8/22/26, 11:39 AM Unit 1: Basic Computer Structure

1. Computer & Functional Blocks (CPU, Memory, I/0, Control
Unit)

i it digital computer §& &9 & TR functional blocks ¥ @@ s=d1 § — Input
Unit, CPU (Central Processing Unit), Memory Unit 3R Output Unit| ag I

blocks 3Mqd & bus & through connected gid € 3R fAd@ex data ot accept, process,
store 3R display &ed g1

« g2 functional block T Ta specific role giar &, & IRT computer system Te
coordinated d<ich € &M &= UAT &1

o Data Uget Input Unit § 3ieR 3mar €, fok CPU 3¥ process &Rdl &, TRevd Us+ &R Memory
d store/retrieve @xdr g, 3R 3id # Output Unit & through result f@mr ST 81

o 3 T4 blocks @t control & 3R U & synchronize Y@+ &l & Control Unit &A1 g,
St CPU & 3iaR HIS[G gidT 8|

Control Unit

Registers

> (9]
— v
) I C l C

@3 1.1 — Computer & functional blocks: Input Unit & data CPU & ST €, CPU (Control Unit + ALU + Registers) 3&
Memory & &Tef fiidaR process @=dl & 3R result Output Unit & ST&R ST &l
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1.1 Input Unit

o Input Unit g8 block & St a8t g (user) & data 3R instructions @ computer & 3iaR
AR AT B |

« I8 human-readable data (Si® keyboard & typed text) @ computer-understandable
binary form & convert @=ar g1

e Examples: Keyboard, Mouse, Scanner, Microphone, Joystickl
1.2 Central Processing Unit (CPU)

CPU @&t computer @7 "brain" g1 SI1dT &, il I8 ¥ instructions @t fetch, decode
3R execute I HI HME Hdl g | CPU &7 &7 & dF parts I fAce adT g |

Control Unit (CU) Instructions @Y fetch 3R decode &3dT g, 3R areht It units &Y control
signals ¥R 39 &TH & coordinate &dT gl

Arithmetic and Logic ~ @+ft arithmetic (add, subtract, multiply, divide) 3R logical (AND, OR,
Unit (ALU) NOT, comparison) operations perform @&3dT gl

Registers BIdt, 9gd dsf memory locations gldt & St data R instructions @&t
temporarily CPU & 3R store &3l & (99 AC, PC, IR, MAR, MDR)]

1.3 Memory Unit
¢ Memory Unit &I @™ data 3R instructions @ store &A1 gIdT g, ST& deh 3l STexd &l

¢ Primary Memory (Main Memory) — i@ RAM 3R ROM, St CPU & directly
connected gidl § 3R fast access &t g, @fde1 RAM volatile gidt § (power off gid gt data
delete)|

e Secondary Memory — S1¥ Hard Disk, SSD, Pen Drive, St non-volatile gt § 3R
permanently data store &dt g, dfcd speed & primary memory @ slower gidt g1

1.4 Output Unit

« Output Unit computer gRT process &g 7T result @ binary form & human-readable
form # convert & user & i@ &1

o Examples: Monitor, Printer, Speaker, Plotterl
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1.5 Control Unit (CU) — AR &

Unit 1: Basic Computer Structure

Control Unit CPU @ dg YT § STt instruction cycle & & step (Fetch, Decode,
Execute) @ manage @xdT g 3R control signals generate @<a 92 computer & g4t
components & gl GHT U gl B i & felq direct dRar gl

* Jg @g data Pl process Ag! ohxdl, feeh A a1l units &l control &dT g — g&ifeiy 3d

"manager " &l aXg THST ST GhdT g |

o Control Unit gt d¥iel @ design gl Tt &: Hardwired Control Unit (fixed logic

circuits ¥ &) 3fR Microprogrammed Control Unit (microinstructions/control
memory &l use ¥ch a1 |

Key Point: CPU + Main Memory i@ system @1 "processing core" §1d g, STafch

Input/Output Units agt 311 ¥ communication @l &M &d g1 I8 =T arrangement
Tah system bus & through 399 # 1381 81

__________________________________________________________________________________________________________________________________

2. Von Neumann Architecture vs Harvard Architecture

Computer architecture Ig ddrdt g fos CPU, Memory 3R instructions/data & st T

arrangement &dT1 g1 $9a &l & models gid § — Von Neumann Architecture 3R
Harvard Architecturel

