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OUTLINE

1. Machine Language

2. Operating System – Computer

3. Operation System – Hand Held

4. Functions of OS

5. MS-DOS

6. ASCII Code

7. File System

8. Editor for Text & Hexadecimal Numbers



MACHINE LANGUAGE

The 8086 Instruction Set

Ref1: https://www.youtube.com/watch?v=L1_SLBLdJVY

One instruction consists of an operation code (OP Code) and an Operand.

An example of the machine code: 

00100 B4 09 BA 0B 01 CD 21 B4 4C CD 21 68 65 6C 6C 6F

00110 20 77 6F 72 6C 64 20 21 24 00

relative address code & data

B4 09: mov ah, 09h;

BA 0B 01: mov dx, message; // put the address of our message in the dx resgiter

CD 21: int 21h; // call the function, provided by the DOS operating system, to print

BA 0B 01: 0B 01 means the relative address at 010B -> 68 65 … 24 -> hello world !$

B4 4C: mov ah, 4Ch;

CD 21: int 21h; // call the DOS function to exit

Assembly Language

You can use DosBox emulator to check it.

http://www.gabrielececchetti.it/Teaching/CalcolatoriElettronici/Docs/i8086_instruction_set.pdf
https://www.youtube.com/watch?v=L1_SLBLdJVY
https://www.dosbox.com/


BINARY NUMBER CALCULATION & OPERATION

• Addition

• Unsigned and Signed Short Integers

• Subtraction

• Multiplication / Shift Operation

• Division / Shift Operation

• And & Or Operations to Set One Bit On/Off in a Byte (Set The Flag)

0000 1011
+0011 0101

0100 0000

0011 0101
-0000 1011
0010 1010

0011 0101
+1111 0101
0010 1010

0001 0101
X0000 0101

1 = 0000 0001 -> -1 = 1111 1110 + 1 = 1111 1111
-1 = 1111 1111 -> 0000 0000 + 1 = 0000 0001 = 1

The highest bit is used to mark the sign of the number.

0101 0100
+0001 0101

0110 1001

0001 0101 / 0000 0010 = 0000 1010

0001 0101 Or 0000 1000 = 0001 1101 0001 1101 And 1111 0111 = 0001 0101



BINARY NUMBER CALCULATION & OPERATION

• From unsigned integer to signed integer

• One byte (char), one byte unsigned int

• Two bytes (word), two byte unsigned int

• How do you change the bin to signed int?

• The MSB (most significant) bit gives +-

• If it is negative, do NOT operation and add 1.

• Why do you use this kind of encoding for 

signed integers?

• Easy for subtraction operation

binary from 0000 0000 to 1111 1111

hex from         0       to       F F

dec from         0       to      255Encode it to become a signed integer

the binary number is the same

from 0000 0000 to 1111 1111

but the interpretation changes

hex from      0 0       to      F F

dec from        0        to       -1

binary from 0000 0000 0000 0000 to 1111 1111 1111 1111

hex from         0       to       F F F F

dec from         0       to       65535Encode it to become a signed integer

the binary code is the same but the interpretation changes

0000 0000 0000 0000 → 0, 

1000 0000 0000 0000 → -32768 (dec)
10 – 8 = 2 → 0000 1010 + 1111 1000 = (1) 0000 0010

2 – 8 = -6 → 0000 0010 + 1111 1000 = 1111 1010 → -6 



BINARY NUMBER CALCULATION & OPERATION

• Multiplication

• Use shift to left operation

• Divide by 2n

• Use shift to right operation

• Bitwise operation

• Set bit to 0

• Set bit to 1

• Read bit

3 x 2 = 6 (dec) → 0011 shift to left 0110

12 x 4 = 48 (dec) → 0000 1100 shift 0011 0000
3 x 5 = 3 x (1 + 4) = 3 x 1 + 3 x 4 (dec)

0011 x 0101 →

0011 shift left 2: 1100, plus 0011 → 1111

7 x 11 = 77 → 7 x (8 + 2 + 1)

