
COMP122

© Jeff Drobman
2016-2022COMP 122

ASSEMBLY Programming/ISA

ARM

email jeffrey.drobman@csun.edu

website

Dr Jeff Drobman

drjeffsoftware.com/classroom.html

Rev 2-22-22



COMP122

© Jeff Drobman
2016-2022ARM Index

vARM History à slide 3
vARM CPU Models à slide 12
vARM OS’s à slide 54
vISA à slide 58
vSDK/IDE: ARMsim à slide 78
vAssembly à slide 92
vInstruction Set à slide 131
vWebsite: coranac à slide 137
vARM Ref Man Intro à slide 144
vARM RM Instr Set à slide 159



COMP122

© Jeff Drobman
2016-2022

ARM+Apple+VLSI

ARM History
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1990 joint venture
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Acorn RISC  Machine
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UCB Prof David Patterson RISC I
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Actually the UK equiv

Ø Japanese conglomerate Softbank bought ARM Holdings in 2016 for $32B

$40B

AI
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12-2-21
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ARM CPU Models

v Timeline of models
v Apple A series (A12-15)
v New models

q CPU:  Cortex A-78
q GPU:  Mali
q NPU:  Ethos
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http://visual6502.org/sim/varm/armgl.html
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Cortex-A:
v A5
v A7
v A9
v A15
v A17
v A32
v A34
v A35

v A53
v A55
v A57
v A65
v A65AE
v A72
v A73
v A75
v A76AE
v A76
v A77

ARM CPUs

X

MCU8/16-bit
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Hennessy & Patterson
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Apple ARM A5

GPU

CPU1 CPU2

12.1x10.2mm

Hennessy & Patterson
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NMOS
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MCU

MOSFET
on Glass 
or Plastic
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A5
32GB flash

512MB DRAM
32GB
spare

Hennessy & Patterson

1GHz
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Quora post
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Quora post
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The A13 is a new multi-core architecture designed by Apple with 8.5B transistors manufactured at 
TSMC (7nm EUV) -- extremely state-of-the-art. It contains a large number of ARM ISA cores:

8 CPU + 7 GPU + 8 NPU + 2 MCU. All cores are Apple designed (ARM 64-bit v8 ISA is licensed).

It includes a Neural engine (8x NPU) with machine learning (core ML 3 at 6x faster matrix multiply) 
– which sets it apart from Intel chips without GPU's or an NPU. The GPU's can perform 1 trillion 
operations per second (1 Tflops=1000 Gflops), and the NPU may hit 5 Tflops. It has extreme power 
management as well (so good for portables and mobile).
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v 8 CPU
v 7 GPU
v 1 NPU
v 2 MCU
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Quora post
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GPU
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GPU
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GPU
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ARM OS

v Embedded (RT)
v Desktop
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vvs MIPS
vRegisters
vMemory
vInstructions
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Hennessy & Patterson
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Hennessy & Patterson



COMP122

© Jeff Drobman
2016-2022ARM vs MIPS

Hennessy & Patterson
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Hennessy & Patterson
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Hennessy & Patterson
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ARMv7
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Hennessy & Patterson ARMv8
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CPSR

Flags
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Hennessy & Patterson

D-type

R-type

ARMv8

Ø MIPS opcode = 6/12

R1 Rd
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Hennessy & Patterson ARMv8
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Hennessy & Patterson ARMv8
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Hennessy & Patterson
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tinyurl.com/armsimcsun
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tinyurl.com/armsimcsun
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Assembly Manual
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Yikes!  No code editor!
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Register View
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Syscall <-> SWI
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Syscall <-> SWI
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Breakpoint
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v MIPS = $a0-3 à $v0-1
v ARM = R0-3 à R0
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Watch
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Stack

SP

FP

Frame
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Cache
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Cache
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ARM Assembly
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ARM BookALU
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ARM BookRegisters
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ARM BookPSR:  flags
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ARM BookMacros
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ARM RefARM v7 ISA
Load/store:
LDR (b, h, w)
STR (b, h, w)
LDM{IA} [load multiple]
STM [store multiple]
SWP ((b, w) [swap]
PUSH/POP

S
B
H
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ARM BookLoad/Store
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ARM BookLoad/Store
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ARM BookLoad/Store

ldr
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ARM BookLoad/Store

Offsets to Eff. Address

May be shifted (scaled)
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ARM BookLoad/Store
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ARM BookLoad/Store
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ARM RefLDR
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ARM BookLoad Immediate (li)
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ARM BookLoad Immediate (li)
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ARM RefLDR
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ARM BookLoad Address (adr)
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ARM RefMOV
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ARM BookCh 4:  ALU Ops
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ARM BookCh 4:  ALU Ops
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ARM BookCh 4:  ALU Ops
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ARM BookCh 4:  ALU Ops
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ARM BookCh 4:  ALU Ops
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ARM BookCh 4:  ALU Ops
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ARM BookCh 4:  If-Then-Else
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ARM BookCh 4:  ALU Ops



COMP122

© Jeff Drobman
2016-2022ARM Assembly

ARM BookCh 4:  ALU Ops
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ARM RefShift
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ARM RefRotate
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ARM Book{cond}



COMP122

© Jeff Drobman
2016-2022ARM Conditionals

ARM Ref

ADDSCS

SUBGT
SUBLE

CMP
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ARM RefOperand2+shift
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ARM RefQ

v Saturating ::= limit on overflow
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ARM Ref

Branch/jump:
B{cond}
BL{cond}
<no J>

returns:
ERET

conditionals:
IT (if-then)

debug:
BKPT
DBG (debug)
HLT (halt)

BNE
BEQ
BLNE
BLEQ
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ARM BookBranch b
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ARM BookCh 4:  Loop
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Wiki
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ARM RefSyscall

SWI à SVC
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ARM Ref
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ARM
Instruction Set
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ARM Ref
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ARM Ref
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ARM BookCh 4:  I-Set
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ARM BookCh 4:  I-Set
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ARM BookCh 4:  I-Set
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Website:  coranac.com
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{cond} ::= {EQ, NE, GE, GT, LE, LT}
{type} ::= {B, SB, H, SH, W, SW}

OP2 ::= {Rs, Rs+offset, <const/immed>}
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ARM Ref Manual
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref PC
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ARM Ref PSW
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ARM Ref PSW
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ARM Ref
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ARM Ref
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ARM Instruction Set
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ARM RefSummary
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref
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ARM RefDetails
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ARM Ref
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ARM Ref
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ARM Ref
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ARM Ref

Q v Saturating ::= limit on overflow
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ARM RefQ

v Saturating ::= limit on overflow
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ARM Ref

v Parallel – Byte/Halfword

v Parallel – Byte/Halfword



COMP122

© Jeff Drobman
2016-2022ARM Assembly

ARM Ref
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ARM Ref

v Unsigned arithmetic

U
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ARM RefU
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ARM RefIF-THEN

v Conditional Execution of Following Instruction
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ARM RefMOV
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ARM RefPSR
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ARM RefSyscall
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ARM RefWait
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ARM Ref

v SIMD ::= vector operations
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ARM RefCrypto Helpers