2.1 Von Neumann Architecture

o 39 architecture # instructions 3iR data g4l g& & common memory # store gid &,
3R T& & bus (system bus) @& through access fu Sid €1

e CPU T THI H ITAY instruction fetch @ TahdT § AT data access o Jhdl g, SIHI Teh 1
T8l — riifes bus Tk €t 1

o Design & (simple) g 3R 3T +ft 31fdihdR general-purpose computers (34 PC) s<it
architecture W based gid €1

2.2 Von Neumann Bottleneck
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Von Neumann Bottleneck: I instructions iR data G-l &l T &I bus & gh-Udh
P transfer =T Usdr §, 39Ty CPU fI processing speed, memory-to-CPU data
transfer &I speed ¥ limited (bound) 81 SITdt g1 38 limitation "Von Neumann
Bottleneck" shgelTdt & 3R ¥g performance ! &H &R el &, especially ST CPU sigd
d<t g1 @fhd memory access slow gll

2.3 Harvard Architecture

o 39 architecture H instructions 3R data & felT 3 -31e’T memory 3R AT-3HeT
buses gld €1

o Ifeh instruction fetch 3R data access 3l paths @ gld &, 39feiy CPU GIHT ot parallel
(simultaneously) access & dodl &, SIad speed &l 5

« g architecture FA1GIaR microcontrollers, DSP (Digital Signal Processors) 3R
embedded systems & use gIdt g, S8l speed critical gidl g1

Von Neumann Architecture Harvard Architecture

Single Bus

Common Memory

Instruction

(Instructions + Data) Memory

&3 2.1 — Von Neumann & Ta& & memory 3R bus @t instructions @ data & share @<d & (bottleneck T &RoT);
Harvard architecture # instruction 3R data & faiw separate memory &R bus gia § (parallel access @+a)|

2.4 Comparison Table

Memory Instructions 3R Data & folw T Instructions 3k Data & feig
common memory separate memory

Bus Single shared bus Separate buses (parallel access)

Speed Bottleneck &t a<ig & comparatively Faster, Fife fetch 3R access
slow parallel g/d §
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Design T (Simple) 3% complex 3R costly

Complexity

Use General-purpose computers, PCs Microcontrollers, DSP, embedded
systems

Exam Tip: "Von Neumann Bottleneck" Ueh sgd common exam question § — &
¥ foh I8 single shared bus @i asig @ gid1 8, S8l instruction fetch 3k data transfer

Ueh 1 Tl &1 gohd |

3. Bus Structures — Data, Address 31i Control Bus

Bus parallel wires/lines @1 Y& d5g (group) gidT &, {1 through CPU, Memory 3R
I/O devices 31U # data, address 3R control signals @l transfer @xd g1 Bus T
common communication path & d3g &M &xdl g, [SI€ &g components share &xd

gl
System bus @t functionality & according dH g& types # divide far sirar &:

3.1 Data Bus
o Data Bus @I &M actual data @ CPU, Memory 3R I/O devices & &t transfer a1 gidT
gl
o Ig bidirectional gfar g — art data I directions & (CPU & memory, 3iR memory &
CPU) travel @ TchdT g1

e Data bus &t width (S/€ 8-bit, 16-bit, 32-bit, 64-bit) I8 decide &l g foh Teh gHT H foha=
bits transfer g ¥hd § — width [Sia+t $a1@T, speed I+t sgar|

3.2 Address Bus

 Address Bus &I &M memory location arI/O device &l address SdHT gidT g, T8l &
data read &A1 & a1 STET data write AT & |

* I8 unidirectional gid1 g — address g4 CPU & Memory/I0 &l &Rt g Sl ST
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o Address bus @I width I8 decide &Rt g fd CPU fahdt maximum memory locations ot
address @R 9ehdT & (n-bit address bus = 2" addressable locations)|

3.3 Control Bus

« Control Bus @I &M control signals (Si@ Read, Write, Memory Select, I/O Select,
Interrupt, Clock signals) @t carry =T gidT g

« g Control Unit gRT generate &t 7T signals & a1l components @& ggardr &, difds
g4t operations gl 9 0, Wgl sequence | gl

o g bidirectional g @ehdT &, ik & control signals CPU & ST8X I11d & (S
Read/Write) 3R 3 16X @ CPU &t fAed € (Si€ Interrupt request) |

