L

Unit

s |

——JBasics of Computers

s .
2.1. Input Unir
— 5 .
[t accepts instructions and data from outside world.

It converts these instructions and data in computer acceptable from.

It supplies the converted instructions and data to computer system for further processing.

nputr Output Interface

I/O Bus
Data
Processor - Address
Central
[Interface] [Interface] [Interface]  [Interface
Keyboard Printer Magnetic Magnetic
Display Disk Tape
Terminal

Input output interface provides amethod for transferring into* b/w internal storage and external
[/0 devices peripherals connected to a computer need special communication links for interfacing
them with the central processing unit the purpose of the communication link is to resolve the difference
that exist b/w the central computer and each peripheral.

Major differences are :
1. Peripherals are electromechanical and electromagnetic devices and their manner of operation

' is different from the operation of the CPU and memory which are electronic devices.

2. The data transfer rate of peripherals is usually slower than the transfer rate of the CPU and
consequently a synchronization mechanism may be needed.
Data codes and formats in peripherals differ from the word format in the CPU and memory.
The operating nodes of peripherals are different from each other and each must be controlled
50 as not to disturb the operation of other peripherals connected to the CPU.

To resolve these differences computer systems include special h/w compnents b/w the CPU and

Peripherals to supervise and synchronize all input and output transfers. These components are called

3
4.
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ripheral, devices,
interface units because they interface b/w the processor bus anil:;ﬁtfpw&atimo[me 3

Inaddition, each device may have its own controller that supe : Dﬂn%
mechanism in the peripheral.

1/0 Bus and Interface modules : - .

A typical cain m link biw the processor and ?ﬁ‘\'ﬂ'ﬂ_l peripherals. rr;ﬂ';g‘:“':s '3::.“_5'“3 of:dala
lines, address lines and control lines. The magnetic disc, printer and termia ployed in pracicy,
an ral purpose compuler. ) :

: f;lr:mn;n::;:e:ﬂpc 1‘sp|:jsc ain source computer for backup storage. Each peripheral -:!m,;i,,e
associated wilh it an interface unit, Each interface decodes tl:ne address and co.nlm! received
the 1/0) bus, interprets them for the peripherals and provide signals for the peripheral controjley
also synehronizes the data flow and supervises the transfer biw pcnphcml_of and PrOCESSOr, Fagy
peripheral has its own controller that operates the particular electromechanical device,

The /0 bus from the processor is attached to all peripheral inmrfnfeﬁ. To communicntc With 5
particular device, the processor places a device address on the address llnmt Each interface ay
1o the 10 bus contains an address decoder that monitors the address line. w!mn the interfyce
detects its own address it activates the path b/w the bus lines and the deviee that it conirols,

2.2 Outpur Unit :

COMPUTER 0RGAN|‘£,\~"0
%

It accepts the result produced by a computer which are in coded form and hence, we can’t easily
understand them.

It converts these coded result 1o human aceeptable (readable) form,
It supplies the converted result to outside world.

1/0 : Ourpur Devices

Any device that provides us like output which is transformed from input is known as output
device because most information from a computer is provided to the user as a required output is
cither visual form or audio form therefore, the most commonly used output devices are :

Menitor and speaker for output in text format an a paper a printer is used. While monitors and
speakers are the most common output devices there are many other devices too.

Some examples are :
I. Head phone
2. Projector

3. Lighting control system,

4. Audio recording system ete,

Output is what we interact with.
Monitor
1. Monitor is also eaused visual display unit.
image generated from video output
record.

unit. Itis a piece of electrical equipment which display
of devices such as computer without creating a
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ost of the monitors now a dy :

wi' oh; CRT (Cathod Ray chhmﬁ;m Sidered of LCD technology where as older monitor work

3;51\1::1) Sﬂﬁcmiﬂﬁeﬁl'ﬁﬂ?f;; ,;',’i“’k;'“’ computer and arc similar is appearance o @
;ww improves as the n0. of pixels s incre. °f_°°10"ms light caused pixels. The resolution of
CompARISON berween CRT and LCD

o CRT has high speed response,

e CRTnever lagintaking the input,

e CRT isareliable proven display technology.

pisadVANTAGES

e CRT has large size and weight,

& Older CRT’s are prone to burn is.

o When used under lower refresh rates it causes Hickring,
o  Greater power consumption than similarly sized LCD

LCD (Advantage)

o Very compact and light Weighed.
Low power consumption.
Little or on Hickering

LCD Disadvantage

It has limited viewing angle which causes colour, contrast and brightness to very.
LCD are some what more expensive than CRT's.
On put lag’s.
It has slow response time as compared to CRT screen.
Output Devices
Monitor
Printer. .
Printer : A printer is a device that print text or images on paper is a COMPULEr sysiem a printer
is a output device which produces a hard copy which is readable by human is in the form of text or
images. The hard copy is generated by the document which is stored in electronic form. There are
different types of printers having various technologies used.
Type of Printer I .
I: heel : it is similar to a type writer having a ball at the specifieside. m“lmorp“_‘““_
has P?:sliﬁr:rh:::ﬂg E:::I on Whicy::‘" shape of cach charactee s'“g:hmm:,:rmmﬁ o
wheel against the ribbon which inturn make an ink stain n the shape 0 a‘nk ﬁl;bnn e
2. Dot-Matrix Printer : It creates characters by striking pins againsta | L
Makes a dot and the combination of dots form characlers.

s e 0 0
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3. Ink-Jet Printer : These printers sprays ink 8t & ehess;of geper the/oupu produce by, thiy

rinter i ity

pimer i gh U | prine uesth same technology 85 py machin i st
images of document is its memory and an produce a number Fufpnntout.s wnhoul. any interrupy;

5. Line-Printers : [t contains a chain of characters or pins that print an entire line at op, 1"'!1.1@
these printers are very fastin working but produce low quality output.

6. Thermal Printers : It is an expensive printer q-mt work by pushing h_cated pins againg
heat sensitive paper and produce [eXt o them such printers are ‘f’dﬂy used o fax machine,

Plotter: Aplotterisa vector graphics I’"i'"ti“!.‘h“i'ﬂ?‘$ which isused to print graphical Plots hy,
connects o  computer it is a device that draws picture on lh_c paper by receiving commands from
computer it s different from printer because. It dravs line using a pen-
Type of Plotter

e Pen plotter

s Electrostatic Plotter

Pen Plotter : Pen plotter have an ink pen attached to draw the images. Pen plotters priny by
moving open acrass the surface of a paper. Which means that plotters are restricted to line art rathe;

than graphics. unlike printers it can draw line art including text but it perform very slowly because of
the mechanical movement of the pen. Tt is capable of drawing solid regions but cannot fill coloursiy
the place of colour it uses no. of closed lines to fill an are.

When computer MEMmory Was very expensive and the processor was having a limited power this
was the often fastest way to produce vector based an work.

Flat Bed Plotter : This is a plotter where the paper is fixed an a flat surface and pens are
moved to draw the image this plotter can use various difTerent colour pens for drawing in the plotier
the size of the plot is limited only by the size of the plotter’s bed.

Drum Plotter : In this plotter the pen is moved in a single axis track and the paper it self moves
on a eylindrical drum to add the other dimension. The size of the graph is limited by the width of the
drum and can be of any length. :

Elecirostatic Plotter : An electrostatic plotter produces image by charging the paper witha
high voltage. This voltage attracts toner which is then melted in to the paper with heat. This type of

plotter is fast but the quality is generally considered to be poor when compared to pen plotter.

Voice output : Voice output are the standard jacks used to connect audio component o each |

other most mother board require a separate sound card in order to get audio output.
Storage Devices

1. Primary

2. Secondary

; Storage Dwms : Computér Data storage is often called storage or memory refers to computer
mmpon?nts. dﬂ:’lcts & recording media that store digital data used for computing for some intervel
g{ time. The basic purchase for storage device is information retention. That can be utilise furthe.
Such devwels are ﬁmdamt_:ma] components of mordem computer system for system efficiency. The
storage devices are classified into secondary & primary category the secondary storage is vs¢

store information that is not currently used by the system and will be useful in fisture

Secondary memory is slower in speed because of large amount of data storage & serial exoest
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. gther hand primary stora : )
el orage. '8 Capacity but faster in speed. 1t has nature of volatility unlike

mnnuhlc Storage Media

e removable storage media are the types of sto :
in reason for using removable storage is porw.hi'l‘;g_ A A S

f portabili 4
""\"I:.CJ:;P‘; d':'?ve e:él.‘! the removable storage devices comes first such devices and be C.D,

jtis also useful in cases where some situations are like data transpher it is not possi
i . i possible through
petworking because. Security regions in that case storage media of removable nature solves the

problem-
Non-Removable Storage Media

Non-removable storage media is the storage components that cannot be detached from the
computer

e RAM, but RAM is a volatile memory which cannot be used to store data permanently but
gon-removable storage devices need to be non volatile and having higher storage capacity. .

Sequential Access assumes that records can be processed only sequentially on the other hand.
(ne more aceessing concept is there that is direct or random access in random access data need not
10/be process requently a random access is performed to read or write data on such storage. Some
devices like magnetic tape and hard disks are example of sequential access but on hard-disk can be
accessed randomly also by the use of cash concept in which indexing is prepared for the entire
stored data so, that the index can provide direct address of the required data and there is no need 1o
he sequentially reached.

There are a number of devices that can be sequentially aceessed like floppy disk a C.DD, and a
hard-disk

Floppy disk is further categarised into several forms on the bases of -
Size & Storage capacity ,

1. Generally a floppy-size 3.5 inches in having a capacity 144 MB. data stor

2. The floppy of size 525 inches have storage capacity of 1.2 MB. and flexible in nature.

3. ‘The floppy of size § inches is having capacity of 100-500 KB data storage.

