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Ex.7. MASM 8.0 — programming assembler in Visual Studio 2005

Exercise goal:
Students get familiarized with Microsoft Macro Assembler 8.0 (MASM) Package (x86) and Visual Studio

2005 Express Edition — a free, integrated development environment from Microsoft — by building sample
Windows console application.

1. MASM 8.0 features.
The latest MASM (8.0) brings possibilities on programming the latest features of modern processors:

MASM expressions are now 64-bit values. In previous versions MASM expressions were 32-bit values.

The instruction __asm int 3 now causes a function to be compiled to native. For more information, see
asm.

ALIAS (MASM) is now documented.

/ERRORREPORT ml.exe and ml64.exe option is added.

.FPO is now documented.

H2INC.exe will not ship in Visual C++ 2005. If you need to continue to use H2INC, use H2INC.exe

from a previous version of Visual C++.

operator IMAGEREL has been added.

operator HIGH32 has been added.

operator LOW32 has been added.

ml64.exe is a version of MASM for the x64 architecture. It assembles x64 .asm files into x64 object

files. Inline assembly language is not supported in the x64 compiler. For more information, see MASM

for x64 (ml64.exe).

The following MASM directives have been added for ml64.exe (x64):

.ALLOCSTACK

.ENDPROLOG

. PUSHFRAME

. PUSHREG

. SAVEREG

.SAVEXMM128

. SETFRAME

In addition, the PROC directive was updated with x64-only syntax.

MMWORD directive has been added

/omf (ML.exe command line option) now implies /c. ML.exe does not support linking OMF format

objects.

The SEGMENT directive now supports additional attributes.

operator SECTIONREL has been added.

XMMWORD directive has been added
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2. Installing & using MASM:
To provide successful MASM 8.0 one should install Visual C++ 2005 Express Edition (English version)
first.
Both MASM and Visual Studio C++ Express Edition can be downloaded from Microsoft download center
(www.microsoft.com/download).

1. Installing VC++ 2005 EE takes few steps:
e downloading and executing vesetup.exe installer (about 2,9MB),

e downloading (automated by running vesetup.exe) VC++ EE core binaries, thus active Internet
connection is necessary during setup,

e downloading and running VC++ 2005 EE SP1 and upgrading installation.
2. Installing MASM 8.0 assembler binaries to the VC++’s \bin directory (automated by running
MASMsetup.EXE (about 0.3MB).

3. Creating sample program from scratch

a. Create empty solution
Create new empty project (Visual C++/General/Empty Project):

New Project E1E3
Project types: Templates: 83 r

& Visual C++ Visual Studio installed templates

TZEmpty Project (Fmakefile Project

My Templates

ZHSearch Online Termplates. ..

I An empty project for creating a local application

Hame: I <Enter_name:

Location: IC:\DDcuments and Settings\Piot My DocurmentsiWisual Studio 2009\Projects j Browse...

Solution: ICreatE new Salution j ¥ Create directory for solution

Solution Mame: <Enter_name>

Page 3 of 10



LAB PIiA
Ex.7. MASM 8.0 — programming assembler in Visual Studio 2005

b. Add MASM support:
Select Custom Build Rules in PROJECT menu and check Microsoft Macro Assembler:

Visual C++ Custom Build Rule Files

Avalable Rule Fles:

Nare Filz Extensi.. Mew Rule File, ..
[m]Lic

cenae Compiler  *.licx C:\Program Files saft ..
. [F] Microsoft Macro As... *.asm C \Prugram Files\Microsoft .. Modify Rule File...

Find Existing...

