Instructions are encoded in machine language opcodes

e Sometimes
- Necessary to hand generate opcodes
- Necessary to verify assembled code is correct

« How? Refer to the “ARM ARM”

Instructions Register Value Memory Value
movs ro, #10 001|00|000|00001010
Pa 20 60 21

movs ri, #0 001|00|001| 00000000

Encoding T1 All versions of the Thumb ISA.
5 MOVS <Rd>,#<imm8> Qutside IT block.
< MOV<c> <Rd>,#<imm8> Inside IT block.
'; 1514131211109 8 7 6 5 4 3 210
=| |00 1|0 0| Rd immS§
X
< d = UInt(Rd); setflags = !InITBlock(); imm32 = ZeroExtend(imm8, 32); carry = APSR.C;



Assembly example

data:
.byte 0x12, 20, 0x20, -1

func:

mov r0, #O0

mov r4d, #0

movw rl, #:lowerl6:data

movt rl, #:upperl6:data
top: 1drb r2, [rl],#l

add r4, rd4, r2

add r0, r0, #1

cmp r0, #4

bne top



Instructions used

e MOV
- Moves data from register or immediate.
- Or also from shifted register or immediate!

« the mov assembly instruction maps to a bunch of
different encodings!

- If immediate it might be a 16-bit or 32-bit instruction
e Not all values possible
e why?
e MOVW
- Actually an alias to mov
“w” is “wide”
e hints at 16-bit immediate



From the ARMv7-M Architecture Reference Manual
(posted on the website under references)

A6.7.76 MOV (register)

Move (register) copies a value from a register to the destination register. It can optionally update the
condition flags based on the value.

Encoding T1 ARMv6-M, ARMv7-M If <Rd> and <Rm> both from RO-R7.
otherwise all versions of the Thumb ISA.
MOV<c> <Rd>,<Rm> If <Rd> 1s the PC, must be outside or last in IT block
151413121110 9 8 7 6 5 4 3 2 10
010001|1 0D Rm Rd

d = UInt(D:Rd); m = UInt(Rm); setflags = FALSE;
if d == 15 & InITBlock() &% !'LastInITBlock() then UNPREDICTABLE;

Encoding T2 All versions of the Thumb ISA.
MOVS <Rd>,<Rm> {ormerly LSt RdsrRmr80) Not permitted mside IT block
1514131211109 8 7 6 5 4 3 2 10

000|000 O0OO0O O Rm Rd

d = UInt(Rd); m = UInt(Rm); setflags = TRUE;
if InITBlock() then UNPREDICTABLE;

Encoding T3 ARMv7-M
MOV{S}<c>.W <Rd>,<Rm>

There are similar entries for
move immediate, move shifted
(which actually maps to different
instructions) etc.

151413121110 9 8 7 6
1

3 1 0 1514131211109 8 7 6 5 4 3 2 10
1 1101(01|00 1 1 1|jf0 0 0 Rd 0 000 Rm

e L

5 4
0[S

d = UInt(Rd); m = UInt(Rm); setflags = (S = "1');
if setflags & (d IN {13,15} || m IN {13,15}) then UNPREDICTABLE;
if !setflags & (d = 15 || m = 15 || (d = 13 & m == 13)) then UNPREDICTABLE;



Directives

e #:1lowerl6:data
- What does that do?
- Why?



A6.7.78 MOVT

Move Top wnites an immediate value to the top halfword of the destination register. It does not affect the

contents of the bottom halfword.

Encoding T1 ARMv7-M
MONT<c> <Rd>,#<immlb>

1514131211109 8 7 6 5 4 3 2 1 0 1514131211109 8 7 6 5 4 3

’

1

0

11 110f1)1 0]1|1{0)0( mmmd4 (0| mm3

Rd

mm$

d = UInt(Rd); imml6 = immd:i:imm3:imm8;
if d IN {13,15} then UNPREDICTABLE;

Assembler syntax
MWNT<C><a> Rd>, #<inmlb>
where:

<C><Q> See Standard assembler syntax fields on page A6-7.
<Rd> Specifies the destination register.