2.3 Memory

The memory unit is an essential component in any digital computer since iL is needed for storing
programs and data. We can divide the computer memory into two parts. The memory unit that
communicate directly with the CPU s called the main memory. Devices that provide backup storage
are called secondary memory. :
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o
 Memory |
Type |
F—ROM | Read only Memor o - - I
ROM ead only Memory = -
function Chips. used for BIOS chips. CMOS chips. and Special |
=g | ﬂdﬂ"h_ . T ———— e s e
RAM | Ra ccess memory - FPM RAM, EDO & BEDO RAM. |
| Synchronous DRAM (SDRAM) |
—— 1 e ceeeeeee— e -
DRAM ﬁ"-’"‘;ﬁ RAM-Actual memory chips on SIMVI boards or Motherboard |
{Main Memory)-DRAM is actually FPM, EDO RAM. or SDKAM on a |

Features and mefalness |

chip.
L 0 ———— e = SR —
Read Write Read only SRAM | Static RAM, used as External (12) CACIHE. L3 SEAM & on chips. .2
Memory (RAM) Memory (ROM)

On-board cache is in the CPU chip. It comes in 3 basic types - Async
| | SRAM. Sync SRAM. and PB SRAN (Pipelined Burst RAM - the fastest). |

Fast page mode DRAM-Some modern computers today use Fast Page

Mode DRAM. The difference between FPM DRAM and regular DRAM is
{ Erasable "“'“1““”"! | in the way the memory is accessed by the controller. When data needed is
Memory Memory in the same page or row that the previous data was found, The controller

only has to indicate the next column location to aceess the data. By not

having o generate a complete address the memory is accessed a little
® EPROM ® Masked ROM faster.
® EE-PROM o PROM EDO RAM | Extended Dala Out RAM Memory used on Pentium or later type
® Flash memory matherboards. EDO RAM is not designed for 486 or earlier motherboards. |

EDO RAM is on 72-pin SIMMs. EDO RAM comes in plain EDO and |

- B ; . .
L. Static ! @ Dymamic :;Inpdp; d:(sl: ® Magneri; s;ll'il Ei@mffim MUMI:mvmmm. EDO and BEDO RAM are ok in
—— memon MY oenery P il | SDRAM | Synchronous DRAM (Pentium wMMX has SDRAM as main memory ).
® Zero pawer ® Intergrated - & Magnets SDRAM memory is on 168-pin DIMM chips. SDRAM comes in several
. ;-jn volatile =P Bubble | types with speeds from 10, 15. 20, and 23 nanoseconds.
o FLASH Mormally, it is memory on a card. The size of a PCMCLA card.
MEMORY
Cache Normally, it is memory on a card. The size of a PCMCLA card.
Memory
Fig. 1

(1) RAM - Random Access Memory
(2) ROM - Read Only Memory.
(3) Cache - A fast storage type of memory.

Before we confuse you more, et us gi 1able
8 ve
and the features of each and Ky EIve you a

So this is the categorization of the memory. Now we will study each and every memory one
by one,

Main Memonry

which will list 3 y : :
these types and more. Nt —— & unit in a computer. [t is relatively large and fast memony

used to stare programs and data during the computer operations.
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i chi
Integrated circuil RAM chip

Dyn‘amic
jt stores into- (binary) in the forp, ”
electric charges that are applied 1,
the capacitors

static
Cousist of internal flip flops that
4
store the binary into -

[t offers reduced power cousumptioy
and larger slorage f‘apacny ina
simple memory chip

Stored into’ remains valid as long as
power is applied to the unit

ROM is also used along with RAM. i
It is basically used to store an initial program cglled a bﬂﬂ"m'f'c mme:m:r
The boot strap loader is a program whose functions 15 1o start 1 puter software GM

when power is tumed on.

RAM

5 8bit databus

It requires 7 bit address and 8 bit data bus (Di-directional)

Read and write inputs specifi the memory operations.

The two chips select control input are fore cnabling the chip only when it is selected by s,
microprocessor.

lesi [ T2 .ro [ WR] Memoryfunction | DataBus
0 T | = | = | Inhibi Hight In
0 1 x x Inhibit 4
I 0 (1] 0 Inhibit 4
!J 0 0 1 Write Input data to RAM
0 U Read Output from RAM
ROM

Chip select 1| —{-C3 |
Chip select 2— €5 2
512xg

Rop | ¥ Bit Data Bus

9 bit address—- AD 9

Since ROM can only read the data bus can only be in an output mod
€.

The twa chip select inputs mustbe in €S = | and G52 = for the unit ¢ te ofien wisel¥
< it lo operate o
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A

n a high impedance state,

123

jabus
: ' ory Connections to CPU
e OM chi \
M T:ﬂ]jz:r |g\:islj.p:t:: cunnccl.:d to a CPU through the data and address buses.
¢ low ar address bus select the byte within the chips and other lines in through
iisr.hiPselm inputs.
Address Bus CPU .
R Ty
16-11] 1.0 987 I RDWR Data Bus
Decoder
32-10
CS1
(.5
RD Datal, )
— WR RAMI1
AD 7
(o]
C52
RD Daial,
— wr RAM2
AD7
RD_ Data
— wr RAM3
AD7
CS1
Ri)- Datal, |
s WR RAM3
AD7
C581
52
RD Dattte—s
5 wRr RAMA
AD7
|| o8t
052 Datal__|
i lano Rou
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i< determined from IineSand?lnmcaddmN R e 125
: 2 s R A t
The particular RAM chip selected | 1o the CS 1 inputs in each RAM chip, T pleces s 12 Dus and the read ang write lines into a high im; state
done through a 2 * 4 decoder where input g0 CPU activates the bus grant gyqpy; |, inf pedance state.
i s selected ce state. The DMA that oig, Orm the external DMA that the buses are in high
When line 8 and 9 = 0 0 the first RAM chip is impedan 'Enales the bus request can now take control of the buses 10

- pduct memory Lmnsfer_a Without processor interyent:
When fine 8 and 9 = 01 the second RAM chip is slected f ables the bus equest lin the CPy disahlulh:::::?

. lied to the inputs of ¢q )
The RD and WR outputs from the microprocessor are ﬁEP “ ch R&Mh its normal operations.
Selection biw RAM & ROM is achieved through bus line 16 ' When the DMA takes control of the pys s

n. When the DMA terminates the transfer, it
ant, takes control of the buses and retumns to

.t E ¥stem, it communicates directly with the . The
: this line has 1. made rectly with the memory.
When bus line 10 has bit 0 RAM is selected, ROM when it e o e iy o e ok s coniingof usber
of ; ominuous first while the DMA controller is master of the
Cache Memory  memory i!uses. T!ll:l::ienflransfer 15 needed for first devices such as magnetic disks, where data
y ansmission =&t | W o slowed down unit an entire black is transferred. An Alternative
Main CPU technique called cycle stealing allows the DMA controller to transfer one data word at a time after
Memory Cache which it must return control of the buses to the CPU. The CpU merely delays its operations for are
ey memory cycle to allow the direct memory 10 transfer to steal one memory cycle.
If the active portions of the program and data are placed in a fast small memory gh, DMA Controller
memory access time can be reduced fluid reducing the total evections tunnel of program, Suchyy, Address But
small memory is referred to as a cache memory.
The fundamental idea of cache organization is that by keeping the most frequently gy, Bt D;u;bus o T
instructions and data in the fast cache memory the average memory access time will approach Qe Byfers

access time of the cache.

i Address
Direct Memory Access (DMA) =
The transfer of data between a fast storage device such as magnetic disk and memory is ot Word ©
limited by the speed of the CPU. Removing CPU from the path and letting the peripheral e oy
manage the memory buses directly would improve the speed of transfer. This transfer techniqu: DMA Acknouledgement
called direct memory access (DMA). During DMA transfer, the CPU is idle and has no contri to 10 e
the memory buses. ADMA controller takes over the buses to manage the transfer directly hi | mﬂﬁ‘&' [
O device and memory. -
(CPU Bus Signal for DMA Transfer) The DMA Unit Communicates with the CPU via the Data Bus & Control lines. The registers in
the DMA are selected by the CPU through the address bus by enabling the DS and RS e RD
Bus request—BR l—s Address Bus & WR are bidirectional. When BG is 0, the CPU can communicate “"“'mesmi : “E'th s
BG is 1 the CPU has relinquished the buses and the DMA can communicae directly wih the
[~ DataBus memory by specifying an address in the address bus and m“mfnm Ith orli:: o
CPU L el communicates with external pmphmlsthuush! the request and acknowledge lines.
DMA controller has three registers ” : fEe ]
- —— Write Address register - it contains and address (0 :p;llf? the desired localion in memory.
¥ the be rransferred.
CPU BUS Signals for DMA Transfer Waord Count register - [t holds

Ea Cont cifies the mode of transfer
The Bus request input is used by the DMA controller to request the Cp(J to relinguish control? ntrol register spe 2
the Buses. When this input is acti

vethe CPU terminates the execution of the current instruci®

63



126

Intermupt
cvele

Instruction
evele

Store retum
address in location 0

Fetch & Decode

instruction

M[0] < PC

R =an interrupt flip flop
IEN

Cache Memory

COMPUTER Omﬂ-\'l:c,\hn :
I

pro
ratio-

All processes are completed in CPU and all data which is currently stored in main memory but
the CPU is usually faster than main memory access with the result that processing speed is limited
primarily by the speed of main memory. Then computer work very slowly because process is nol |
provide to the CPU and CPU doesn’t process on any data at that mid time when main memory |

transfers data to CPU is very slow of speed.

Cache memory is an alterative of the low speed of main memory. It is a technique used 1o 5
recover for the mismatch in operating speeds is to employ an externally fast small cache b/w the |
CPU and main memory where access time is closed to processor logic clock cycle time.
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Address Bus

Data Bus

Cache memory is a very special memory.
(ache memory is small in capacity but speed is almost equal to CPU.
|t is used to increase the speed of processing by making current programs and data will able to

vide CPU at a rapid rate.
The performance of cache memory is frequently measured in terms of a quantity called hit

Number of hits

Hit Ratio = Toral Number of Address Re flued

When data is transferred from main memory to cache memory is called mapping.

127

Three types of mapping procedures are considered in the organisation of cache memery

Assoc

ative mapping

[tis simplest & fastest type of mapping.
It work on search method

CPU Address (15 bits)

Address Data.

Inassociative memory both address and data stores in itself. Data can store in associative cache

memory in any location and any word from main memory.

Direct Mapping

Assoei

iative memoriés are VEry expensive so we

this technique CPU address of 15 bits is divided into two fields.

can use another type of cache organisation. In
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Comeurer Oﬂmm
g
1

[0 10 10fi0 10 10 1

Tagfield Index field
Tag Index
nﬁliits 9 hits pe————y
i 0032“#]20 A 12K x
main Cache
7 237 [memory | -3 | memory

Set Associative Mapping

Tag Data
02 567
00 2340

Modes of Trawsfer

Binary inta? receix:
into? tﬁf;:r[:d ;::::-::;d from :]m external device is usually stored in memory for later processing
¢ central computer into an i : : <
Data transfer b/w the central ¢g exotically device alginates in the memory unit
Programmed 1/0)
Interrupt initiated ile]
Direct memory Access

mputer and /O devices may be handled in a variety of modes. |
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I ion in the pro ;
jster and peripheral. Other instructions anq i bl el
B

needed 16 transfer the data to and from CPU &

molY:
me cnsferring data under program contrg]
cPU (Onee a data transfer is initiated the

ansfer €0 again be made.

in VO method, the CPU stays in a program loop untilthe O unt indicates that it is

for data msm",m“ 154 time consuming process since it keeps the process on busy needlessly.

jrean be avoided by using an interrupt facility and special commands (o inform the interface to issue
on intermupt request signal when the data are available from the device.,

Storage Unit
Secondary Output Information
|| storage |"“’ m\—' {Result)

Primary
storage

squares constant monitoring of the peripheral by the
CPU is required to monitor the interface to see when a

Program
and Data

Input
Unit

Centrol Processing Unit . -
i i / ilable when a byte of data is
The device transfers bytes of data one at a time a they arc avail ‘ :
available, the device places it in the 1O bus and enables its data valid line. The interface accepls the
byte into its data register and enables the data accepted lime. The interface set a bit in the status
register that is referred of “F”. The device can now disable the data valid line, butt will not transfer
another byte until the data accepted line is disabled by the interface.
Interrupt Initiated /0 _ . I
Analtemative to the CPU constantly monitoring lt!n: flagis mt? E-: ulh;:ﬂmu'ﬁmm“i ;Tmn:w t.‘n-szPU 4
it is mode of transfer uses . Whi !
g g st o o e S
interrupted from proceeding with the current program and is mgmn:;::;:m i,
been set, The CPU deviates from what it is doing to take care 0 output
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h fer is completed, the computer retums (0 the previous program o continue whyy
the transfer is .

doing before the interrupt.

