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Presentation Agenda
Comparison of Processor Families

• Which processors should we cover? - the 
microprocessor market


• Microprocessor building blocks

• Comparisons 



Uses of Microprocessor
Comparison of Processor Families

From Microprocessor Market (2024 - 2030), Grand View Research



 The Microprocessor Market - Q4, 2023
• Desktop and Laptop PCs (x86 Market


• Intel ~78% (of x86 CPUs) volume leader, but has ceded significant share over the last 
5 years.


• AMD ~22% (of x86 CPUs) Has peaked as high as ~35% in recent quarters. Its Ryzen 
CPUs are highly competitive, often leading in performance and efficiency.


• When you include Apple's Macs with M-series chips, their share of the total client 
CPU market (by revenue) is estimated at around 14%


• Mobile Devices (Smartphones & Tablets)

• ARM Architecture ~99% Virtually every smartphone processor in the world (Apple A-

series, Qualcomm Snapdragon, MediaTek, Samsung Exynos, Google Tensor) is 
based on designs licensed from ARM Holdings.


• Qualcomm Leader in Android market for high-end and mid-range chips.

• MediaTek Leader in volume (units shipped) Leads in total volume by focusing on 

highly competitive mid-range and budget segments globally.

• Apple 100% of iPhones/iPads Designs its own A-series and M-series chips using an 

ARM architecture license.

• Server and Data Center CPUs 

• Intel ~79% (of x86 server CPUs) The trend has been consistently downward as AMD 
gains traction.


• AMD ~21% (of x86 server CPUs) Its EPYC processors have been a massive success.

• ARM-based Growing (ex. Ampere, Amazon Graviton) While still a small single-digit 

percentage of the total server market, ARM-based CPUs are growing rapidly.



 The Microprocessor Market
• Overall Revenue Leader: Intel still leads in overall x86 CPU 

revenue, but its historical dominance is being severely 
challenged.


• The Major Challenger: AMD has been steadily gaining market 
share across desktop, laptop, and the critically important server 
market.


• The Mobile Giant: ARM Holdings is the absolute dominant 
architecture in terms of units shipped, thanks to its use in all 
smartphones and tablets (via Apple, Qualcomm, MediaTek, 
etc.), but it's a different business model (ARM licenses its 
designs).


• The New Force: Apple Silicon (M-series chips) has completely 
disrupted the laptop and desktop CPU market, capturing a 
significant and highly profitable share.



Computer Architecture Community Favourites

Poll of the computer 
architecture community 
- 254 processor 
designers and 
engineers, researchers 
from academia and 
industry, faculty, and 
graduate students, 
identifying their favourite 
processors 

IEEE Article



Leading Microprocessors 

I have added Nvidia to the mix 
and will cover:

• AMD

• Intel

• Apple

• Nvidia

Will Compare: 
• AMD vs Intel

• Intel vs Apple

• Apple vs Nvidia

But first, get some orientation by looking at the 
make up of a simple microprocessor 



Processor Building Blocks
Comparison of Processor Families

• CMOS transistor

• NAND gate

• Memory Circuit

• Bus

• Clock

• Basic Processor

• Instruction Set



CMOS transistors
• Most Microprocessors are 

based on CMOS transistors

• Complementary Metal Oxide 

Semiconductor

• Wafer is silicon

• “Doping” is typically:

• Boron (Group III element) 

for P (holes)

• Phosphorus or Arsenic 

(Group V elements) for N 
(electrons)
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CMOS NAND Gate
Microprocessors are made up of logic gates like this NAND Gate



CMOS RAM
Memory cells made in CMOS



Processor Function

The rest of this presentation is available at https://ee.usc.edu/~redekopp/cs356/slides/CS356Unit4_x86_ISA.pdf

https://ee.usc.edu/~redekopp/cs356/slides/CS356Unit4_x86_ISA.pdf


Processor Components



Decoding Instructions



Simplified Microprocessor
Simple block diagram of 8085 microprocessor



xxx

Da
ta
 p
at
h 
co
nt
ro
ll
er

SYNC

CP0
IN

SET
OVFL

CP2
OUT

RES

0V
GND

RDY

CP1
OUT

IRQ

NMI
5V

POWER

D0 D1 D2 D3 D4 D5 D6 D7

A0 A1 A2 A3 A4 A5 A6 A7

A8

A9

A10

A11

A12

A13

A14

A15

0V
GND

R/w

Z

N
V

D

C

I

B

BFW

T5 T4 T3 T2

NMIP

IRQP

RESP

NMIL NMIG

RESG

INTG

BRC

PXC

RCC

T0

TM

RRW

T1S

IR Instruction
Register

Branch Control

Predecode
Logic

Program
ControlTiming

M-W

ReadyRW
Control

Timer
Reset
Logic

Program
Counter
Control
Logic

ALU Control
Logic

Accumulator
& Bus
Logic

X/Y/S Control
Logic

Interrupt Control

23x130x65
Decode
Logic
(PLA/ROM)

