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Assembly Language Programming

@ The foundation of many machines, from
general-purpose computer systems to
embedded systems, lies in assembly language
programming and computer architecture

# [f someone doesn’t understand assembly
language, he (she) can neither develop a
compiler nor design a CPU

3 The assembly language can be used 1o
demonstrate what is actually happening inside
the computer

# [t Is an important path to understanding how
the computer works at The machine level

-
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Assembly Language Programming

@ Some special (hardware) operations may not be
controlled in C or Java

# Example: How to select one of the following
round-modes of FPU in C?
& Round to nearest (toevenifgrs=100)
# Round toward minus infinity (—oo)
& Round tfoward plus infinity (4-00)
a Round toward zero (also called truncate)

3 Some assembly codes must be insertfed in C

#define Near asm volatile("fldcw _RoundNear")
int _RoundNear = 0x103f; // Round mode = 00

Near; // Round to nearest

.
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Top Three Assembly Programming Languages

3 High-level languages are machine independent
# Assembly languages are machine dependent

3 Top three assembly programming languages
# Intel x86
a ARM
a MIPS

3 We selected MIPS instruction set
m MIPS is a typical RISC instruction set

# To design MIPS CPUs in the following course of
Computer Organization and Design




_Functions of Simulators for Assembly Programming

# The basic assembly programs’ assembling and
simulation:

B Grammar checking

# Translating to binary code

| Single-step execution

# Break-point setting

3 Showing the contents of the reqister file

B Showing the contents of the data memory

# The basic input and output system function calls,
like scanf() and printf( in C, or readLine() and
System.out.print() in Java




Two Existing MIPS Simulators

#@ SPIM — Windows (PCSpim) and Linux (spim and xspim)
#@ Regqister display that shows the values of reqgisters
@ Control buttfons that let us intferact with simulator
d@ Text segment that display instructions
#@ Data and stack segment

@ Spim messages used to write messages

@ MARS — Java-based simulator
#@ Provided a self-confained program editor
#@ Showed the displacements with labels

# Changed the simulator layout

-
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AsmSim — A MIPS Simulator We Developed

3 Web-based — does not need installation
# Graphical — supports VGA

# The AsmSim provides three windows:

# A main window that provides control buttons
and displays the instructions, the values of
registers, and the data of the memory

@ A graphics console window that is used 1o
iINnput command, To display messages, and o
show the images of Video RAM (VRAM)

@ An online editor window for edifing the
assembly program
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An Assemblz Program Examele

/%
* hello.s

* prints "Hello, World!" to console window
* input: $4: the string address

msg:
.ascii "Hello, World!\n"
.end

the string address
the string

*
/
.text # code segment
main: # program entry
subi $sp, $sp, 24 # reserve stack space
SW Sra, 20(Ssp) # save return address
SwW Sfp, 16 (Ssp) # save frame pointer
move Sfp, S$sp # new frame pointer
user_main:
la $4, msg # hello message address
jal printf # print out message
return_to _caller: # exit ()
move Ssp, Sfp # restore stack pointer
1w Sfp, 16(Ssp) # restore frame pointer
1w sSra, 20(Ssp) # restore return address
addu $sp, Ssp, 24 # release stack space
r Sra # return to operating system
.data # data segment
#
#

.
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The Functions of AsmSim

#@ The basic assembling and simulation

#M The basic input and output system function calls

#@ Inferrupt mechanism for handling the keyboard interrupt
#@ Manipulating a standard VGA (640 x 480 pixels)

#@ Graphics object draw and fill

#@ Generating Xilinx COE and Altera MIF for FPGAS

@ Some other useful function calls, like get a random
number, get the timer, sleep, and get calendar

#@ Supporting the data structure of the linked-list for
Implementing some graph algorithms