Refresh List

Contained Custom Build Riles:

Narme ‘ File Extensi... | Command Line |
LicxCompiler * licy Ic.exe [Alloptions] [additionalOptions] [Inputs]

Cancel

c. Configure project properties:
Right-click the project title (entered in step a.) within “Solution Explorer” browser tree, select
“Properties”, observe “Microsoft Macro Assembler” position within left tree panel (similar to picture

below):
masm_sample Property Pages 2| x|
Configuration:  |Active(Debug) v | Platform: IAct|ve(\N|n32) j Canfiguration Manager...
Common Properties or d
Configuration Properties Use Safe Exception Hamdlers Mo
- General Pack Alignment Boundary Dafault
~Debugging Caling Convention Default
- Lirker Error Reporting Prompt 0 send report immediately (ferrorReport:prd

[#-Manifest Toal
(- XML Document Generatar
Browse Information
Build Events
Custam Build Step
Wieh Deployrment
= Micrasoft Macra assembler
- advanced
- General
- Listing File
L. Object File
. Command Line

Generate Browse Information File

Tiny Memory Model Support
Enables tiny-memary-model sLpport. Mote that this is not equivalent to the .MODEL

L] | | TIMY directive,  (/AT)
Ok | Cancel | Apply |

Configure includes directory localization (containing your *.inc files, if any):

Configuration:  |Active(Debug) v | Platform: IAct|ve(\N|n32) j Canfiguration Manager...

Common Properties Suppress Startup Banner Ves (fhologo)
Configuration Properties Preserve Identifier Case Default
-~ General Preprocessor Definitions
~Debugging Include Paths ciymy_masm_includes| =

[ Linker warning Level Warning Level 3 (AW3)
[#-Manifest Toal

Treat Warrings As Errors Ha
XML Documant Gensrator Generate Debug Information es (/Zi)
nglg;i;:zrmat‘m Enable MASM 5.1 Compatbiity | No

Perform Syntax Check Only No

Custam Build Step
Wieh Deployrment
= Micrasoft Macra Assembler
- advanced
© General
- Listing File
L. Object File
. Command Line

Include Paths
Sets path for include file, & maximum of 10 /1 options is alowed. (/I [path])

’Tl Cancel | Apply |
Configure external linked libraries (user32.1ib i.e. is standard Windows file however is not necessary
for this sample). Attach other libraries (*.1ib) if necessary in your final linked executable, separate
names with space. Also provide path to the folder containing libraries:

o] e
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,J'
A

s
h'F
-‘1

sample Property Pags 2| x|

Configuration: |Active(Debug) *| Platform: IActive(\Ninazj J Configuration Manager...
Cormmon Properties | ; user32.lib my_libraries.lib
Configuration Properties Ignore Al Default Libraries No

General Ignore Specific Library

Debugging Module Definition Fie

= Linker add ModLle to Assembly
- General

Embed Managed Resource File
Force Symbol References
Delay Loaded DLLs

Assembly Link Resource

L Input
Manifest File
Debugging
Systemn
Optimization
Ermbedded IDL
Advanced

s Cammand Line
- Manifest Tool
+- XML Document Generator
- Browse Information —
- Build Events
#- Customn Build Step

£-Web Deployment Additional Dependencies
& Microsaft Macra Asserbl || gpacifies additional items to add to the ik ne (ex: kernel32 ib); configuration

i = : v specific,
QK | Cancel | Apply |

masm_sample Property Pages ﬂ ﬂ
Configuration: [active(Debug) ~| Platorm: [activewingz) x| configuration Manager...

[
[
[
&
&
[

Comrmon Properties -~ QutpLIt File $(OutDIrEProjectiame).sxe
Configuration Properties Shaow Progress Mot Set
- General Version
- Debugging Enable Incremental Linking Default
= Lirker Suppress Startup Banner Yes (NOLOGO)
;- General Ignore Impart Library MNo
Input Reglster Cutput o
MamfesF File 0 ch\my_mas_libraries _I
gsgﬁﬁmg Link Library Dependencies Yes
Optimization Use Library Dependency Inputs Mo
' Embedded 1oL Use UNICGDE Resporse Files Yes
Advanced
" Command Line

[-Manifest Tool

[H- XML Docurnent Generator
&-Browse Informatian L
B-Build Events
[
[
=

- Custom Build Step

- Wveb Deployment Additional Library Directories
-Microsoft Macro Assembl Specifies one or more additional paths to search for lbraries; configuration specific;

L] T » use semi-colon delimited list if more than one.  (JLIBPATH:[dir])