Read data Register
Check flag bit

=]

Read status registes

Transfer data 1o memory

Continue
with

program
Flow chart for CPU program to input data

2.4 Arithmeric Logic Unit and irs Components

Itis the place where actual execution of an instruction takes place during processing operation.
Caleulations are performed and all comparisons (decisions) are made in the ALU.

However,

-almost all ALUs are designed to perform the four basic arithmetic operations (add,
sublract, multiply and divide) and logic operations or comparison such as, less than, equal to, and
greater than,

Control Unir

Manages and coordinates the entire syshem.

_ : : It obtains instructions from the program stored i
m:: memary, interprets instructions, and issues 4

signals causing other units of the system to exeelt |
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CO'“"I“ from Another Base of Degima)

1. 11001, = 74q

gtep 1 : Determine column number

Grep2 Multiply the obtained eolumn vaiy
Step 3 & Sum up the produets calculated j

Step 1.

=1
2'=2

-

[

ar

4
8
6

by

Fg. 2. 47068 = 7y,

0 step 2.

Step 2. Step 3.

Ixlmj
2x0=9g
4x0=0
Bulmg
loxl=16

I+0+0+8+16
=123,, Ans.

483 =248
7= 8 =448
0x8 =0
6180 =g

2048 + 448+ 0+ 6 = 2502, Ans.

Eg 3 IAC =T,

Bg 4. 4052, = 7,

fg 5. 14C;; =2,

1x 162 =1 x 256 =256

A 16) =10 16= 160

Cxle=12x1 = 12
=428, Ans.

4x T =343 x4=1372
S 0xT=0
§%71 =35
2x70=2
=1409,

1% 138 =169
(10yA =131 =130
(12)cx13%= 12

= 311,y Ans.

& by the digits in cores pending column.



b

CoMPUTER ORG A
132 5 ,L“YI‘C"‘“[,_.'
Conversion from Decimal
Eg 1. 25, =%

-5 oF COMPUTERS
s pasics ! 133
Division Rema:

10 ﬁumllf' Base ‘ e EMMN“ i

% = 13 remainder 0

13

25 inder 1 —
i 12 remainder 3 = 3 remainder |
12 : 3
5 = 6 remainder 0 3 =0 remainder 3
g = 3 remainder 0
e b 101110, = 7y
3 . ri into base
2 1 Conve (L
o 1 remainder 1x25+0*‘2"+1*‘2’+1xz2+lx2|+uxz'3
g ) =32+0+8+4+2+0
] = () remainder 1 =46,
/ 4610 7y
. = lll}ﬂla]
' ISID i A6 .
Eg. 2. 4210 = 7, Eg 3.952,0=7% Eg-4. 428, =7, i 5 remainder 6
8952 3. i
50 16]428 s—ﬂ-rcmamdcrs
147 —f26 12
0 I
952,,= 1670, 428, = 1AC,, Shorteut Method for Binary to Octal
1. 101110, = ?,
42,,= 101010, _ b Ao
Converting From Base other than 10 to Base other than 10 L L% 1 9 pivide binary digitsinto group of 3]

Step 1. Convert the original number to base 10 number.

Step 2. Convert from base 10 to required base. 1. Convert each group into one digit of act al

Eg. 1. 545,=1, ' |u|2-_-|.1=13+u=<2'+|x2°
Firstly convert 545, 10 base 10 s
562 =180 o
S g 10, =1%22 412 +0x2
Sxl= 5 =4+2+0
= Ny =6E

10
45, =209 S 1011105 =5
Now convet to base 4. . N 1=

Shorteut for octal to Binary

09 Eg.1. 562, = 1, = 2.

"3 =52 remainder 1 " "2 e
Sg=101, gg=110
6!.:110.2 'Ts=lll
24=010, sg=101

67



CoMPUTER Opg ANy,
T,

134

it 100
. S62=101110010, - 67518" Ll

Shortcut for Binary to Hexadecimal
Eg 1. 11010011, = 744
1. Divide into groups of 4

11010 011

4 digit to | Hexadecimal digit
o, E“"w"m"mporm'.f;= L xg3 4] x2 4052 41220
=g+4x0+1
=13=D
o0l =0x P +0x22+1x2 4120
=0+0+2+1
=315
10100115 = D3
Shortcut for Hexadecimal to Binary
Eg. 1. ZAB =7
Convert decimal equivalent of each hexadecimal digit to 4 binary digit
2=0010,
A =10, = 1010,
B=115=1011,
2AB, ¢ = 001010101011,

Types of Memory
Primary | |
m:mnrr; Secondary Other
memaory Memory
RAM ROM :
Optical L
El Cache
DKAM  SRAM PROM EPROM EEPROM |:Magnelic memory
DO RAM EAROM
EDO RAM £
Flash mem
D RAM e
PPRAM

Primary Memory (RAM)
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DRAM (Dynamic Random Access Mema ; ) . .
ihe compuler’s main memory, ry) which are inexpensive, They are used essentially

SRAM (Static Random Access Module) Which are fast an
in icular for the processor’s cache memory.

d costly. SRAM memories are used
ration of RAM '

RAM or:mpr'iws ofhundreds of 5_”'9" capacitors that store loads. When loaded the logical state
ofthe capacitor is equal to 1, otherwise 0, meaning that each capacitor represents onc memory bit.

Given that the capacitor because discharge they must be consflarty recharged at regular intervals,
gnow as the refresh cyeles. DRAM memories for ¢g. require refresh cycles of around 15

Each capﬂl:_'ll‘ﬂ' is coupled f‘fid a transistor (MDS type) enabling recovery or emendurent of the
status of capacitor these transistors are arranged in the form of a table (matrix) thus we access a
semory box also called memory point via ling and column.
Each memory |:.roin‘t is thus categorised by an address which corresponds to a row number and a
column number this access is not instant and the access time period is known as latency thine.
Consequently time required for access to data in the memory is equal 1o cycle time plus latency time.

Le— Memory point

Read only Memory

Itis a class of storage media used in computers and other electronic devices because data stored
in ROM can’t be modified. [t is mainly used to distribute firm ware (S/W that is very closely tied to
specific H/W and unlikely to require frequent updates). In its stnic test sense ROM refers only to
mask ROM, which is fabricated with the desired data permanently stored in it and thus can never be
modified, However, were modern types such as EPROM and flash EPROM can be erased and
reprogrammed multiple Tories they are fill described as ROM because the reprogramming process is
generally infeftment comparatively slow and often design permit random access writes 1o individual
memary locations.

Memory Module .

Memory module is a broad term used to refer o series of dynamic random Access MEmaory
integrated circuits modules mounted on a printed circuit board and designed for use in personal
computers workstations and servers.

SIMM single In line memory module

DIMM Dual In line memory module
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Ram bus memory modules are a subse
SO-DIMM, small outline DIMM a sm
SIMM

M, but are usually referred to ag R'Mkh'

f DIM ;
N unofﬂ\el)lMM used in laptops,

aller versi

of memory module containing random g

Single In-line memory module- It ins:l}';ﬂ;c \ate 19905 ey,
used in computers from the early 1980s 10 ; LR - :
It differs from a dual in line memory module (DIMM) the most p m ofng,,

dant on both sides of the module,

i SIMM are redun
module today in that the contacts on 8 ins. Each chip is ble ofhol; A
By

A slender circuit board dedicated to storing memary
chips per.

72 pins conne<tor.
DIMM ;

DIMM is the type of circuit board that hold memory chips. DIMMs have 64-Dit path becay,
the peritoneum processor requirements. Because of the new bit path, DIMMs can be installed gp,,
a time unlike SIMMs which on a pinetum would require two be added.

Advantages of DIMM over SIMM DIMM have separate contacts on each side of the byg,
thereby providing twice as much data as a simple SIMM.

The command address and control signals are buffered on the DIMMs. With heavy men,,
requirements this will reduce the loading effort of the memory. 2

2.5 InsTrucTions

An instrection format defines the layout of the bits ofan instruction. It must include opeode, zer
or more operands and addressing mode for each operand. The instruction length is usually keptin
multiple of the character length, or memory transfer length which is usually 8-bits. With this length
we will always get an integral number of instructions during a fetch cycle. Once the instnuctice
length is fixed, it is necessary to allocate number of bits for opeode, operand(s) and addressing
modes. For an instruction format of a given length, if more number of bits are allocated to opood:
field then less number of bits available for addressing. The bits allocation for addressing can b
determined by the following factors, which simplifies the task of allocating bits in the instruction.

®  Number of addressing modes

®  Number of operands

® Number of CPU registers

®  Number of register sets

. ﬁgddmss range or number of address lines

®  Address granularity (address can refer b douh|
 The Fig, 2 shows the | [A-32 e mz:;; - & weriD
instruction format. The instruction |OP code TESSINg| py; i
represented by [A-32 format consists of mods Hiiwirsstall s
four ficlds. Opcode field, addressingmode 1 972 Tor2 Tord Lord
field, displacement ficld and immediate ~ BY15s  byles bytes bytes

ﬁeldt;\Tllc Opeode field consists of one or
two bytes. The addressing mode information is contain,
the opeode. For instructions that involve the use of

Ifig» 2 : 32 instruction format i
ed in one or two bytes immediately followiré
only one register in penerating the effecti™
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an operand, only one byte is needed in the addressing mode field. The addressing modes,

W;:Ii index and base with index and displacement require Em registers to generate the effective
b“’"" oss of an operand. Hence addressing mode field for these two addressing mode is two BYLES.

| displacement value is used in computing an effective address for a memory operand, it 15
ed into either one or I‘ou[ bytes in a ficld that immediately follows the addressing mode l‘:z:hd;i
Ifone of the operand is an immediate value, then it is placed in the last field of an instruction an
gpies cither onc o four bytes. _
it MCW instruction format of a processor also changes according to the address references in the
2 jon. Let us see various instruction types according to address references.
I ¢ Address instrucﬁags:

The three adress instruction can be represented symbolically as

ADDA, B, C, o

where A, B, C, are the variables. These variable names are assigned to distinct locations in the

memory: I this instruction operands A and B are called source operands and C is called destination

rerand and ADD is the operation to be performed on the operands. Thus the general instruction
format for three address instruction is