0000 0111, shift left 3: 0011 1000, shift left 1: 0000 1110,

0011 1000 + 0000 1110 + 0000 0111 = 0100 1101 (bin) → 77 (dec)3 / 2 = 1 (dec) → 0011 shift to right 0001

12 / 4 = 3 (dec) → 0000 1100 shift right 2: 0000 0011

Data: 1010 0100

Set bit 2 false (off): 1010 0100 and (&) 1111 1011

Set bit 0 true (on): 1010 0100 or (|) 0000 0001

Check bit 1: results of 1010 0100 and 0000 0010 → false

Check bit 2: results of 1010 0100 and 0000 0100 → true



TOOLS AND TRICKS USED IN CPU & OS

• Different Meaning: Operation Code & Operands / Commands & Parameters / Functions or 

Procedures & Input / Output Parameters

• Queue of Operations / Process – First In First Out

• Stacking of Operations / Data / Process – First In Last Out

• Interrupt – Real Time Response to User (Keyboard / Mouse) → event-driven programming

• System Function Calls – Do More Complicated Work

• Flag – Register The Current Condition

• Idle – Waiting for The Completion of I/O



OPERATING SYSTEMS (OS) - COMPUTER

• UNIX: “In 1969, Ken Thompson, Dennis Ritchie and others started working on the "little-used PDP-7 in a 

corner" at Bell Labs and what was to become UNIX.” GNU project

• DOS: Released in 1981 by IBM while developed by Microsoft. PC-DOS / MS-DOS

• MAC iOS: Introduced in 1984 with “graphical user interface”.

• WINDOWS: In 1983, Bill Gates announced the using of GUI for DOS. 

• The early versions are Windows 1.0-3.11. 

• Win 3.1->Win NT 3.1->Win 95->Win NT 4.0->Win 98->Win 2000->Win ME->Win XP->Win 

Vista->Win 7->Win 8->Win 10

• LINUX: In 1991, Linus announced the first version (0.02) of Linux. NetBSD, FreeBSD, Red Hat, Ubuntu

Ref1: http://www.unix.org/what_is_unix/history_timeline.html

http://www.unix.org/what_is_unix/history_timeline.html
http://www.softpanorama.org/History/dos_history.shtml
https://www.computerhope.com/history/macos.htm
https://en.wikipedia.org/wiki/Microsoft_Windows_version_history
https://www.oreilly.com/library/view/running-linux-third/156592469X/ch01s02.html


OPERATING SYSTEMS (OS) – HAND HELD SYSTEM

• Windows Phone: In 1996, the Microsoft company released Windows CE 1.0. 2000: Pocket PC 2000, 2008: 

Windows Mobile 6.1 – Sony Ericsson Xperia X1

• PalmOS: 1996: first Palm Pilot, 2003: PalmOne Treo 600 (PalmOS 5.2.1, 144MHz ARM-based CPU, 32 MB of 

RAM, and a 160x160 resolution color touchscreen)

• Symbian OS: 1998 used in PDA (personal digital assistant)

• BlackBerry: 2002 The first BlackBerry OS (BlackBerry 3.0) is used on a phone.

• iOS: 2007 Version 1.X, 2008 Version 2.X for iPhone 3G (Samsung S5PC100 32-bit RISC ARM11 620 MHz, 

ARM - Advanced RISC Machine) & iPod Touch (ARM), 2010 Version 3.13 for 32-bit ARM

• Android: In 2008, the first Android smartphone was announced, the T-Mobile-G1 (also known as HTC Dream)

• 2010 HTC-Desire, CPU: ARM(1 GHz Qualcomm QSD8250 Snapdragon), OS: Android 2.1

Ref1: http://www.unix.org/what_is_unix/history_timeline.html

https://mobiforge.com/timeline/windows-phone-history
https://www.silicon.co.uk/mobility/smartphones/symbian-mobile-history-227097
https://en.softonic.com/articles/a-history-of-the-blackberry-os-in-pictures
https://www.android.com/history/
https://www.androidauthority.com/history-android-os-name-789433/


