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Homework 9:  Due Wednesday 11/21 2:10 pm.
Problem 1. The figure below shows a datapath for a simple stream processor.  It is a 3-bus organization.  There is an input register that obtains values from a source, such as a audio capture device, and an output register that delivers values to a destination.  The datapath is incomplete as it does not show any of the control points.  The rules is that in each clock cycle a bus can have only one source, but it can have multiple destinations.  A register can have only one source as input, but it can fan out to multiple busses.  A logic unit needs to have its operation code.  These are the outputs of the controller and are inputs to the datapath. Your datapath has signal output from the comparator, which are input to the controller.  The shifters can shift 0,1,2, or 3 bits is the designated direction.  There is an adder/subtractor.  There is additional “next” control point to the source and to the dest as well as an addition signal from each, “ready”.
1.a. Identify all the missing control signals.  Make a list of them.  Indicate what they do.

1.b Using this datapath, give the RTL to transfer the input stream to the output.  For each RTL operation, show the setting of the control points that accomplishes the register transfer.  Give the STG for a controller that implants this operation.
1.c. Specify the RTL, Control Points, and STG, but this time the stream operation provides clipping.  Assume register R holds a maximum value and wherever the input exceeds that value it should be replaced by R.  You do not need to initialize R.

1.d. Specify the RTL, Control Points, and STG, but this time the stream operation is to average the new input value with the previous three inputs.  You do not need to worry about initializing the flow.  The first few output elements are junk.
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Problem 2. Based on your experience in Problem 1, invent a small instruction set for stream processing.  Define the architecturally visible state (i.e., what is referenced in the instruction) and the instruction set.  Show how the architected state and the instructions map on to the registers and operations in your data path.  You will need to introduce an additional register to be the instruction counter.  Show how you could implement these and some other interesting stream processes in your instruction set.  (Can you do a more intelligent smoothing operation, such as an exponentially weighted mean?  You might think about building a filter.)
Problem 3.  Construct a 4-bit binary counter with parallel load using the JK negative-edge triggered flipflop shown below and additional combinational logic gates.  Your counter should have control inputs Clear, Load, and Count a 4-bit data input I3-0 and a 4-bit data output A3-0 and a CarryOut. 
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Problem 4. Below is the schematic for a D-latch constructed from six nor gates shown in lecture.  The timing diagram shows the wave forms for clk and D.  The smaller divisions are a single gate delay.  You are to complete this timing diagram showing all the internal behavior.  Start by showing the initial state.  Draw arrows to indicate the causal relationships, ie, what causes the transitions.  
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