Address Bus (CPU — Memory/IO)

Mernory

Data Bus (bidirectional)

/O Devices

Control Bus (control signals)

7 3.1 — System Bus dF parts # divide g1 &: Address Bus (location 9@ @& foig), Data Bus (actual data transfer
& faiT) 3k Control Bus (operations @t synchronize @<+ aret signals o felg)|

3.4 Basic Operational Concept

1. Control Unit T& control signal (S "Read") generate &l & 3R 38 Control Bus ™
ATl g1

2. QI gt CPU 39 memory location @ address, STgf @ data a1igq, Address Bus &R I@dT g |

3. Memory 39 address @&t decode @< requested data &l Data Bus @R 3@ qdl g1

4. CPU Data Bus ¥ @8 data Ug oidT g 3R 39 register # store & aar g|

Data Bus Bidirectional Actual data @t transfer &AT
Address Unidirectional (CPU - Memory/IO location @T address ST
Bus Memory/I0)
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Control Bus  Bidirectional Control signals %<1 (Read, Write,
Interrupt afg)

4. Number System — Decimal, Binary, Octal, Hexadecimal 3iR
Conversion

Number System dg a<iaT g S numbers &l represent (ferar) foar STar g1
Computer & 3igy 9+t data (ITe text g1, image 8! AT instruction) 3idd: binary

numbers & U H gl store glaT 2|
Decimal 10 0-9
Binary 2 0,1
Octal 8 0-7
Hexadecimal 16 0-9, A-F (A=10, B=11, ... F=15)

4.1 Decimal to Binary/Octal/Hexadecimal Conversion

Decimal number &I &R base # convert &3+ & folv 38 aR-aR target base & divide &d
& 3R 82 step @I remainder 9 ¥ W Ugd &1

Example: Decimal 25 Eall Binary T convert @
25 / 2 =12 remainder 1

12 / 2 = 6 remainder ©
6 / 2=23 remainder ©
3 /2=1 remainder 1
1 /2=20 remainder 1

Answer (A ¥ W Te): (25)10 = (11001)2

4.2 Binary to Decimal Conversion

X bit &t 3T positional weight (2") & multiply &R dR results add &R qd &1
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Example: (11001)2 P! Decimal H convert &3
1x272 + 1x2"3 + 0x2"2 + Ox2”1 + 1x270
=16 + 8+ 0 +0 + 1

(25)10

4.3 Binary to Octal / Octal to Binary

« Binary @t Octal & sgem & fT bits @l 2T 3k @ 3-3 & groups # sfed & (Tl 23 = 8) |

o Octal @l Binary # 9gai+ & fdig 82 octal digit <t 39 3-bit binary equivalent &
replace @ qd €1

Example: (11001)2 P Octal H convert %

911 o001 (3-3 bits & groups, Gﬁg?ﬂ'tﬁgﬁ W 3T 0 add aéi)
3 1

Answer: (11001)2 = (31)8

4.4 Binary to Hexadecimal / Hexadecimal to Binary

e Binary @ Hexadecimal & sgem & fT bits ol 2T 3k & 4-4 & groups ¥ sfed & (aifs 24
=16)I

» Hexadecimal @t Binary # sige & fT 8% hex digit &l 34 4-bit binary equivalent 9
replace @Xd g1

Example: (11001)2 P! Hexadecimal H convert @Y
0001 1001

1 9
Answer: (11001)2 = (19)16

Key Point: Octal 3fk Hexadecimal g4t binary @ s & convert gl § aifes 8 = 23

3k 16 = 24 &1 sfifw Programmers @& binary numbers @l compact &1 & faem &
faw Octal/Hexadecimal opl S%HTA &d g1

__________________________________________________________________________________________________________________________________

5. Registers, Types of Registers 3R Instruction Cycle
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Unit 1: Basic Computer Structure

Register CPU & 3igz HIS[g Teh 9gd BIct, 9gd o (fastest) storage location g1t &,
fSrepT IUANT data, address aT instructions @t temporarily store &R+ & foig fahar Srar
&, difch CPU 378 g¥d process & ekl Main memory & comparison H registers &t
access speed Y IS gl 8, cifch ST size Igd BT (T bits/bytes) g &1

