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COURSE SYLLABUS & MAPPING 

════════════════════════════════════════════════════════ 

[ UNIT IV SYLLABUS — PRESCRIBED UNIVERSITY CURRICULUM ] 

This section contains the official syllabus for Unit IV. Verify with your university curriculum mapping.  

Unit IV Syllabus Breakdown: 

IV Microprocessor Fundamentals: Evolution of Intel Microprocessors, Overview of microprocessor vs 

microcontroller. Intel x86 (Pentium): Architecture, registers, instruction types. ARM Cortex architecture: 

RISC principles, use in mobile AI. NVIDIA Jetson: GPU-based AI processing, use in robotics and edge AI. Simple 

assembly and C-code-based examples. • Course Code: ____________________       • Semester / Year: ____________________ 

════════════════════════════════════════════════════════ 
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4.1  Evolution of Microprocessors & MPU vs. MCU 

Chronological Evolution of Intel Processors 

Processor 

Generation 
Year 

Data Bus / Address Bus 

Width 
Clock Frequency & Key Architectural 

Milestones 

Intel 4004 1971 4-bit / 12-bit (4 KB RAM) 
740 kHz. World's first single-chip 

commercial microprocessor. 

Intel 8085 1976 8-bit / 16-bit (64 KB RAM) 
3 MHz. +5V single supply, multiplexed AD0-

AD7 bus. 

Intel 8086 1978 16-bit / 20-bit (1 MB RAM) 
5–10 MHz. Segmented memory, 6-byte 

instruction prefetch queue. 

Intel 80386 / 

80486 
1985–
1989 

32-bit / 32-bit (4 GB RAM) 
16–50 MHz. Paged MMU, integrated L1 

cache, on-chip FPU. 

Intel Pentium 

(P5) 
1993 32-bit / 64-bit data bus 

60–300 MHz. Dual superscalar pipelining (U 

& V pipes), branch prediction. 

 

Microprocessor (MPU) vs. Microcontroller (MCU) 

Comparison 

Parameter 
Microprocessor (e.g., Intel Core, AMD 

Ryzen) 
Microcontroller (e.g., 8051, PIC, ARM 

Cortex-M) 

Integration Level 
Contains ONLY the CPU core (ALU, 

Registers, Control Unit) on chip. Requires 

external RAM, ROM, Timers, and I/O ports. 

Highly integrated System-on-Chip (SoC) 

containing CPU, RAM, Flash ROM, Timers, 

ADC, and GPIO on a single IC. 

Target 

Applications 

General-purpose computing (Laptops, 

Desktops, High-end Servers, Operating 

Systems). 

Dedicated compact embedded control 

systems (Microwaves, Automobiles, 

Washing machines, IoT sensors). 

Power & Cost 
High power consumption (15W–150W), 

high cost, complex PCB routing. 
Ultra-low power consumption 

(milliwatts/microwatts), low cost ($1-$5). 

Instruction 

Paradigm 
Complex Instruction Set Computing (CISC) 

with deep pipelining. 
Optimized bit-manipulation instructions 

for real-time control. 

 

4.2  Intel x86 (Pentium) Architecture & Registers 

Pentium Superscalar Architectural Innovations 
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• Dual Integer Execution Pipelines (U and V Pipes): Can execute two independent 32-bit integer 

instructions in parallel per clock cycle. 

• Dynamic Branch Prediction: Uses a 256-entry Branch Target Buffer (BTB) to predict branch direction 

with >90% accuracy, eliminating pipeline stalls. 

• Harvard L1 Cache Architecture: Separate 8 KB Instruction Cache and 8 KB Data Cache to prevent bus 
contention. 

 

x86 32-Bit Register Set ▪ • General-Purpose Data Registers: EAX (Accumulator), EBX (Base Register), ECX (Count Register 

for loops), EDX (Data / I/O pointer). ▪ • Pointer and Index Registers: ESP (Extended Stack Pointer), EBP (Extended Base / Frame 

Pointer), ESI (Source Index), EDI (Destination Index), EIP (Instruction Pointer / Program Counter). ▪ • Segment Registers: CS (Code Segment), DS (Data Segment), SS (Stack Segment), ES, FS, GS (Extra 

Segments). ▪ • EFLAGS Register: Status flags (Zero Flag ZF, Sign Flag SF, Carry Flag CF, Overflow Flag OF, Parity 

Flag PF) and Control flags (Interrupt Flag IF, Direction Flag DF). 