<imm16> Specifies the immediate value to be wntten to <Rd>. It must be in the range 0-65535.

Operation

if ConditionPassed() then
EncodingSpecificOperations();
R[d]<31:16> = imm16;
// R[d]<15:8> unchanged




Loads!

e |drb -- Load register byte
- Note this takes an 8-bit value and moves it into a 32-bit
location!

e Zeros out the top 24 bits

e |ldrsb -- Load register signed byte
- Note this also takes an 8-bit value and moves it into a
32-bit location!

» Uses sign extension for the top 24 bits



Addressing Modes

o Offset Addressing
- Offset is added or subtracted from base register
- Result used as effective address for memory access
- [<Rn>, <offset>]

e Pre-indexed Addressing
Offset is applied to base register
Result used as effective address for memory access
Result written back into base register
[<Rn>, <offset>]!
e Post-indexed Addressing
- The address from the base register is used as the EA
- The offset is applied to the base and then written back
- [<Rn>], <offset>



So what does the program _do_?

data:
.byte 0x12, 20, 0x20, -1

func:

mov r0, #O0

mov r4d, #0

movw rl, #:lowerl6:data

movt rl, #:upperl6:data
top: 1drb r2, [rl],#l

add r4, rd4, r2

add r0, r0, #1

cmp r0, #4

bne top



Today...

Finish ARM assembly example from last time
Walk though of the ARM ISA
Software Development Tool Flow

Application Binary Interface (ABI)

16



An ISA defines the hardware/software interface

A “contract” between architects and programmers
Register set

Instruction set

- Addressing modes
- Word size

- Data formats

- Operating modes
- Condition codes

Calling conventions
- Really not part of the ISA (usually)
- Rather part of the ABI

- But the ISA often provides meaningful support.



ARM Architecture roadmap

{

ARM7TDMI ARM926EJ-S ARM1136JF-S Cortex-A8/R4/M3/M1
ARM922T ARM946E-S ARM1176JZF-S Thumb-2
Thumb ARM966E-S ARM11 MPCore '
instruction set Improved SIMD Instructions Extensions:
ARM/Thumb v/A (applications) —NEON

Interworking Unaligned data support

v7/R (real time) — HW Divide

VM (microcontroller) — HW
Extensions: Divide and Thumb-2 only
Jazelle (5TEJ) TrustZone (62) +M4 : DSP ISA
Multicore (6K)

Extensions:
Thumb-2 (6T2)

DSP instructions




A quick comment on the ISA:
From: ARMv7-M Architecture Reference Manual

A4.1

About the instruction set

ARMv7-M supports a large number of 32-bit instructions that were introduced as Thumb-2 technology into
the Thumb instruction set. Much of the functionality available is identical to the ARM instruction set
supported alongside the Thumb instruction set in ARMv6T?2 and other ARMV7 profiles. This chapter
describes the functionality available in the ARMv7-M Thumb instruction set. and the Unified Assembler
Language (UAL) that can be assembled to erther the Thumb or ARM instruction sets.

Thumb instructions are either 16-bit or 32-bit. and are aligned on a two-byte boundary. 16-bit and 32-bit
mnstructions can be intermixed freely. Many common operations are most efficiently executed using 16-bit
instructions. However:

. Most 16-bit mstructions can only access eight of the general purpose registers. RO-R7. These are
known as the low registers. A small number of 16-bit instructions can access the high registers,
R8-R15.

. Many operations that would require two or more 16-bit instructions can be more efficiently executed
with a single 32-bit instruction.

The ARM and Thumb instruction sets are designed to inferwork freely. Because ARMv7-M only supports
Thumb nstructions, mterworking instructions in ARMv7-M must only reference Thumb state execution,
see ARMV7-M and interworking support for more details.

In addition. see:
. Chapter AS Thumb Instruction Set Encoding for encoding details of the Thumb instruction set
. Chapter A6 Thumb Instruction Details for detailed descriptions of the mnstructions.