The Main Window of AsmSim

<« C O ciskhoseiac jp/ yamin/lectures/asmsasm html kIS T
000000040 0xh7ERECES OxBfEdERZe OxboBel0ON Oxffffffff 0x00000000 0x00000000 0x00000000 Q00000000 | -
Q00000060 : 000000000 Q00000000 Q00000000 Ox=00000000 Q00000000 Q00000000 Qx00000000 Q=00000000 =
De00000080: 0x00000000 000000000 0x00000000 0x00000000 0=00000000 000000000 0x00000000 Qx00000000 —
00000020z 000000000 Q00000000 Qx00000000 D=00000000 Q00000000 000000000 0x00000000 Q=00000000
Dec000000c0: 000000000 Qx00000000 Qx00000000 D=00000000 0x00000000 000000000 Qx00000000 Q=00000000
0000000z 000000000 Qx00000000 Qx00000000 D=00000000 0x00000000 000000000 Qx00000000 Q=00000000
D=c00000100: 000000000 Q00000000 Q=00000000 D=00000000 0=00000000 000000000 0x00000000 Q=00000000|—
Da=00000120: 0x00000000 0x00000000 0x00000000 000000000 0=00000000 0x00000000 0x00000000 Q00000000 (™
Jtext $ code sezment zerol ) :0=00000000|
T i re B prozram entry at (10: D=00000000
(] $zp, $=p. B4 f reserve stack space Wl (20 D=00000000
000000004 Dxafbfi0ic sw  fra, B0CEsp) f save return address, imp|dl (3)5 000000000
N=00000008: Dxafbel0dd M bfp, BECE=p) $ =zave frame pointer &? Egg: gxgggggggg
N=0000000c: 0=001df000 move  $fp. J=p f rew frame pointer :2 i) DiDDDDDDDD
Tl L e . ad (792 0x00000000
N=000000107 0=00000000 nog % insert wour code here (replace “nop™) kO (83 D00000000
return_to_cal ler{os): £1 (30: 000000000
00000014z 0x001e=d00 move §=p, $fp ¥ restore stack pointer L2000 000000000
N=00000018: 0x8fbe003s [ $fe, GECEsp) t restore frame pointer RA011 9 000000000
0000000 1c: 0x3fbfi03c [ Bra, B0CE=p) I restore return address, |[$t4(12): 0x00000000
N:00000020: 0x23bd0040 addi $izp, $=p. B4 i release stack space tEC18): D=00000000
Nx00000024: 0x03e00008 ir fira t return to operating swst|[$t6C14): 0x00000000
.data I data sezment L7018 ) 000000000
a_strinz: ¥ string address s0(16): 000000000
.ascii “Welcome. ¥n” t a string, not used S;E}g%; gxgggggggg
a_waord: # word address 23(19): DiDDDDDDDD
d.word Nxffffffff $ an integer (-1}, not use 34{20)5 00000000
ol=ll =021 0=00000000
sBC22 ) 0=00000000
=7 (23 ) D=00000000
teC24): D=00000000
t9026 ) D=00000000
LOC2E): D=00000000
k102702 D=00000000
gl 280 N=00000080
spl29 ) D=0000ff 40
frl30): D=0000ff40
ral31): D=03ffffO0
lo: De00000000
hi s Q00000000
| M | [ b |[bepc: 000000000
| edit || step || goto || ascii ||restart|| run || stop || guit || inst || ilinx || altera |
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The Highlighted Program Edit Window of AsmSim

Proeram, Editor : E”X

:{
* template.s, for editing your codes

g

2

3 * Control = for searching (gquit search with mouse or arrow key pressing)

4 * Copy & Paste: See http://cis.k.hosei.ac.jp/~vamwin/asm/CopyAndPaste.html

oS

f .text # code segment

7 main: # program entry

] subu  isp, $=p, B4 # reserve stack space

9 =10 fra, 60(Fsp) # save return address, important

11 =T ifp, Se(Fsp) # save frame pointer

11 mowve  Sfp, Ssp # new frawe pointer

12 user main:

