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Announcements

e HW+#1 is due Thursday

e For next class, at least skim book Chapter 4



ARM Architecture

e 32-bit
e Load/Store
e Can be Big-Endian or Little-Endian (usually little)

o Fixed instruction width (32-bit, 16-bit THUMB)
(Thumb?2 is variable)

e arm32 opcodes typically take three arguments
(Destination, Source, Source)
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e Cannot access unaligned memory (optional newer chips)
e Status flag (many instructions can optionally set)

e Conditional execution

e Complicated addressing modes

e Many features optional (FPU [except in newer|, PMU,
Vector instructions, Java instructions, etc.)



Registers

e Has 16 GP registers (more available in supervisor mode)
e r0 - r12 are general purpose

e r11l is sometimes the frame pointer (fp)
10S uses r7 as the frame pointer

e r13 is stack pointer (sp)

e r14 is link register (Ir)
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e r15 is program counter (pc) (reading r15 usually gives
PC+38)

e 1 status register (more in system mode).
NZCVQ (Negative, Zero, Carry, oVerflow, Saturate)



Arithmetic Instructions

Most of these take optional s to set status flag
adc | vl add with carry
add | vl add
rsb | vl | reverse subtract (immediate - rX)
rsc | vl reverse subtract with carry
sbc | vl subtract with carry
sub | vl subtract




Register Manipulation

mov, movs | vl | move register
mvn, mvns | vl | move inverted




Loading Constants

e In general you can get a 12-bit immediate which is 8

bits of unsigned and 4-bits of even rotate (rotate by
2*value). mov r0, #45

e You can specify you want the assembler to try to make
the immediate for you: 1dr r0,=0xff
1ldr rO,=1label

If it can't make the immediate value, it will store In
nearby in a 1literal pool and do a memory read.



Extra Shift in ALU instructions

If second source is a register, can optionally shift:

o LSL — Logical shift left

e LSR — Logical shift right

e ASR — Arithmetic shift right
¢ ROR — Rotate Right

e RRX — Rotate Right with Extend
bit zero into C, C into bit 31



e \Why no ASL?

e For example:
add rl1l, r2, r3, lsr #4
rl = r2 + (r3>>4)

e Another example (what does this do):
add rl1l, r2, r2, 1lsl #2
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Shift Instructions

Implemented via mov with shift on arm32.

asr

arith shift right

sl

logical shift left

Isr

logical shift right

ror

rors — rotate right

Forx

rotate right extend: bit 0 into C, C into bit 31
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Logic Instructions

and
bfc
bfi
bic
clz
eor
orn
orr

vl
fols
7
vl
v/(
vl
vO
vl

bitwise and
bitfield clear, clear bits in reg
bitfield insert
bitfield clear: and with negated value
count leading zeros
exclusive or (name shows 6502 heritage)
or not

bitwise or
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Comparison Instructions

Updates status flag, no need for s

cmp | vl compare (subtract but discard result)
cmn | vl compare negative (add)

teq | vl | tests if two values equal (xor) (preserves carry)
tst | vl test (and)
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Multiply Instructions

Fast multipliers are optional
For 64-bit results,

mla v2 multiply two registers, add in a third (4 arguments)

mul v2 multiply two registers, only least sig 32bit saved

smlal | v3M | 32x32+4-64 = 64-bit (result and add source, reg pair rdhi,rdlo)
smull | v3M 32x32 = 64-bit

umlal | v3M unsigned 32x32-+64 = 64-bit

umull | v3M unsigned 32x32=64-bit
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Control-Flow Instructions

Can use all of the condition code prefixes.
Branch to a label, which is 4+/- 32MB from PC

b vl branch

bl vl branch and link (return value stored in Ir )

bx vt branch to offset or reg, possible THUMB switch

blx vb | branch and link to register, with possible THUMB switch
mov pc,lr | vl return from a link
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Load/Store Instructions

|dr
ldrb
ldrd
ldrh
ldrsb
ldrsh

str
strb
strd
strh

vl
vl
vb
vl
vl
vl
vl
vl
vb
vl

load register
load register byte
load double, into consecutive registers (Rd even)
load register halfword, zero extends
load register signed byte, sign-extends
load register halfword, sign-extends
store register
store byte
store double
store halfword
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e 1drb

e 1drb

e 1drb

e 1drb

e 1drb
shift

rl,

rl,

rl,

rl,

rl,

Addressing Modes

[r2] © register

[r2,#20] O register/offset
[r2,+r3] © register + register
[r2,-r3] © register - register

[r2,r3, LSL #2] @ register 4 /- register,
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e 1drb r1il,

[r2, #20]! © pre-index. Load from r2420

then write back

e 1drb r1il,
e 1drb ril,

e 1drb ril,
to r2

e 1drb ril,

e 1drb r1l,

[r2, r3]! © pre-index. register
[r2, r3, LSL #4]! © pre-index. shift

[r2] ,#+1 @ post-index. load, then add value

[r2] ,r3 © post-index register

[r2] ,r3, LSL #4 © post-index shift
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Load /Store multiple (stack?)

In general, no Interrupt during instruction so long
Instruction can be bad in embedded
Some of these have been deprecated on newer processors

e [dm — load multiple memory locations into consecutive
registers

e stm — store multiple, can be used like a PUSH instruction

e pop — pop from stack. specify a list of registers
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e push — push multiple registers

Can have address mode and ! (update source):
e |A — increment after ( start at Rn)

e IB — increment before ( start at Rn+4)

e DA — decrement after

e DB — decrement before

Can have empty/full. Full means SP points to a used
location, Empty means it is empty:
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e FA — Full ascending

e FD — Full descending

e EA — Empty ascending
e ED — Empty descending

Recent machines use the "ARM-Thumb Proc Call

Standard” which says a stack is Full/Descending, so use
LDMFD/STMED.
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