ARM Cortex-M3 ISA

Instruction Set

ADD Rd, Rn, <op2>

Branching
Data processing
Load/Store
Exceptions
Miscellaneous

Register Set

Address Space

RO

R1

System

R2

Private peripheral bus - External

R3

Private peripheral bus - Internal

R4

RS

R6

External device 1.0GB

R7

R8

R9

R10

External RAM  1.0GB

R11

R12

Peripheral ~ 0.5GB

R13 (SP)

R14 (LR)

SRAM 0.5GB

R15 (PC)

xPSR

Code 0.5GB

32-bits

Endianess

32-bits

Endianess

OXFFFFFFFF

0xE0100000

0xE0040000

0xE0000000

0xA0000000

0x60000000

0x40000000

0x20000000

0x00000000



Registers

low registers <

high registers <

Program Status Register

RO
R1
R2
22 Note: there are two stack pointers!
RS SP_process (PSP) used SP_main (MSP) used
AL by: by:
2; Base app code - 0S kernel
RO (when not running - Exception handlers
R10 an exception - App code w/
R11 handler) privileded access
R12
R13 (SP) SP_process SP_main
R14 (LR)
R15 (PC)
xPSR —

Mode dependent




Address Space

0xE0100000
OxEOOFF000
0xE0042000
0xE0041000
0xE0040000

0xE0040000
0xEOOQOF000
0OxEOOOEO00
0xE0003000
0xE0002000
0xE0001000
0xEO000000

0x44000000

0x42000000

0x40100000
0x40000000
0x24000000

0x22000000

0x20100000
0x20000000

ROM Table

External PPB

ETM

System

TPIU

Private peripheral bus - External

Reserved

Private peripheral bus - Internal

SCS

Reserved

FPB

DWT

™

External device 1.0GB

32MB

Bit band alias

External RAM  1.0GB

31MB

iMB

Bit band region

Peripheral ~ 0.5GB

32MB

Bit band alias

SRAM 0.5GB

31MB

1MB

Bit band region

Code 0.5GB

OXFFFFFFFF

0xE0100000

0xE0040000

0xE0000000

0xA0000000

0x60000000

0x40000000

0x20000000

0x00000000



Instruction Encoding
ADD immediate

Encoding T1 All versions of the Thumb ISA. Encoding T2 All versions of the Thumb ISA.

ADDS <Rd>,<Rn>,#<imm3> ADDS <Rdn>,#<imm8>

ADD<c> <Rd>,<Rn>,#<imm3> ADD<c> <Rdn>,#<imm8>

1514131211109 8 7 6 5 4 3 210 1514131211109 8 7 6 5 4 3 2 1 0

0 0 0]1 1(1(0] imm3 Rn Rd 0 0 1|1 0| Rdn imm§
Encoding T3 ARMvT-M

ADD{S}<c>.W <Rd>,<Rn>,Z<const>

151413 121110 9 8 7 6 5 4 3 2 1 0 1514131211109 8 7 6 5 4 3 2 1 0
11110|1|0|1 0 0 0|S Rn 0| imm3 Rd imm8
Encoding T4 ARMvT-M

ADDW<c> <Rd>,<Rn>,E<imml2>

151413121110 9 8 7 6 5 4 3 2 1 0 1514131211109 8 7 6 5 4 3 2 10
11110|1|1|]00 00 Rn 0 imm3 Rd 1mm8

o




A6.7.3 ADD (immediate)

This instruction adds an immediate value to a register value, and writes the result to the destination register.
It can optionally update the condition flags based on the result.

Encoding T1 All versions of the Thumb ISA.
ADDS <Rd>,<Rn>,#<imm3> Outside IT block.
ADD<C> <Rd>,<Rn>,#<imm3> Inside IT block.