5.1 Types of Registers 3k 37 Functions

PC

IR

MAR

MDR / MBR

AC

General
Purpose

Registers

Program Counter

Instruction
Register

Memory Address
Register

Memory
Data/Buffer
Register

Accumulator

3TTelt execute g dTelt instruction &T address 3&dT gl

Memory ¥ fetch &l 713 current instruction @t store
T 8l

39 memory location &T address ¥&dr g, oG
read/write &3AT gl

Memory ¥ Ugl a1 a1 memory # ferar S+ arerr data
temporarily store &dT gl

ALU operations & intermediate results store &dr

gl

Programmer & by 3=t & use g ard registers,
faf9= temporary values store &3 & fag (S RO, R1,
R2...)I

5.2 Instruction Cycle (Fetch-Decode-Execute Cycle)

about:blank

Instruction Cycle a8 sequence of steps g, St CPU T instruction & memory &
TR I execute T & [y IR-IR repeat H=dT g | I8 J&Ia: oI steps A gldi g —
Fetch, Decode 3R Execute!|
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1. Fetch 2.Decode 3. Execute

3FTE instruction & T cycle fsr repeat gra %

&7 5.1 — Instruction Cycle: Fetch (memory & instruction @HT1) — Decode (3| meaning IHsT1) — Execute (39
perform @&<T), fthr 3RTeT instruction & falg T@! cycle SERT TdT 81

1. Fetch: PC # His[g address @l use @<, 98 instruction Memory @ @ IR | store <l
STt 8, 3R PC @l next instruction @ f@W increment &R f&ar Sirar g1

2. Decode: Control Unit 39 instruction @ decode &<eh g UdT eIl & fcb hi--TT
operation perform @1 g 3R &I9-& operands @13TI

3. Execute: ALU 31 1h! components & through actual operation perform gidr g 3R
result register/memory ® store gl ST g

T1g ¥ g instruction & falg a8 7 cycle (Fetch-Decode-Execute) FERT-GIERT repeat

gId1 8, ST dh program @cH A 81 SI¢ | &g modern CPUs # U T step "Store”
(result @t @ memory # feia=n) off giaT g1

6. Register Transfer, Bus 3R Memory Transfer, RTL

Computer & 3i g dTet G4t operations 3idd: registers & st data movement 3R
microoperations & &4 # gid g1 3 operations @& symbolically represent @A & feig
Register Transfer Language (RTL) T &A1 fohar SITaT 81

6.1 Register Transfer

« Register Transfer @l AdeTd § Tdh register &l content &l g&R register # copy &I

» 34 simple arrow notation @ represent fhaT STAT & — JH R2 « R1 BT AdAS & R1
value R2 # copy 81 %@ § (R1 unchanged ¥gdT g)|
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R2 « R1 // R1 @ content R2 H transfer B8R
If (P=1) then (R2 « R1) // Conditional transfer: Rt dd R 91§ control signal P = 1

6.2 Bus Transfer

o SI9 §gd R registers 3UF # connect &4 gid &, dl &2 register & st 3T wires T
costly g1 STraT § — $9feiq ¥ common bus @7 use foar STaT §, [99 @+t registers share
A EI

e Bus @ control &=+ & fag Multiplexers (MUX) @1 3&HTd 81T §, ST select @@l &
according decide &¥d § f& fhd register &1 data bus U @1 SITQ|

o Uoh IHYT R O™ T &1 register bus TR 3TUAT data WSl TohdT g, dfch s registers 3@
simultaneously receive & Tehd g1

6.3 Memory Transfer

¢ Memory Transfer @ qdad 8 Memory 3R Registers & &9 data & 3GH-UEH
(exchange)l

o 3T falT gl basic operations gld § — Read 3R Write |

Read Operation: R1 « M[AR]
(Memory Address Register o ﬁTQ U address T data Ted R1 § store é‘ )

Write Operation: M[AR] « R1
(R1 &I content, AR | ﬁ?q T address UX memory T forar S )

6.4 Register Transfer Language (RTL)

RTL Ta symbolic (shorthand) notation &, fSirert g&aHTe digital systems & micro-
operations @I precisely 3fR compactly describe &R+ & foig fobar Sirar § — famr fawar
¥ plain English # fad|

