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Preface

This is a live document, and is full of gaps, mistakes, typos etc.
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Part I

Introduction

4



Part II

Control additions
(RV64I Zicsr Zifencei)

integer multiplication and
division

(RV64IM Zicsr Zifencei),
Floating Point Units (FPUs)
(RV64IMFDQ Zicsr Zifencei)

and Single Instruction,
Multiple Data (SIMD)

(RV64IMFDQV Zicsr Zifencei)
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Part III

Other Reduced Instruction
Set Computers (RISC)
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Chapter 1

Reduced Instruction Set
Computer (RISC)

1.1 Introduction

1.1.1 Introduction
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Chapter 2

MIX and MMIX

2.1 Introduction

2.1.1 Introduction
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Chapter 3

ARM

3.1 Introduction

3.1.1 Introduction
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Chapter 4

PowerPC

4.1 Introduction

4.1.1 Introduction

li r3, 4 (move 4 into register 3)

r0 is always zero

r1 is stack pointer

r3 is return value

4.1.2 Arithmetic

add r1, r2, r3 (add r2 and r3 and put in r1)

addi r1, r2, 3 (add r2 and immediate value of 3 and put in r1)

can do ”move” by adding zero to something and putting it in destination

4.1.3 Branching

b label (branch to label)

cmp 0, 0, r1, r2 (compare two values into condition register 0)

blt label (go to branch if previous comparison was less than) ble beq bge bgt
bne

4.1.4 RAM

accessing RAM stw r1, 8(r2) (store r1 in location indicated by r2 offset by 8)
lwz r1, 8(r2) (replace r1 with data in location indicated by r2 offset by 8)
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CHAPTER 4. POWERPC 11

4.1.5 Functions

functions: bl label (branch and link - saves return address in link register) blr
(branch to link register - ending a function)

4.1.6 Floating point

floating point f0, f1, etc are floating point registers lfs (load float single) lfd stfs
stfd (store float dobule)

fadd (floating add) fadds (floating add single precision) fmul fmadd fdiv



Chapter 5

Microprocessor without
Interlocked Pipelined
Stages (MIPS)

5.1 Introduction

5.1.1 Introduction

registers

access with $t0 etc

li load immediate

li $t1, 8 (loads 8 into t1)

add $t0, $t0, $t1 (add t1 and t0 and put in t0)

NA: move, li, la and others and pseudo instructions
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Chapter 6

The Java Virtual Machine
(JVM)

6.1 Introduction

6.1.1 Introduction

JVM has stack and registers.
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Chapter 7

Web Assembly (wasm)

7.1 Introduction

7.1.1 Introduction

web assembly is load store (RISC?) stack. has registers too?
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Part IV

Complex Instruction Set
Computers (CISC)
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Chapter 8

Complex Instruction Set
Computer (CISC)

8.1 Introduction

8.1.1 Introduction
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Chapter 9

IBM System/360

9.1 Introduction

9.1.1 Introduction
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Chapter 10

Motorola 6800 and
Motorola 6502

10.1 Motorola 6800

10.1.1 Introduction

10.2 Motorola 6502

10.2.1 Introduction

general convention:

+ %00000001 for binary

+ $FA for eg hex of 8 bit (single byte requires 2&8=8*8)

+ 123 for decimal

Registers:

+ A (accumulator)

+ X

+ Y

+ PC (program counter)

+ S (stack pointer)

+ P (status)

status flags:

+ N (negative)

+ V (overflow)

+ B (break)

+ D (decimal)

+ I (interrupt disable)
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CHAPTER 10. MOTOROLA 6800 AND MOTOROLA 6502 19

+ Z (zero)

+ C (carry)

instructions

+ LDA (load accumulator with memory)

* 16 bit address space, so $0000 format

* LDA $1002 (load value at memory $1002 into accumulator)

* LDA $02 (load value at memory $0002 into accumulator) (defaults to 00 if missing - zero page)

* LDA #$02 (load hex $02 into accumulator)

+ LDX (load X with memory)

+ LDY (load Y with memory)

+ STA (store accumulator in memory)

+ STX (store X in memory)

+ STY (store y in memory)

arithmetic:

+ ADC (add memory to accumulator with carry)

+ SBC (substract memory from accumulator with borrow)

+ INC (increment memory)

+ INX (incrememt index X)

+ INY (increment index Y)

+ DEC (decrement memory)

+ DEX (decrement index X)

+ DEY (decrement index Y)

+ ASL (arithmetic shift left)

+ ASR (arithmetic shift right)

+ ROL (rotate left)

+ ROR (rotate right)

+ AND (and memory with accumulator)

+ OR (or memory with accumulator)

+ EOR (exclusive or memory with accumulator)



Chapter 11

Motorola 68000

11.1 Introduction

11.1.1 Introduction
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Chapter 12

Intel 8080 and Zilog Z80

12.1 Intel 8080

12.1.1 Introduction

12.2 Zilog Z80

12.2.1 Introduction

Based on Intel 8080.

