BAsICc ARM INSTRVCTIONS

® |hstructions include various 'Fields' that encode combinations of

OPcodes and arguments
® special Fields enable extended functions (more in a minute)

® severa 4-bit OPERAND Fields, for Gpeciﬁyina the sources and

destination of the operation, usually one of the 1G registers

e Embedded constants (‘immediate" values) of various sizes,

The 'basic’ olaJra—Processir\ﬂ instruction formats:

4 3 4 1 4 4 8 4

R type: | 1110 000 | Opcode |0 Rn Rd 00000000 Rm
4 3 4 1 4 4 4 8

| type: 1110 001 | Opcode | O Rn Rd Shift Imm
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P
R-TYPE DATA PROCESSING 1]

—

lnstructions that process +hree-r'eaic5+er araumerﬂrc;:

4 3 4 1 4 4 8 4
R type: 1110 000 Opcode | S Rn Rd 00000000 Rm
A
0000 - AND
0001 - EOR
1 - 0010 - SUB
instructions Follow the 0100- ADD , ,
i . 0110 - SBC
Following template: o sac
1000 - TST
1001 - TEQ
1010 - CMP
OP Rd ! Rn ! Rm 1011 - CMN IS encocled as:
Later on we'l introduce 1100 - ORR
more complex variants of 1101 - MOV 1110 0000 1000 0001 0000 0000 0000 0011
these 'simple' K-+y|pe 1110 - BIC
instructions. \ \11 11 - MVN
S
OxEO810003
09/05 /2017

Comp 41 - Fall 2018



P
I-TYPE DATA PROCESSING Th

Ihstructions that process two registers and a constant:

4 3 4 1 4 4 4 8
| type: 1110 001 Opcode | S Rn Rd Shift Imm8
A
0000 - AND
| +Y 0001 - EOR
SimPe |- Pe 0010 - SUB
0011 - RSB
instructions Follow the ow0-pop  RSBR7, R16, #49
i . 0110 - SBC
Following template: ] ote-sec
1000 - TST
d 1001 - TEQ
1010 - CMP
OP R ! Rn ! #constant 011-omn Is encocled as:
1100 - ORR
In the | instructions the second regist .
oPemn“d*‘/_g‘iePmed oy o jSenneinive it H% ) gllgv 1110 0010 0110 1010 0111 0000 0011 0001
encoded in the instruction 1111 - MVN
N -
L J

OXE26A7031
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P\
I-TYPE CONSTANTS L]

S

ARM7 provides only 8-bits fFor cspeciﬁx/inﬁ an immediate constant value.
Given that ARM7 is a 32-bit architecture, this may appear to be a
severe limitation. However, by dllowing for a shitt (actually o 'right
rotation) to be aPPlied to the constant.

imm32 = (imm8 >> (2 * shift)) | (imm8 << (32 - (2 * shift)))

Example: 1920 is encoded as:

Shift Imm8
1101 | 00011110 | = (30 >>(2*13)) | (30 << (32 - (2*13)))
= 0 | 30*64
= 1920
2
How would 256 be encoded- Shif -

1100 | 00000001
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=\
TLLUSTRATING A RIGHT ROTATION Th

The "shift' Field of the -type instruction is a misnomer. It
is acua\ly a “ro+a+e—righ-l-“. What's a rotate r'iaanr?

OxBI (209) rotated 4 postions to the right

—
= =
— —
- o ——
-— —
— —

—
///

——

=z =

akter [o]o]o]+]o]o]o]o]o]o]jooofofofofofofofo]olljojojojeefo]t]o]]r

OXIO000009 (208,435 ,405)
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0-255

imm

Range

4
Shift

Bits Used

o LLLITIETIT TP e d T PR

Rotate

Recall that immediate constants are encoded in +wo par-ts:
Some constants can be encoded in multiple ways.

Thus fewer than 4096
32-bit humbers can be

ARM IMMEDIATE CONSTANTS

073741887
879048207
080374787
130706432

- = N «

2 LRI T LI T ) -2147483648 -
s LR COT LTI T LT TAT ] [ 2247483048 -

o LR PO AT TP TP LT L] [ ]-2147483048 -

s LR L ey
o LI R LTIyl
7 L PP Lyl
s LU PR gy

o LI P LT T T TdT L]

v LT T LT T PP -2147483648 -

repr‘eser\Jrecl.
There are ac’rually
only 3073 distinct

069547520
267386880

— '

4194304 -
1048576

constants. There are

- 66846720
65536 - 16711680
16384 - 4177920
4096 - 1044480
1024 - 261120
256 - 65280

64 - 16320

16 - 4080

4 -1020

262144

ComP 41 - Fall 2018

o [JIPTTPT TP PP LTI TLT L
w (T P LT
2 [P L]
w LT R T L]
w LT PP 11
s IO T T T e ]

16, '0s" and 4 ways to
repr‘eserﬁ all powers 7.
How might you encode

2507

| 1100 |00GBB001T| | 1101|00000100|
[1110]00070000] | 1111/01000000)|
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READ THE INSTRVCTIONS

. when all else Fails

What do instructions do?