Ok | Cancel | Apply |

Include debugging symbols:

mple Property Page 2] x]
Configuration: W Flatform: IActive(\NinSZ) j Configuration Manager...
Cormmon Properties 1 g Info Yes (/DEBUG)
Canfiguration Properties Generate Program Database Fle | $(TargetDir)$(Targetiame).pdb
General Strip Private Symbols
Debugging Generate Map File No
= Linker Map Flz Name
-~ General Map Exports Mo
- Input Debuggable Assembly Mo Debuggable attribute emitted
Manifest File
Debugging
Systemn
Optimization
Ermbedded IDL
e Advanced

s Cammand Line
- Manifest Tool
+- XML Document Generator
- Browse Information —
- Build Events
#- Customn Build Step
A Web Deployment
= Micrasoft Macra assembl _

i

[
[
[
&
&
[

Generate Debug Info
Enables generation of debug information.  (/DEBUG)

QK | Cancel Apply

Define system for linker output:
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masm_sample Property Pages 2] x]
Configuration: |Active(Debug) *| Platform: IActive(\Ninazj j Configuration Manager...
Cormmon Properties | Console (/SUBSYSTEM:CONSOLE) A
Configuration Froperties Heap Reserve Size a
General Heap Commit Size o
Debugging Stack Reserve Size o
= Linker Stack Commit Size ]
- General Enable Large Addresses Default
Input Terminal Server Default
MT‘@“ Fite Swap Run From €D No
:;;grﬁm Swap Run From Metwork Na
Crriver Mot Set
Optimization
Ermbedded IDL
e Advanced
s Cammand Line
[#-Manifest Toal
(- XML Document Generator
[#-Browse Information —
[ Build Events
- Custorn Build Step
- Wieb Deployment SubSystem
E “’?‘CfD?OR Macra aseermbl _| | specifies sLbsystem for the lrker,  (/SUBSYSTEM:[type])
R 0

QK | Cancel | Apply |

Include listing (.Ist) file (write as below or chose <Edit> and select appropriate Macro + add .Ist
extension to it):

masm_sample Property Pages 2| x|
Configuration: | Active(Debug) ~| Blatform: IActl\re(\Nln32) d Configuration Manager...

- General =] Generate Preprocessed Source List No
Input ble Listing File $(InputName).lst =l
WManifist File Source Listng Line Width
Debugging Source Listing Page Length
System List All Available Information No
Optimization Add First Pass Listing Na
Ermbecided 101 Enable Assembly Gernerated Code | No

- Advanced Disable Symbal Table Mo

Command Line Source Listing Subtitle

Source Listng Tite
Enable False Conditionals In Listing | No

[ Manifest Tool

[ XML Document Generatar
(-Browse Inforrmatian
B-Build Events

- Custorn Build Step

- Wweb Deployment
E-Microsaft Macro sssembl
i achvanced

General

Listing File

Object File

L. Command Line

i —

Assembled Code Listing File
Generates an assembled code listing fle.  (F[fle]y

Ok | Cancel | Apply |

You can monitor right now executable syntax during assembling by choosing:

Configuration: |Active(Debug) *| Blatform: IActive(\NinSZ) j Configuration Manager...

General ;I &l options:
Input ml.exe fc /nologo Fo"Debugymasm_sample.obj" Fl"masm_sample. lst" /1 ;I
- Manifest File ey _masi_includes” A3 /21 ferrorRepartiprompt /Ta
- Debugging
- System
L. Optimization
- Embedded I0L
Advanced
. Command Line
Manifest Tool
¥ML Document Gener ator
Browse Information
Build Events
Custom Build Step
Weh Deployment LI

= Microsoft Macro Assembl el e
- Advanced

- General El
- Listing File
- ObjectFile

& o -
QK | Cancel | Apply |

d. Customize environment
Force VS IDE to highlight MASM syntax.
To bring it to the life you need to create usertype.dat file in the “C:\Program Files\Microsoft Visual
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Studio 8\Common7\IDE\” directory (when installed in default location). The file shall contain a list
of keywords to be highlighted, one per row, i.e.:

eax
ebp
ebx
ecx
edi
edx
es

esi
esp
fs

Then teach VS IDE to recognize .ASM files as source code. Choose Tools/Options and add ASM
extension as C++ source file:

Options | x|
-Tnternational Settings +| Extension:  Edimor:
-Keyboard [l [icrosoft visual c++ = ‘ poly | Remove |
~Startup
Task List Extension ‘ Editing Experience |
Wieh Browser asm Microsoft Yisual C++
[-Projects and Solutions
(= Texct Editor
-General
-File Extension
- 4ll Languages
[H-C/CH+H+
PL/SQL
Flain Text
SCL Script
- T-50L
- T-50L7
- T-S0LED
- T-50L90 f=
AL ™ Map extensionless files to: IM\EI’DSDﬂ Wisual C++ j
(-Database Tools ;I
oK Cancel |

Restart IDE afterwards.
Sample usertype.dat file is available on local server (with those document) as well as can be
downloaded from Web.

e. Create source file
Create empty source file with .ASM extension and attach it to the project (right-click “Source Files”,
choose “Add” and then “Existing Item”).

f. Edit source file
Double click source file. When opened edit the contents. Write sample program (code below):

TITLE Hello World in Win32 ASM (helloworld.asm)
.386

.MODEL flat, stdcall

.STACK 4096

; These are prototypes for functions that we use
; from the Microsoft library Kernel32.1lib.

; Win32 Console handle

STD_OUTPUT HANDLE EQU -11 ; predefined Win API constant (magic)
STD _INPUT HANDLE equ -10 ;

GetStdHandle PROTO, ; get standard handle
nStdHandle:DWORD ; type of console handle
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WriteConsole EQU <WriteConsoleA> ;

WriteConsole PROTO, ; write a buffer to the console
handle:DWORD, ; output handle
lpBuffer:PTR BYTE, ; pointer to buffer
nNumberOfBytesToWrite:DWORD, ; size of buffer
lpNumberOfBytesWritten:PTR DWORD, ; num bytes written
lpReserved:DWORD ; (not used)

ReadConsole EQU <ReadConsoleA> ;

ReadConsole PROTO, ; write a buffer to the console
handle:DWORD, ; output handle
lpBuffer:PTR BYTE, ; pointer to buffer
nNumberOfBytesToWrite:DWORD, ; size of buffer
1pNumberOfBytesWritten:PTR DWORD, ; num bytes written
lpReserved:DWORD ; (not used)

SetConsoleTitle EQU <SetConsoleTitleA>
SetConsoleTitle PROTO, ;
pString:PTR BYTE ; points to string

ExitProcess PROTO, ; exit program
dwExitCode:DWORD ; return code

; global data

.data

consoleOutHandle dd ? ; DWORD: handle to standard output device
consoleInHandle dd ? ;

bytesWritten dd ? ; DWORD: number of bytes written

bytesRead dd ?;

buffer db 4 dup(?);

message db "Hello World",13,10,0 ; BYTE: string, with \r, \n, \0 at the end
consoleTitle db "Program testowy",0;

procStrLength PROC USES edi,

ptrString:PTR BYTE ; pointer to string

;7 walk the null terminated string at ptrString

; incrementing eax. The value in eax is the string length
;; parameters: ptrString - a string pointer

; returns: EAX = length of string prtString

mov edi,ptrString

mov eax,0 ; character count

Ll: ; loop

cmp byte ptr [edi],0 ; found the null end of string?
je L2 ; yes: jump to L2 and return

inc edi ; no: increment to next byte

inc eax ; increment counter

Jmp L1 ; next iteration of loop

L2: ret ; Jjump here to return

procWriteString proc
;;Writes a null-terminated string pointed to by EDX to standard
; output using windows calls.
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pushad

INVOKE procStrLength,edx ; return length of string in EAX

cld ; clear the direction flag

; must do this before WriteConsole

INVOKE WriteConsole, consoleOutHandle, edx, eax, offset bytesWritten, 0
popad

ret

procReadKey proc

;7 Reads a key from stdin

pushad

cld;

mov eax, 1;

INVOKE ReadConsole, consolelInHandle, edx, eax, offset bytesRead, 0
popad

ret

procSetTitle proc

pushad

cld;

