Assignment 2: CPU Design and CPU Simulator

October 2007

In this exercise you will design a CPU and build a simulator for it. The end result is a C or C++
program that takes as input MIPS assembler code and that simulates the execution of this code
(as if the code was executed as a normal executable on a MIPS processor).

1 Part 2.a CPU Design

A CPU counsists of (1) a datapath (with registers, memory, ALU and other logic), that processes
operations, and (2) a control unit that determines the order of these operations. It is your job
to implement a micro-programmed control unit. Details about how to design this can be found
in CH. 7 and 8 of the book “Logic and Computer Design Fundamentals” by M. Morris Mano
en Charles R. Kime, which is the course book of “Digitale Technieken”. It is recommended you
study these chapters prior to making this assignment. In a previous edition of the Hennessy
and Patterson book, there is also a chapter that deals with microporgrammed (also known as
‘microcoded’) control. This will be made available in the form of a handout. The references to
Hennessy and Patterson (H&P) below refer to this handout.

1.1 Starting point

Design does not take place from scratch. As a starting point, take the MIPS implementation given
in H&P. In Figure 5.1 of the handout you will find a so-called single-cycle datapath that you may
use as the basis for your design. You will also find a first stab at a microcoded control for this
datapath in the handout. It is mandatory that you build on this design. Convince yourself (before
you hand in your solution) that whatever you want to remove from this design does no harm to
the rest of the design.

One exception: you may remove everything that concerns exception handling. In other words,
MOVI2S en MOVS2I-instructions need not be implemented. Furthermore, the TAR may be re-
moved from the datapath and you do not need to take overflow into account.

The most important shortcoming of this design is that it implements the DLX instruction set
and not the MIPS instruction set. Although the differences are minimal (as documented in the
handouts), you will have to correct these. For example, some MIPS instructions (like NOR) are
not implemented at all, wile others are not really executable with the given datapath and control.
This concerns mainly the immediate-type instruction and the shifts.



I-type R-type J-type
instr opcode opcode = $00 instr | opcode
BEQ 0x4 instr funcode J 0x2
BNE 0x5 SLL 0x0 JAL 0x3
ADDI 0x8 SRL 0x2
ADDIU 0x9 SRA 0x3
SLTI 0x0a SLLV 0x4
SLTIU 0x0b SRLV 0x6
ANDI 0x0c SRAV 0x7
ORI 0x0d JR 0x8
XORI 0x0e JALR 0x9
LUI 0x0f BREAK 0x0d
LH 0x21 ADD 0x20
LB 0x20 ADDU 0x21
Lw 0x23 SUB 0x22
LBU 0x24 SUBU 0x23
LHU 0x25 AND 0x24
SB 0x28 OR 0x25
SB 0x28 XOR 0x26
SH 0x29 NOR 0x27
SW 0x2b SLT 0x2a

SLTU 0x2b

Table 1: Opcodes and Funcodes of the instructions to be implemented.
1.2 Assignments

It is your task to modify the datapath and the control in such as way that the MIPS instructions
mentioned in the table below, are fully supported. The relevant specifications of MIPS can be
found either in the handouts or on the assignments’ webpage. Your implementation must comply
with these specifications. The only exceptions concern the delay slots that are prescribed for some
operations (e.g. jumps and branches). These may be ignored.

1.3 Datapath

Concerning the datapath: copy Figure 5.1 and draw all wires, gates and other logic that are needed
to support all required MIPS instructions. Do this at “bit-level”, i.e. describe exactly which bits
are sent to the register file to read the right register, which bits go from the IR to the ALU to
determine the ALU operation, etc.

The ALU may be implemented at “word-level”; indicate only the new functions that the ALU
may require.

Memory is big-endian. Possible operations are reading (and writing) of bytes, halfwords and
words. However, the address should be chosen thus, that all bytes to be read (or written) are in
the same word (word-aligned access). In other words, valid addresses are (assuming A; Ag are the
least significant bits):



| type [ A1Ap | byte 0 | byte 1 | byte 2 [ byte 3 |

word 00 X X X X
halfword | 00 X X - -
halfword 10 - - X X

byte 00 X - - -

byte 01 - X - -
byte 10 - - X -

byte 11 - - - X

Table 2: Valid addresses

Take care with load and store instructions. For instance, according to the specification, the MIPS
load byte instruction

1b $reg, addr

should yield the full word of the 4-byte aligned address addr via the MDR (memory data register).
You are responsible for extracting the appropriate byte out of this word and writing it to $reg by
executing a few microinstructions.

1.4 Control

The datapath that you have designed is controlled using a microporgrammed control. The micro-
program that you should build on is given in the handouts in Tables 5.23 and 5.25-5.29.

First scheck which modifications are needed in the microinstruction format (Figure 5.6). Leave
out the microinstructions that handle MIPS instructions that are not part of the assignment and
complete the microcode table. Also provide the definitive decode tables (Figures 5.24 and 5.26).

1.5 Getting started

The best way to inventorise everything that is missing in the initial design is the following. Take the
design (datapath and microcode) and for each instruction in Table 1 try to execute the instruction
on the datapath running the initial microcode. If this fails, then modify the datapath and/or
control (microcode, decode tables, control signals, etc.

1.6 Submitting your solutions.

Submit your results in writing (this includes datapath, microcode, and decode tables).

datapath. Hand in the modified diagram of the original design in the book. Describe all logic
that you added, what it does, and why it was needed.