 

4.3  ARM Cortex Architecture & RISC Principles 

Core RISC Principles in ARM Architecture 

1. Load-Store Architecture: Memory access is restricted exclusively to dedicated LOAD (LDR) and 

STORE (STR) instructions; all arithmetic and logic operations execute strictly between internal CPU 

registers. 

2. Fixed-Length Instructions: Standard 32-bit instructions (or 16-bit Thumb) allowing simple, high-

speed single-cycle instruction decoders. 

3. Large Uniform Register File: 16 core 32-bit registers (R0–R15), where R13 is SP, R14 is Link Register 

(LR), and R15 is PC. 

4. Conditional Execution: Most instructions can be conditionally executed based on condition codes, 

eliminating branch instructions. 

 

The Three ARM Cortex Profiles 
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Cortex Profile Target Domain & Operational 

Purpose 
Key Features & Real-World Use 

Cortex-A 

(Application) 
High-performance application processors 

running rich OSs (Android, Linux, iOS). 

Supports virtual memory MMU, high-

frequency multi-core, NEON SIMD vector 

engine. Core engine of modern 

smartphones & Mobile AI. 

Cortex-R (Real-

Time) 
High-reliability, deterministic real-time 

embedded systems. 

Fault-tolerant dual-core lockstep 

execution, fast deterministic interrupt 

response. Used in automotive braking, 

medical devices, 5G basebands. 

Cortex-M 

(Microcontroller) 
Ultra-low-power, deterministic, low-cost 

microcontroller applications. 

No MMU, single-cycle I/O, Thumb-2 

instruction set. Used in IoT smart home 

sensors, wearable fitness trackers, drones. 

 

4.4  NVIDIA Jetson Platform: GPU-Based Edge AI 

Definition: NVIDIA Jetson System-on-Module (SoM) 

NVIDIA Jetson is a family of compact, power-efficient embedded computing platforms designed 

specifically for real-time GPU-accelerated AI inference, deep learning computer vision, and autonomous 

robotics at the edge (running at 5W to 60W power envelopes). 

 ▪ • Architectural Hardware Components:  – • NVIDIA Ampere / Orin GPU: Contains hundreds of CUDA Cores for general parallel matrix 

operations and dedicated 3rd-Gen Tensor Cores for INT8/FP16 deep neural network 

acceleration. – • Deep Learning Accelerator (DLA): Dedicated energy-efficient fixed-function hardware 

engine for offloading standard CNN inference layers. – • Unified Memory Architecture: CPU and GPU share a single ultra-fast LPDDR5 memory pool, 

eliminating costly PCIe data copy transfers between CPU RAM and GPU VRAM. 

 

4.5  Assembly Language & Embedded C Programming Examples ▪ 1. x86 Assembly: Adding an Array of 5 Integers 

MOV ECX, 5          ; Set loop counter to 5 XOR EAX, EAX        ; Clear EAX (Sum = 0) MOV ESI, OFFSET arr ; Load 

base address of array SUM_LOOP:   ADD EAX, [ESI]     ; Add current array element to EAX   ADD ESI, 4         ; 

Advance pointer by 4 bytes (32-bit integer)   LOOP SUM_LOOP      ; Decrement ECX and jump if not zero 
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▪ 2. Embedded C: Memory-Mapped GPIO Output Toggle 

#define GPIO_PORTA_DATA (*((volatile unsigned int *)0x400043FC)) #define GPIO_PORTA_DIR  (*((volatile 

unsigned int *)0x40004400))  void toggle_led(void) {     GPIO_PORTA_DIR |= 0x01;       // Configure Pin 0 as 

Output     GPIO_PORTA_DATA ^= 0x01;      // Toggle Pin 0 state } 

 

4.6  High-Yield University Exam Question Bank & Model Answers 

Part A: Short Answer Questions (2–3 Marks) ▪ Q1. Differentiate between a Microprocessor and a Microcontroller. 

Answer: A Microprocessor contains only the CPU core and requires external memory (RAM/ROM) and 

peripherals connected via system buses (used in PCs). A Microcontroller integrates the CPU, RAM, Flash 

memory, timers, and I/O ports on a single chip (used in dedicated embedded devices). ▪ Q2. List the core RISC principles of the ARM architecture. 