Operation Source |, Source 2, Destination
number of bits required 1o represent such instruction include : )
Th;iits required to specify the three memory addresses of the three operands. If n-bits are
sived to specify one memory address, 3n bits are required to specify three memory addresses.
e 2. Bits required to specify the operation.
Two Address Instructions )
The two address instruction can be represented symbolicaly as
Thi _n-MABED.: ﬁd the contents of variable A and B and stores the sum in variable destriying its
151
ious contents. Here, operand A is source operand; however operand serves as both source and
mnmioncpcmﬂi The general instruction format for two address instruction is
ration Source, Destination . )
To r(e)::esem this insimcliun less number of bits are required as cpm]?m-cd u:r three address
instruction. The numbser of bits required to represent two address instruction lru:ludt‘2 "
1. Bits required to specify the two memory addresses of the two operands, i.e. 2n bits.
2. Bits required to specify the operation.
One Address Instruction o
The one address instruction can be represented symbolically as
ADD B .
This instruction adds the contents olzt vm;a'b]t =
and sto sum back into the accumulator destroying ¢ f
ﬂﬂﬁishsl.rr?c:.hi:;;:: second operand is assumed implicitly in aunique location aceus
instruction format for one address instruction is
Operation Source

55 instnuction are : S :
Few I;E:;cnuiam_llf:“:: ::g:;l;ﬂr:aw s the contents of memory location A inta the accumulator.

i Iator into memory location B.
: This i ion copies the contents of accumu 1 ; ; e
f'fﬂ':fﬂ@ !mﬂ?u?ﬁmmw to note that the operand specified in the instruc

|0‘r‘ opﬂmld inati i the instruction. -nrcmmple.in

Eig"“ source or destination ﬂmﬂd dq?enqtng on the in I I

Ainstruction, I]lEopcf&ndSpriflﬂdil‘l the instruction |sammceop=rmdwh:rmsu1¢mm
J

A into the processor register called accumulator
the previous contents of the accumulator. In
nulator. The general



138

sstacly i = address nstrygy;
3 i peih rand. Similarly, in one address ot
b STGEE - lm; nfm:;tm:ﬂl?:f destination depeding on the instrucijg,
the implied operand (accumulato e S F s _
Zero I.:uldms !mtrn:tionsi A < are defined lmp;l,;::a_ Such instructions ar
instructions, the locations perand wn stack.
m‘m = chines tha sore operands i a sructze called e instruction with only one address i,
e e s casily understand that U1e & addresses will require
ot represent it, and instruction with thﬁﬂ:m the memory, the instrucgje
require less number ufb1l.§ 1o rep! = 10 access entire instruction L caddrl‘;ssm uimtt
“wwu:h;;;msswﬁ sl aceesses while instruction with on how mncg g
bty m“lmn;!:&mﬁm execution is mainly derf'n::‘: il ":qﬁi::; :
MEMAOrY Accesses. o i f memory accesses are more, A : o
“msﬂ:t -mm.m,;n:«qu‘rhmm ?:b:‘llll'::xicgiﬂn time for three address instructions 15 more than, ip,
ecute the n . iy -
::mutiunt'rmc for one address lﬁﬂ“f;:;::':o use instructions with min}mum m:mdrso%r accesses. oy
To have a less excution time it is advised to refer operands from p
this insicad ofrfering the operands m‘;{"%ﬂm compilers from high level languages
m{-wmg:l:twﬂrMmm“fmﬁmm: operands lie in the processor registers.
dei ¥ = =
Instruction and E::;:::e %::'wﬁnﬁ“mmm such asdammlsfennsuuf:mlms arithmerje
Every proctet ions, branch instructions and so on. To perform a particular task on the
5, logical ioh to select and write appropriate sequence. This job of programmer js
Compler L1 P s ing. The instructions wrilten in a propoer sequence 1o execute g

COoMPUTER (}umm;m-,nw

known as instruction sequenci
particular task is called program.

with the help of program counter (PC). PC holds I.hc.nddrem‘of

:heim::; f::f;mﬁﬁ To begin execution o a program, tmm@sﬂ? ﬁm:"t[’-"-l"-lﬂhm
is placed into the PC. Then, the processor control circuits use the information ( EIl‘ﬁﬁs memory)
in the PC to fetch execute instructions, one at a time, in the order oﬁnmasnpg addresses. This is
called straight line sequencing. During the execution of instruction, the PC is incrgmented by the
fength of the current instruction in execution. For example, if currently executing instruction length is

3 bytes, the PC is incremented by 3 so that it points to the instruction to be executed next.
Branching

Everytime it is not possible to store a program in the consecutive memory locations, After execution
of decision making instruction we have to follow one of the two program sequences. In such cases
We cin not use siraight line sequencing. Here, we have to use branch instructions to transfer the
program control from one straight line sequence to another straingth line sequence of instruction, as
shown in following program.

For example, see the

program given for operation |A — B, In
whether A > Bor B > A

this program, we have to check

and accordingly we have to perform aperation A - B or B — A,
MOV NUMI, RO - Get the number | into RO
MOV NUM2, Rl : Get the number 2 into R
CMP R0, Rl :NUMI -NUM 2
IB NEXT JIF NUMI < NUM2
Jump to another program sequence
SUB RO, R1 P NUM1 & NUM] - NUI\:;q
MOV R2, R1 : Store the result in R2
NEXT SUBRI, Ro :NUM2 « NUM2 _ N
MOV R2, RO UM

* Store the result in R2
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above Program we have used I N insiruction to transfer the program control to the
1" ll‘:I.:.n SUBRI. RO |I'T\1UM1. t5 les than NUM2. Thus we have decided fzob!}amh the program
M,ner ¢h“k'"% 1'!“'_“'}”{!“'0“' Such branch instructions are called conditional branch
anir® ctions- In branch nstructions the new address called target address or branch target is
™ into PC and nstruction is fetched from the new address, instead of the instruction at the
p@d that follows the branch instruction in sequential address order

Uneonditional Branch Instruction
M ne monic

Table : (a) Unconditional branch Instructions

Conditional Branch Instructions 3
M e o nic Instruction | _Tested Condition |
BR__| Branch i Zero [Z=1 |I
BNZ Branch if not zero 1Z=0 |

BC Branch if camy [€=1 |
BNC Branch & no carry [C=0 —

BP Branch if Positive |S$=0 |

BN Branch if Negative IS=1 ]

BV Branch if overflow [V=1 |
BNV Branch if not overflow | V=0 |

_ BH Branch if higher [A>B |
BL Branch if Lower |A<B |

BHE Branch if higher or equal [A>B |

BE Branch in cqual [A=B |
| BNE | Branch i not cqual [AzB ]

Table (b) Conditional branch instructions

The branch instructions are also called Jump instructions. They may be conditional or
aonditional. An unconditional branch instruction causes a branch to the specified address without
iy condition. The conditional branch instruction specifies a condition such as branch if positive or
ch of zero. I the condition is met, the program counter is loaded with the branch address and the
Text instruction is taken from this address if condition is notmet, the PC is incremented by lhB It_angth
e current instruction in execution and the next instruction is taken from the next location in the
“Quence. The table gives listing of some unconditional branch instructions and conditional branch
iructions,

Many times it is necessory 1o execute cerlain set of instructions repeatedly to perform a particular
=k number of times,
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ory locations we have 1p m'ﬁ"n,

peatedly is called nm

rtdinllmwl'mf.‘clllli\rlmull ¥
ting corain st of instructions 5¢

140

_ Forexample, o add ten numbers sto
addition ten times. A program style af execul

looping.

Flowchart 2

The program loop is the basic structure which forces the processor Lo repeal a sequence of

instructions. Loops have for sections.
1. Initialization section. 2. Processing section,
4. Result section.

8

anﬂtol of Registers
: he compiiter o

e registers of 1 puter wmidil 10 @ common bus system are shown in fig.
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TR «— M [AR]. PC+PCH+I
RT.
1) 1+ IR (Is) PC + PC+1, IEN « 0
R&0.5C «—0

(Register or 1V0) = | ]\ = 0 {Memory Reference)
- 4 :
i (indirect) = 1 A =) {direct)
1

DT l DT, DI T,
Execute MNaothing
input or output |register reference AR & M[AR]
insiruction instruction
Execute
memory-reference
instruction

|

3. Loop control section
1. The initialization section establishes the starting values of
®  loop counters for counting how many times loop is executed,

*®  Address registers for indexing which give pointers to memory locations and
®  {(ther variahles
2 lﬂ::;:f!Mrrmipuh:im occurs inthe processing section. This is the section which does
43- ;’?: loap control section updates counters, indices {pointers) for the next iteration.

2 result section analyzes and stores the resulis

ote : The processor executes intialization

ion many times, Thus, the execution time of the loop

The control inputs of the registers are LD (load), INR (increment) and CLR (clear). Suppose
thia we want to derive the gate structure associated with the control inputs of AR. We scan table to

fiod all the statement that change the content of AR.
R'Ty : AR « PC
RT, :AR < IR (0-11)
D;IT; : AR & M [AR]
RT, :AR &0
;AR + AR +1

DsT,

71
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The first three statement specify transfer of
content of the source register or memory is place
into AR by enabling its LD contron input. The fourt
increment AR by 1. The control function can 2

LD (AR) = R Ty + RTy # Dy1T;
CLR (AR) = RT,
INR (AR) = DsTy

where LD{AR) is the load input of AR. CLR (AR . f
increment input of AR. The control gate logic associated with AR shown in fig below.

In a similar fashion we ean derive the control gates for the other registers as well as the |
needed to control the read and write inputs of memary. The
of memory is derived by scanning table 5-6 to

*information from a regisier oF MEMory o AR
d on the bus and the content of the bus is irang
h statement clears AR 1o 0. The host staye,

read operation is recognized from the symbol « M[AR]
Read = R'T, + D'7IT; + (D + Dy + D, + Dg) Ty
The output of the logic gates that implement the Boolean expression above must be connectedg

the read input of memory.