151413121110 9 8 7 6 5 4 3 2 1 0
0 0O0f1 1({1|0f 1mm3 Rn Rd

d - UInt(Rd); n = UInt(Rn); setflags - !InITBlock(); imm32 - ZeroExtend(imm3, 32);

Encoding T2 All versions of the Thumb ISA.

ADDS <Rdn>,#<imm8> Qutside IT block.
ADD<C> <Rdn>,Z<imm8> Inside IT block.
151413121110 9 8 7 6 5 4 3 2 1 0

0 0 1|1 0| Rdn imm8

d - UInt(Rdn); n - UInt(Rdn); setflags - !InITBlock(); imm32 - ZeroExtend(imm8, 32);

Encoding T3 ARMv7-M
ADD{S}<c>.W <Rd>,<Rn>,#<const>

1514131211109 8 7 6 5 4 3 2 1 0 1514131211109 8 7 6 5 4 3 2 10
11110]1(/0({1 00 O0|S Rn 0| imm3 Rd imm$8

if Rd = "1111" && S == '1" then SEE CMN (immediate);

if Rn — "1101" then SEE ADD (SP plus immediate);

d - UInt(Rd); n = UInt(Rn); setflags = (S == '1"); imm32 - ThumbExpandImm(i:imm3:imm8);
if d IN {13,15} || n == 15 then UNPREDICTABLE;

Encoding T4 ARMv7-M
ADDW<C> <Rd>,<Rn>,#<imml2>

151413121110 9 8 7 6 5 4 3 2 1 0151413121110 9 8 7 6 5 4 3 2 1 0

11110|1|/1{0 00 0|0 Rn 0| imm3 Rd imm$§

if Rn == "1111' then SEE ADR;

if Rn = "1101" then SEE ADD (SP plus immediate);

d - UInt(Rd); n = UInt(Rn); setflags - FALSE; imm32 - ZeroExtend(i:ism3:imm8, 32);
if d IN {13,15} then UNPREDICTABLE;



Branch

Table A4-1 Branch instructions

Instruction Usage Range

B on page A6-40 Branch to target address +-1MB

CBNZ, CBZ on page A6-52 Compare and Branch on Nonzero, 0-126 B
Compare and Branch on Zero

BL on page A6-49 Call a subroutine +/-16 MB

BLX (register) on page A6-50  Call a subroutine, optionally change Any
instruction set

BX on page A6-51 Branch to target address, change Any
instruction set

IBB, TBH on page A6-258 Table Branch (byte offsets) 0-510B
Table Branch (halfword offsets) 0-131070B




Data processing instructions

Table A4-2 Standard data-processing instructions

Mnemonic Instruction Notes
ADC Add with Canry -
ADD Add Thumb pemmits use of a modified immediate constant or a

zero-extended 12-bit immediate constant.

ADR Form PC-relative Address First operand is the PC. Second operand is an immediate constant.
Thumb supports a zero-extended 12-bit immediate constant.
Operation is an addition or a subtraction.

AND Bitwise AND -

BIC Bitwise Bit Clear -

MN Compare Negative Sets flags. Like ADD but with no destination register.

(a2 Compare Sets flags. Like SUB but with no destination register.

EOR Bitwise Exclusive OR -

MOV Copies operand to destination ~ Has only one operand, with the same options as the second

operand in most of these instructions. If the operand is a shifted
register. the instruction is an LSL, LSR, ASR. or ROR instruction
mstead. See Shift instructions on page A4-10 for details.
Thumb permits use of a modified immediate constant or a
zero-extended 16-bit immediate constant.

Many, Many More!