Different mnemonics, but binary compatible?

ld a, 5

add a, b + adds b to accumulator a

sub adc sbc

use of memory: ld [Output], a (writes accumulatoro to memory)

jumps: jp CC, Target jr CC, Target

stack push af (pushes accumulator and flag (because together are 16 bit) pop

functions

12.2.2 Gameboy

gameboy based on this, ppu separate.

21



Chapter 13

Intel 8086 (x86)

13.1 Introduction

13.1.1 Introduction

13.1.2 x86 accumulators

standard register names (accumulators)

ax (accumulator, 16 bit?)

al is the lower 8 bit part of ax

ah is the higher 8 bit part of ax

eax (Extended accumulator. 32 bit?)

rax (64 bit accumulator)

13.1.3 mov instruction

mov eax, 1 (move the value 1 into the register eax

13.1.4 Other registers

register names for bases + bx (16 bit) * bl * bh + ebx (32 bit)

count register + cx (16 bit) * cl * ch + ecx (32 bit)

data registers + dx (16 bit) * dl * dh + edx (32 bit)
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13.1.5 x86 extension: MMX

13.1.6 x86 extension: SSE

13.1.7 x86 extension: AVX



Part V

Micro-architecture
including cache,

prefetching, instruction
pipelines, branch

prediction, out-of-order
execution and speculative

execution
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Part VI

SORT
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Chapter 14

SORT 2025

14.1 Introduction

14.1.1 Introduction

are diff and sdiff on linux?

”drivers” somewhere. in big title? in context of no OS

instructions can take multiple cycles to complete

integrated circuits + Very Large Scale Integration +Metal Oxide Semiconductor
(MOS) chips

manufacturing CPUs: + overclocking/cpu scaling + ram hz?

pipeline model for CPU bubbles in cpu? related to pipeline model.

in title: pipeline, instruction level parallel, superscalar, microcode/firmware

Super scaler processor: can do multiple operations per cycle by having multiple
execution units. Separate concept to multiple cores

14.1.2 Introduction

+ something on cache * SRAM (stochastic random-access memory) as opposed
to DRAM (dynamic access memory) which is regular ram * part of the CPU in
practice * in between register and DRAM

14.1.3 Branch prediction

Will a conditional jump be taken?
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14.1.4 Branch target prediction

Predict where to go next

cpu out of order execution

cache branch prediction

14.1.5 Introduction

Data (SIMD) (RV64IMFDQV Ziscr Zifencei) and Basic Linear Algebra Subpro-
grams (BLAS) (computerInstructions) int ALU: multiplier-accumulator (MAC)
+ does this belong in mult section or not? + i think this is part of P, not part
of standard multiply anyway

rv32im with multiplication and division

rv32imf with float

floating ALU: fused multiply-add (FMA) + system on a chip + SSE/AVX +
Microcode

on floating, include RV64IMF

14.1.6 Introduction

cisc: + When discussing cisc, discuss ”register memory” as alternative to ”Load
store”. ”CISC and the register-memory architecture”? + register memory ar-
chitecture allows operations on memory as well as registers

14.1.7 CISC

op codes can take many clocks built from simpler instructions + actually this
applies to risc too. point is other things right? different instruction lengths,
direct RAM access in operations

FOR BELOW. ARE ARCHITECTURES FEATURES OF A CPU INSTRUC-
TION SET, OR FEATURES OF ITS IMPLEMENTATION? impacts where
this should go. + these are about implementation, so later

concepts of different architecutes: + harvard architecture: separate buses for
data and code (and possibly different memory too) (these are data bus and
address bus) + von neumann: single bus for both, same memory + data bus
and address bus, but on same memory

psu notes atx 20+4 main power cable. 20 on older/lower power motherboards
+ aka p1, pc main, atx cable + powers motherboard, ram, notably not CPU.
20+4 cable means can go with either 24 or 20 motherboard pci e power cables
are not symettric. only one end will fit in PSU. + 6 or 8 pin. 6+2 cables
can be used. + GPUs use pci e. + not all pci e devices need extra power, eg
wireless card. GPUs generally do. modular vs non-modular PSU cpu connector
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on motherboard. either 4 or 8 pin. 4+4 cable allows for flexibility. + aka p4,
eps connector. 12V other power: sata cable. required for sata, but can also be
used for eg rgb lights. 6pin

dram: row hammer attack

h3 on validating CPUs in big page on manufacturing CPUs in perihperals:
concept of memory mapped IO. parts of CPU: branch unit; dispatch unit mi-
croarchitecture: the way an instruction set architecture is implemented. could
ave differnet microarchitecture for the same ISA Load store unit as specialised
execution unit

manufuacturing cpus and perihperals: thign on io bus


