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CSCE230 Project

Part II: Building the Datapath for a Basic 16-bit Processor

(Checkoff by 11/06 as indicated)

|Overview

Your objective for this second part of the project is to get a workinglecycleprocessomith the instruction set
limited to just four Rype of instructionsiadd, sub, and, andor. In this and all subsequent parts, the process
design flow, consisting of five steps, would remain essentially the same:

1) Blocklevel DatapattDesign

2) Design ofndividual Components (block diagram or hardware description language)
3) Datapath Integration

4) Control Unit Design

5) System Integration and Validation

Forthe first step all the components you need in the datapath would be readily available to you. Refer to the
color-coded datapath schemati&igure 1pn the last page. It includes three types of components:

1 Thosedesignedby you in Part ithe File Register anithe ALU.

1 Those that are provided to you: program counter register (PC), prograrament logic (PC_In@urrent
status program register (CPS&)¢d 256x24 Instruction Memory.

1 Those that you can build easily from mefgactions provided in Quartus Il: heregbe correspond to just
the three mux units.
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the project.

Your main task is toonnect these datapath components according to thgiven schemaitc, thus completing the

first three steps of the design flowFor the fourth step, you will be provided with a VHDL template for the
processor control unit that you will need to update as you go al®hg.template file includes extensive comments

to helpyou with the updateThe final step involves integratj the datapath and the control unit to complete the
processor design and testing it thoroughly for correctness and timing performance. You will be provided with a
basic tesprogramfor initial verification but will need to augmerit with more extensive tests of your own.
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|Assignment |

Download the files from the lab websitet(p://cse.unl.edu/~cse230l/). Create a new folder and project in

Quartus. Create file calleddatapath.bdf. Using the components downloaded, the ALU and Register File created
in Part I, and the megwizard plugin manager, create what you see on ttlatapath schematic (Figure 1). Then
integrate the datapath with the provided control iirio build a complete processolPlease refer to the ReadMe
given with the other given components, which has information on how to impleméntge instructions within

the Control Unit as well other information about various components.

Testing

The basic processor design should be able to carrgdditsubtract, and, andor instructions correctly according to
the condition code specified in the instruction; further, it should correctly update the state of the CPSEeif the
bit of the instructon is 1. Among the downloaded file, you will find the code Ait&f_test.mif, in therequired
memory initialization format (MIF), to test the functionality of your processor. By examiningnésat the
beginning of this file and the code, you shouldaide to create your own code files, first to test the functionality
of individual instructionsand then of a sequence of instructions.

IMPORTANTImMplementand test instructions one at a time.

In order to adequately test the processosing a functionasimulation all of the instructions should be executed

with the set bit enabled and disabled. The values used to test the instruction should cover enough cases to prove
that enabling the set bit will set the correct flags in the CPSR register if thectaonditions are met, and
disabling the set bit will cause the flags in the CPSR registdo i@t set under any condition. Additionally, your

test cases should include instructions to prove that your processor will conditionally execute instructimtsdn

the state of the CPSR register or ignore it complet@ggpending on the format of the instruction

The timing simulatiorshould establish a maximunglock speedas estimated from the worstase delay for the
combination of any instruction and register values, for whydur processor is capable of producing the correct
outputs after some delay. As your processor grows more complex, it is very likely that yioaveito slow down

the clock speed of the system in order to produce the correct results by giving signals enough time to propagate.
The test cases for the timing simulation should be the same as in the functional simulation.

Checkoff

For checkoff, schedule a time to demonstrate your completed project to Dave obyp&niday, 11/06/2009, 12
noon.

Also submit the following files via web handtiyp 10/ 30/09, 11:59 p.m:
1  <cseid>Partll.bdf (10 points)
1  <cseid>Partll.cvwf (10 points)
1  <cseid>Partllreport.doc (5 points)

Refer to the FAQ for guidance on what you should include in the written report.

University of Nebraska — Lincoln, CSCE 230 Fall 2009, Project, Part I/


http://cse.unl.edu/~cse230l/

CSCE230, Fall 2009 Page 3

Processor Ports
Name Direction Description
Extnt Input External Interrupt
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Figure 1: Simplified Data Path foiTRRpe Instructions
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Figure 2: Simplified CPSR Layout

Currently only the CPSR register is needed. Place the given CPSR register in your schematic and connect it as
shown. The connections will need to be modified later if externa@riopts are implemented.
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Figure 3: Simplified Processor Ports
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