Answer: (1) Load-Store architecture (memory accessed only via LDR/STR), (2) Fixed 32-bit instruction 

length, (3) Large uniform 16-register file (R0-R15), and (4) Single-cycle execution of most instructions. ▪ Q3. What are the three profiles of ARM Cortex processors? 

Answer: (1) Cortex-A (Application profile for high-performance OS & Mobile AI), (2) Cortex-R (Real-time 

profile for deterministic automotive/safety systems), and (3) Cortex-M (Microcontroller profile for low-

power IoT devices). ▪ Q4. Why is NVIDIA Jetson preferred for Edge AI robotics? 

Answer: NVIDIA Jetson provides an integrated System-on-Module combining multi-core ARM CPUs with 

CUDA and Tensor Core GPUs in a low-power envelope (5-30W), enabling real-time deep learning 

inference directly on autonomous robots without cloud latency. 

 

Part B: Long Answer Questions (8–10 Marks) ▪ Q5. Explain the Architecture of the Intel Pentium Microprocessor in detail. Describe its 

superscalar pipelining (U and V pipes), branch prediction, and register organization. 

Model Answer Outline: ▪ 1. Architectural overview: 32-bit processor with 64-bit external data bus and separate 8KB 

code/data L1 caches. ▪ 2. Superscalar pipelining: Dual integer execution units (U-pipe executing general instructions, V-

pipe executing simple pairing instructions) executing 2 instructions per cycle. ▪ 3. Dynamic Branch Prediction: 256-entry Branch Target Buffer (BTB) using 2-bit saturating counter 

history. 

https://whatsapp.com/channel/0029VbD3UKE8aKvOTKJcwK1K


DIGITAL ELECTRONICS AND LOGIC DESIGN Unit IV: Microprocessor Fundamentals & AI Edge 

 

© abhyasmitra.in Page 8 of 8 

▪ 4. Complete 32-bit register map: General-purpose (EAX, EBX, ECX, EDX), Pointer/Index (ESP, EBP, 

ESI, EDI), Segment registers, and EFLAGS. ▪ 5. Architectural block diagram showing bus interface, caches, pipeline decoders, and execution 

units. 

 ▪ Q6. Discuss the ARM Cortex Architecture. Detail the differences between Cortex-A, Cortex-R, 

and Cortex-M profiles, and explain how Cortex-A accelerates Mobile AI. 

Model Answer Outline: ▪ 1. RISC foundations: Load-store architecture, 32-bit ARM instruction set, and 16-bit Thumb-2 

density. ▪ 2. Cortex-A Architecture: Virtual memory MMU, multi-core cluster configurations (big.LITTLE / 

DynamIQ), and NEON SIMD vector processing engine. ▪ 3. Cortex-R Architecture: Tightly Coupled Memory (TCM), dual-core lockstep safety, and 

deterministic interrupt handling. ▪ 4. Cortex-M Architecture: Low-latency Nested Vectored Interrupt Controller (NVIC), low gate count, 

micro-watt standby power. ▪ 5. Role of Cortex-A in Mobile Edge AI: Vector SIMD processing of 8-bit quantized neural weights 

directly on edge smartphones. 

 

4.7  Unit IV Summary & Quick Revision Sheet 

Microprocessor 

Domain 
Key Theoretical & Hardware Takeaways for Exams 

MPU vs MCU 
MPU = CPU only (External RAM/IO, PCs). MCU = Single chip SoC (CPU + RAM + ROM 

+ Timers + ADC). 

x86 / Pentium 
Dual superscalar (U & V pipes), BTB branch prediction. Registers: EAX, EBX, ECX, 

EDX, ESP, EBP, ESI, EDI. 

ARM RISC Principles 
Load-Store (only LDR/STR access RAM), fixed 32-bit width, 16 registers (R13=SP, 

R14=LR, R15=PC). 

ARM Cortex Profiles 
Cortex-A (Application/Mobile AI, MMU), Cortex-R (Real-Time safety), Cortex-M 

(Microcontrollers). 

NVIDIA Jetson Edge AI 
Embedded SoM combining ARM CPU + CUDA/Tensor Core GPU + Unified LPDDR5 

RAM for real-time edge vision. 
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