CSCE230, Fall 2009

CSCE230 Project

Part [: Register File and ALU for a 16-bit Processor

(Checkoff by 10/23 and 10/30 as indicated)

As indicated in the project overview, you will accomplish the design of the 16-bit processor specified there in
several parts. The first part involves adapting two components you have already designed in two previous labs:

1. InLab 6 you were asked to implement a 32x16 register file with one input and one output port. For the
processor, we will need a 16x16 register file with one input and two output ports. Thus, you will need to
modify your design in two ways: use fewer registers but provide simultaneous read access to any two
selected registers in the file through the two output ports. Reducing the number of registers from 32 to
16 affects the input port design in minor ways. Referring to Figures C.8.9 of the textbook, with 16
registers, you would need a 4-to-16 decoder instead of the 5-to-32 decoder used for a 32-register file. The
rest of the schematic remains unchanged, except you can eliminate the top (or bottom) half of the
registers in the files, along with all the logic connected to their inputs.

To create two output ports instead of one, refer to Figure C.8.8 of the textbook. Previously, you had only
one 32-input mux with five “Read register number” bits to select and connect one of the 32 registers to
the Read-data port. Now, you will have four bits each for “Read register number 1” and “Read register
number 2” to select two registers and read them out to the two Read-data ports.

Follow the steps described in the Inlab part of Lab 6 to compile and analyze this modified design as a
project in Quartus Il. Summarize your results in a Word document called <cseid>RFreport.doc.

The checkoff of this part consists of a successful demonstration of your design to a TA and
submitting these files by 10/23/09, 11:59 p.m.:

e  <cseid>RF.bdf (10 points)
e  <cseid>RF.cvwf (10 points)
e <cseid>RFreport.doc (5 points)

2. InLab 3 you implemented a 4-bit arithmetic and logic unit (ALU) that could carry out one of four functions
on its two 4-bit inputs A and B: add (A+B), subtract (A-B), bit-wise logical and (A and B) and bit-wise
logical or (A or B). For the 16-bit processor, you will build a 16-bit enhanced version of this ALU.

Without the enhancements, the 16-bit version can be created following the same basic approach you
used for building the 4-bit ALU. Take 16 copies of a 1-bit ALU (Figure C.5.8 of the textbook) and connect
them as shown in the schematic in Figure C.5.7. The resulting ALU will have the following inputs and

outputs:
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e Inputs: Two 16-bit data inputs A and B, one 1-bit Carryin, and two bits to select the ALU
operation.
e  Output: One 16-bit Result output

The enhancements require you to produce four additional 1-bit outputs, called N (negative), Z (zero), C
(carry), and V (overflow) flags. These will be used for conditional execution of instructions in the
processor (see the project overview).

Of the four flags, N and C are most readily derived from the signals already available inside the 16-bit ALU.
The N flag is simply the sign bit of the result (i.e. the Result15 bit) and the C flag is the Carryout of the
sign-bit stage. To produce them as outputs, you simply connect them to two new output pins of the ALU
and name them as N and C respectively. The Z flag checks for if the ALU result is zero. The logic to produce
this flag is shown in Figure C.5.12. It consists of a 16-input NOR gate connected at input to the 16 Result
bits. Make sure you understand how this works.

Overflow detection is a bit more complex. The conditions under which overflow in algebraic addition or

subtraction can occur are described on p. 226 of the textbook and one scheme for its detection is shown
in Figure C.5.10 (bottom). Here the Overflow detection block is comparing signs of the two inputs against
the sign of the result. Overflow occurs if and only if the like sign on inputs is different from the sign of the
result. However, a simpler logic can be obtained from the check indicated in Problem C.25 and you might

want to follow this idea instead.

After implementing your ALU test it thoroughly, not only for correctness but also for the worst-case
timing, by carefully choosing inputs that would cause the longest delay through the carry chain.
Summarize the results of resource utilization on the FPGA, along with the timing performance, in a word
document <cseid>ALUreport.doc.

The checkoff of this part consists of a successful demonstration of your design to a TA and
submitting these files by 10/30/09, 11:59 p.m.:

e <cseid>ALU.bdf (10 points)
e <cseid>ALU.cvwf (10 points)

e <cseid>ALUreport.doc (5 points)
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