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1 Sample Code and Run in Visual Studio — Open Project Solution

Microsoft Visual Studio Ei@&

I File Edit View Debug Team Data Tools Test Window Help

| RF Lk B

New * | | (%
Open * @ Prgiect/Solution... Ctrl+Shift+0
Close B Web Site... Shift+Alt+0 :
Close Solution %4 Team Project... -
A Save Selected Items Ctrl+5 = File... Ctrl+0
Save Selected [tems As Convert...
@ Save All Ctri+Shift+5S

Export Template..

Source Control ’

Page Setup...

y  Print... Ctrl+P
Recent Files ’
Recent Projects and Solutions ’

Exit Alt+F4

Error List
@ 0 Errors | 1\0 Warnings | (i) 0 Messages
Description File Line Column Project

Solution Explorer =~ § X

2 Solution... L RN

Microsoft Visu... BN& M QL9 U 9:43 AM



2 Sample Code and Run in Visual Studio — Select Project.sin

Open Project
Lmkin:-a e | 9 i 2 [~
B ZIProject.vexproj

#Project.sin
Deskiop T Debug

G e i e SN

Solution Explorer ~ # X

My Computer

Obiect name: Project sin b Open
Objects of type: | Al Project Files (* sin:* dsw * vow;" caproj. " fsp | » Cancel

Error List
@ 0 Errors | 1\ 0 Warnings | ) 0 Messages
Description

Column Project

&) Solution... Ly REEE 1=

Microsoft Visu... EN Q'ﬂ x QM0 0:49 AM




3.Sample Code and Run in Visual Studio — Addsub.asm

Project - Microsoft Visual Studio
b File Edit View Projedt Build Debug Team Date Tools Test Window Help
il G| 8|9 - - S-0 | b |Debug -/ |Win32 - IR GE R

e -"Jll—

b ME(EE| S 2 |00 o (36 3 5 S

AddSub.asm x
[rITLE Add and Subtract

(AddSub.asm)
-3 Solution 'Project’ (1 proj|
= 1 Project
54 External Depender
wi] AddSub.asm

3 This program adds and subtracts 32-bit integers.

INCLUDE Irvine32.inc

.code
main PROC

leeaah
seeash
3808eh

mov  eax,18668h ; EAX
add eax,48008h ; EAX
sub eax,20088h ; EAX
call DumpRegs

X0q|00 | . Jalojdxg 1onses 5 NS

exit
main ENDP
END main

Error List
@ 0 Errors | 1\ 0 Warnings | () 0 Messages
Description File Line Column ' Project

Ready Col 1 Ch1

N&fa o QL)L 9:35 AM
i

INS

’; start g ” | Project- Miar... < Snaglt



4 Sample Code and Run in Visual Studio — Build Solution/Compile

Project - Microsoft Visual Studio
P Fle Edit View Project Build Debug Team Data Tools Test Window Help
5 Build Solution Ctrl+Shift+B \Debug -| | Win32 - [ 2 i G e e BE 1

Rebuild Solution B
Clean Solution

(5 Build Project
Rebuild Project
Clean Project

-4 Solution 'Project’ (1 proj
- 1 Project

gers.

Project Only > 54 External Depender
Profile Guided Optimization ¢ ur] AddSub.asm
Batch Build...

Configuration Manager...

Compile Ctrl+F7

“call DumpRegs

exit
main ENDP
END main

E Cla...

* I X

Error List
@ 1 Error | 1\ 0 Warnings | 0 0 Messages
Description File Line Column Project
@ 1 error LNK1104: cannot open file LINK Project
'C:\Irvine\Examples\ch03
\Project\Debug\Project.exe'

Col 1 Chil

Project - Micr... = *‘_J"-"W x & QLT U 9:36 AM



5. Sample Code and Run in Visual Studio — Build Success

Project - Microsoft Visual Studio
b File Edit View Project Build Debug Team Data Tools Test Window Help
P e | 8 R0 - - L= b Debug  -||Win32 -

29 oo i s B Y

VR e BEEIZ2 (080G 3853Q:

Show output from: | Build ol | =IE wl |
1------ Build started: Project: Project, Configuration: Debug Win32 ------ ~ _QSOllJtiDﬂ IprD}-EdJ (1 Dij
1> Project.vexproj -> C:\Irvine\Examples\ch@3\Project\Debug\Project.exe = ;ﬂ PrUﬂEEt

=s=ss=s=s== Build: 1 succeeded, ® failed, @ up-to-date, @ skipped ss=ss=ss====

| =4 External Depender
w1 AddSub.asm

X0q|oo] - Jalo|dxg Jsnies = B

Error List
@ 0 Errors | 1\ 0 Warnings | i) 0 Messages
Description Line Column Project

Build succeeded

¥
J

Project - Micr...




