[image: image4.jpg]m SWANSEA METROPOLITAN UNIVERSITY
2
PRIFYSGOL FETROPOLITAN ABERTAWE





EXAMINATIONS 2012 / 2013




ARHOLIADAU 2012 / 2013
	FACULTY OF:   APPLIED DESIGN AND ENGINEERING
                                School of Applied Computing

	


	NAME OF COURSE/PROGRAMME:


	

	YEAR OR LEVEL:


	

	NAME OF MODULE/UNIT/EXAM PAPER:


	

	MODULE NO:


	

	DATE OF EXAMINATION:


	

	

	


START TIME:


	

	


FINISH TIME:


	

	


TIME ALLOWED: 2 Hours

	


INSTRUCTIONS TO CANDIDATES:

The Candidates are permitted to bring calculators into the exam room.

The Candidates are not permitted to bring dictionaries, text books/case studies or any other reference materials into the exam room.

Question 1

(a) Briefly describe the term collision domain and explain the effect a collision domain has on a networks performance e.g. during a multiplayer game session with a large number of players. Identify the networking device(s) that can be used to prevent these performance problems.

(8 Marks)

(b) A network has been assigned an IP address of 200.5.10.0 and has 12 subnets with a maximum of 9 host computers on any subnet. Explain how subnetting works and subnet the network to obtain the subnets. For the first three subnets calculate the range of available IP addresses. Clearly show the calculations you have made at each step.

(17 Marks)

Question 2
(a) Figure 1 shows the protocol sequence diagram for a transport protocol being used between a client and a server. Explain the benefits and drawbacks of this protocol, while justifying its use in multiplayer games.
 

(9 Marks)

(b) Given you are required to use this protocol, what additional features might you implement in the game to provide additional reliability? In your answer, consider how you might prevent data being lost or incorrectly ordered.
 (8 Marks)

(c) A multiplayer game exchanges the data for the levels using large ASCII text streams. You may assume that these streams contain large runs of identical characters producing sufficient redundancy to more than compensate for the processing time required. Describe a method by which this data be more efficiently transmitted from the server to the client. Illustrate your answer with an example of some text and the process by which it is converted to a more efficient form for transmission.
(8 Marks)
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Figure 1. The Protocol Sequence Diagram
Question 3
(a) A game has 4 threads of different priorities executing in a pre-emptive OS. Given the following information draw a diagram showing the thread activity (Gantt Chart).
	Thread
	Priority
	Arrival Time

(in Cycles)
	Execution Duration

(in Cycles)

	A
	4 (low)
	0
	7

	B
	3
	8
	5

	C
	2
	2
	4

	D
	1 (high)
	6
	4


For how long does the least significant thread have to execute until it completes?











(5 Marks)

(b) A game has 4 threads of different priorities executing in a pre-emptive OS and sharing a resource protected by a mutex. Given the following information draw a diagram showing the thread activity (Gantt Chart). 

	Thread
	Priority
	Arrival Time

(in Cycles)
	Execution Duration

(in Cycles)
	

	A
	4 (low)
	0
	6
	Claims mutex after 1 cycle of execution

Releases mutex on completion

	B
	3
	3
	4
	Never claims mutex

	C
	2
	9
	5
	Claims mutex after 3 cycles of execution

Releases mutex on completion

	D
	1 (high)
	5
	3
	Claims mutex after 2 cycles of execution

Releases mutex on completion


Calculate the total execution time for each thread and draw any relevant conclusions.
(12 Marks)
(c) Explain the difference between non-reentrant and reentrant functions, include a discussion of the term race condition and an example of (in pseudo code) of a non-reentrant function that demonstrates the problem.
(8 Marks)
Question 4

(a) A games company wishes to convert a game into a networked multiplayer game. However, they wish to ensure that the balance between consistency and responsiveness is correct. Explain the importance of these two factors.
(6 Marks)

(b) Explain the terms interpolation and extrapolation in relation to networked multiplayer games.

(6 Marks)

(c) One solution the company are particularly interested in is keeping as much processing as possible on the individual player’s machine rather than the server, and they are looking to predict the motion of objects instead of receiving server updates every time an object moves. 
Justify the use of predictive methods.