How are instructions decoded?
UniPor'mier and Symmetry
Cramming stukk in

CPU state
o Condition codes

o Program Status Register (PskR)

09/05 /2017 ComP 41 - Fall 2018

SHOULDN'T WE | DO 1 Zogk
READ THE
INSTRUCTIONS ?




A CLOSER LOOK AT THE OFPCODES

The OPcode Field is common to both of the basic instruction types

4 3 4 1 4 4 8 4
R type: | 1110 000 | Opcode | S Rn Rd 00000000 Rm
| type:| 1110 001 | Opcode | S Rn Rd Rotate Imm38

* Y.

"+, We haver't discussed the ‘s' Field yet.
000 AND . W set it tells the processor to
ARM data P\"OCBGG.“‘IQ 0001 - EOR e, retain some ‘state’ after the
instructions can be broken into 0010 - SUB ‘.. instruction has executed.
four basic groups: 8%8:2% e This ‘state’ is in the
o Arithmetic (©) 0101 - ADC T, For'm of 5-flags.
e Logc (4) 0110 - SBC
e Comparison (4) L otti-Rsc \;
Register transfer (2) 1001 - TEQ ?
¢ 3 1010 - CMP Many instructions
é/ 1011 - CMN (al we've seen thus
1100 - ORR £ar) have a special
1101 - MOV .
1110 - BIC variant that sets the state !
[ 1111 - MVN In these variants the opcode has

09/05 /2017 Comp 4l - Foll 208 an 's' appended



ARITHMENIC ITNSTRVCTIONS

A— R3 «— R2 + Rz
AD D R3 R2 R1 2 2 Registers can contain either 32-bit unsi values
) ) 9 igned
or 32-bit 2's-complement signeal values.

A— RO «— R4 - RG
SUB R@, R4, R6 2 Once more, eHherzz—bHunsigwedvabesorzz-bi’r
2's-complement signeal values.

A— RO «— -R4 +R2

RSB RO ) R4 ) R2 /g The operands of the subtraction are in reversed order. it is called
‘Reverse Subtract'. Why? The Hype version makes more sense.

A— RI—~ RE+R8+C
ADC R1 ) R5 ) R8 /g Where ‘C* is the Carry-out frrom some eariier instruction (usually an
ADDS or ADCS) as saved in the Program Status Register (PSR)
A— R2 —R5 -R7-1+C
SBC R2 ) RS ) R7 2 Where "C* is the Carry-out frrom some eariier instruction (usuallya
SUBS or SUBCS) as saved in the PSR
A— RI<—-R5+R3-1+C

RSC R1 R 5 R3 /g ‘Reverse Subtract' with a Carry. Usually a carry generated from a
! ! previous RSBs or RSCs instruction.

1=1-1+C 1
A byte-sized example: 41 = | 60600001 10011011 00000001 10011011

-42. = | 00000006 00101010 + 11111111 +[ 11010101

09/05 /2017 Comp 41 - Fal 20 199900001 | Cc=1] 01110001 .

=256 + I3 = 309




Looic TNSTRVCTIONS

L ogical operations on words
operate ‘bitwise’, that is they
are applied to correspondina
bits of both source operands.

AND RO,R1,R2
ORR RO,R1,R2

A — Commonl

EOR RO,R1,R27K " coled

‘exclusive-or*

BIC RO,R1,R2 /\Y/Called ‘Bit-clear"

RO «— RI & “(R2)

09/05/2.017

R1:
R2:
RO:
RO:
RO:
RO:

0000

0000

0000

0000

1111

1111

0000

0000

0000

0000

0000

0000

1111

0000

1111

0000

0000

0000

0000

0000

1111

0000

0000

0000

0000

0000

0000

0000

1111

1111

1111

0000

0000

0000

0000

0000

0000

1111

1111

0000

0000

0000

0000

0000

0000

1111

0000

0000

cprlm«-lezma



STATVS FLAGS i

Now it is time to discuss what status Hags are availdble. These Five
status P\aas are kept in a special register caled the Program status
Reginger (PSR). The PSR also contains other impor-tant bits that
control the processor.

o N - set it the result of an opeartion is negative
(Most significant Bit (MSB) is a 1)

® Z - set ik the result of an operation is "0

o C - set ik the result of an operation has a carry out of its MsB

e V -setikasum of two positive operands gives a negative result, or
it the sum of two negotive operands gives a positive result

® Q@ - a sticky version of overflow created by instructions that
generate multiple results (more on +his later on).
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P\
COMPARISON TNSTRUCTIONS 111