Letters/Numbers Register el 9TH MAR, R1, PC, AC
Parentheses () Register & 3ieX Ua specific part/field PC(L) — PC &' low-order
byte
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Arrow «

Comma,

Square brackets [

Unit 1: Basic Computer Structure

Data transfer &Y direction R2 — R1

T Aq1Y (simultaneously) 814 aret operations R2 « R1,R1 « R2
3T &Y & forg (values swap)
Memory address @' indicate &3 & fag M[AR]

Key Point: RTL &I main %rIgT I8 § fh a8 hardware & internal register-level
operations @l §gd &I precise 3R unambiguous @iid & represent &= g, foiad

digital circuits design T 3T & ST g

7. Microoperations — Arithmetic, Logical 3R Shift

Microoperations

Microoperation g 9a& basic (elementary) operation gidt g, S e a7 Ueh & ST1GT
registers # store 321 W perform &l STdt g, 3R ST GHRIG: Gah single clock pulse ®
complete g STt 18X machine instruction 3igX ¥ &3 microoperations & sequence

T execute gidt g1

Microoperations @t 39 & & according diF categories # divide fasar ST &:

7.1 Arithmetic Microoperations

o IE registers # store binary data ®R arithmetic operations (& addition, subtraction,

increment, decrement) perform &Rl g1

R3 « R1 +
R3 « R1 -
R1 « R1 +
R1 « R1 -

R2
R2
1
1

// Addition
// Subtraction (2's complement‘@'implement éiﬂ %)
// Increment

// Decrement

R2 « ~R2 (Complement)

7.2 Logical Microoperations

about:blank
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o IE registers & individual bits 4R logical operations perform & g, 3R &% bit
independently process gId1 & (hI2 carry involve 981 gidT) |

R3 « R1 AND R2 // Bitwise AND — GHI bits 1 B a result 1
R3 « R1 OR R2 // Bitwise OR — @I 4 bit 1 & @ result 1
R3 « R1 XOR R2 // Bitwise XOR — bits 3@ @I @l result 1
R1 « NOT R1 // Complement — BX bit invert HESIGI %‘

7.3 Shift Microoperations

o Ig register & 3iaR bits @l left AT right &I AR shift (RETer™) 1 ™ Pt §1 T8 serial
data transfer 3fR multiplication/division (by powers of 2) # Iudift gidl &1

Logical Shift Bits @1 left/right shift &3dr 8, 3R @refl g8 ST WR 0 insert T &l

Arithmetic Shift Signed binary numbers & falg use g1d1 & — sign bit &Y preserve I&d g
shift @t g (right shift & sign bit copy 84T 8)1

Circular Shift ST bit Teh dR% & dTgR [AeheTal , g8l bit ALY dvW% a19d insert g ST & (eh13 bit
(Rotate) lose gl gar)|

Circular Right Shift Register (4-bit)

&= 7.1 — Circular shift § T& right aTaT bit sTeX Mhetert T left IR IT9H 3T SITdT &, 39T is 4 bit permanently
lose gl gl

Exam Tip: Arithmetic shift 3R Logical shift # 71 e a8 g fob Arithmetic shift
signed numbers @& sign bit @ preserve &dT g, Stdih Logical shift & ga2m 0 gt insert
gldT § — I8 T common comparison question g1

8. ALU 3iR Arithmetic Logic Shift Unit
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ALU (Arithmetic and Logic Unit) CPU @7 a8 combinational circuit &, it fRT g g
operands W, select lines & according, arithmetic I logical operation perform
T & 3R result output FHRAT S|

o ALU g input operands (Si& A 3R B) @idT 8, 919 8 $© select/control signals &d1 g St
Ig decide &Xd g fob -1 operation perform gim|

o ALU output & a1y-a1d $© status flags it generate &=dr g, S¥ — Carry, Zero, Sign,
Overflow — St 3Rt i decisions (Si€ conditional branching) # &1 gid g1

Operand A

Result

Flags (C,Z,S,0)

7 8.1 — ALU & operands (A, B) 3fR select lines @@ operation perform @Rar g, foR result & a1 Carry, Zero,
Sign, Overflow S status flags ¥t generate &=ar gl