INR

Fig. 3. Control gates associated with AR
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he combined into three Boolean expression as folloy,

) is the clear input of AR and INR (AR) in g,

logic gates associated with the read isﬁ
find the statement that specify a real operation, Tp, |
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2.7 Controlling of Arirhmeric Operation
ed Binary Numbers
when all the bits of binary number 4y,
| jest 8-bil binary number is 0000 0000, and the | &
represents magnitude of the nmber : ar
0000 D000 — {0),, g
w 11 111 —(255), W(FF}}"
Therefore, an B-bit unsigned binary nUmbcrc:n .
pitunsigned binary number represents the toral mg;’r’::““‘s any number from 0 to 225, The 16-
0000 0000 0000 0000~ (0)10  or {0000y

o 1101 111D 110L 1011 (65,535),  or (FFFF
Sign Numbers i n

st"ﬂ the magnitude of the corresponding
unsigned binary number. For example, the

Sbits gest eight bit binary number s 1111 1111 Since

I

Fause computer does not have provision to
iques to represents signed integer numbers

Unsigned numbers represent only positive numhbers| g s
qumbers i.¢. sign numbers various technigues are used be - To represent both positive and negative

present negative sign. In this section we will see techin
o Sign-magnitude representation
# 1'scomplement
+ 2'scomplement
sign-Magnitude Representation
N !n s:uedim?:; ;tl ;;ng-c:ssary Lo represent m:.gati.\fe as well as positive numbers, Fig. shows
bitl[sllsnﬁno:ﬂit) is used o ":m;:g:ﬂ numbw hs!g!ﬂugnnudc igni nmouj I_htmostsis,niﬁm]i
(le i ] ign of the number. if the most significant bit is 0, the number is
positive, and lft_hc most significant bitis |, the number is negative. The remaining bits of the number
represent magnitude.
B7 B6 B3 B4 B3 B2 BI B0
D Y v I
Sign Magnitude
Fig. 4 : Sign magnitude format
Here are some examples of sign-magnitude numbers.
[.+6=00000110
2.-14=10001110
3,424 =00011000
4,-64=11000000
' Ineascnfunsignﬁd 8-bit binary numbers the decimal range is 0 1o 225, For sign magnitude 8-bit
Mmbers the largest magnitude is reduced from 255 to 127 because we need to represent bath
Positive and negative numbers.
Ma"im'-lmpmhivc number 0111 LI =

+127
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Maximum negative number 1111 1111 =-127
Drawhacks of sign-magnitude representation
e For addiion nd sobeaction it s neossery 1o consder signs ofboth the numbers ang g
relative magnitudes in order to carry out the required arithmetic operation.
o There are two representations of zeros .
+0,,=0000 0000
~0,,=1000 0000 .

Dhue to the two representations of zero, it is more difficult to test for 7ero operation f“‘l“emh
perfomed by the computer.

One's Complement Representation :

Inthe I':complcmmtr:mcsmlilim. negative “““‘h"f_s are th_ned hg- complementing cach by
ofthe corresponding positive number. Thus,the representation for 4 is obtained by complemenyyy
cach bit in the vector 0100 to vield 1011, The operation of obtaining the 1 sc«:umplcmcnt of a nugy
is equivalent to substracting that number from 27 - 1, that is. from 1111, in the case of the 4-bjy
numbers.

B Example : Find I's complement of (1101),.

Solution : 1101 + Number -

0010 & I's complement
LN ®  Example : Find 1's complement of 1011 1001.
A Solution : 111 1001 « number
0100 0110« 1's complement
Twa's Complement Representation
The two's complement number is obtained by subtracting corresponding positive number frgn,
2" Hence, the 2's complement number is obtained by adding I to the 1's complement number.
B Example : Find 2's complement of (1001),,

Solution :
1001 &number
0110 «1'scomplement
+
0111 «2'scomplement
& Example : Find 2's comple
g ment
oy plement of 1010 0011),,
FO10 0011 & number
5 01 O.' 10 n:;  I's complement
e 0101 170, «2's complement
SHOW representation of 4-b in sij
i o It integer numbers in sign-magnitude, 1's complement and 2's

COMPUTER Okuf\mz,,.n%
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T rr—— 0111
= 0101 0 T o110
i T 0101 0101
31 _ | 00T it " | "0T00
s T 0011 0011
2 L 0010 0010
L Tres 0001 0001
T Toee—— o000 0000
T —— ! :
T 111
= LT TT0T Ti10
TN S 11 ¥ S 11 101
- 2L 011 T100
. . 2L 1070 011

=0 It 1001 010
—7 1000 T001

= - = 1000

Table : Representation of 4-bit integer numbers in different

t forms
pdvantages of 2's complement representation
o From Table we can note that there are district + 0 and - 0 representations in both the sign
magnitude and 1’s complement systems, but the 2°s complement system has only a + 0
representation.

o For 4-bit numbers, the value - 8 is representable only in the 2's complement system and not
in other systems.

e [tis more efficient for logic circuit implementation, and one often used in computers, for
addition and subtraction operations,
Sign Extension

When we add two binary numbers, the result may extend by 1-bit i.e. the resulied binary number
may need one more bit if there is a carry after addition of most significant bit. To represent such a
result in correct format we have to allocate the additional bit for representing the magnitude of the
sambers which are to be added. Thisis illustrated in Fig.

L 001000 (+8)
001001 (+9)
010001 (+1M

In case: of positive binary number we extend the bit by appending bit-0 (sign bit for positive
Mamber) to the left of the most-significant bit of the number. [n case of negative hmar): nu.mb-er c.an
[T“" the bit by appending bit-1 (sign bit for negative number)to the left of the most-significant bit

73

Mumber. This is shown below.
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I both the case sign-bit of the original aumber
sign-extension of the number.
: 0 (420
'I..(Jligir-ul11um11-:1'NP"‘““‘-‘"'““"«“‘-”K“‘*"'“: i L o
®_sign-hit
3
Same number represented using 2his: @0 10 100 (+20)
*__ gign-cxiension

Same number represented using 8-bis ©
" Sign-extension

Moe 1100 (=20}
k—Sign—hil
Mmo ' 1 00 (20

® o §ign-extension

Original number represented using 6-hits :

ra

in 2°s complement fom

Same number represenied using T-hits

in 2's complement from

Same number represented using :

8-bits in 2"s complement from

For representing negative numbers, ;

representation and signed-2's complement representation.
Binary Addition and Substraction

"\ Sign-extension

We can relate addition and subtraction operations of numbers by the following relationship :

(= A) - (+B) =(=A)+ (- B)and
(= A)- (- By ={£A)}+(+B)

Therefore, we can change sublraction operation toan addition operation by changing the signof
the subirahend, Hence. the binary addition is the key to binary subtraction, multiplication, and division

So, let us sec rules for binary addition.
Rules for Binary Addition

JAB Sum Carry
[ 0+0 0 ]
I|'1:r-| ] ]
1 +0 ] ]
I 0 ]

Binary Arithmetic- Negative Numbers in 1's Complement Form
Case 1 (Both positive) : Add (28), and (15),,

COMPUTER ”Hm'\""-*lt{
W

i« extended and henee stich extension is kngy,, |
50 A

@[ﬂ! 0 1 0 0 (+20)

mm@o 1 00 (20

shere are two mare formats used © signed-1"s complemer |
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14

)
3

2l 1 |}

| —

0
(0”100}3—'(23)'“[0”“}l_'“h
Addition of 28 and 15 i

i [ & Carry

) 01 1 1 00 (2B
D0 0 1 1 | | (5,
OCrLo1r o7 @5,

Note : Here, the magnitude of grealermnumber is 5- bit: )
pit. Therefore, the numbers are sign-extended ml 'l.fs.:it:.m el

Case 2 (Smaller Negative) : Add (28),, and (-13),,
We have (011100), — (28),, and
(O111), = (15),y

(10000), — Vs complement of 13
Addition of 28 and — 15 : e

) 4+ 011100 (28
signextension—= 1 1 0 0 0 0 (-13),
Carry — 1001100 ]
—
| Add end-around carry
001101 (1306

Case 3 (Greater negative) : Add (- 28),, and (15),,
We have (0111100}, — (28);, and
{l]'ll“)! =+ {13y
(100011}, = (280
Addition of (- 28) and 15
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Addition of - 28 and - 15 rallel adder performs the qg; ] 5 1

.« oF COMPUTERS
s1C=
e

i tion of A :
g rister. The co and B, T,

L -28 of the A TEE!S complementer consiare o - oo OutpuLof i b5 applic
Signeension » 1 1 0 0 1 00 i ol =0 and the complement of u\.-hv:nmnr«-!SI_k t:' f;{l“ciugivc OR gates Iii ?:i::é::iiltjtru‘lhﬁ

; * i | - . - Thus w : :
Sign-extension — p 11 000 1 (-15) | ,nd“'mﬂ M=1GC;, .1 and we have —— ‘ht'n M = 0 we have operation A +— A +B
Ignore carry — i T (-43)  Resultisin 25 | el Complement of B, which is equivalent v B % 1. Thus, when M = 1, we have A plus

complement forg, e . the subtraction A - B,

Verification : |

Addition and Subtraction with Signed Magnitude Data

In a signed Magnitude data :

Case 1 : When the signs of two numbers say A and B are identical, add the two magnitudes and
atach the sign of A to the result. ;

Case 2 : When the signs of A and B are different compare the magnitudes and subtrag the
smaller number from larger. Then attach the sign of larger number (in magnitude) to the result. 1f iy,
magnitudes are equal sublract B from A and make the sign of the result positive.

The Fig. shows the hardware for signed magnitude addition and subtractrion. It consists of py,
registers A and B to hold the magnitudes of the numbers, two flip flowps A, and B, 10 hold lh:
corresponding signs. complementer, parallel adder, flip-flop E to save output carry and flip-flop AvE

to hold the averflow bit when A and B are added. The result operation is transferred into A and A
Thus A and A, together form an accumulator register. X

Fig. 5 : Hardware for si ; Fig. 6 : Flowchart for add and subtract operation
or signed-magnitude addition and subtraction The Fig. shows flowghart for the hardware algorithm presented in Fig. The signs of A and B are
“mpared by an exclusive- OR gate. 17 the output of gate is 0, the signs are identical, if it is 1, the
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tooo1 1 2B

i [
signexiension— 0 o 1 1 1 1 (3L
- ____————__-_

T 00 10 =E Result is in 1's

complement form

Verification @

Case 4 (Both Negative) : Add (- 28)ig and t--l-"l;z
We have (011100), = (28)10.8
i, = (13)19

(10000); = 1's compl -

(100010), = Is :omplﬁmnlot 28

ement of 15

Addition of (-28) and (-15)

Sign-extension =+ | o0 e 11
Sign-exiension — 111000 0
Camy — mty o1 0 011

L Addend-around carry
e ———_

1 o1 01 00 {~43) Resultis in 1's
complement form

P'eril'ltalion: T 01 01 00

l o 1 0 1 0 11 — (43))

Note :
®  Here. the magnitude of greater number is 3-bit; however, the magnitude of the result is 6-bit
Therefore, the numbers are sign-extended to T-bits.
®  For proper result we suggest to use 1 sign-bit extension to the number having greater magnitude
and represent the number having smaller magnitude with extended number of bits.,
Binary Arithmetic-Negative Numbers in 2's Complement form
Case I (Both Positive) : Add (28), and (15),,
We have (011100), — (28),, and

(O1111), = (15)1,,
Addition of 28 and 15
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; n.cxll:ll!iiul'l e

sig _ ; L (29),
Sjgn"-“"c"s‘““ - 0 o0 0 # 3 1

L b o — {13y,
carmy 01 0 T _{IBT_
cose 2 (Smaller Negative) : Ada (28),, and (-

We have (1] 100), — 28, md

(10001), — 2
Addition of 28 and — 15 2 = &'s complement of 15

Sign-extension — g ¢ | | 0 o (28)
g ]

Sign-extemsion = | | | 4 00 | (15)
5 L]

Ignore carry — 00 0 1T 1 9 (13)

Case 3 (Greater Negative) : Add (- 28),, and (19),,
(01111}, = (15),,

( iODIﬂD)-z = 2's complement of 28

Addition of (-28) and (15)

Sign-extension — I 1.0 0 1 0 0 (-28),,
4

Sign-extension — 0 0 0 1| | | | (13),,

Frro o 1 13, Resultisin 2'

* complement form

Verification: 1 1 | 0 0 1 |

000 11 00

+

1
0 0 0 1 1 0 113

Case 4 (Both Negative) : Add (~28),, and (-15);

We have (011100}, — (28), and
O1111), = (1)

(100100), — 2's Complement of 28
{10001}, —2's complement of 15
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signs are different. For an add operation. identical signs W";‘]i:j“:h%::ﬁ;‘r‘ouod“_ ':_"d‘l‘ed, e
subtract operation, different signs tell that the magn! M*Sh'_’ T Ep::q ion Ep ~ :
B adds the magnitudes and stores the camy if any ’“I register. 1 taT}Te o er the it
constitutes an overflowif it is equal to 1. The value o Eis transferred into -overflow g iP'Ilnp
AVF. .