—

These instructions moclilly the status P\aas, but leave the contents of
the regsters unchanaeol. They are used to test register contents, and
they must have their 'S’ bit set to " They adlso don't mocliPy their Rd,

and by convention Rd is set to "0000"

4 3 4 1 4 4 8 4
R type: | 1110 000 | Opcode | 1 Rn 0000 | 00000000 Rm
| type: 1110 001 | Opcode | 1 Rn 0000 Rotate Imm8

A PSR Hags set For the resut R2 - R3 t ol Tee

CMP RO,RT -k oio-

\N— PSKFIagsse‘l"PorﬂteresuH R2 + R3

CMN R2,R3 7K

\N— PSKFIagsse‘l"PorﬂteresuH R4 & 8

TST R4,#8 X

A— PSR Flags set for the resut R5 " 1024

TEQ R5,#102 X

09/05 /2017 Comp 4l - Fall 2018 7



P\
REGISTER TRANSFER 111

These instructions are used to transker the contents ok one register
to another, or simply to initidlize the contents of a register. They
moke use ok only one operand, and, by convention have their Rn Field
set to '0000"

4 3 4 1 4 4 8 4
O < R3 R type: 1110 000 | Opcode | S| 0000 Rd 00000000 Rm

s —K
MOV R@ ) R3 /8 | type: | 1110 001 | Opcode | S| 0000 Rd Rotate Imm8

1101 - MOV

A
» —RI < 40% Qe

MOV R1,#4096-%

s —R2 «<— -R4

MVN R2,R4 X

—R3 < -1|

MVN R3,#1 -X

09/05 /2017 Comp 4l - Fall 2018 13



P
ARM SHIFT OPERATIONS Th

A novel Feature of ARM is that all data-processing instructions can
include an optional ‘shit-t', whereas most other architectures have
separate shitt instructions. This is actudlly very useful as we wil see
later on. The key to shilting is that 8-bit tield between Rd and Rm

4 3 4 1 4 4 5 2 1 4
R type: | 1110 000 | Opcode | S Rn Rd Shift (L]0 Rm
Shift Type
00 - logical left
01 - logical right
. 10 - arithmetic right
Shift 11 - rotate right
Amount

0-31 bits
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LEFT SHIFTS ﬁ’i’ﬁ

Left shifts ef—f—ecﬂvely multiply the contents of a
register Iay 2° where s is the shirt amount.

MOV RO,RO,LSL #7/

RO before: | 9000 0000 0000 0000 0OOOB 0OBO 00O 0111 (=7
=
R1 after: | 9000 0000 0000 0000 0000 0011 1000 0000 [ =7 *2" =896

Shifts can adlso be aPPlied to the second oPer'ancl of any
data processing instruction

ADD R1,R1,R0O,LSL #7/

09/05 /2017 Comp 4l - Fall 2018 5



o~
RIGHT SWIETS 11

S

Right shifts behave like c/ividirlg the contents of a register
by 2° where s is the shift amount, if you assume the
contents of the real;’rer are unsigned

MOV RO,RO,LSR 2

RO before: 0000 00VO 0VBO VOO BOPO B100 0OVB 0060 | = 1024
—— 3
R1 after: D0O0O 000D 0DOO 0PDO 0ODO DOO1 DOOO VOO | = 1024 /22 =256

09/05 /2017 Comp 4l - Fall 2018 &



P
ARITHMETIC RIGHT SHIFTS Th

Arithmetic right shifts behave like c/ividing the contents of
a register by 2° where s is the shift amount, if you
assume the contents ofF the reﬁis+er are signec{

MOV RO, RO, ASR #2

RO before: [ 1111 1111 1111 1111 1111 1100 0000 0006
—— 3
R1 after: | 1111 1117 1111 1111 1111 1111 0000 0000

-1024

-1024 | 22 = -256
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ROTATE RIGHT SHIFTS

Ll

—

R otating shifts have no arithmetic analogy. However, they dont lose
bits like both logical and arithmetic shifts. We saw rotate right shif+

used For the -type immediate" value earlier.

MOV RO, RO,ROR #2

RO before: | 9000 06000 0000 00O BOOO OOBO 0BOO 01

11

R1 after: 11|00 0000 0000 0000 00O 0VBO 00O 0001

\Nhy no rotate left shifFt?

e Ron out of er\codings?

=7

=-1,073,741,823

o Almost anything Rotate lefts can do ROR can do as well
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NEXT TIME

Instructions still missinﬂ

JOE VITALE

® Access to memory 6

® Branches and Calls ]\I_égs;g

e Control Instruction
° MulJriPIicaJrion? Manual

® Division?

° Floaﬂna Poirﬁ'? T"g

Guidebook
You Should Have
. Been Given at
Birth
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