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Task 1 (28 points)  
1) (2 points) What is the difference between real-time system (RTS) and computer system? 
For RTS to be correct outputs shall be not only logically valid (as for computer systems) but also provided timely






2) (2 points) What is the difference between hard and soft RTS? 
Hard RTS fails if any deadline is violated contrary to soft RTS which tolerate many deadline violations






3) (5 points)  What is PID controller? What is plant? What information from plant is used as input to PID controller? What other inputs are used by PID controller? What two types of devices are used as converters for PID controller inputs and outputs?
PID controller is a RTS for controlling real-world objects, Plant is a real-world object controlled by RTS, Inputs fed from plant to PID controller are data from sensors about the current plant’s state, Other inputs to PID controller are fed by a user for specify desired plant’s state (reference), Inputs to PID are converted by A/D converters, and outputs from PID are converted by D/A converters




4) (4 points) How numerically can be estimated integral and derivative for PID controller? Give respective formulas
Right rectangular method can be used for numerical integration:

Finite differences can be used to find derivatives numerically:



5) (3 points)  What is sampling rate for PID controller? Why is it important? How it shall be specified according to Nyquist-Kotelnikov theorem?
Sampling rate for a PID controller is the period of getting data from the sensors, It is important because it defines 1) accuracy of integration and differentiation; 2) computational complexity of PID controller calculations, Sampling rate shall be at least twice the highest plant’s frequency


6) (3 points) What is an event in RTS? What is periodic event? What is aperiodic event?
An event is the change of control flow from sequential, Periodic event happens periodically, Aperiodic events happens not periodically,









7) (2 points)  What is a synchronous event? What is an asynchronous event? 

A synchronous event happens due to a program execution (e,g,, jump, call, return instructions executed), Asynchronous event is caused by an external interruption signal







8) (7 points) Consider the following periodic task set:
	Task#
	Execution time
	Period

	1
	2
	10

	2
	3
	12

	3
	1
	6

	4
	2
	7

	5
	1
	9









Write out a formula for utilization (1 point) and 



calculate according to it (3 points), 




What utilization is considered safe? (1 point) 



What could you propose in the case if the utilization is not safe? (2 points)

If the utilization is not safe it is necessary to think how to decrease execution time of the tasks (use more efficient algorithms, or higher performance hardware),









Task 2 (48 points)  
 Consider 0-address machine instruction set below:
	[bookmark: 0address]0-address machine (reverse Polish)

	where the processor has a stack and some supporting hardware, at least a top of stack (TOS) pointer, 

	Operation
	e,g, or comment 

	load_literal <int> 
	effect:
TOS:=TOS+1; stack[TOS]:=<int>
load a constant onto the top of stack; this can be used in arithmetic or to get an address onto the stack for use by a load or a store instruction later (it is splitting hairs to argue whether the literal is an address or a constant which might happen to be used as an address elsewhere) 

	load 
	effect:
stack[TOS]:=memory[stack[TOS]]
take the top-of-stack as an address, replace the top-of-stack with the contents of that address, 

	sto 
	effect:
memory[stack[TOS-1]]:=stack[TOS]; TOS:=TOS-2
store contents of top of stack at the address in stack[TOS-1] then pop the value and the address 

	<opcd> 
	where <opcd> is add | sub |,,,
effect:
stack[TOS-1] := stack[TOS-1] <op> stack[TOS];
TOS:=TOS-1


For the given expression
a=c*(c-d)+(a+b)*(c+d)

1. (12 points) Draw its tree representation 
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2. (12 points) Use LRN (left-right-node) traverse tree strategy to get its Reverse Polish notation

accd-*ab+cd+*+=


3. (12 points) Write out the code to implement it using 0-operand instructions (13 points)
1. Load_literal @a
2. Load_literal @c
3. load
4. Load_literal @c 
5. Load
6. Load_literal @d
7. Load 
8. Sub
9. Mul
10. Load_literal @a
11. Load
12. Load_literal @b
13. Load
14. Add
15. Load_literal @c
16. Load
17. Load_literal @d
18. Load
19. Add
20. Mul
21. Add
22. sto
 












23. (12 points) Trace the code obtained (show content of each variable and stack after each instruction completion) filling in the table below, Assume that initially stack is empty and variables have the following values: a=1, b=2, c=3, d=4, Addresses of the variables are: @a=100, @b=200, @c=300, and @d=400, Show stack as growing rightward, e,g, (1) with value 1 on the top of the stack after “a” is pushed, and then (1, 2) when b=2 is pushed on the top, Stack initially is empty,
	#
	instruction
	A 
100 1
	B
200 2
	C
300 3
	D
400 4
	Stack (initially empty)

	1. 
	
	
	
	
	
	100

	2. 
	
	
	
	
	
	100,300

	3. 
	
	
	
	
	
	100,3

	4. 
	
	
	
	
	
	100,3,300

	5. 
	
	
	
	
	
	100,3,3

	6. 
	
	
	
	
	
	100,3,3,400

	7. 
	
	
	
	
	
	100,3,3,4

	8. 
	
	
	
	
	
	100,3,-1

	9. 
	
	
	
	
	
	100,-3

	10. 
	
	
	
	
	
	100,-3,100

	11. 
	
	
	
	
	
	100,-3,1

	12. 
	
	
	
	
	
	100,-3,1,200

	13. 
	
	
	
	
	
	100,-3,1,2

	14. 
	
	
	
	
	
	100,-3,3

	15. 
	
	
	
	
	
	100,-3,3,300

	16. 
	
	
	
	
	
	100,-3,3,3

	17. 
	
	
	
	
	
	100,-3,3,3,400

	18. 
	
	
	
	
	
	100,-3,3,3,4

	19. 
	
	
	
	
	
	100,-3,3,7

	20. 
	
	
	
	
	
	100,-3,21

	21. 
	
	
	
	
	
	100,18

	22. 
	18
	
	
	
	
	

	23. 
	
	
	
	
	
	

	24. 
	
	
	
	
	
	

	25. 
	
	
	
	
	
	

	26. 
	
	
	
	
	
	



Task 3, (24 points)Consider a dispatcher organizing cooperative work of five parallel state-driven processes P1(), P2(), P3(), P4(), and P(5) equally sharing CPU time between them, Each process Pi(), i=1,,5, has three states: Input, Processing, and Output, requiring execution of the functions Handle_Input(), Handle_Processing, and Handle_Output(), Write pseudocode of 
1) (12 points) the dispatcher 

Dispatcher(){
   While(1){
        P1();P2();P3();P4();P5();
   }
}


2) (12 points) the state-driven process Pi(), i=1,,5,

Pi(){
  Switch(state){
    Case input:Handle_input(); break;
    Case proc: handle_processing(); break;
    Case out: Handle_output0;
  }
} 
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