Timing 2-5

Clock

ge
ne

ra
ti

on

Timing
0-1

Flags
Setup

Flags I/O

Rotate
Carry

Control

ADL
Output

ADH Output

Set
Interrupt
Address

Page Cross

Data Bus Output

DL Input Data Latch

PCL Program Counter Low

PCH Program Counter High

A Accumulator

ALU out

ALU Arithmetic
Logic Unit

ALU B ALU A

S Stack Pointer

X Index Register

Y Index Register

AL Address Bus Low

AH
 A
dd
re
ss
 B
us
 H
ig
h

adl

sb

db

adh

! 0

PCH Update & Increment

PCL Update & Increment

Decimal Carry

Decimal Adjust Accumulator

Bus Transfer

!r
dy

adl/

adh/

T1S1/V

db/

Microprocessor   

MOS 6502


Used in BBC MICRO



Microprocessor circuit diagram 
nMOS 6502
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Used in BBC MICRO



Microprocessor Instruction Set
• 3,510 transistors

• CPU clock 1 - 3 MHz

• Instruction set 56


https://www.masswerk.at/6502/6502_instruction_set.html

https://www.masswerk.at/6502/6502_instruction_set.html


Size and Complexity

	 Transistors    

• MOS 6502	 3,510


• AMD Ryzen 9	 16,650,000,000

• Intel Core R9 	 10 - 20,000,000,000

• Apple M5	 28,000,000,000

• Nvidia Blackwell B200 AI GPU	 208,000,000,000

Compare the Microprocessors being reviewed with the MOS 6502



AMD vs Intel Architecture
• The processor architectures of Intel and AMD both use the 

x86-64 instruction set, meaning they can run the same software. 

• Intel uses a hybrid core architecture in many recent desktop 
CPUs, combining Performance-cores (P-cores) for demanding 
tasks and Efficient-cores (E-cores) for background tasks and 
lower power consumption. P-cores use Hyper-Threading to 
handle two threads per core.  


• AMD (Ryzen): Historically has used a more symmetrical core 
design where all main cores are high-performance and use 
Simultaneous Multithreading (SMT) (similar to Hyper-Threading) 
to handle two threads per core. AMD generally offers a higher 
core and thread count than Intel at similar price points, excelling 
in multi-threaded workloads.  


Core = Processing Unit



AMD vs Intel Architecture

• Core = 
processing unit


• Process node = 
semiconductor 
manufacturing 
process 

• Chiplet = small 
modular IC with 
subset of 
processor 
functionality


• Overclocking = 
clocking above 
standard rate

Feature AMD (Ryzen - Zen Architecture) Intel (Recent Generations)

Core Layout
Symmetrical (Uniform high-
performance cores)

Hybrid (P-cores + E-cores)

Manufacturing
Primarily relies on TSMC's 
advanced process nodes (e.g., 7nm, 
5nm, 4nm).

Historically used proprietary 
nodes; more recently 
adopting a mix.

Chip Design

Uses a highly successful chiplet 
design (called Zen architecture) 
which connects separate core/cache 
groups, allowing for higher core 
counts and better yield.

Moving toward a chiplet-
based design similar to AMD, 
separating components (1/O, 
Compute, etc.).

Single-Thread
Performance

Very competitive, with recent 
generations (Zen 3 and later) 
significantly closing the gap.

Often maintains an edge due 
to higher Instructions Per 
Clock (IPC) or high clock 
speeds on P-cores.

Integrated 
Graphics 
(iGPU)

Stronger integrated graphics in their 
APUs (‘G' series), often suitable for 
entry-level or budget gaming.

Generally included in most 
CPUs (non-‘F' SKUs), often 
considered suitable for basic 
display and media.

Overclocking

Generally more flexible, with most 
Ryzen CPUs allowing overclocking 
on various
motherboards.

Often restricted to specific 
chipsets (e.g., Z-series) and 
'K' or 'KF' designated CPUs.



Intel vs Apple Architecture
• The architectures of Intel Core processors and Apple's M-series 

(M1, M2, M3, M4) represent the two major opposing philosophies 
in modern computing—the established x86 Complex Instruction 
Set Computing (CISC) model and the modern, highly integrated 
ARM Reduced Instruction Set Computing (RISC) System on a Chip 
(SoC) model.


• Apple's Unified Memory (UMA) is a fundamental difference

•  Concept: The CPU, GPU, Neural Engine, and other 

specialised processing blocks on the M-series chip all share 
access to the same pool of high-bandwidth physical 
memory (RAM), which is physically located right next to the 
processor on the chip package.


