CDA3101 - Spring 2015
Assignment 2
Writing an Assembler for a Subset of the MIPS Assembly Language

Objectives. Learn the basics of the assembly process, which includes encoding instructions and replacing symbolic

labels with appropriate offsets.

Your assignment is to write an assembler for a subset of the MIPS instructidhsteiuld read the assembly file
from standard input and write the machine code to standard olBpldw are the MIPS assembly direats that

you are required to recognize.

Directive

Explanation

Jtext

Switchto the text (code) segment.

.data

Switchto the (static) data segment.

.wordwl,...wn

Storen 32-bit integer values in succesasimemory words.

.spacen

Allocaten words that are initialized to zero in the data segment.

Below are the instructions you kia o recognize. ThdR-format instructions can fia a dfferent number of gu-
ments depending upon the type of instruction. The encoding of each instruction is specifiedxininth&ppeendix

A starting on page A-49.

Mneumonic | Brmat Args Description
addiu I add immediate withoutverflow
addu R 3 (rd,rs,rt) | additiorwithout overflow
and R 3 (rd,rs,rt) | bitwiseAND operation
beq I branch on equal
bne I branch on not equal
div R 2 (rs,rt) signednteger divide operation
j J unconditional jump
Iw | load 32-bit word
mfhi R 1(rd) move from hi register
mflo R 1(rd) move from lo register
mult R 2 (rs,rt) signednteger multiply operation
or R 3 (rd,rs,rt) | bitwiseOR operation
slt R 3 (rd,rs,rit) | setess than
sulu R 3 (rd,rs,rt) | subtractiomwithout overflow
sw | store 32-bit word
syscall R 0 gystem call




You can assume that an assembly file wildanstructions preceding data and the general format of a file will be as
follows:

ext

<instructions>

.data

<data declarations>

Each instruction or data word carvhaa gmbolic label. Each assembly line canyea omment starting with thi
characterwhich indicates a comment until the end of the line.

You can assume that the maximum number of instructions is 32768 and the maximum number ofdfais also

32768. Yu can also assume the maximum length of an assembly line is 80 characters and the maximum size of a
symbolic label is 10 characterginally, you can assume there are no whitespace (blank or tab) characters between
the arguments in each assembly instruction.

Below is an kample assembly file that reads a nuntpereadsn values, and then prints the sum of thoselues.
This file is also @ailable at"whalley/cda3101exec/sum.asm

text
addu $s0,%zero,$zero #s0=0
addu $s1,5zero,$zero #sl=0
addiu  $v0,$zero,5 # vO0 = r ead value
syscall
sw $v0,n($gp) # Mn] =v0
L1: Iw $s2,n($gp) # s2 = M[n]
slt $t0,$s1,$s2 # if s1 > s2t hen
beq $t0,$zero,L2 # goto L2
addiu  $v0,$zero,5 # vO0 = r ead value
syscall
addu $s0,$s0,%v0 #s0 +=vO
addiu  $s1,$s1,1 #sl +=1
j L1 # goto L2
L2: addu $a0,$s0,$zero # a0 =s0
addiu  $v0,%$zero,1 # print a0
syscall
addiu  $v0,%zero,10 # exit
syscall
.data
n: .word 0

Symbolic labels can be referenced as the target for transfers of controls (branch or jump instructions) &eds an of
from the global pointer$gp. Your assembler will require twpasses, where the first pass resolves forward-refer
ences to labels, such B2 or n in the previousxample, to determine the proper displacemaiiier Reference®

data labels are at a displacement from the global poirgesteg$gp, which in our assembler is assumed to point to
the beginning of the data segment.



The first line of the machine code file contains an object file header that consists of the number of instructions and
the number of wrds of data, written as decimallues. Thenext set of lines consists of hexadecimal values repre-
senting the encoding of the machine instructions in thiestegment of the assembly instructions. The final set of
lines consists of hexadecimal values representing the initial values of the words in the data segment.

Below is the machine code file produced from the assembly code on the previous page. This filevalalde at
“whalley/cda3101exec/sum.objlote that our machine code is written using readable ASCII characters.

181
00008021
00008821
24020005
0000000c
af820000
8f920000
0232402a
11000006
24020005
0000000c
02028021
26310001
08000005
02002021
24020001
0000000c
2402000a
0000000c
00000000

You haveaccess to myxecutable by using the following command:
“whalley/cda310lexec/assem.exe < nameasm > nameobj

Be sure to only attempt to run thigeeutable file orinprog, which is also where your solution will be testedur
output is required to match my outpueetly. You can determine if tovfiles are identical by performing the folle
ing unix command, which will display gmlifferences between the boa#iles.

diff  filenamel filename2

You can use ay programming language that can be compiled or interpretdidmog. You should hee mmments

at the top of the file indicating your name, this course, the assignment, and the command used to compile or interpret
your program ottinprog. For example:

/******************************************************

* *
* Nane: Joe Shnoe *
* Class: CDA 3101 *
* Assignnent: Asg 2 (an assenbler of a subset of the *
* M PS assenbly | anguage) *
* Conpi l e: "gcc -g assemc” *
* *
* /
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You should submit this assignment as a single file @sgem.pattachement in an e-mail message to yoAirfar
your recitation sectiorkiswani@cs.fsu.edar yannes@cs.fsu.efluDo not attach a zip file as some e-mail sesv
will filter a message with a zip file as spam. The assignment is due at the beginning of class on February 3.



There are some features in C (or C++) that will be helpful for implementing this assigrfherfgetsfunction
reads a line of characters fr@gtreaminto s until a newline or an end-of-file character is reached-brcharacters
have teen read without encountering a newline or end-of-file charafggetsreturns a null pointer if an end-of-file
character is encountered beforg ather characters are read.

char *fgets(char *s, int n, FILE *stream);

The sscanffunction is similar toscanf but reads from the string The value returned fromscanfis the number of
successful assignments before a terminating null character is read from the string or there is a conflict between the
control string and a character read fram

int sscanf(char *s, const char *format, ...);

You should include<stdio.h>to obtain the proper prototypesfgetsandsscanf For instance, bels is an ekample
code fragment that reads a line and checks for a 3-address R-type instruction.

#include <stdio.h>

char line[MAXLINE], oper[MAXNAME], rsIMAXREG], nt[MAXREG], rd[IMAXREG], *s;

while (fgets(line, MAXLINE, stdin)) {
s = skiplabel(line);

/* check if a 3-address R format instruction */
else if (sscanf(s, "%s $%[",],$%[",].$%s", oper, rd, rs, rt) == 4) {

}
}

Other features that you may find useful are C (or C++) bit fields and urdfows the width in bits of inger

fields to be specifiedA union is similar to a C struct, except that the fieldarlap in space Below is an ekample

union that has 3 fieldd, (x, and FPS that oserlap in space, which allo a float value to be read and printed as an
unsigned integer or the three components of the IEEE floating-point standard (FPS). Note that the order in which
the bit fields should be listed will depend on if the procesditiésendian(as islinprog) or big-endian

union {
float f;
unsigned int x;
struct {
unsigned int F:23;
unsigned int E:8;
unsigned int S:1;
} FPS;
}ou;

scanf("%f", &u.f);
printf("Hexadecimal representation: %08x\n", u.x);
printf("FPS: S=%u, E=%u, F=%u\n", u.FPS.S, u.FPS.E, u.FPS.F);