The two magnitudes are subtracted if the signs mdilf:relnt for an addﬁpefﬂhﬂﬂ or id““tim o
a subtract operation. Their magnitude are subtracted by flddiﬂsﬁ to the 2's ‘mm_lﬁcn?em ofp,
overflow can occur i the numbers are subtracted so AVF is cleared to 0.Alogic 1in E indicgpe, ,
4> B and the number in A is the comect result. If this numbers is zero (in case A = B), the
st be made positive to-avoid anegative zero. A logic 0in E indicates that A< B and it i

to take 2's complement of the result, i A & A+1 When A < B, the sign of the resuy i
ocmplement of the origingl sign of A. it isthen necessary to complement A, to obtain the corregy g
However, in other paths of flowchart the sign of the result is same as the sign 0f A 50 no ehgpg, .
A, s required. The final result is available in register A.and its sign in A, The value in AVF ingicgy,
overflow condition and the value in E is ignored. :

NI :Q.“%

Sign o

Addition and Subtraction with Signed 2's Complement Data

The Fig. Shows handware for adding and subtracting two binary numbers in signed 2°s complemen;
representation. The sum is obtained by adding the contents of A and B registers including thejy sign
bits. The overflow bit Vs set to 1 if the exclusive OR of the last two carries is 1, and it is clearedyy

0 otherwise. The subtraction operation is accomplished by adding the contents of "
complement of B. ’ : Ao

bers are sam_e, the overflow miy oce;

ur. Thus overflow must be
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wﬂs“bmcling numbers in signed 2's complemem representation

Sublract

Add
.

Augend in A
Addend in B

A==p+B
W= Overflow
15,@ AL

Fig. 8 : Flowchart for adding and subtracting number in signed 2’s complement
<t representation
Carry Look Ahead Adder
The n-bit adder discussed in the last section is implemented using full adder stages. In which the
carry output of each full adder stage is connected to the carry input of the next higher order stage.
Therefore, the sum and carry outputs of any stage cannot be produced until the input carry occurs;
this leads to a time delay in the addition process. This delay is known as carry propagation delay,
which can best explained by considering the following addition.

0101

+ 00011

1000
Addition of the LSB position produces a carry into the second position. This carry when added to
the bits of the second position (stage), produces a carry into the third position. The laiter carry, when
added to the bits of the third position, produces a carry into the last position. The key thing to notice
inthis example is that the sum bit generated inthe last position (MSB) depends on the carry that was
generated by the addition in the previous positions. This means that, adder will not produce correct
mesult until LSB carry has propagated through the intermediate full adders. This represents a time
delay that depends on the propagation delay produced in an each full adder. For example, if each full
aderis considered to have apropagation delay of 30 s, then S5 willnot reach its correet value until 90
s after LSB carry is generated. Therefore, total time required to perform addition is 90 + 30 = 120

s,

Obviously, this situation becomes much worse if we extend the adder circuit to add a greater
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registers are shificd 1o the right one bit. so tha the C bit goes into An_1s Mg ROCS inyg,

]
¥ od only shift operation j Qr'-|
and Qs lest. 1fbit 0 (Qglis 0. then no addition 1S performed oniy on s cary | =

oul.

3. Steps 1 and 2 arc repeated 0 times to get the desired result in the A and Q registers,

Initial Valuas
A Nowchart for multiplication operation is shown in Fig.

e e
(-]
[=]
(=]
(=]

1101 101 4
01 1 110 e | Fratope
.@ 1 0011 11 g \
1 0 1001 il : 2} Sscondcyce
cA=—0 3 0 1001 11
§ — Musiphcand o 0100 gl ;",,f“}muqm
O = Multpiier
Count == n 1 9001 1111 Add
i 0 1000 T S} Fouth oyde
Final Praduct
Yes
o Fig. 16 : Multiplication process
Complement Multiplication Algorithms
rerE [ this section we discuss mu'l'tipﬁcaﬁor! of2's complement signed operands. Here also we follow
I S I {he same strategy that to accumulate partial products by adding versions of multiplicand (either
psiive or negative) as selected by the multiplier bit. Itis important to note that multiplicand when we
sdd negative multiplicand we must extend the sign bit value of the multiplicand o the left as far as
| - product will extend. Refer fig. The sign extension of the multiplicand is shown bold. We now discuss
| atechinique which works equally well for both negative and positive multiplier, called Booth algorithm.
| Shift right C, Aand Q& h’s Algorithm
Countt =— Count - 1 Booth's )
Apowerful algorithm rmsigmdnmnbermu]tiplzcaﬁnn is a Booth's algorithm, which generates a
2n bit product and treats both positive and negative numbers uniformly.
This algorithm suggest that we can reduce the number of operations required for multiplication
o by representing multiplier as a difference between two numbers. For example, multiplier00 1110
{14) can be represented as follows.
Yies 01000 (16)
(o) —00010 (2
; 001110 (14)
i Fig. 15 : Flowchart for mulfiplication operation Therefore, the product can be computed by adding 2* times the multiplicand to the 2s complement
o ne z B . f =
Consider 4-bjt mct:?“fre' o of2! times the multiplicand. In simple notations, we can describe the sequence of required operations
"Plier and multiplied ; by recoding the preceding multiplier as
Ml:-'luillphu' =110 and 0+100-10
ultiplicand =101 | In ) ithm recoding scheme can be given as ©
Fi s — i genera, for Booth's algorithm g ] . .
8- shows aperations involved and their resulis inthe multiplication process ~1 times the shifted multiplicand is selected when moving from 0 1o 1, +1 times the shifted
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number of bits. 1f the adder were handling 16-b8 .
ns. - ing inter stage carmy delay jg ¢ i
i i by climinating g ;
One method of speeding us:h lﬁ:: mimm;shéic gates 10 Jook at the iwﬁ-:; 2&::::15 Ofthe by
ahead-carry addition. This me it hcgenm"-‘d- Tt uses bwo v s
and addend to see if a higher order carry isto Carry %

and carry propagate. o Fi
Consider the circuit of the full adder shown in

D

Fig. 9 : Full adder circuit

Pi ='ﬂi$5i

G =A;B;
The output sum and carry can be expressed as
5 =RoC
G+l =G+RG

G is called a carry generate and it produces on carry when both'A; and B, ar¢ one, regardles of
the input carry. P, is called a carry propagate because it is term associated with the propagation of
the carry from C; to C;, . Now C;., can be expressed as a sum of products finction of the P and G

outputs of all the preceding stages. For example, the carriers in a four stage carry lookahead adder
are defined as follows :

Ci=Gy+ PG,
C,=G, +P, C =G, + PGy +P, Py G,
C3=G, + P3(12=01+P30,+P3+P|GD+P2P,PQC

C4=Gs + P;C; =Gy + P Gy + Py P, G,
Fig. shows the general form of a carry lookahead ad

 umbers. the cany propagation delay g, ™ |

g. Her. we define two functions carry s‘n%{ |

(Refer Appendix A for detaily)

in .
Py By Py Gy + P P, P Py G,
der circuit designed in this way.
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Ast Bay Ay By

Y B
Fig. 10 : General form of a carry lookahead adder circuit
we can further simplify the design by notin
§=A®B;®C as 5 =P, BGBC,

g that the sum equation of stage i.
{Refer Appendix-A for details.)

L]
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Commmir Orcany ATy
Serial Adder

“The shifl registers with added circuitry can be used to deSiEh

E £ “1!
i i seter. full adder and D-fip- Nop, A
ic diagram ;21 adder. It consists of two right shift regis Aj
logic d_1 of serial “bi:;x st Gl D flip-Flipis usgdt‘olsluﬁl:t!llf clalqu; h:;u.lgm Eeng

u wm‘ﬁ?{m is used as carry input for the next addition. R'lflm ¥ s -|I71||-,|.|.'|ip :
ﬂmﬂﬂ aﬂmu&mm with the least significant bits of both NE;::rll‘mmc; ::f ﬂ:git:c:nr;ﬂse
- i 3 i soht. 1-hit and we g€t ! 2

within the right shif rogisters :tf::l::cﬁmﬁ;m “The sum bit of the full adder is connecteq n:a

previous addition as new inpu e mhitlon

ascrial adder. The Fig. shq,,

stored in the register A7
serial input of shif register A. Thusthe res ; :sncw e 'in%n mgimf'h;m.
ﬁumbcrp:an be added to the contents of register A bY loading a g
Tepeating the process of serial addition.

|
Fig. 12 : Serial adder
Multiplication Algorithm
The multiplication is a complex operation than addition and subtraction. It can be performed in
hardware or software. A wide variety of algorithms have been used in various computers. For
simplicity we will first see the mulitplication algorithms for unsigned (postive) integers, and then we
will see the multiplication algorithm for signed numbers,

Fig. shows the usual algorithm for multiplying positive numbers by hand. Looking at this algorithms
we can note following points

Multiplication Operation Steps

80
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Loy (ay Multipli
. B plicand
1000 (9) Multiplicr
Tiny
0oog ;
i Partial Producis
1101
110107

Final Product (117
N Flgl. 13 : Manual multiplication algorithm
: Mll“‘l’"cw_or process involves generation of partia) products, one for cach digit in the multiplier.
These partial pmducl.?;.am then summed to produce the final product,
inthe binary system the partial products are easily defined, iplier bitis 0, the
* partial prduct is 0, and when the ¥ defined. When the multiplier bit is

: multiplieris 1, the partial prudet is the multiplicand.
o The final product is produced by summing the partial products, Before summing operation

cach successive partial product is shifted one position to the left relative to the preceding
pertial product, as shwon in the Fig.

o debit numbers inthis example fits into 8-bits, as shown.

o The product of twe n-digit numbers can be accommodated in 2n digits, so the product of the
Fig. shows the implem

ion of 1

| multiplication approach. It consists of n=bit binary
odder, shift and add control logic and four registers, A, B, € and Q. As shown in the Fig. multiplicr
o multiplicand are loaded into register Q and register B, respectively and C are initially setto 0.