Load/Store instructions

Table A4-10 Load and store instructions

Data type el tz:?ivileged 3:1(:)rﬁvileged t)?c?lctilsive 2;2{38ive
32-bit word LDR STR LDRT STRT LDREX STREX
16-bit halfword - STRH - STRHT - STREXH
16-bit unsigned halfword LDRH - LDRHT - LDREXH -

16-bit signed halfword LDRSH - LDRSHT - - -

8-bit byte - STRB - STRBT - STREXB
8-bit unsigned byte LDRB - LDRBT - LDREXB -

8-bit signed byte LDRSB - LDRSBT - - -

two 32-bit words LDRD STRD - - - -




Miscellaneous instructions

Table A4-12 Miscellaneous instructions

Instruction

See

Clear Exclusive

CLREX on page A6-56

Debug hint

DBG on page A6-67

Data Memory Barmrier

DMB on page A6-68

Data Synchronization Bamer

DSB on page A6-70

Instruction Synchronization Barner

ISB on page A6-76

If Then (makes following instructions conditional)

IT on page A6-78

No Operation NOP on page A6-167

Preload Data PLD-PIDW (immediate) on page A6-176
PLD (register) on page A6-180

Preload Instruction PLI (immediate, literal) on page A6-182
PLI (register) on page A6-184

Send Event SET on page A6-212

Supervisor Call SVC (formerly SWI) on page A6-252

Wait for Event WFE on page A6-276

Wait for Interrupt WFI on page A6-277

(1eld YIELD on page A6-278




Addressing Modes (again)

o Offset Addressing
- Offset is added or subtracted from base register
- Result used as effective address for memory access
- [<Rn>, <offset>]

e Pre-indexed Addressing
Offset is applied to base register
Result used as effective address for memory access
Result written back into base register
[<Rn>, <offset>]!
e Post-indexed Addressing
- The address from the base register is used as the EA
- The offset is applied to the base and then written back
- [<Rn>], <offset>



<offset> options

An immediate constant
- #10

An index register
- <Rm>

A shifted index register
- <Rm>, LSL #<shift>

Lots of weird options...



A5.3.2 Modified immediate constants in Thumb instructions
151413121110 9 8 7 6 5 4 3 2 1 0 1514131211109 8 7 6 5 4 3 2 1 0
i imm3 abcdefgh

Table A5-11 shows the range of modified immediate constants available in Thumb data processing
instructions. and how they are encodedinthea. b.c. d. e. f. g h. 1. and imm3 fields in the instruction.

Table A5-11 Encoding of modified immediates in Thumb data-processing instructions

izimm3:a <const>a

0000x 00000000 00000000 00000000 abcdefgh
0001x 00000000 abcdefgh 00000000 abcdefgh®
0010x abcdefgh 00000000 abcdefgh 00000000 ©
0011x abcdefgh abcdefgh abcdefgh abcdefgh®
01000 1bcdefgh 00000000 20000000 DOOOOOOD
01001 01bcdefg h0OORRRD 00000000 00000BH
01010 0@1bcdef ghO0RRR2 00000000 000DDRAD
01011 0001bcde fghOooo? 00000000 0000DROD

8-bit values shifted to other positions

11101 00000000 00000000 000001bc defghddd
11110 00000000 00000000 0000001b cdefghod
11111 00000000 00000000 00000001 bcdefgh®

a. Inthis table, the immediate constant value is shown in binary form, to relate
abcdefgh to the encoding diagram. In assembly syntax, the immediate value is
specified in the usual way (a decimal number by default).

ARMvV7-M ARM.p df b. UNPREDICTABLE if abedefgh == 00000000.



Application Program Status Register (APSR)

31 30 29 28 27 26 0

N|Z|C|IV(Q RESERVED

APSR but fields are in the following two categories:

. Reserved bits are allocated to system features or are available for future expansion. Further
information on currently allocated reserved bits 1s available in The special-purpose program status

registers (xPSR) on page B1-8. Application level software must ignore values read from reserved bits,
and preserve their value on a write. The bits are defined as UNK/SBZP.

. Flags that can be set by many instructions:

N, bit [31] Negative condition code flag. Set to bit [31] of the result of the instruction. If the result
1s regarded as a two's complement signed integer. then N == 1 if the result is negative and
N = 0 1f 1t 15 positive or zero.

Z, bit [30] Zero condition code flag. Set to 1 if the result of the instruction is zero, and to 0 otherwise.
A result of zero often indicates an equal result from a companson.

