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Examination guide for FYS4220 2020 
 

A. General technology, programmable logic and FPGAs  
 

- Be able to explain the I2C/TWI serial communication and message protocol  
- Show a basic understanding of the concept of metastability, setup and hold times, 

and in which situations it can occur, and the common method used to 
mitigate/reduce the problem of metastability. 

- Explain the behaviour of the basic logic gates 
- Be able to name some of the first programmable devices 
- Be able to explain the basic concept of programmable logic / FPGAs  
- Explain what a logic block and LUT is, and for what purpose they are used 
- What is the configuration memory of an FPGA? 
- Name and briefly explain a few advantages and disadvantages that are related to the 

use of FPGAs 
 

B. VHDL 
 

Background and general concepts: 
- Briefly explain what a hardware description language is and be able to say a few 

words about the history of VHDL. 
- What is the main conceptual difference between writing an HDL description and 

writing software in a high-level language like C or python? 
- Name and explain the purpose of the main design units of VHDL.  
- Name and explain the description models that can be used when writing a VHDL 

design. 
- Briefly explain what is meant by RTL 
- What is meant by a data type and object in VHDL?  
- Can you name a few commonly used data types? 
- What does it mean that the VHDL language is strongly typed and why can this be an 

advantage? 
- What is meant by a concurrent statement in VHDL? 
- Explain the concept of concurrent and sequential statements in VHDL and in which 

part of a VHDL description these can be use.  
- Explain how edge detection on a logic signal can be implemented in VHDL. 
- Briefly explain what a subprogram is in VHDL and for what purpose these can be 

used in the VHDL language. 
- What is the purpose of the functions rising_edge() and falling_edge(), and how is 

their use limited? 
 

Process: 
- For what purposes can a process be used in VHDL? 
- Explain the use of the sensitivity list for the various types of process descriptions and 

use of resets. 
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- What is meant by an incomplete sensitivity list in VHDL? 
- What is meant by an unintentional latch / incomplete signal assignment in VHDL and 

how can it be avoided? 
- Be able to write and explain the VHDL description for a basic process (e.g. d-flipflop 

with synchronous or asynchronous reset, with or without enable; a basic counter; or 
a multiplexer). 

- Be able to explain the difference between asynchronous and synchronous resets for 
a VHDL process and show how these are implemented in VHDL. 

 
State machines: 
- Briefly explain what a state machine is and for what purpose it is typically used.  
- Explain how a state machine can be implemented in VHDL 

o Conceptually on a block diagram level (e.g. what type of logic is needed) 
o The VHDL statements that are needed to declare and describe the states of a 

state machine 
o The main process and conditional statements used to describe the 

functionality of a state machine.  
- Explain the difference between a Moore and Mealy state machine  

  
Test benches: 
- For what purpose is a testbench used in VHDL? 
- Explain the basic structure of a VHDL test bench 
- Explain how a process is used differently when writing the test bench stimuli process 

compared to a process for describing logic that will be synthesized and downloaded 
to an FPGA.  

- Mention and briefly explain the different complexity levels that can be used when 
writing a VHDL test bench 

- Write a VHDL statement that can be used model a clock to be used by a test bench. 
- Briefly explain what the UVVM utility library is and how this was used in the project 

assignment 
- Why can the full VHDL language be used for simulation while only parts of the VHDL 

language can be used for synthesis? 

C. Embedded systems 
 

- Explain what is meant by an embedded system and how it is different from a 
general-purpose computer (PC). 

- Name and briefly describe some of the main constraints and characteristics of an 
embedded system. 

- Give examples of typical embedded system application areas 
- Explain what a microcontroller is.  
- Explain what is meant by a System on Chip (SoC) 
- What is meant by softcore and hardcore processor? 
- What is the main difference between a Harvard type and Von Neumann type 

architecture? 
- Explain the concept of memory mapped I/O. 
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- What is a memory mapped register interface and for what purpose was this used in 
the project assignment? 

- What is the Avalon interface? 
- Explain the basic concept of the hardware abstraction layer. 
- What is a board support package? 
- What are the macro functions IOWR and IORD used for? 
- What is the purpose of a driver for an embedded system? 

 

D. Real-time operating systems 
 

- Explain the main characteristic of a Real-time embedded system (i.e. compared to a 
standard embedded system) 

- Explain how real-time systems can be divided into hard real-time systems and soft 
real-time systems. 

- What is meant by time management and task management when talking about real-
time systems? 

- What is the purpose of the scheduler in a real-time system? 
- What is meant by a task in a real-time system? 
- Explain the main states of a task in a real-time system? 
- What is meant by blocking and why is it necessary in a real-time system? 
- Explain the concept of context switch 
- Explain what is meant by inter-task communication. 
- Explain the main methods available in a real-time system to perform inter-task 

communication 
- Explain the concept of a semaphore and how and for what purpose it can be used in 

a real-time system 
- Explain the concept of message mailbox and message queues 
- Explain the concepts of latency, jitter, and response time. 
- What is mean by a critical section? 
- Explain the concept of priority inversion and how it can be mitigated / reduced? 

 
 

E. Tools, project and design flow 
 

- You should be able to briefly explain the embedded system project based on the two 
figures below. 

- Give a brief overview of the various software tools that have been used in the 
project assignments, and for what purpose they have been used.  

- What does it mean to synthesis a VHDL description? 
- What is the purpose of the .sopcinfo file generated by the platform designer. 
- What Is the purpose of the system.h file.  
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