Maote - Dotted lines indicate contral signals
Fig. 14 : Hardware impl

tation of 4 binary multiplication
L. Bit 0 of multiplier operand (Qg of Q register) is checked.
]

: . 11 bit trCA-mdQ
L Ifhit 0(Qy) isone then multiplicand and partial product ars added and all bits of
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multiplicand is selected when moving from 1 10 0, and 0 times the shifted multiplicand is Selecrey lb,.

none of the above case, as multiplier is scanned from right fo left.

We have to assume an implied 0 to right of the mult ipleir LSB. This is illusteated in the l'okarh!

examples.

B Example : Recode the multiplier 1 01100 for Booth’s multiplication,
Solution :
Implied zero
| o 00 Muliplier
: -'-‘: :J 100 Recoded multiplicr
B Example : Recode the multiplier 01 10 @ 1 for Booth’s multiplication.
Solution :
Implied zero
01 ro o1o Multiplier

1 0-1 0+ -1 Recoded multiplier
1MFig,shm\'5|heBoud1‘smullipliNtion_M$h0Wﬂinﬂ!e Fig. whenever multiplicand is myjgio:
by—l.imz'smmp]menlistakmasupmialresuil. iplieg
Multiplier: 001100 Multiplicand : 0 100 1 1.
Recoded multiplier :0+ 10100

Multiplication :
010011
= 0+10-100
0000000 00 000
0000000 00 00
P rer 101 « 2's complement of the
0000000 00 multiplicand
0001001 1
0000000 0
0000111 00 100
e . Fig. : Booth’s multiplication
3 Emei:fgmhl:mm besued for negative multiplier. This s illustrated in the following example.
Xample : Multiply 01 110 (+14) and 1 1 0
Solution : e R
011170 (+14) Multiplicand
IF1Toq i '(=5) Multiplier
¢=1 1 0 Recoded Mutliplier
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1o
0-1
10 s compi

Plement of
0 mulipcang

10 10 (=7

M":;ﬁﬁﬁﬁnzmt used for negative multiplier and negative multiplicand. This is
i @ Example : Explain the following pair of
Multipolicad : 11001 1 (- 13)
Multiplier 1011 00(-20)
solution :

signed 2's complement numbers.

1 01 100 Multiplier
=1 #1.0 -1 0 0 Recoded Multiplier
Multiplication :

I 1 0 0 1 | Mubiplicand
x =1 #10 -1 0 0 Recoded Multiplier

000 0O0CO0O0D0DO0GO0OTD0 D

0000000000 O

000 O0CUO0OOCQ 1 1 01 — 2's complement of the
multiplicand

000D0O0O0DO0ODD0OD

111100 L1

0001 1 91 & 2's complement of the
multiplicand

000 1 000001 0 0 (260

Hardware Implementation o
The Booth’s algorithm can be implemented as shown in the Fig. The circuit is similar to circuit
forpositive number multiplication. It consists of n-bit adder, shift, add subtract control logic and four
Tegisters, A, B, Q and Q_ - As shown in the Fig. multiplierand multiplicand are loaded into register
Qand register B, respectively, and register A and Q_ are initially set to 0. o
The n-bit adder performs addition of two inputs. One input is the A register and other input is
multiplecand. In case of addition, Add/sub line is 0, therefore C;, = 0 and multiplicand is directly
i i ine i herefore C. =
wlﬂdasa.sy;.mdinpunolhen-biladdﬂ.hcmnfmbummlul’lmﬁlﬂ =
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2y n
]62 ; : wn.hilﬂd»dﬁ-mﬂ result, the 2% hﬁ.: B lés
1 and multiplicand is complemented and then applied 10 -

of multiplicand is added in the A register

EREE B
n

| Initiad seftings : A =— 0 and Ly =0

Fig. 17 : Hardware implementation of signed binary multiplication

The shift, add and sublract control logic scans bits Qo and Q_; one at a time and generstes j,
control signals as shown in the Table. If the two bits are same (~1 or 0~ 0), then all of the bits of,
A.Q.and Q_, registers are shifted to right | bit without addition or subtraction (Add/subtract Eng
=0). Ifthe two bits are differ, then the multiplicand (B-register) is added to or subtracied from th
register, depending on the status of bits. 1fbits are Qg =0and Q_; = | then multiplicand is added s
ifbits are Qg = 1 and Q| =0 then multiplicand is subtracted. After addition or subtraction righ st
occurs such that the lefimost bit of A (A, ) is not only shifted into A _5. but also remains inA,
II'h'Ls is required to preserve the sign of the number in A and Q. It is known as an arithmeic shift, s
it preserves the sign bit.

Fig. 18 : Booth’s algorithm for signed multiplication
Letus see the multiplication of 4-bit numbers, 5 and 4 with all possible combinations.
Case 1 : Both Positive (5 x 4)

| Qo [ Q. | Add/sub | Add/Sublract Enable | Shift |
I

0f0 [ 0 1 ‘ Multiplicand (B) « 0101 (5) Multiplicand (Q) < 0 L 0.0 (4)

] 1 | 0

ilol 1 | : : . Steps A i Q Q, Qperation
'I l ' ' oo | 0 Initial
5 0 0 x Ll N

s Stepl: | 0000 | 0010 | 0 | Adithmeticshiftrigh

Table : Truth table for shift, add and subtract control logic

The sequence of i i 4 -
inFig. seq ofevents in Booth’s algorithm can be explained with the help ofﬂ::wchaﬂ shont

82
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Step 3 :

Step4:

Resuli ;

Step2:

ool

0100

Case 2 : Negative Multiplier (5 x —4)

Multiplicand (B) =010 1 (3)

=+ 20

Multiplicand (Q) 1100 @ |

CoMPUTER Ogg,,
N]?-Ah“\

Arithmetic shift righy
Ae—A-B
Arithmetic shift righy
A=A+B

Arithmetic shift righ

Steps A Q Q, 01’“_";""’“
0000 1100 0 Initial
| Swepl: ao00 0110 0 Arithmetic shift right
Step2: 0000 0011 0 Arithmetic shift right
Step3: 1011 nol1 ] A—A-B
1101 1001 1 Arithmetic shift right
Step4: F110 1100 1 Arithmetic shift right
Resuli : 1110 1100 =-20 (2'scomplement of 20)

Case 3 : Negative Multiplicand (-5 * 4)

Multiplicand (B}« 101 1 {-5) Multiplicand () < 0 100 (—4)
Steps A Q Q, Operation

0000 0100 0 Initial
Step 1 : 0000 0010 0 Arithmetic shift right
Step 2 0000 0001 0 Arithmetic shift right
Step 3: 0101 0001 ] A—A-B

0010 1000 1 Arithmetic shift right
Step 4 : 1101 1000 ] A—A-B

1ie 1100 0 Arithmetic shift right
Result : 1110 1100 =-30

83

\ -B,\gl
|

s OF COMPUTERS

165

poth Negative (=5 x 4)

“‘ = Multiplicand Q) e=1100(-4)

@ T omen

Initial

ot

Arithmetic shift right
Arithmetic shift right

A=A-B
Arithmetic shift right

Arithmetic shift right

H.diﬁtﬂ Booth’s Algorithm .

To speed up the multiplication process in the Booth's algorithm a technique cal led bit pair recoding
isused. It is also called modified Booth's algorithm. It halves the maximum number of summands.
msMﬂe,ﬁm‘ﬁﬂﬁl&t&ﬁdﬂdmulliplinﬁmmwpﬂiﬁpﬂn.m each pair is:cpmscnw_d
wimequhralmtsin@e bit multiplier reducing total number of multiplier bits min]f,.'Fblfmp!c_pmr
(+] ~1) is equivalent to the pair (0 + 1). That is, instead of adding - 1 times multiplicand ¢ shified
position i to =1 times the multiplicand at position i + 1, the same result is obtaned by adding +1 times
multiplicand at position i. Similarly, (+1 0) is equivalentto (0+2), (-1 <1) is equivalent to (o —l),nndf
soon. By replacing pairs with their equivalents we can get bit pmr_modndmul!:p11er, Butlsnsfcn:o:n
deriving bit-pair recoded multiplier from Booth recoded multiplier one can directly derive it 1
original multiplier. The bit9pair recoding at multiplier can be directly derived from Table. The table
<hows the bit pair order for all possible multiplier bit options.

Multi bit on the Bit-pair recoded
Multiplier bit-pair I\ ! p&ri;hl multiplier bit at
itl | | i-1 | pusi;mm
| | | 1
|
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B Example : Find the bit

-pair code for multipliet

rrono. o ade as follows :
Solutio : By referring Table we can deri*® b]"pmwd.
ution : By rc e-lnlp"c‘!o'u
0 =1 -2

® Esampl : Muldply give® T‘fimlﬂimlﬂliplicmd(‘”}
B -011011 muliplier (+27)

bit-pair code for multipler.
1 0« Implied 0 to

0t % 4 T righoflsB
- -

)

Solution : Let uss find the

Multiplication :
10 10 |

2 -l '
___________Lz._—a——]——]' & 2's complement of

po0000000] the multiplicand
1 « 2's complement of
the multiplicand
& Multiplicand * {+2)

(-297)

coo0o000 !l 0l

r1161 10010 111

Array Multiplier

“The multiplication process for bianry numbers is similar to the decimal numbers. Actually bing,

multiplication is simple than decimal multiplication since it invlves only 1s and os.

Rules for binary Multiplication
0x0 =0
0=] =0
=0 =0

1=] =]
& Example : Multiply 011, by 110, using binary multiplication method.
Solution : »
011
*x1 10
000
+ I 10 & shift lefi
00
I 0

0
L‘,};L,_ ¢ shift lefi
00

2 2% complement pumbers using bit-pajr Peeag;
"
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¢ have oo hml'::-ﬂtﬂ”m_ takes place in binary numbers. It uses n shits and adds 10
) ).,..wl_:mﬂ{? | . i combination logic circuit implemented to perform such multiplication

_,‘ﬂl’llllpdwmwﬂonﬂ multip Iﬂrorsrny mu'“prIH.

it sk E

# Leius 5 Jf ;::::::::ﬁ“l'_"“ Jrocesy fﬂr‘ﬂ * 2 multiplier for two unsigned 2-bit numbers

ﬂwuipﬁund | iplicr B =B, By. The Fig. shows how the multiplication process is

o .

© e 0V
i A

_ r: COMPUTERS
acs OF

Py e By
Py=BpA, + By

I—: | P2 LP' | Po Py =By, + Camyout of Py
Py = Carryout of Py

Fig. 19 : Multiplication process

The multiplication processinvolves multiplication (product) of 2-bit number and differtion of 2-bt

qumber. The multiplication of 2-bit number. The multiplication of 2-bits can be implemented using 2-

input AND gate whereas addition of 2-bits can be implemented using half adder. Such an
complementation of 2 = 2 multiplier is shown in the Fig.