C, bit [29] Carry condition code flag. Set to 1 if the instruction results in a carry condition, for
example an unsigned overflow on an addition.

V. bit [28] Overflow condition code flag. Set to 1 if the instruction results in an overflow condition.
for example a signed overflow on an addition.

Q, bit [27] Set to 1 if an SSAT or USAT instruction changes (saturates) the input value for the signed or
unsigned range of the result.



Updating the APSR

SUB Rx, Ry
- Rx =Rx - Ry
- APSR unchanged
SUBS
- Rx =Rx - Ry
- APSR N, Z, C, V updated

ADD Rx, Ry
- Rx =Rx + Ry
- APSR unchanged
ADDS
- Rx = Rx + Ry
- APSRN, Z, C, V updated



Overflow and carry in APSR

unsigned_sum = UInt(x) + Ulnt(y) + Ulnt(carry_in);
sighed_sum = SInt(x) + SInt(y) + Ulnt(carry_in);

result = unsigned_sum<N-1:0>; // == sighed_sum<N-1:0>
carry_out = if Ulnt(result) == unsigned_sum then ’0’ else ’1’;

overflow = if SInt(result) == signed_sum then ’0’ else ’1’;



Conditional execution:
Append to many instructions for conditional execution

Table A6-1 Condition codes

cond rx'::rr:]sci)g;c Meaning (integer) Meaning (floating-point) 3 Condition flags
0000 EQ Equal Equal Z=1

0001  NE Not equal Not equal. or unordered Z=

0010 cs°¢ Carry set Greater than, equal. or unordered C=1

0011  ccd Carry clear Less than C=

0100 MI Minus, negatve Less than N=

0101 PL Plus, positive or zero Greater than, equal. or unordered N=

0110 vs Overflow Unordered V=1

0111  VvC No overflow Not unordered V=0

1000 HI Unsigned higher Greater than, or unordered C=1landZ=0
1001 LS Unsigned lower or same Less than or equal C=0o0rZ=1
1010 cE Signed greater than or equal  Greater than or equal N=V

1011 LT Signed less than Less than, or unordered N!I=V

1100 cT Signed greater than Greater than Z=0andN=V
1101 LE Signed less than or equal Less than. equal. or unordered Z=1orN!=V
1110 None (AL)®  Always (unconditional) Always (uaconditional) Any




The ARM architecture “book
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The ARM software tools

“books” for this class

Sourcery G++ Lite
ARM EABI
Sourcery G++ Lite 2010q1-188
Getting Started

@ ConeSounceny

Using as

Using the GNU Compiler Collection

Dean Elsner, Jay Fenlason & friends

Richard M. Stallman and the ¢ce Developer Community

The GNU linker

Steve Chamberlain
Ian Lance Taylor

The ¢NU Binary Utilities

sland H. Pesch
effrey M. Osier
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Exercise:
What is the value of r2 at done?

start:
movs ro, #1
movs ril, #1
movs r2, #1
sub re, ril
bne done
movs r2, #2
done:
b done



Solution:

what is the value of r2 at done?

start:

done:

movs
movs
movs
sub

bne

movs

ro, #1
rl, #1
r2, #1
ro, rl
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r2, #2

done

//r
//r
//r
//
//
//
//
//
//

//

o

4\4‘4‘
"\l'\"\

Z
Z
Z

1
(W I Y

rO <r

but Z flag untouched
since sub vs subs

NE true when Z==

So, take the branch
not executed

r2 is still 1



Today...

Software Development Tool Flow



How does an assembly language program
get turned into a executable program image?
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What are the real GNU executable names for the ARM?

o Just add the prefix “arm-none-eabi-” prefix

e Assembler (as)
- arm-none-eabi-as
e Linker (ld)
- arm-none-eabi-ld
e Object copy (objcopy)
- arm-none-eabi-objcopy
e Object dump (objdump)
- arm-none-eabi-objdump
e C Compiler (gcc)
- arm-none-eabi-gcc
o C++ Compiler (g++)

- arm-none-eabi-g++



How are assembly files assembled?