13 nop # insert wyour code here [replace "nop™)

14 return to caller (os):

15 mowve  Ssp, $fp # restore stack pointer

16 1w ifp, Se(Fsp) # restore frame pointer

17 1l fra, 60(Fsp) # restore return address, important

18 addu  $sp, $sp, 64 # release stack space

19 jr ira # return to operating system

20 .data # data segment

21 a_string: # string address

22 .ascii "Welcome. hn™ # a string, not used

23 & word: # word address

24 word  O<ffff£££f # an integer (-1), not used

25 .end

2B

27

28

24

a0

a

a2

a8

a4 -
Assemble

.
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The Graphics Console Window of AsmSim

-
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11 Butfons in the Main Window

WO NGO A OW®DN -

10.

el
[ |

(edit): opens the program edit window

(step): executes one instruction that is highlighted
(goto): executes instructions fo the break-point
(ascii): displays the ascii of selected datfa

(restart): re-loads the user program

(run): executes user program

(stop): stops the execution

(quit): quits and enfers command line mode

(inst): displays the encodes of the MIPS instructions
(xilinx): generates Xilinx COE file

. (altera): generates Altera MIF file




Instructions AsmSim Supporied

. Processor Instructions

rmm

Java fpplet Windaw

.

s
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System Calls AsmSim Supported

getchar() gets a character from STDIN
putchar() puts a character to STDOUT
scanf() reads an input from STDIN

printf() writes output(s) o STDOUT

sprintf() writes oufput(s) to a buffer

malloc() allocates a block of memory
gettimer() gets the system fimer in ms
getrandom() gets a random integer number
getarrow() gets an arrow key’s information
getcal() gets the calendar in integers

. getcals() getfs the calendar in string

. sleep() suspends execution for an inferval of tfime
paint() shows the image on the VGA

O®NOOAWODN -~

©w N =~ O

-
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System Calls AsmSim Supported

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

drawline() draws a color line

drawoval() draws a color oval

drawrect() draws a color rectangle
drawrect3d() draws a color 3D rectangle
drawstring() draws specified text

filloval() fills a color oval

fillrect() fills a color rectangle

fillrect3d() fills a color 3D rectangle
refresh_vga_manu() refreshes VGA by paint()
refresh_vga_auto() refreshes VGA automatically
key_event_ena() enables keyboard inferrupt
key_event_dis() disables keyboard interrupt

-
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Interrupt Supported in AsmSim

Main program Interrupt handler

l __Key Event:

Keyboard _

Interrupt
l \
eret

Before transfering fo __Key_Event, EPC «— refurn address

eret (return from exception): PC « EPC

.
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The Graphics Output Example (graphics.s)

myCanvas

|Java Applet Window

-
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The Graphics Output Example (vram.s)

-
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The Graphics Output Example (fonts.s)

ice GConsole

Graph
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The Graphics Output Example (kaniji.s)

!Graphics Console
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e program finizhed
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The Graphics Output Example (key_event.s)

.Graphics Console

T T

Feb 29 2012 Wed 12:13:05

B

AR
1/

Keep the sun in the center. Score: 6300 18100
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Xilinx COE Window

B Xilinx GOE

: Do not use the svscall functions provided in this simulator. =
s zinzle memory module: =
memory _initialization_radix=2;

memory _initialization_wectors

ao1oaa111011 1111111000000,

1010111110711 jaoooooooaoTrrion,

10101111t trio0000000000111000,

aoooaaooooa 11111000000000000,
gooooooooooooooooooooooooooooo,
aoooaaaooootTrriorriotooooooo000n,

1000111110111 1o0000000000111000,

1000111110711 jaoooooooaoTrrion,
aotaaartiottriot1oo0o000001000000,
aoooaorTrriooo0o000ooooooooot000,
gooooooooooooooooooooooooooooo,
aoooaaaooooooooooooooooooOo00000,
aooooooooooooooooooooooooooooooo,
gooooooooooooooooooooooooooooo,
aoooaaaooooooooooooooooooOo00000,
aooooooooooooooooooooooooooooooo,

