CEG 4131 Assignment 4 Solutions

1. 

a. In this case, a message-passing system would be likely to deliver better performance because a message-passing system could send values to the processors that will need them when the values are computed, so that the values reach their destinations before they are needed. This hides the communication delay from the processors that need the values, improving performance. In contrast, a shared-memory system only communicates data when it is requested by a processor, so the requesting program must wait for the data to be sent before it can proceed. 

b. A shared-memory system would likely be better for this program, because it implicitly communicates data to processors as they reference it. The programmer does not have to be able to predict all of the communication required by the program, which can be very hard in irregular applications. 

To implement a program like this on a message-passing system, the programmer would have to either send all data values to any processor that might need them or have programs request data from the processors that have it when they need the data. Sending data to any processor that might need it results in unnecessary communication, while having programs request the data that they need effectively turns the message-passing system into a shared-memory system, except that programs must explicitly handle requests instead of relying on the hardware to handle them. 

2.

( a)  A message is the logical unit for internode communication. It is often assembled by an arbitrary number of fixed-length packets. It may have a variable length. 

A packet is the basic unit of information transmission which contains the destina​tion address for routing purposes. 

A flit (flow control digit) is the smallest unit of information that a queue or channel can accept or refuse. 

(b) In a store-and-forward network, the basic unit of information flow is a packet. 

Each node has a packet buffer. A packet is transmitted from a source node to a destination node through a sequence of intp.rmediate nodes. When a packet reaches . an intermediate node, it is first stored in the buffer. Then it is forwarded to the next node if the desired output channel and a packet buffer in the receiving node are both available. 

( c) In wormhole routing scheme, a flit is the basic unit of information flow. Flit buffers are used in the hardware routers attached to nodes. The transmission from the source node to the destination node is done through a sequence of routers. All the flits in the same packet are transmitted in order as inseparable companions in a pipelined fashion. Only the header flit knows where the packet is going. All the data flits must follow the header flit. Different packets can be interleaved during transmission. However, the flits from different packets cannot be mixed up. 

(d) A virtual channel is a logical link between two nodes. It is formed with a flit buffer in the source node, a physical channel between them, and a flit buffer in the receiver node. There are more than one virtual channels between two nodes. However, fewer number of physical channels are time-shared by all the virtual channels. 

(e) Buffer deadlocks may occur with store-and-forward routing in which no buffers are provided on the channels. A deadlock situation occurs when there is a circular wait among the nodes and the buffers in the nodes are all full. Channel deadlock can occur with wormhole routing when the channels used by different messages enter a circular wait. Both types of deadlocks are illustrated in slide 14 of the file routing_and_switching.ppt. 

( f) When two packets reach the same node and they request the same outgoing chan​nel, the cut-through routing scheme uses a packet buffer to temporarily store one of the received packets. When the channel becomes available later, the stored packet will be transmitted then. 

(g) When two packets reach the same node and they request the same outgoing chan​nel, the blocking policy blocks the second pocket from advancing. However, the packet is not abandoned. 

(h) When two packets reach the same node and they request the same outgoing chan​nel, the discard policy simply drops the packet being blocked. Packet retransmis​sion is required when the channel is available later. 

( i) In detour flow control, the blocked packet is rerouted to a detour channel. From there, another route may be found to reach the destination node. 

3. (a) A unicast pattern is a one-to-one communication, and a multicast pattern is a one- to- many communication. 

(b) A broadcast pattern is a one-to-all communication, and a conference pattern is a many-to-many communication. 

( c) The channel traffic at any time instant is indicated by the number of channels used to deliver the message involved. 

( d) The communication latency is indicated by the longest packet transmission time involved. 
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