« S arm-none-eabi-as
- Useful options

e -Mcpu
e -mthumb
e -0

$ arm-none-eabi-as -mcpu=cortex-m3 -mthumb examplel.s -o examplel.o



A “real” ARM assembly language program for GNU

.equ STACK_TOP, ©x20000800
.text

.syntax unified

.thumb

.global start

.type start, %function

_start:
.word STACK _TOP, start
start:
movs ro, #10
movs rl, #0
loop:
adds rl1, ro
subs ro, #1
bne loop
deadloop:

b deadloop
.end



What'’s i

t all mean?

.equ STACK_TOP, 0x20000800
.text

.syntax unified

.thumb

.global _start

.type start, %function

.word STACK_TOP, start

_start:
start:
m
m
loop:
a
S
b
deadloop:
b

ovs ro, #10
ovs rl, #0

dds rl1l, ro
ubs ro, #1
ne loop

deadloop

.end

/*
/*
/*
/*
/*
/*
/*
/*
/*

/*
/*

/*

Equates symbol to value */

Tells AS to assemble region */
Means language is ARM UAL */
Means ARM ISA is Thumb */
.global exposes symbol */

_start label is the beginning */
...of the program region */
Specifies start is a function */
start label is reset handler */

Inserts word 0x20000800 */
Inserts word (start) */

We’ve seen the rest ... */



A simple (hardcoded) Makefile example

all:
arm-none-eabi-as -mcpu=cortex-m3 -mthumb examplel.s -o examplel.o
arm-none-eabi-1ld -Ttext 0x0 -o examplel.out examplel.o
arm-none-eabi-objcopy -Obinary examplel.out examplel.bin
arm-none-eabi-objdump -S examplel.out > examplel.lst




What information does the disassembled file provide?

all:

arm-none-eabi-as -mcpu=cortex-m3 -mthumb examplel.s -o examplel.o

arm-none-eabi-1ld -Ttext Ox0 -o examplel.out examplel.o

arm-none-eabi-objcopy -Obinary examplel.out examplel.bin

arm-none-eabi-objdump -S examplel.out > examplel.lst

.equ STACK_TOP, 0x20000800 examplel.out: file format elf32-littlearm

.text

.syntax unified

.thumb Disassembly of section .text:

.global _start

.type start, %function 00000000 <_start>:

0: 20000800 .word 0x20000800

_start: 4: 00000009 .word 0x00000009

.word STACK_TOP, start
start: 00000008 <start>:

movs ro, #10 8: 200a movs ro, #10

movs rl, #O a: 2100 movs rl, #0
loop:

adds ri1, ro 0000000c <loop>:

subs ro, #1 c: 1809 adds rl, rl, ro

bne loop e: 3801 subs ro, #1
deadloop: 10: difc bne.n ¢ <loop>

b deadloop

.end 00000012 <deadloop>:

12: e7fe b.n 12 <deadloop>




How does a mixed C/Assembly program
get turned into a executable program image?
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Today...

Application Binary Interface (ABI)



Register | Synonym | Special Role in the procedure call standard
r1s PC The Program Counter.
ri4 LR The Link Register.
r13 SP The Stack Pointer.
r12 IP The Intra-Procedure-call scratch register.
ri1 v8 Variable-register 8.
r10 v7 Variable-register 7.
o 2 | Piatorm register.
R The meaning of this register is defined by the platform standard.
r8 v5 Variable-register 5.
r7 v4 Variable register 4.
ré v3 Variable register 3.
s v2 Variable register 2.
r4 vi Variable register 1.
r3 a4 Argument / scratch register 4.
r2 a3 Argument / scratch register 3.
r1 a2 Argument / result / scratch register 2.
r0 al Argument / result / scratch register 1.
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ABI quote

e A subroutine must preserve the contents of the
registers r4-r8, r10, r11 and SP (and r9 in PCS
variants that designate r9 as vé6).



Questions?

Comments?

Discussion?