MmAdmdmadddmddnnmndmndaddmaddnanmddannmd 4

I
1
1
I
I
1
1
1

11
11
11
11
Il
11
11
11
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Altera MIF Window

B Altera MIF

4 Do not uze the svscall functions provided in this Slmulatnr

A =ingle memory module:

DEPTH = 32: 4 Memory depth and width are required
WIDTH = 3%; 4 Enter a decimal number

AODRE S RADIK = HEX: 4 ftddress and value radixzes are optiona
DaTs RADIX = BIN; 4 Enter BIN, DEC, HEX, or OCT: unless

A otherwize specified, radixes = HEX
COMTEMT

BEGIN

oooo @ oo1000111
ooot @ 101011111
ooo2 @ 101011111
a0o0s @ ooooooona

1 111111onoono;
1
1
I
onod = ooooooooono
I
1
1

111

raoooonooooririon,
goooooooonoroon;
11iionoooonoonon;
gooonoooononoonon,
011ioianononoonon;
gooonoooooorioon;
ooo7 = 1ooo111110 raoaoonoooorrion,
aoos @ ootoomrioriroronoogonootonoono;
aoos @ oooooortirrroooooonoooonoooontooo;
0002 @ OO00O0ODOOOOONOODOOOODODOO0ONDO00;

mnanl - Mmanmanananannamaaaanmaaanaanamaaanananamaananann .

Q005 = ooooooooon

I
1
1
I
I
1
Q006 = 10001111110 1
1

111
111
111
111
oaon
111
111
111
111
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SuEEort for Linked-List Data Structure

‘define NULL 0xO0

.data
vl:
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.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word
.word

1, pl

P2
P3
v4, NULL
2, P4
vd, pbd
v3, NULL
3, p6

P/
P8
v5, NULL
4, p9
rl0
v3, NULL
5, pll
NULL

vl,
V2,

vl,
V2,

vh,

v4,




Depth First Search with Stack (dfs.s)

EGraphics Console

Depth First Search (DFS):

forall (x in V) wvisited[x] = false;

push(s) ;

while (!stack empty()) {

X = pop();
if (!visited[x]) {
visited[x] = true;
forall (w in adj[x])
if (!visited([w]) push(w);

}

debug> quit

lazmzim]d azmzin dfs.=
debug> run

debug> w1

debuz’ wi

debug> +3

debug’ wh

debuz’ w2

debug> The program finished
debuz
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Breadth First Search with Queue (bfs.s)

.Graphics Console

Breadth First Search (BFS):

forall (x in V) wvisited[x] = false;
enqueue (s) ;
while (!queue empty()) {
X = dequeue() ;
if (!visited[x]) {
visited[x] = true;
forall (w in adj[x])

if (!visited[w]) enqueue(w) ;
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To Let Copy & Paste Work

# Find “java.policy” file. It is usually located at
C:\Program Files\Java\jreb\lib\security\

d Edit it: Add the following 3 lines in the top of the file:

grant codeBase "http://cis.k.hosei.ac.jp/-" {

permission Jjava.awt.AWTPermission "accessClipboard";

I

#M Save it as ".java.policy” at your home directory (fold)
(Note that this flename starts with a dot)

#@ Close the Web Broswer and open it again

#@ You should have Copy & Paste enabled now

-
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Conclusions

#@ The assembly language programming is an important
way to understanding how the computer works at the
machine level

@M AsmSim supports

@ System calls like printf() and scanf() in C
@ Graphics draws and fills

@ VRAM and VGA accesses

d@ Keyboard interrupt mechanism

@ Linked list data structure

@ Automatic generation of the memory initialization
files for Xilinx and Altera FPGAS

B AsmSim can be used by anyone anywhere anytime
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