6 Sample Code and Run in Visual Studio --- Run/Debug (F10 key)

Project (Debugging) - Microsoft Visual Studio
I File Edit View Project Build Debug Team Data Tools Test Window Help

Pl v (T | %A -~ L0 P Debug Win32 | ] 5 e B B8 1
P R aMEEE([Z2(00 33l mA|i P i @aloa(E|Hex 5|3~ -]
! Process: |[4044] Project.exe -| Thread: [5124] Main Thread -| ¥ W Stack Frame: |Project.exelmain() Line 11 I
AddSub.asm » Solution Explorer * QX
TITLE Add and Subtract (AddSub.asm) £ ;;; Bl
-~ s i 1
3 This program adds and subtracts 32-bit integers. ;; Solution ‘Project’ (1 project
= 31 Project
INCLUDE Irvine32.inc 44 External DETJEI'IdEI"!CiE
e =4 AddSub.asm
main PROC
mov  eax,1888eh ; EAX = leeeeh
add eax,400800h ; EAX = 5@00eh
sub eax,28688h ; EAX = 3eeeeh
call DumpRegs
exit
main ENDP
END main
v
10 % -
Memory 1 ~ O X Registers *Oox
| [y | "l EAX = @@@1@08@ EBX = 7FF B FFBe@ -
| -l EAX 19 BX = 7FFDAR@® ECX = @B13F
Address:|0x00401000 ! EDX = 7C99E514 ESI = 185EF9DA EDI = 90620029
BxP84018808 cc cc cc cc cc e9 B6 €0 00 @@ IIIIIE.... A~ EIP = 22481015 ESP = @@13FFC4 EBP = @@l3FFFe
€C €C cc cc cc cc b8 2@ @0 el EFL = @88808246
B2 85 62 92 B4 92 2d 22 ee 82
B2 e8 @ 1 P2 90 6a B0 e8 e9 .23...j.BE
ef @8 8¢ cc cc cc cc cc cc cc  ...1111LLd
€C €c cc cc cc cc cc cc cc cc IITRITEEIY &
cc cc cc cc 5@ e8 d4 of ee e Iiiired... < >
c3 55 Bb ec B3 c4 eB 6@ B0 3d AU.ifdd '€=

& Solution... L REZR=
Ready Ln 11 Col 1 Ch1 INS

‘; start . ) & Project (Debu... | == C:\Irvine\Exa... EN Q'L x e QRN L 9:41 AM



7. Sample Code and Run in Visual Studio --- LIST file open

Project - Microsoft Visual Studio
b File Edit View Project Build Debug Team Data Tools Test Window Help

New * Bbua  ~l|Win32 - |Gk B
Open * | & Project/Solution... Ctrl+Shift+0
Add * 2 Web Site... Shift+Alt+0
Close i Team Project...
& (e Saiution ) Flie... G0 -3 Solution 'Project’ (1 proj
[d Save AddSub.asm Ctrl+S Convert... |

- 1 Project
54 External Depender
w1 AddSub.asm

Save AddSub.asm As...
Advanced Save Options...
@ Save All Ctrl+Shift+5
Export Template
Source Control v
W Page Setup...
= Print... Ctrl+P
Recent Files
Recent Projects and Solutions
Exit Alt+F4

<

< Solution...

r v

M Team E...
Properties > 1 X

100% -

Error List
@ 0 Errors | 1\ 0 Warnings | ') 0 Messages
Description File Line Column Project

Col 45 Ch 32 INS

Project - Micr... N @A x o OLIZ, U 0-30 AM



8 Sample Code and Run in Visual Studio

LST file

Look in:

Projects

8

My Computer

i chi3

“3 AddSub4.asm
3 AddSub3.asm SProject
3 AddSubR.asm

=3 DataDef.asm

= AddSubAlt.asm
L|AddSub.IsH

3 AddSub.asm

“116-bit.obj

=l 16-bit.Ist

7 16-bit.asm

= template.asm

4 AddSub2r.asm
Dbject name: AddSub lst
Objacts of type: | Al Files ("7

w

4 AddSub2.asm

) i¥

] o e i e 1 3

':v

<

.