Operand B

8.1 Arithmetic Logic Shift Unit (Combined Unit)

F® processors ® Arithmetic, Logic 3R Shift — dHf operations & fag 3erT-serT
circuits I &l ST, Yo g combined "Arithmetic Logic Shift Unit" =1 faar sirar
&, 51t select lines & combination ¥ decide T g o BH-4T operation (Add,
Subtract, AND, OR, Shift Left, Shift Right 8Tf¢) perform &R=T g

00 Arithmetic Add, Subtract, Increment
01 Logical AND, OR, XOR, NOT
10 Shift Shift Left, Shift Right, Rotate
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g9 design oI %G1 I8 & foh hardware &H o7TaT g (Ta &1 unit & 9% operations g1 Sd §) 8RR
control ATt I g1 ST 8, Hifeh select lines & through 81 98! operation choose gt
ST g |

9. Data Representation — Fixed Point 3iR Floating Point

Computer @& 3§ numbers (integers 3R decimal/fractional values i) &t store
e & &I main ki gid & — Fixed Point Representation 3R Floating Point
Representationi

9.1 Fixed Point Representation of Integers

o Integer numbers @I represent &=+ & feig T fixed number of bits use gidt §, S8 @
ggdT bit (MSB) 3HdR W sign bit gia1 & (0 = positive, 1 = negative), 3R a1 bits
magnitude (value) &l represent &xd gl

« Decimal point A2 T& fixed position W AT 1A & (usually 989 right, s9fag "fixed
point")I

8-bit fixed point representation of +25:
Sign bit: © Magnitude: 0011001
=> 0 0011001 (MSB = sign, SId! 7 bits value)

9.2 Fixed Point Representation of Decimal (Fractional) Numbers

o Fractional numbers (S 5.75) & represent &+ & fAT bits @t &l parts 7 divide &= f&ar
SIdT § — Integer part 3R Fractional part, fSi9ias &9 ga assumed (implied) binary

point giaT 8|

o gfh binary point & position fixed &t g, 39T 89 "fixed point" representation &gd
§ — oifch 38H agd 98t range @ numbers represent &A1 Jfehel BIdT &

9.3 Floating Point Representation

Floating Point Representation & numbers @t scientific notation 99 wu &
represent a1 STTAT §: Number = Mantissa x BaseF*Ponent| SHY Fgd BIC 3R ugd a9
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I numbers, &I &l Teh 8t format d represent T ST Gapar g |

IEEE 754 — Single Precision (32-bit) Format

S Exponent (8 bits) Mantissa / Fraction (23 bits)

Sign (1 bit)

% 9.1 — IEEE 754 single precision format # & 32 bits 8id & 1 bit Sign, 8 bits Exponent 3R 23 bits Mantissa
(fractional part)!

o Sign bit — number positive g a1 negative, I8 Fa1dT & (0 = positive, 1 = negative)|

« Exponent — number & range/magnitude ! represent &xdr g (bias & ITY store gidT
g)|

o Mantissa — number @& precision/significant digits @ represent =T g

Range ifad (Limited) range sgd 918! range (very large/small numbers)
Precision %A bits &Y gsig I limited SaTaT precise (mantissa &Y g7g )
Complexity Implement &3AT a1 Implement &3AT $a1aT complex

Speed Fast operations Comparatively slower operations

Use Simple integer calculations Scientific calculations, real numbers

10. Negative Number Representation — Sign Bit, 1's
Complement, 2's Complement

Binary system # negative numbers @l represent @R+ o J&I: i d<ich 8id & —
Sign-Magnitude, 1's Complement 3R 2's Complement| 398 & 2's Complement
gad &I use g4 arell method &, ifdh a8 arithmetic operations @t I&d simple
CRIGINS
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10.1 Sign-Magnitude Representation (Using Sign Bit)

o Y UG bit (MSB) sign Sardr g — 0 = positive, 1 = negative — 3R dTeh! bits &t
number &I magnitude (absolute value) Id1d g1

+5 (8-bit)
.
-5 (8-bit) = 1 oee0l101 (ﬁmﬁ'sign bit dcdl, magnitude same)

0 0000101

Problem: 394 & zeros &9 S1d € — +0 (00000000) 37k -0 (10000000), S arithmetic
circuits ST complex g Srar g |