(2 Marks)
Identify a technique they could use and describe it.
(7 Marks)

Explain how to compensate for drift, which is an inevitable consequence of predicting position.
(4 Marks)

Answers:

Question 1

(a) When two or more computers share the same communication medium (e.g. twisted pair cable), collisions can occur when they attempt to send data at the same time. The area within which collisions can occur is called the collision domain. The more traffic the shared medium must carry the more likelihood of collisions. When no network devices are used to join multiple network segments, the collision domain is restricted to the single segment. Repeaters and hubs extend the collision domain, and consequently degrade the network performance. Expand upon the use of bridges, switches or routers for segmenting the domain.

(8 Marks)

(b) Subnet 200.5.10.0

We need 12 subnets, N = 12

We need a max  number of hosts Mh = 9

Use the inequality 2n – 2 >= N, to calculate the number of bits which must be borrowed from the host (n)

Try n =1, 21 – 2 >= 12, 2 – 2 >= 12, 0 >= 12  No good

Try n =2, 22 – 2 >= 12, 4 – 2 >= 12, 2 >= 12  No good

Try n =3, 23 – 2 >= 12, 8 – 2 >= 12, 6 >= 12  No good
Try n =4, 24 – 2 >= 12, 16 – 2 >= 12, 14 >= 12  OK

We must borrow 4 bits from the host

11110000 = 240
The subnet mask is therefore 255.255.255.240 or /28
200.5.10.0/24 is a Class C address and has 8 host bits, the number of hosts bit remaining after subnetting is given by: -

h = 8 – n, where h = the host bits and n = the subnet bits

h = 8 – 4
h = 4
The number of allowed hosts per subnet is given by: -

Nh = 2h – 2
Given h = 4, Nh = 24 – 2 = 16 – 2 = 14
Nh > Mh so we can proceed.

The first 4 subnet numbers are as follows: -

00010000 = 16,    200.5.10.16  
(16x1)

00100000 = 32,    200.5.10.32
(16x2)

00110000 = 48,    200.5.10.48
(16x3)

01000000 = 64,    200.5.10.64
(16x4)

Subnet numbers of all 0’s and all 1’s are not allowed. All 0’s is the network number and all 1’s is the broadcast.

To create the host addresses the host bits can be set consecutively. All 0’s is the network number and all 1’s is the broadcast, so neither of these values can be used.

Taking subnet 200.5.10.16
Sub   Host

0001 0001 = 17, 200.5.10.17 first

0001 0010 = 18, 200.5.10.18
0001 0011 = 19, 200.5.10.19
0001 0100 = 20, 200.5.10.20
... to ...

0001 1110 = 30, 200.5.10.30 last (i.e. add 14 to the subnet (16-2))

Host address ranges are:

200.5.10.33 to 200.5.10.46
200.5.10.49 200.5.10.62
200.5.10.65 to 200.5.10.78
(17 Marks)

Question 2:

(a) The student should identify the protocol as being UDP and explain that the lack of connection establishment makes the protocol very fast. However, it is a “send and pray” protocol, with no verification that the data is received and the order the packets are received is correct. 

(5 Marks)

They should expand on the use of this protocol in real-time gaming such as FPS games.

(4 Marks)

(b) Reliability problems may be addressed by some form of packet acknowledgment, while ordering of data requires sequence numbering. They should expand upon:

The acknowledgement process ( expectational acks

(3 Marks)

The initialization of the numbering e.g. first host sends packet with initial sequence number of x to establish a connection Second host receives the packet, records the sequence number of x , replies with an acknowledgment of x+1, and includes its own initial sequence number of y. The acknowledgment number of x+1 means the host has received all bytes up to and including x and is expecting x+1 next
(5 Marks)

(c) The student should be able to identify that redundancy in the text stream suggests that some form of compression should be used. 
(2 Marks)

Explain in sufficient detail RLE or Huffman, the student is free to choose.
For example, RLE:

Look for streams of identical characters and replace them with a count

<cnt> is a byte (8 bits) containing the number of times the next character is repeated in the message.

