ECE190: Introduction to Computing Systems Fall 2009
Program Due: 10 p.m., Wednesday, September 23

Least Significant Zero L ocator

Introduction: For this machine problem you will be writing agram in LC-3 machine code whose
purpose is to find the location of the least siigaifit zero in a number. You will create a code file
(mpl.bin) that implements the functionality desedtbelow.

Program: Given a 16-bit number stored in memory at adddr&900, your job is to find the position of
the least significant zero. Your program will néedoad the number from memory, and analyze it to
detect the location of the least significant zeYmu must use a loop to perform this analysis.lut8ms
not using a loop will receive a zero for the MRs illustrated below, the rightmost bit is th8R and its

location is 0. The leftmost bit is the MSB andldsation is 15.
M SB LSB
[ Location [ 15 [14 [13]12[11J10[ 9[8[ 7][6[5]4a][3]2]1] 0

1,011 1, 0 1y 3 0 1 1 0 a4 1 12 D
After locating the least significant zero, your gram needs to store the value of its position ahorg
location x5000 and then halt.

Examples: Original Number | Result

11111111 11111110 O
1001 1101 0010 1111 4
011111111111 1112 15

Hint 1: Figure out how to detect the value of gyerbit.
Hint 2: Shifting a number is an important concept.

You are strongly encouraged to create a flowchart of your program before writing any actual code.

Specifics:

e Your program must be named “mp1.bin”

* Your program must use less than thirty (30) linesoale and must use a loop

* Your code must be written in LC-3 machine languadge spaces to separate instruction fields

* Your code must begin at memory location x3000

e Your program must expect the number that it wikklgme to be placed at memory location x4000.

* You may assume that the number will contain attleas zero

* The rightmost bit (the LSB) is at location 0, te&most bit (the MSB) is at location 15

* Your program must store the value of the locatibthe least significant zero at memory location
x5000

* Your code may only modify the memory location x5000 other memory locations may be
modified

* Your code must be well-commented and you must geogn introductory paragraph and a register
table at the top of your file (see Style Requiretaen

Testing: You should test your program thoroughly before agéh your final version. Just because it
runs does not mean it functions correctly. Remembleen testing your program, you need to set the
relevant memory contents appropriately in the satmrl When we grade your project, we will initzi
the memory for you. You should use several testsand hand-check the results. We will grade your
program by observing its behavior and the finalieadt location x5000 using several different input
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values at location x400(Hint: use the simulator's disassembly (.list.) daipty to double-check your
encodings before running your program.

Style Requirements. MP1 must be written in LC-3 machine language for eredit to be received (i.e.
each instruction is a 16-bit binary word). Youdecshould contain less than thirty instructions yamal
must use a loop in your solution to receive crefibur code must be well-commented (every line for
this MP because it is in binary). Comments begith &isemicolon. They should explain why something
is done instead of restating what the ASM/RTL alsesays. In general, you should use the commenting
style provided in the Student Manual (see PageB&r example). For readability reasons, you khou
not have more than 80 characters on a singlelfiygu are writing a long comment and exceed 80
characters, continue your comment on the next Imaddition, you must use spaces to separate
instruction fields in your binary encodirfg.g. 0010 001 000000100, not 00100010000001003. will
improve the readability of your code. Include aggmaph at the top of your code explaining the psep
of your program and your approach. Below that giaah, create a table explaining the role of each
register used by your program. Be sure to ma&g#nagraph and the table a comment using
semicolons.

Tools: You will use the “Ic3convert” command to convgour machine code to an “obj” file, and the
LC-3 simulator in order to execute and test thegpm that you write for this MP. You should use a
text editor on a Linux machine (vi, emacs, picag,)ah order to code your program. Your code must
work in the command line LC-3 simulator on the LirfsWS machines in Everitt lab to receive credit.
Important: The LC-3 tools have a bug that prevents them from loading the last line of machine
program correctly. To bypassthis, create a blank line at the end of your mpl.bin file.

Hand In: Turning in your program is done electronicallg ¥he ECE 190 handin script. You must name
your file "'mp1.bin'; we will NOT grade files witing other nameTo hand in the code, enter the ECE
190 work area by typing "ecel90' from a Linux EW&chine. Next change to the directory containing
your code and typehandin --MP 1 npl. bin”".

You may hand in as many times as you like, but dmiyast submission will be graded.

Grading:

Functionality (55%)

45% Program properly detects the location of tlstlsignificant zero for different test cases
5% Number read from and result stored to memorsecty

5% Program Halts

Style (15%)

5% Program does not store intermediate resultsimony

10% Program contains no more than thirty (30) linlesode

Comments, clarity, and write-up (30%)

10% Introductory paragraph explaining program'pse and approach used

10% Code includes table of registers that cleatplans their meaning and contents as used by code
10% Code is clear, well-commented, and formattolgpivs the style guidelines

Notes: Be sure to consult the online FAQ or the Stuaeanual if you have any questions. It has
information on LC-3 simulator tools, UNIX help, S&HTP programs, handin, and many other things.
Check the class web board frequently for clarifaad on the project.



