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Question 1:
1) Let n denote the number of notes


2) Let m denote the number of edges


3) If n > 2, In a HyperRing with n nodes, each node has 3 degree.

4) since each node has only 3 links, they are ‘left’,’right’,’i’ (‘i’ means the dimensional link).
(a) [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK6]As initiator, just send message: {+∞} to its neighbor through link labeled ‘left’ and sent message: {i} to its neighbor through link labeled ‘i’. Then become Done state.
(b) [bookmark: OLE_LINK3][bookmark: OLE_LINK4]A node which is in the IDLE state received a message from link labeled ‘i’, just send message: {i} to its neighbor through link labeled ‘left’. Then become Done state.
(c) A node which is in the IDLE state received a message from link labeled ‘right’, firstly, send message: {i} to its neighbor through link labeled ‘left’. And then sent message: {i’} to its neighbor through link labeled ‘ i’ ’ if i’ < i. become Done state.

Pseudocode:
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]States={INITIATOR, IDLE, DONE}
SInit ={ INITIATOR , IDLE }
STerm={DONE}

INITIATOR
Spontaneusly
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Message: {+∞}
Send(Message) through Link ‘left’;
Message: {i}
Send(Message) through link ‘i’
Become DONE

IDLE
Receiving(Message)
If receiving from link labeled ‘right’:
    i: get dimensional label ‘i’ in the message
Send(Message) through Link labeled ‘left’;
    If i’ < i:
        Message:{i’}
        Send(Message) through Link labeled ‘ i’ ’;
If receiving from link labeled with dimensional label
    Message: Message
    Send(Message) through Link labeled ‘left’;
Become DONE


 
Message complexity:
Let d denote the dimension of the HyperRing
In a ring, they should send d messages
And The HyperRing has  rings. Thus inside those rings, they should send  messages
Between Rings, they should send  messages
Because number of nodes 
So the total message complexity is, it’s O(n)


Question 2
Solution
(1) Initiator send active message to one of its neighbor. 
(2) When a node receive active message in IDLE state, just send active message to one of its neighbor except the sender.
(3) When a node receive active messages in ACTIVE state, it means they are in hypercube. Set to HYPERCUBE state, then broadcast to notify other nodes that to set their state to HYPERCUBE
(4) When a node have no one to send, it means they are in tree. Set to TREE state, then broadcast to notify other nodes that to set their state to TREE
(5) When a node receive a notify message (HYPERCUBE or TREE), change the state to what the message said.

Pseudocode
	States={INITIATOR, IDLE, ACTIVE, HYPERCUBE, TREE}
SInit ={ INITIATOR , IDLE }
STerm={ HYPERCUBE , TREE }

INITIATOR
Spontaneously
    message: {Active}
    next <- N(x)
Send message to next
Become ACTIVE

IDLE
Receiving(Active):
next <- N(x) – {sender}
if |next| = null:
    message : { TREE }
        Send message to N(x)
Become TREE
Else
    message: {Active}
        Send message to next
Become ACTIVE
Receiving(TREE)
    message: { TREE }
    Send message to N(x) – {sender}
    Become TREE
Receiving(HYPERCUBE)
message: { HYPERCUBE }
    Send message to N(x) – {sender}
    Become HYPERCUBE

ACTIVE
Receiving(ACTIVE)
message: { HYPERCUBE }
    Send message to N(x)
Become HYPERCUBE
Receiving(TREE)
    message: { TREE }
    Send message to N(x) – {sender}
    Become TREE
Receiving(HYPERCUBE)
message: { HYPERCUBE }
    Send message to N(x) – {sender}
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]    Become HYPERCUBE




Message complexity:
TREE: worst case, a chain
Found that it is in TREE: n-1 = m
Notify: n-1 = m
So message complexity is 2m, belong to O(m).
HYPERCUBE: worst case, visited all nodes and then back to the initiator.
[bookmark: _GoBack]    Found that it is in HYPERCUBE: n
    Notify: 2m–n+1
    So message complexity is 2m+1, belong to O(m).


Question 3
Let d denote the level which the node at, (root is at 0 level), n denote the number of nodes.

Centralized: there is no worst and best distribution.
To rank a node at d level and back to the root should use 2d messages
Each level has  nodes
A rooted complete binary tree has log(n) levels
So the message complexity is 


Decentralized: 
Best case: each edge visit twice, see the graph as follow:
	[image: ]



So the message complexity is 

Worst case: it distribute like below:
	[image: ]



So its message complexity is as the same as the centralized one, which is 
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