“aaaaaaaaaa” = “<10>a”
If the text contains no repetition the expansion occurs, one solution is to not to RLE groups of symbols which don’t repeat i.e. don’t attempt to compress them but we need some way of indicating that the symbols aren’t repeating. One method is to use the most significant bit in the count byte to indicate whether the data following it is a character to be repeated, or whether the count represents the number of uncompressed characters following it. This limits the length of repeated characters to less than 127. If the length is greater than or equal to 128 then we need to subtract 128 from it to get the length of the uncompressed characters.
(4 Marks)

“abcdef” = “<128+6>abcdef”

“aaaaaaaaaaaaabcdefggggggggg” = “<13>a<128+5>bcdef<9>g”
(2 Marks)

Question 3

(a)   Thread takes 20 cycles to complete.
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(5 Marks)

(b) TA takes 15, TB 9, TC 18 and TD 16 cycles to complete. 

(2 Marks)
They should provide a suitable discussion of priority inversion where a high priority task is blocked by a lower priority task that is holding a shared resource. A solution is to temporarily raise the priority of the lower priority task so that it runs to completion and releases the resource as quickly as possible giving the higher priority task access to it.
(6 Marks)
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(4 Marks)
(c) A reentrant function can be used by more than one task without fear of date corruption. 

A reentrant function can be interrupted at any time and resumed at a later time without loss of data. 

Reentrant functions either use local variables (i.e. CPU register or variables on the stack) or protect data when global variables/resources are used ( Critical sections
(3 Marks)
Race condition: The situation where several processes access – and manipulate shared data concurrently. The final value of the shared data depends upon which process finishes last. 
(2 Marks)
Suitable short pseudo code example of non-rentrant function required.
(3 Marks)
Question 4

(a) Student should expand on the following:

Consistency

(Each node on the network needs to be in the same state i.e. have the same data

(Requires tight coupling because data must be shared between clients and servers, resulting in an increased load on network and low latency required to maintain synchronization
(3 Marks)
Responsiveness

Distributed computing, get client computers to do the work not the server, which requires loose coupling and reduces data shared between clients
(3 Marks)

(b) Student should describe interpolation and extrapolation:

Game objects will not be updated as frequently as local objects, so use interpolation to smooth transitions between old and new position

· Prevents jerky motion

· Synchronization ( slowly bring extrapolated position back in synch with new correct position

Extrapolation makes guesses as to next position (or state) of object based on previous position (or state) e.g. if we know the velocity vector we can calculate the next position over the next time period and if we know the acceleration vector we can update the velocity vector 
(6 Marks)

(c) PDUs are sent out regularly to correct motion and make client object position match that of the corresponding server object. The client could move the object on receiving each PDU but this would result in a very choppy movement. To eliminate this jerky motion we could increase the number of PDUs sent, smoothes out the motion but dramatically increases network load

Instead use the agreed Dead Reckoning Algorithm to move the object while waiting for the next PDU, resulting in fewer PDUs needing to be sent.
(2 Marks)
Student should identify this as dead reckoning and discuss the process by which it may work.

Each client creates an object representing the entity on the server 
Predicting the position of an object is based on set algorithms:

Three most typical dead reckoning algorithms:

· Static object

· Moving a constant velocity

· Accelerating 
On creating entity (e.g. a vehicle) send entity state protocol data unit (PDU)

· identifies the entity
· current kinematic state of the entity including:- 
i. position
ii. velocity
iii. acceleration and orientation; 
iv. entity's damage
v. dead reckoning algorithm to use
Players object doesn’t follow the predictable algorithm

· The computer that owns the player’s object monitors the divergence between each objects actual position and the dead reckoning position

· If position diverges by an agreed threshold then it sends out another update PDU to other nodes (via the server)
· All other nodes update the state of their copies of the object and restart dead reckoning 
(7 Marks)
Drift can be reduced by time compensation by sending timestamps in the updates to allow for message latency by enabling synchronization of movement. Interpolation allows additional points to be added between current and corrected position to smooth the movement.

(4 Marks)
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