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	Question
	Marking details


	1.1.1
	The part of the CPU that controls execution of instructions, movement of data and timing (1). It can be either hardwired or microprogrammed.


	1.1.2
	An event that alters (or interrupts) the normal fetch-decode-execute cycle of execution in the system (1).


	1.1.3.
	The use of various levels of memory, each with different access speeds and storage capacities to achieve a better performance/cost ratio than could be achieved using one memory type along (1).


	1.1.4.
	An I/O control method where specialized circuits (other than the CPU) control I/O activity (1). However, the DMA and the CPU share the memory bus, so the DMA consumes memory cycles that would otherwise be used by the CPU. This is called cycle stealing.


	1.1.5.
	PWM is a way of delivering energy through a succession of pulses rather than a continuously varying (analogue) signal (1).


	
	

	1.2.
	Machine language is the lowest-level programming language that computers understand directly. It consists of binary code.

Assembly language is a low-level programming language that is one step above machine language. Instead of using binary code, assembly language uses mnemonics to represent machine instructions. (1)

High-level programming languages are designed to be easier for humans to read and write compared to low-level languages like assembly and machine language. (1)


	1.3.
	CISC: A design philosophy in which computers have a large number of instructions, of variable length, with complicated layout. RISC: A design philosophy in which each computer instruction performs only one operation, instructions are all same size, they have only a few different layouts and all arithmetic operations must be performed between registers. (1)

CISC: Personal computers, servers, and workstations.
RISC: Embedded systems, mobile devices, etc. (1)


	1.4.
	Stack: A simple data structure optimized for last-in, first-out (LIFO) element processing. Stack elements are removed in the reverse order in which they arrived. (1)

Queue: A data structure optimized for first-in, first-out (FIFO) element processing. Queue elements are removed in the same order in which they arrived. (1) 


	
	

	1.5.
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	2
	1- Program memory is a read-only memory (ROM) used to store code or instructions to be executed. (1)

2- EEPROM is a programmable ROM that can be programmed and erased using an electronic field. (1)

3- Input/Output (I/O) ports serve as the interface between the microcontroller and external devices or peripherals. (1)

4- Vref  (Voltage Reference) serves as a stable reference voltage against which analogue measurements are made by the analogue-to-digital converter (ADC). (1)

5- A/D (Analog-to-Digital) converter serves the purpose of converting analogue input voltages into digital values that can be processed by the microcontroller. (1)

6- The oscillator circuit provides the clock signal that synchronizes the operation of the microcontroller's internal components. (1)

7- SPI (Serial Peripheral Interface) and I2C (Inter-Integrated Circuit) are two commonly used communication protocols for interfacing with peripheral devices such as sensors, memory chips, display modules, and other microcontrollers. (1)

8- USART module in PIC microcontrollers provides a flexible and efficient means of serial communication with external devices, supporting both synchronous and asynchronous communication modes. (1)

9- CPU (Central Processing Unit) serves as the core component responsible for executing instructions, performing calculations, and controlling the overall operation of the microcontroller. (1)

10- WDT provides a mechanism for enhancing system reliability and preventing system crashes or deadlock due to software faults or external disturbances. (1)






	
	

	3.1.
	Programmed I/O, Interrupt-driven I/O, Memory-mapped I/O, (1) Direct memory access, Channel-attached I/O. (1)


	3.2.
	SPI operates in full-duplex mode and I2C operates in half-duplex mode. (1)
SPI typically operates in a master-slave configuration, where one master device communicates with one or more slave devices. I2C supports a multi-master bus topology, allowing multiple master devices to communicate with multiple slave devices on the same bus. (1)


	3.3.a
	A CPU should disable all interrupts before it enters an interrupt service routine, so the interrupt shouldn’t happen in the first place. (2)


	3.3.b
	It is not a problem. (1)


	3.3.c
	If interrupts are disabled, the second interrupt would never happen, so it is not a problem. (3)


	
	

	4.1.
	The overall speedup of a computer system depends on both the speedup in a particular component and how much that component is used by the system. (1)



	4.2.
	
where
S is the overall system speedup;
f is the fraction of work performed by the faster component; and
k is the speedup of a new component. (1)


	4.3.
	Option 1: (1)
f = 0.7, k = 1.5, so 


Option 2: (1)
f = 0.3, k = 2.5, so 


Each 1% of performance improvement for Option 1 is £333 and £318 for Option 2. Therefore, Option 2 is a better choice. (1)



	5.1. 
	Universal Serial Bus. (1)


	5.2.
	Control transfers, Isochronous transfers, (1) Interrupt transfers and Bulk transfers. (1)


	5.3.
	USB1.0: 12 Mbit/s
USB2.0: 480 Mbit/s  (1)
USB3.0: 5 Gbit/s
USB3.1: 10 Gbit/s (1)


	5.4.
	Step 1: When a device is plugged into a USB port, the electrical state of the port is changed: The host system detects this change and dispatches a reset packet back to the device. (1)

Step 2: The host requests the device’s Device Descriptor information, such as the device type, the device manufacturer’s code etc. (1)

Step 3: As soon as the host can do so, it loads the device driver that corresponds to the product ID. (1)

Step 4: The host may request one or more Configuration Descriptor from the device. (1)

Step 5: Once everything is known about the characteristics of the device and the appropriate driver is loaded, the host dispatches an address assignment to the device. Both the host and the device are ready to negotiate data transfers. (1)
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