INVOKE SetConsoleTitle, edx;
popad;

ret

main PROC

;7 Main procedure. Just initializes stdout, dumps the string, and exits.
mov edx, offset consoleTitle;

INVOKE procSetTitle;

INVOKE GetStdHandle, STD OUTPUT HANDLE ; use Win32 to put

; stdout handle in EAX

mov [consoleOutHandle],eax ; Put the address of the handle in
; our variable

mov edx,offset message ; load the address of the message
; into edx for procWriteString

INVOKE procWriteString ; invoke our write string method.
; —czekamy na nacisniecie jednego klawisza.

invoke GetStdHandle, STD INPUT HANDLE ;

mov [consoleInHandle],eax ;

mov edx, offset buffer;

INVOKE procReadKey;

INVOKE ExitProcess,0 ; Windows method to quit

Iz

END main
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4. Building and debugging code

a. Build solution
Building a solution is as easy as pressing F7 key or choosing [Menu]/Build/Build Solution. Right

after there should be a result information available in Output Window. You may jump directly to the
error line (if any) within source code by double clicking a suitable message in Output Window:

B helloworldasm - Yisual C++ 2005 Express Edition o =]
File Edit Wiew Project Buld Debug Tools ‘Window  Community Help
M . - B | b Debu - Win3z - | @ I
r -5 q I e
[ & 0 & & @,,5}'_..@
e = o=
- Start Page “helloworld.asm | > X
' :; walk the null terminated string at ptr3tring z] g
_:Solution'helloworldasm'(l project) ; ilncrementing eax. TI.le value 1n.eax 1§ the string length %
= 124 helloworldasm ;: parameters: ptr3tring - & string pointer ]
1 ~ 1 Header Files ; returns: EALY = length of string prritring il
S =
4 Saurce Files mow edi,ptr3tring 2
@he"gwgrld,asm mov eax,0 ; character count >§
Li: : loop é'
cmp byte ptr [edi],0 ; found the null end of string? §
je L& ; wes: jump to LZ and return 2t
inc edi ; no: increment to next hyte
inc eax ; increment counter
Jmp L1 ; next iteration of loop
Lz: ret ; jump here to return
proc3trlength ENDP
_______________________________________________ -
ElSoluti... ]Q‘gclass... | ZPrope... (4] | »
Oukput -3 X
Show output from:  Build | ]| &8 =|E
Linking. . -
LINE : C:iDocuments and SettingshpeozekalskiiMoje dokumenty i\ Visual Studio E00E%Projectsihelloworldasm\Debugihell
Embedding manifest. ..
Build log was saved at "file: cohDocuments and SettingsipozekalskiiMoje dokumentyiVWisual Studic ZO0054Projects
helloworldasm - 0 erroris), 0 warningis)
========== Bebuild Al11l: 1 succeeded, 0 failed, 0 skipped ==========
-
«| | 3|
4 Code Definition Windaw | *5Call Browser | ] Output |
Rebuild All succeeded Ln 11 Col 1 Chi NS 7

b. Debug code
As far as your project is configured accordingly to the rules presented above, you may debug your

source code. Simply press F10 or choose [Menu]/Debug/Step... command. During debug you may
set breakpoints as well as evaluate CPU registers, variables, call stack, procedure arguments, etc.:

LL; ; loop

o) cmp byce prr [jedz] 0 5 found che oall
1o LE @ yea:z JG # s 421086 4 recuen
inc &di @ no: inccement to neEst byks

momme v A memmam e e T

Harw ek Tape

@ DeTC LN L wodd ™ (3 heloanriinn, samnac s, ergihjunsinnas coar  ph R TingeCuX0SE) Lins 41
@ 1] urcaged ey Febimeiian, £os W nET ) Livs S8 T
@ = II0ERE uraigresd kg

5. Tasks to perform during laboratory.
a. Prepare programming environment using this instruction.

b. Run sample program.
c. Modify sample program so it has console name “Program testowy” instead of path, also modify

program so it analyses no more than 10 letters after displaying “Hello world” and writes again input
text with lowercase letters converted to uppercase.
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