•  Advantage: Eliminates the need to copy data between 
separate memory pools (e.g., from system RAM to discrete 
GPU VRAM). This dramatically reduces latency and 
increases efficiency, making tasks like video editing and 
machine learning very fast.



Intel vs Apple Architecture
Feature Intel Core Processors (x86-64) Apple M-series (ARM64)

Instruction Set

x86-64 (CISC): Variable length, highly 
complex instructions.
Designed for maximum raw power and 
legacy compatibility.

ARM64 (RISC): Fixed-length, simpler 
instructions. Designed for high 
efficiency and rapid execution.

Design Type

CPU (Central Processing Unit):
Primarily focuses on the CPU with 
separate chips often used for
GPU, RAM, etc.

SoC (System on a Chip):
Integrates the CPU, GPU, RAM, Neural 
Engine, and 1/0 controllers onto a single 
chip.

Core Architecture

Hybrid Cores: Combines
Performance-cores (P-cores) and 
Efficient-cores (E-cores) on a single die.

Hybrid Cores (Symmetrical):
Combines large, highly powerful 
Performance Cores and highly efficient 
Efficiency Cores.

Manufacturing

Primarily uses its own fabrication nodes 
(though increasingly uses external 
foundries).

Exclusively uses TSMC's cutting-edge, 
high-density process nodes (e.g., 5nm, 
3nm).

Ecosystem

Open/Modular: Designed to work with 
various motherboard
chipsets, operating systems (Windows, 
Linux, macOS via emulation), and third-
party components (like discrete GPUs 
and standard RAM).

Closed/Integrated: Designed specifically 
for the macos/iOs ecosystem, allowing 
for deep, proprietary hardware/software 
optimization.



Apple vs Nvidia Architecture

• The comparison between a NVIDIA GPU and an Apple M-series 
processor is primarily a comparison between a Dedicated 
Graphics Processing Unit (dGPU) and a highly advanced 
Integrated Graphics Processor (iGPU) within a System on a Chip 
(SoC). They are designed for different priorities and operate in 
fundamentally different architectural environments.



Apple vs Nvidia Architecture
Feature Apple M series NVIDIA GPU

Design Type
Integrated SoC: The GPU is built into 
the same physical chip package as the 
CPU and Neural Engine.

Dedicated/Discrete GPU: A standalone 
component, separate from the CPU.

Memory Architecture

Unified Memory Architecture (UMA): 
The GPU shares the same pool of high-
speed system RAM (LPDDR) with the 
CPU.

Dedicated VRAM: Uses its own large 
pool of high-speed memory (GDDR), 
entirely separate from the system's 
main RAM.

Power & Thermal

High Efficiency: Designed for 
performance-per-watt (often 40W–80W 
under heavy load), prioritizing battery 
life and thermal limits.

High Power/Heat: Designed for 
maximum power draw (often 200W–
450W+) to achieve peak performance.

Performance Metric

Low Latency & Efficiency: Focused on 
minimizing the time it takes for data to 
move between the CPU and GPU.

Raw Throughput: Focused on 
maximum TFLOPS and memory 
bandwidth (VRAM) for heavy, 
sustained workloads.

Compute Ecosystem

Metal: Uses Apple's proprietary Metal 
API, optimized specifically for Apple 
hardware and its Unified Memory.

CUDA: Relies on NVIDIA's proprietary 
CUDA platform, which is the industry 
standard for AI, machine learning, and 
high-performance computing (HPC).



Summary
AMD Ryzen (High-End R9):

• Strength: Often delivers superior multi-

threaded performance and an excellent 
price-to-performance ratio (especially with 
3D V-Cache models).


• Weakness: Single-threaded performance 
can sometimes lag behind Intel's high-end 
offerings.

Apple M-Series:

• Strength: Exceptional power efficiency 

(performance per watt) and highly 
optimised, integrated performance for 
macOS ecosystem. Leads in tasks like 
video editing.


• Weakness: Limited upgradeability/
customisation (integrated architecture) and 
potential software compatibility issues for 
non-macOS applications.


Intel Core i9:

• Strength: Offers class-leading single-

threaded performance due to high clock 
speeds. Excellent for competitive gaming 
and workloads dependent on a few fast 
threads. Broad compatibility and robust 
features.


• Weakness: Typically has higher power 
consumption and thermal output under 
heavy load compared to competing 
desktop CPUs.

NVIDIA Blackwell B200 (AI/HPC GPU):

• Strength: Unprecedented AI/HPC 

performance with massive parallel 
processing power, huge memory (192 GB 
HBM3e), high memory bandwidth (8 TB/s), 
and advanced Tensor Core architecture 
(FP4/FP6/FP8 support).


• Weakness: Highly specialised and 
expensive; it is a dedicated accelerator 
(GPU) designed for data centres and is not 
a general-purpose desktop CPU. The full 
software stack may take time to mature.



Thank You


