Duke ECE152 — Spring 2012 — Project Part 1. Registe
75 Points. Due electronically by 11:59pm on Fridignuary 20.

The project for this course is an implementatiorthef Duke152-S12-32 ISA, a MIPS-
like instruction set architecture that has beenpfifrad to make it feasible for a class project.
You will work in groups of two to incrementally bdi a processor that implements this
architecture. The complete specification of thetiren ISA is available at
http://people.ee.duke.edu/~sorin/ecel52/project/apet. pdf

VERY IMPORTANT DESIGN RULES For all portions of this semester-long project
(unless otherwise specified), you m&dOT use Behavioral VHDL or any of the “mega-
functions” provided by Quartus Il. You must implem all components from the most basic
structural building blocks, using either block dams or Structural VHDL. You may use
For/Generate loops, but you may not use behavicoalstructs like Process blocks, Case
statements, If/When/Else statements, and loops areatnot For/Generate. If you have any
guestions about these design rules, please pasesign on the course’s Google Group. The
excuse “But | thought that was allowed” will not decepted.

Project Part 1: Register File

The register file is the collection of registerattithe processor uses in its computations.
The Dukel52-S12-32 ISA has thirty-two 32-bit geh@rarpose registers, $r0-$r31, where $r0 is
always equal to zero. At any given time, we can be mgdiny two registers identified by
ctrl_readRegA[4:0] and ctrl_readRegB[4:0]. Readisgsynchronous (not clocked). On any
rising clock edge, we can write any one registeenidied by ctrl_writeReg[4:0] if
ctrl_writeEnable is high. Writing is synchronouwdogked) on the positive (rising) clock edge.
The signal reset asynchronously resets all registezero when it is high, which you will do
when you boot up your processor.

You will implement your register file in Structur®’HDL using the Quartus Il software.
We will use Quatus Il Web Edition 9.1 Service P&kwhich is available for download at
ftp://ftp.altera.com/outgoing/release/91sp2 quaflnes.exe Later versions do not include a
simulator.

Best practices: (1) When making registers with evehable, never AND together clock
and enable, because doing so confuses Quartushgiranalyzer; instead, use the DFFE
primitive. (2) Always use Timing simulation in tisemulator, found at Assignment® Settings
- Simulation mode.

You should create one VHDL (regfile.vhd) or BlockaDram (regfile.bdf) file that has
exactly the same format as the diagram in FigurdHis top-level regfile.vhd or regdfile.bdf file
is likely to refer to other lower-level files (e.goneBitRegister, etc.). The top-level file
regfile.vhd or redfile.bdf file is what you will &m use later in the semester when you need a
register file for your processor. Figure 1 is aesashot of the register file component in
Quartus, and it shows the signal names that you MU&e in your desigto facilitate testing
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and grading. In general, all control signals i@ ginoject parts will begin with “ctrl_" and all dat
signals will begin with “data_” in order to improwaarity through consistency, and you are
encouraged (but not required) to follow this corti@mwithin your components as well.

After implementing your register file, you shoust it thoroughly to verify that it works
correctly. One example test waveform is providedr fyour register file at
http://people.ee.duke.edu/~sorin/ecel52/projectitegfile.vwf  In addition, this assignment
will be graded by running additional tests that ao¢ provided, so do not assume that you can
ignore bugs that do not manifest themselves omleetest that is provided.

Submitting This Assignment

To submit this assignment, create a Quartus Arctiveject-> Archive Project) named
projectl.qar of all the files needed to implememtirydesign. Make sure that your top-level file
is named redfile.vhd or regfile.bdf. Names of lowevel files are unrestricted, but be sure to
include them along with your top-level design entit the Quartus Archive file. Email your
Quartus Archive file as an attachment along withgabup members’ names and NetIDs to
duke.ecel52.spring2012@gmail.conif your Quartus Archive file is too big to atta¢o an
email, please post a question to the course’s @Bgbup to determine why your file is too big.

Getting Help For Assignments

To get help with this and all other assignmentthis course, please check for an answer
to your question on the course’s Google Groupyolf have a new question then please post it to
the Google Group to receive an answer from youloviestudents, the teaching assistants, and/or
the professor. Private questions may be emaileectty to the teaching assistants and/or
professor.

Figure 1: regfile VHDL and BDF screenshots

ENTITY regfile IS5

PORT { clock, ctrl writeEnable, ctrl reset : IN S5TD LOGIC:
ctrl writeReg, ctrl readReglk, ctrl readBegE : IN STD LOGIC VECTCR (4 DOWNTIO 0);
data writeReg : IN 5TD LOGIC VECTOR (31 DOWHNTO 0O):
data readBegh, data_readRegB : OUT S5TD LOGIC VECTOR (31 DOWNTO 0} }:
END regfile
regfile

¢ clock data_readRegA[31.0]  fe=
J¥— ctrl_writeEnable data_readRegB[31..0] —)(
JX—] ctrl_reset

Yt ctrl_writeReg[4..0]
Y=t ctrl_readRegA[4..0]
Y=t ctrl_readRegB[4..0]
==t data_writeReg[31..0]
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