10.2 1's Complement Representation

» Negative number 91 & faT positive number & & bit @t invert (01, 1-0) &=
ST 81

+5 (8-bit) = 0000 0101
-5 (1's Complement) = B} bit invert P = 1111 1010

Problem: g&# +ft & zeros (+0 3R -0) ¥4 €, 3R addition & Ta extra step ("end-around
carry") add AT USAT 8 |

10.3 2's Complement Representation

2's Complement [epre & feig, gga number @1 1's complement @d g, for 39+ 1
add &= gd g1 I8 method 31T 1T 9+ modern computers # negative numbers

store &R & flT use glaT &1

+5 (8-bit) = 0000 0101
1's Complement = 1111 1010
+1 + 1

2's Complement of 5 = 1111 1011 (Tﬁﬂ -5 &I represent dXd %)

10.4 Comparison Table

about:blank
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Negative 9 T adieeT 8% sign bit g+t bits invert 1's complement + 1
EEGEI] AT

Zero Representation at zeros (+0, -0) at zeros (+0, -0) f&% T& unique zero

Addition/Subtraction Complex (sign Extra end-around  ¥&9 simple — T& &

Circuit 31T & handle) carry g1fgq adder circuit @
add/subtract g=f

Use # Igd &HH Igd HH Modern computers &
standard

Key Point (Exam Important): 2's Complement s SI1GT use i1 & Hilfdh 391 A
- Udh zero gl g 3R subtraction @ i addition & w4 # gt perform fehar ST @erd1 § —
299 hardware design Sigd 83 g1 SITdT & |

11. 2's Complement & Arithmetic Addition 3R Subtraction

2's Complement representation &l TaY JT HIIGT T8 & o 389 subtraction <t ot
addition &t avg & perform fosar ST TehdT § — &9 subtrahend (€ e §) &1 2's
complement @, 38 minuend & add &= &A1 ST 1

11.1 Addition using 2's Complement

e GHI numbers (positive a1 negative, St 41 g) &t 39 2's complement form # ¥ig add
= fear S g1

o 3R addition & a1¢ Ya extra carry-out (MSB & aTgR) 311dT g, df 3¢ discard (ignore) ax
fear STTaT & (979 dh overflow &t condition T &1)1

Example: (+5) + (-3) Pl 2's complement H add B (8-bit)

0000 0101
1111 11e1 (2's complement of 3)

+
Ul
I

1
w
]
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Sum = 1 0000 0010 - carry out Pl discard ®Y
Result = 0000 0010 = +2 V (Correct!)

11.2 Subtraction using 2's Complement

e Subtraction (A - B) @t perform @+ & feig, B &1 2's complement e 38 A ® add
ERQEIT\_TI'HT%ZA - B =A+ (2's complement of B)I

Example: 7 - 5 Pl 2's complement I solve B3 (8-bit)

7 = 0000 0111

2's comp of 5 1111 1011

1 0000 0010 -~ carry out discard PR
Result = 0000 0010 = 2 (7 - 5 = 2, Correct!)

Sum

11.3 Overflow Condition

Overflow dd gidT1 § 5Td result 3T 981 g1 ST1aT & b a8 T 7Y bits $i range # fit gt
glar (Si€ &t positive numbers add &= @R negative result 31T SY, AT & negative
numbers add &= @R positive result 3T T) | 38 UgaMH &l rule §: 37 sign bit i
X% 311 aTeT carry (carry-in) 3R 9ot 3nf@: carry (carry-out) 3terT-31e T g, at
overflow g3 gl

2's Complement Method & &1 &4 I 91d (Limitations)
Advantages o Overflow & Tgl ggaM & & faw
o Addition 3R Subtraction i & extra logic circuit IfigT glar g1
fore fadh wes €1 adder circuit =fey « Fixed bit-width i aw7g @

— subtraction & faw a1 circuit representable numbers & range

TET ST TS| difaa (limited) g &1
« f@% g& unique zero giar g, Sad

comparison operations 39 gt

ST g1
« Hardware design simple 3fR cost-

effective gt SITAT & |
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__________________________________________________________________________________________________________________________________

Exam Tip: 2's Complement addition/subtraction @& numerical questions exams #
ggd common & — B4 carry-out &t discard &1 A5 W (19 deh overflow 7 gl), 3R
final answer ! arqd decimal # convert &R verify TR &< |
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