FUNCTIONS OF OPERATING SYSTEMS (OS)

• Memory Management – Keep Track of Memory Used for Application Programs, Allocate Memory on 

Request

• Process Management – Arrange Schedule for Processes

• File System and File Management – NTFS, FAT32, exFAT

• Device Management – I/O Control, Usually Accompanied With Driver

• Security Control – Password for Accessing The Computer or Each Files

• Error Handling – Report Error, Prevent Unexpectedly Shut Down

• Checking System Performance – Clean Cache Files, Temporarily Saved Data

• Provide System Function Calls (System Calls) for The Application Programs – WinAPI, DOS API – int 21h

Ref1: https://www.tutorialspoint.com/operating_system/os_overview.htm

System Programs & Application Programs

https://www.tutorialspoint.com/operating_system/os_overview.htm


TYPES OF OPERATING SYSTEMS

• Batch operating system – similar jobs are batched together, CPU is often in 

an idle state, no priority arrangement, easily get crashed

• Multiprogramming OS – executing another job when idle, executing jobs 

with different priorities

• Time-sharing OS – CPU time shared by all programs, quick response but 

poor reliability

• Distributed OS – multiple CPUs, jobs are distributed to one of the CPUs 

accordingly (parallel computing)

• Network OS – server to client operations, share files and hardware

• Real-time OS – for real-time machine operation

Ref1: https://www.tutorialspoint.com/operating_system/os_types.htm

Ref2: http://www.it.uu.se/education/course/homepage/os/vt18/module-1/multiprogramming/
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https://www.tutorialspoint.com/operating_system/os_types.htm
http://www.it.uu.se/education/course/homepage/os/vt18/module-1/multiprogramming/


OPERATING SYSTEMS (OS) - DOS

• DOS – Disk Operation System, Commands & its batch file

• dir or dir /s (with /s options) – show directory & files, help dir – show how to use 

the command dir

• cls – clear screen, cd – change directory, mkdir – make a new directory

• format – format e:, initialize and empty the disk e

• date (time) – show current date and prompt to input new date

• echo – print our text, type – print out text in a file (text are ASCII coded symbols)

• ping 140.113.6.2 – use the domain name server to check your internet connection

• tree – directory structures of the current disk

• tree > ex02a.txt – redirect output to the file of the name “ex02a.txt”

• type ex02a.txt – show text contents

• ex02.txt – Windows will identify the extension “txt” and call the relating application 

program

Ref1: https://www.computerhope.com/msdos.htm

The MS-DOS Emulator in Windows 10

Exercise

https://www.computerhope.com/msdos.htm
Command Prompt.lnk


OPERATING SYSTEMS (OS) – FILE CONTENTS & 
ASCII CODES

• Files always consist of binary codes. The binary condes are used to represent “characters” as well, 

thus you can express the binary codes as text.

• The binary coding of the file is the same. The play role of the file content is only dependent on its 

extension name (file suffix).

• If the filename extension is “exe”, the binary codes are operation codes and operands.

• If the filename extension is “txt”, the binary codes are characters and symbols.

• If the filename extension is like “dat”, the binary codes are 16bit or 32 bit data or even image data.

• The file contents are composed of bytes or words (two bites) so we define the symbols by either one 

byte (0-255, ASCII codes) or one word (0-65535, UNICODE).

Ref1: https://commons.wikimedia.org/wiki/File:Ascii-codes-table.png





OPERATING SYSTEMS (OS) – FILE SYSTEM

• File Allocation Table (FAT): 

• started since the development of DOS, several different types – FAT12, FAT16, FAT32, 

NTFS, use link list data structure

• 5.25” Disk: 1 side, 40 tracks on each side, 8 sectors on each track, 512 bytes on each 

sector, totally 160 kBytes; boot sector on the 1st track (boot & file information)

• FAT32: 32 bits for restoring sector address, 512 bytes or 8 clusters (8 * 512 bytes) on 

each sector, totally 232 × 512 ≅ 2 × 109 bytes.  