Error List
@ 0 Errors
Description

1\ 0 Warnings |

i) 0 Messages

~ Solution Explorer ~ % %

L R N

<

File Line

Project - Micr...

Column Project

-4 Solution 'Project' (1 proj

- 71 Project

54 External Depender,
ui] AddSub.asm

= &"‘L x o QL0 9:40 AM



9 Sample Code and Run in Visual Studio --- .Ist

Project - Microsoft Visual Studio
b File Edit View Projedt Build Debug Team Data Tools Test Window Help

: - : k - i 1 | 5 - - vl S "
PGl T el %289 -0 L35 b Debug  -||Win32 || | G5k i e B0
R e FEE|IZ2 |0 EB 036,
L AddSub.Ist x FGEeIEEN - Solution Explorer ~ % x
%’ |-1icrnscft (R) Macro Assembler Version B.88.58727.42 @1/28/86 17:52:13 L] L
*Add and Subtract AddSub.azm Page 1 - 1 . . "
. ¢ . “{ 73 Solution 'Project’ (1 proj
& - 7 Project
g TITLE Add and Subtract (AddSub.asm) =] External DEDEI"’IdE‘f
m
= ; This program adds and subtracts 32-bit integers. w1 AddSub.asm
e ; Last update: 2/1/82
maf
8_ INCLUDE Irvine32.inc
g’ C ; Include file for Irvine32.lib (Irvine32.inc)
> C
C ;OPTION CASEMAP :NONE ; optional: make identifiers case-sensitive
C
C INCLUDE SmallWin.inc ; MS-Windows prototypes, structures, and constants
C .MNOLIST
C .LIST £ >
C - ;
C INCLUDE VirtualKeys.inc = Solution... LUREEIESS
C ; VirtualKeys.inc pfOpETﬁE‘S > 0 X
0% +~ | &£
Error List ~ 1 X e A5
@ 0 Errors | 1\ 0 Warnings | (U 0 Messages :
Description Line Column Project

Col 1 Ch1

Project - Micr.... N @i x5 QLU



10 Sample Code and Run in Visual Studio --- .Is

Project - Microsoft Visual Studio

b File Edit View Project Build Debug Team Data Tools Test Window Help

i S| kA9 -0 LG b [Debug -

X0Q|00 ] 3 JJ0|dXT J9ARS =

Win32

.|Lg

lwboa E|EE|Z 2|08

AddSub.lst x FllEIla¥ ]

C .NOLIST
C .LIST
C

I R |

= ﬁ_‘; JL = =

.code
main PROC

B8 eealeese
@5 oeedpess
20 eeazoeee
EE oeadeoee E

mov eax, 1888ah

add eax,4@888h

sub eax, 20088h
call DumpRegs

exit
eaoeeal4 push
eopeeals

eoeeeals

GA B8 *

EE oeoleeee E ’
main ENDP
END main

Microsoft (R) Macro Assembler Version 8.80.58727.42

*Add and Subtract (AddSub.asm

+220000002h
call ExitProcess

@1/28/86 17:52:13
Symbols 2 - 1

100% « |4

Error List
@ 0 Errors |\ 0 Warnings i) 0 Messages

Description Line

Project - Micr...

-4 Solution 'Project’ (1 proj
= [J1 Project
&4 BExternal Depender
ur] AddSub.asm

¢
&3 Solution...

L Properties

M Team E...

* 0 %

Column  Project

Col 1 Ch1i

N&h x = QL)% T 9:41 AM




11 Sample Code and Run in Visual Studio — When a new code is tested

Project - Microsoft Visual Studio

b File Edit View Project Build Debug Team Data Tools Test Window Help
P Sl # A9~ b |Debug

X0qj00 | ». Jao|dx] Janses % EEE

Win32

|L;'J

RrfREEZ2 088303

AddSub.asm
TITLE Add and Subtract (AddSub.asm)

; This program adds and subtracts 32-bit integers.
INCLUDE Irvine32.inc

.code
main PROC

mov  eax,18608h
add eax,48088h
sub eax,20008h
call DumpRegs

exit
main ENDP
END main

Error List
@ 0 Errors | 0 Warnings | i) 0 Messages
Description

Project - Micr...

Open

Open With...

