EEE 2243

Digital System Design

Semester II 2011/12

Tutorial 6
Register Transfer Level Design
1.
Repeat Question 5 of Tutorial 5 in RTL design mode instead of data flow design. You are restricted to use only one instance of divider module and one instance of remainder calculator module but other modules are unrestricted. Assume both modules are fast enough to finish in just 1 clock cycle. You need to demultiplex the result from the modules into four 4-bit registers to keep the BCD results. Draw the data flow diagram of the data unit and show the controlling and status lines (where applicable) from and to the control unit. The only control input that the control unit gets is the START signal to read new input and the only signal from the control unit to go to the outside world is READY after 4 clock cycles to signal that all 4 digits of BCD are ready. (Why 4 clock cycles?) Also tabulate the behavior of the control unit either as transition table or truth table.
2.
A more efficient and space saving algorithm to convert binary to BCD is as follows:

i.
Shift the n-bit binary input number left one bit.

ii.
If n shifts have taken place, the BCD number is in the Hundreds, Tens, and Units column.

iii.
If the binary value in any of the BCD columns is 5 or greater, add 3 to that value in that BCD column.
iv.
Go to (i).

Construct the RTL design of the above algorithm for a 10-bit binary input and four 4-bit BCDs. You should use the following datapath components in DU: Shift-left registers that are able to parallel load, comparator and adder. Draw the signals between CU-DU then lastly construct the truth or transition table for the CU. The only signals coming in and going out to the outside world are START and READY.
3.
Greatest common divisor can be computed recursively as follows:
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Construct the RTL design of the above algorithm. Use the appropriate datapath components in DU and draw the signals between CU and DU. Also construct the truth or transition table for the CU. The only signal going into the system from outside world is START (no out-going signal).

4.
Construct the RTL design of a system that can divide two positive binary number inputs using long division approach. The inputs are 10 bits and the outputs are 10 bit quotient and remainder. Show the usual deliverables for such design, i.e. data unit design, control unit transition or truth table, signals between the two units and any appropriate signal from and to outside world.
5.
Construct the RTL design of a system that can compute the square root of a positive input number. The range of input is from 0 to 100, which means 7 bits is enough. The range of output is then from 0 to 10, but it would be a multiplied-by-10 output (to keep 1 decimal fraction in 7 bits too). All internal computations are also multiplied by 10. The algorithm to be used in computing the square root is as follows:
i.
Reset the output register to all 0-s.
ii.
Toggle the MSB bit in output to 1.

iii.
Multiply the output register with itself (squaring).

iv.
If the multiplication is more than the input multiplied by 100, return the bit back to 0.

v.
Repeat (ii) to (iv) for all other lower significant bits in sequence.

Show the usual deliverables for such design like in number 4.
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