• Disks, Directories & Files:

• Disk Label & Title: A & B for floppy, C, D, … for hard disk, CD ROM, and other plug 

and play drives

• Disk -> Root directory, consisting of files and directories – tree data structure

Ref1: https://www.minitool.com/lib/boot-sector.html
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https://www.minitool.com/lib/boot-sector.html


APPPLICATION PROGRAM – EDITOR

• Install PSPad (or Notepad++) – A text editor used for “programming” – a sequence of codes 

that can be executed once

• Google search: pspad

• Download the latest version, only 32-bit version

• Check & doubt whether you are targeted by virus in the execution files

• Open the application program – PSPad (notepad++) and take a look of its menu & functions

• Where is your installed program files in the disk?

• Start PSPad to edit a text file – create abc.txt and put a line of hello world in it

Ref1: http://www.pspad.com/

Exercise

http://www.pspad.com/
file:///C:/Program Files (x86)/PSPad editor
http://www.pspad.com/


APPLICATION PROGRAM – EDITOR

• Install a hexadecimal editor to see what’s in the IC_W401.txt

• Google search HEXEdit

• Download and open it by WinRAR

• Use HEXEdit.exe program to open the text file IC_W401.txt

• What do you see?

• The files are always in binary codes.

Ref1: https://www.techworld.com/download/developer-programming/hexedit-630-3249772/

Exercise



MACHINE CODE EDITING

• Use PSPad to create an exe file with a specified file size.

• Use PSPad to edit the machine code of the exe file.

• Use DOSBox (DOS emulator), mount your drive (mount d: d:\)

• Run your edited program of machine codes.

Exercise



EXERCISE

1. For a 8-bit, signed integer, please show the decimal numbers 20, -40, 110, -120 in the binary form.

2. For a 16-bit and signed integer, please show the decimal numbers of -3268, 32767, -1, 1 in binary 

form.

3. Please convert the decimal numbers 50, 4 to binary numbers (use unsigned 8-bit format) and 

calculate results of multiplication (50*4) and division (50/4) using the shift operation.

4. Please use 8-bit signed binary numbers to show how computer calculate the decimal number 

operation of 3 – 4 = -1.

5. Please use 8-bit signed binary numbers to show how computer calculate the decimal number 

operation of 110 – 127 = -17 and 110 – 108 = 2.



EXERCISE

1. For a 8-bit, signed integer, please show its maximum & minimum decimal numbers and their 

corresponding signed binary form.

2. For a 8-bit, signed integer, please show the decimal numbers of -100, -3, 9, 127 in their signed 

binary form.

3. Please use 8-bit signed binary numbers to show how computer calculate the multiplication of 7 

x 3 = 21.

4. Please use 8-bit signed binary numbers to show how computer calculate the multiplication of 5 

x 19 = 95.



EXERCISE

1. We start from a flag of 8 bit binary number of 10010110. Here the 1st bit from the right is 0. If 

we want to set the 2nd bit (from the right) to 0, how do we do by using the bitwise AND or OR

operation? If we want to turn the 4th bit (from the right) from 0 to 1, how do we do using the 

bitwise AND or OR operation?

2. We start from a flag of 8 bit binary number of 10010110. Here the 1st bit from the right is 0. If we 

want to set the 3rd bit (from the right) to 0, how do we do by using the bitwise AND or OR

operation? If we want to turn the 6th bit (from the right) from 0 to 1, how do we do using the 

bitwise AND or OR operation?



EXERCISE

1. For a double sided 5.25” floppy disk, there are 40 tracks one each side, 8 sectors on each track, 

and 512 bytes on each sector. How many bytes can be stored in the double sided floppy disk?

2. What are ASCII numbers of characters and symbols of ‘A’,  ‘z’, ‘&’, ‘5’, ‘<’, and ‘}’?



EXERCISE

• An example of 16-bit machine code is presented above and it can print out the string of ‘hello 

world !$’ on the screen. Please refer to it and prepare a program of machine codes to print out the 

string of ‘I love NYCU q!’. You may need to check hexadecimal numbers of those characters on the 

table of ASCII codes.