View Class Diagram
Compile

Exdude From Prfi_ect
Cut

Copy
Remove

Rename

= Properties

Column Project

> 0 X

-4 Solution 'Projed’ (1 proj
J Project
4 External Depender

el B i

Ctrl+F7

Ctrl+X
Ctrl+C

M Team E...
Del

- 0 x

Alt+Enter n File Properi -
E .
(Name)  AddSub.asr

Content  False
File Type Document «

(Name)
Names the file object.

&S5 x5 OLV4 0 0:45 AM



12 Sample Code and Run in Visual Studio --- Read in the new code

Project - Microsoft Visual Studio
P File Edit View Project Build Debug Team Data Tools Test Window Help
Pl G| 4 a9 -0 - -0 [Debug -] Win32 || | e g e PR

Solution Explorer - # x
=R
4 Solution 'Project’ (1 proj

# Build

Rebuild

Clean

Project Only

Profile Guided Optimization
Build Customizations...

New Item... Ctrl+Shift+A Add

Existing Item... Shiﬂwm_ A l References...
New Filter 4 Class Wizard... Ctrl+Shift+X

Class... %, View Class Diagram

i External Depender

X0Qj00] . J2Jojdx] JaAIaS e

N W Team E..

Resource... Set as StartUp Project C

Debug

Add Solution to Source Control...

Cut Ctri+X
% Paste Ctri+V

Remove Del

Rename

Unload Project

Rescan Solution

Error List
@ 0 Errors | 140 Warnings | i) 0 Messages
Description

J Open Folder in Windows Explorer 5 the project na...

Ready Iz Properties Alt+Enter

‘; start ‘ Projedt - Micr... En RZ__F:L x o QRN 0 0:45 AM



13 Sample Code and Run in Visual Studio --- New code

+ File Edit View
Pl S | % S
i e ae E i
| Process: |[3852] Project.exe
AddSub2.asm x

INCLUDE Irwvine32.inc

1 =f

.code
main PROC

mov EAX,12345678h
add EAX,BABBBCBDh
sub EAX,01028384h

call DumpRegs
exit

main ENDP

END main

100 % -

SRRt _
2 08P B3HAHPi bk U @a
-| Thread: |[4728] Main Thread -~ ¥

Debug

Project Build Debug Team Data Tools Test Window Help
Win32 |

= e

Hex 5|3~ =

; display the registers

L3

¢ Stack Frame: Project.exelmain() Line 11 -/

Memory 1

Address: | 0x00401010

8xpe481018 b8 78 56
81 00 @
CC €C CC
of o8 oo
88 75 a5
88 =8 d3

e S I I | L=

a2
CE
cc
aa
35
56

4 1

- # | Columns:  Auto

81 =8 @ =
cC CC CC
59 e§ d4
58 40 80 ... AU.iffe €=.P@.
34 Sb 40 .u.&y....EEPyS4[@
49 @0 81 .e0...f.E&fE.V@..

E AT \J’ﬁ i~ \Iﬁ

NS

B e o

~ Solution Explorer

i | | A
-4 Solution 'Project’ (1 project
- [ Project
4 External Dependencie
=1 AddSub2.asm

<
& Solution...

W Team Bx...




14.LST File and The Memory Contents of Code

LST Ffij’f,,f”’ (Code Segment Starting address) = g 5 Bl
e

Offset from 6x00401010

Assembly
Code

Memory

Solution Explorer B x

=01 ‘=
Machine *§ 3 Solution 'Project' (1 project
Code = [ Project
Fam S 24 External Dependencie
{_B@@B@B@@ B8 /12345678 mov EAX,12345678h ; & AddSub2.asm
00000005 TS 0AGBOCAD add EAX,@A@BBCEDh ;
eooeeeeA [20 ele203e4 | sub EAX,01020384h

BEREREAF EE 0BOBEBES E call DumpRegs ;3 display the registers
exit
Be80e01B main EMNDP
END main
Microsoft (R) Macro Assembler Version 18.88.48219.81 18/28/15 18:14:38

1Add and Subtract, Version 2 (AddSub2.asm Symbols 2 - 1

e = £

Memory 1 Registers

EAX = 12345678 EBX

7FFD7000 ~

Ethtle Endian

oxeaadlo1e Ibﬁj?g ©6 34 12| xVa. A ECX = @8813FFBe EDX = 7CS0ES514
- 00AD1015 Bt Bd Bc OB 68 ..... EST = IQEDFQPB FDI = GO0Bee20
oot o ersorar | [ sy - e
Bx8049101F e8 0 01 80 00 &a... B B

S e e .o Instruction Point after the excution
©x00201024  6a @0 e8 9 Bf j.e&c. of the first line of code.

BxEE4P01829 88 B cc cc cc  ..111 < »
) A ARl TTTTT Il:ﬂ SOIUtiOn_._
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Base: Arduino + ShiftBrite

Arduino Project 2

Project 1 --- Base + (PIR, Distance, Gas, Touch, oystlc
Temperature, etc)
Project 2 --- Base + (Project 1 components) + (Project 2
Component)
e Multiple Teams Can build a big system "'
« Will be graded gJ‘(jv
Project 2 Presentation + Demo (with a plausible scenario)
« Tuesday November 10 Class
e Presentation:

 ~ 10 slides of explaining the scenario

* Code section explanation ---- “What this code line
IS for”

* Video Clip Attachment of operation
{Recommended}

e Demonstration



Registers for x86

GENERAL DATA AND ADDRESS REGISTERS ESI
AX EAX EDI
.
CX ECX : EBP '
X {EX
S ESI ESP '
e | sp |
SP
BP EBP : ! ]
SP ESP EFLAGS
SEGMENT SELECTOR REGISTERS -
cs CODE
SS STACK
DS ‘ 8 8
s DATA AH | AL
FS 8 bits + 8 bits
GS J :
INSTRUCTION POINTER :
AND FLAGS REGISTER AX 16 bits
31 16 15 0 5 :
P EIP , :
FLAGS | EFLAGS EAX 32 bits

Figure 2-1. Intel386™ DX Base
Architecture Registers



Basic Data Types

MEMORY

BYTE VALUES (811 values in hexadecimal)
» Byte (BYTE), Words B B
(WORD) ” Dou ble D A — DOUBLE *::}r::’i:RE“ A
Words (DWORD) | = }
° thtle'Endlan B 06 | CONTAINS FEOG
* Align by 2 (word) or 4 | s o A
(Dword) for better 1 comameze
performance — instead ? —
of odd address | e e
7 0 4
BYTE BYTE 3 74 :_—‘ L
15 - 0 2 CB _ﬂ» CONTAINS T4CE
HIGE BYTE LOW BYTE WORD t - __}_ n’f?i?z_ri:ﬂ“ '
address n+l address n °
31 |23 15 .

address n+2 address n+2 address n+l address n



Instruction Format

Opcode:

— specifies the operation performed by the
Instruction.

Register specifier

— an instruction may specify one or two
register operands.

Addressing-mode specifier

— when present, specifies whether an operand
IS a register or memory location.

Displacement

— when the addressing-mode specifier
Indicates that a displacement will be used to
compute the address of an operand, the
displacement is encoded in the instruction.

Immediate operand

— when present, directly provides the value of
an operand of the instruction. Immediate
operands may be 8, 16, or 32 bits wide.

mow

mow

moss

mowv
mow
mowv
mow

mows

ea¥, sSource
dest, eax

eax, source+d

dest+4, eax
eax, source+8
dest+8, eax
eax, source+l2

dest+12, eax

mov eax, 0



Register Size and Data

e Assuming that the content of eax is [01FFO1FF],
what would be the content of eax after each
Instruction?

mov al, 155 eax:|
mov ax, 155 eax:|
mov eax, 155 eax:|

e Further Example

e Before EAX: [01010101]
mov al -10 ; EAX(] ]
mov ax, -10; EAX!| |
mov eax, -10; EAX:| |



Exercise of Register Size and Data —

 Example:
Before Instruction After
EAX: 01 1F F1 23 - mov AX, -1 - EAX: 01l 1F FF FF

Before Instruction After
(a) EBX: 0000 FF 75

ECX: 000001 A2 mov ebx, ecx EBX, ECX
(b) EAX: 000001 A2 mov eax, 100 EAX
(¢c) EDX: FF754C 2E

dValue: DWORD -1 mov edx, dValue EDX, dValue
(d) AX: 01 4B mov ah, 0 AX
(e) AL: 64 mov al, -1 AL
(f) EBX: 0000 3A 4C

dValue: DWORD ? mov dValue, ebx EBX, dValue

(g) ECX: 00000000 mov ecx, 128 ECX