By Ay By Ag By Ay

By Ay

P Py Py Py
3
Fig. 20 : 2 x 2 bit combinational array mulfiplier
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« 4 multiplier fOr 1WO unsigney ;
The Fig. shows the multiplication process forad

As shown in Fig, ¢
o p =B, By By By : & Gach gV
it ) 4 multiplier B = B3 Mmmndmgmulhplmrbi : an
ﬁ:t:ﬂ::ﬁﬁ.mfsr:m;:ﬁ; cither Oor | m“:l::umwem_ Theprodustly tls%“w
: ¥ ists of four 4 : 5

partial product. Each pa.m:ll ;m:u::c mg:;ﬂl::hm. The final 8-bit product is oblained by al %[%I‘M !
by a product term surrounded by reclang

partial products.

Ay M Ay A
B, B B By

I%’%'%lﬁf*—-m ‘
II.A;i&ﬁIBI“fl/ ‘
(o [ ot [ ot | 0 | |

.

LP?IP5|P5[P‘|F3|92191|pn]

Fig. 21 : 4 bit by 4-bit binary multiplication
‘The first partial product is formed by multiplying B, byA; A, A Ay. The second partial produd
is formed by multiplying B by A; A, A Ay The third partial is formed by multiplying B, by A, A,
A Agand the fourth partial product is formed by multiplying A3 Ay Ay Ay The multiplication ofwo

bits such as Byand Ay produces a | if both are I: otherwise, it produces a 0. This is identicalto AND
operation. Therefore, the initi i

e roduct. As we oly tree bits from i Fig. 22 ¢ 4-bit by 4-bit binary multiplier
3 : illustrated in Fip, The three mest Division Algorithm o | B )
13’ ; : The di\':inon is more complex than multiplication. Foq‘sl_nlnplum)l wewill seri;:slzne:i:mpoi::?
ArTyo Wﬁ. Fig shows the usual algorithm for dividing positive numbers hy. It show: p
igmi uct. The ¢ i
significant bits of the product, Least significang b e utand third sym represents five mos

o aid decimal division and the binary coded division of the same value.
N = 1t5 o irstand 5 y
Py’ respectively, and proguct By, respresents By second partial sum represents P,

85
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G 1o =— Quolient
14 ~=— Quoti s i
1
— |2)-;5-1?_a— Dividend o e 1010100
Divisar Diviser [
- 0010
49 e Partial Remainder — 2 lmu
48 e
" 01100
1100
—_—
00001 =— Remainder

Fig. 23 : Divisinulu?mlﬂ"l"' N i s

In both the division, division process is same, only in binary d";ﬂfe“dﬁ‘:?:;’; ::’ oD,y
will now see the binary division process in detail. First, the bitrs o e tmhe:;‘_thed %
left to right. until the set of bits examined represents anumber greater e Dslvlsm; thi
is referred to as the divisor being able to divide the nur_nbcr._Untll this condi ik 75, Us are pj
in the quotient from left to right. When the condition is sqnsﬂzd. alisplac rltl:l lc quotient ang
divisor is subtracted from the partial dividend. The rﬁull is referred to as a partial nm“l“d"-_ffmm
this point onwards, the division process follows repetition of steps. In cach repetiotion cycle, additigny
bits from the dividend are brought down to the partial remainder until the result to produce 5

o ey
partial remainder. The process continues until all the bits of the dividend are brought down and reg,
is still less than the divisor.

Restoring Division L G s :
Fig. shows the hardware for implementation of division process dc:?cnbed in the previous sectio,
It consists of n + 1-bit binary adder, shifl, add and subtract control logic and registers A, B and Q. g
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5 tion Steps
Nd’w sift Aand Qe one binary pogi
" gubtract dw_tsor fr{_;m Aand place an—sw _
z mmsignbuomm!.smq wb“"k'“"\(f\t-—ﬂ\—m,

o) S
1. 070V and add diyigor back to A (that is, restore A) Otherwise,
Repeat steps 1,2 and 3 n times,

" qowchart for division operation jg 5 .
el us 5ee one example. Consider 4-pj; dividend
Dividend = 1.0 1
Divisor =g 11

171

Fig. (See fig. on need page
At ol

Q—1

A =—A+B

Fig. 25 : Flowchart for restoring division operation
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s nary division-
. > in the above binary &t : 1or A after each unsuccessfiy|
Fig. sh?fmpgm-mm'::s:ndiscm‘d “_st'om,g 'v:;chh :rcfm s ref o :hh“\ |
e m?l:ﬁmbd:msumrul if the result I%'."egﬂ::om"esmﬁ“g division algorithm_ ¢ ™
(Subtraction is said 10 Jgorithsis improved, giving ion operation in the resloringg[gﬂm‘

division algorithm. This : fter thesu
the sequence of operations that ui,esph“:
ARegister QRagster
g § 01 o ~=— Dividend
nesly 00000
s 00001 o100
GawmctB 101 1 0 1 First Cycle
5ol 0y 1110
1
Resore(A*B) 0 0 0 1 .
o 0001
st 9 0 010 1o [@0
SubbwetB 101 1 0 1 i
iy (351 L L e
ReseniAsB) 0 0 O 1 1
o010 1 o[
s 00101 o @EO
SubwstB 1 1 1 01 :
+ 5810y 0010 Third Cycle
o @[
st o001 00 EE}ED
SubtmctB 1 1 1. 0 1
satQy KK Fourth Cyce
e Mote: Subtract B means add B in
Remainder @mé 2's complement form
‘q——-w—n—n’
CugBent
Fig. 26 : A restoring division example
IfA i positive If A & negative
Shift keft and subtract divisor — 2A B | Restore— A + B
Shift left and subtract divisor —
2A+B)-B=2A+B

Looking at the above operations we can write following steps for non-restoring algorithm.

Step 1: Ifthe sign oA 0, shift Aand Q left one bit position and subtract divisor from A: other¥s

shift Aand Q left and add divisorto A,

5 OF COMPUTERS
[

o Repeat steps | and 2 for n times,
e 3z Ifthe sign oF Ais 1, add divisor WA,

e Stepdis required to leave the pro

ngd“g Division
chart for non-restoring division,
A D bit dividend and 2-bit divisor ;
Dividend =101 ¢
Divisor =001

onsiSE”

Fig. 27 : Flowchart for non-restoring division operation

Ifthe signof A is 0, set Qg to I; otherwise set Qpto0.

87

Fig, shows steps involved in the non-restoring binary division.
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PET positive remainder in A at the end of in cycles.

Operation is as shown in Fig. Let us see one example.
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ARegister T, o ——Dwdend
Initialy 00000 R
sie 00001 o 1000 First Cycle
subst 1 1 101 10
set Oy 1110 i
00 1o @0
ﬂ;;;ﬂ Second Cydle
Shift 1111 U@ED
o e Third Cycle
“|%@0010 ”@
sin 0 0 1 00 EEED y
Subtredt 1 1.1 01 Fourth Cycle
§iiit  @EEY
; S ——
Remainder Quotient

Fig. 28 : A non restoring division example

In the above example after 4 cycles register A is positive and hence stép 3 is not required. Lets

see another example where we need step 3. Consider 4-bit dividend and 2-bit divisor.
Dividend =1011
Divisor =010

Fig. shows steps invalved in the nonrestoring binary division.

The hardware shown in Fig. can also be used to perform non- i ithm. There ise
simpl_e algorithm for signed division. In signed division, the opmfanr: :iﬁg:::;hmm
them into positive values. Then using one of the algorithms just discussed quotients and remaind
are calculated. The quotients and remainders are then transformed o the correct signed values
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A Re:
—— C Register
Initiaily 0009y i T Y——
Sht 0 p g g
Subtract 11:.1: 0498
i ARALILTY e
Shift 110600 ;
A 0 0104 P @0
PR, ~ T e
Shit 1.1 9 94
Add 00101 '@@D
?uuuu 1@@@ TipLie
Shit 0 0 0 p
Sublract I W8] T, | @EIED
?——11(‘” mmm@ Fourth Cycle
' Mgt
Quotient
Add 11100
00101 _
o007 Restore Remainder
\--—..v...—_t
Remainder

Fig. 29 : A non-restoring division example

| Comparison between Restoring and Non-Restoring Division Algorithm

S.No. Restoring Non-Restoring

1. [ Needs restoring of regster A ifthe | Does not need restormg.
result of subtraction i negative. ]

2 | Ineach cyck content of register A | In each cycle content of regsster A & first
first shifted left and then divisor s | shifted left and then divisor is added or
subtracted from it. subtracted with the content of regsster A

: depending on the sign of A.

3. | Does not need restoring of Needs restorng of remainder if remainder
remainder. E negative.

i: 4. | Slower algorithm. Faster algorithm.
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Floating Point Arithmetic Operations
In this section we are going to see 2ener
division of floating point numbers.
Addition and Subtraction
Consider two floating point numbers :
X =mrfl and
Y = m,rf2 Assume ;€ =g
Let us see the rules for addition and subtraction. o : 3
Step 1: Select r.hge number with a smaller exponent and shift 'lls “_'?3';":1““ "ﬂ“- a number oF s,
equal to the difference in exponents ley— ¢y, For cxamp e, | ed"““[’l o IF; are 1,75 x 102 0y
6.8 % 10°, then the number 1.75 105 selh-cted anm\;crl 10 0.0175 = (¥,
: oonent of the result equal (o the Jarger €X 3 :
:}3 ; :::I:I:ne:dﬁi[[nnrsummlion on the mantissas and determine the sign of the resuly,
4 alize the result, if necessary. )
Stepl_:l ::F'::ronn the addition and subtraction of single precision numbers using above rules,
® Example : Add single precision floating point numbers A and B where
A = 44900000 H and B = 42A00000H
Solution : Step 1 : Represent numbers in single precision format
A=0100010010010000 ... 0
B=0 100001010100 000 .0
Exponent forA=1000 1001 =37
». Actual exponent = 137 — 127 (Bias) = 10
Exponent for B=1000 0101=133
. Actual exponent = 133 - 127 (Bias) = 6
- Number B has smaller exponent with difference 4. Hence its mantissa is shified right by 4 biis

| procedures for addition. subtraction, mll|lip|iqﬂin“

as shown below.
Step 2 : Shift Mantissa
Shified Mantissa of B=00000100 ... 0
Step 3 : Add Mantissas
Mantissaof ~ A=00100000" .4 0
Mantissaof B=00000100 |
Mantissa of Result 00100100  woed 0

As both numbers are positive, sign of the result is positive.
Result =0 1000100100100100
S =44920000 H
ve seen addition process for floating point numbers. Simil is used for subtraction
of floating point numbers. In subtraction, two mantissas are s i gt af g1
, mbers. A are subtracted d the
sign of greater mantissa is assigned to the result, i

B Example : Subtraci single poi ror 9
point precision Moati -
where A = 44900000 H and B = 4240 T ng point numbers A and B (A - B

So.lnrffn : Step 1 : Represent numbers in single precision format
A=0 10001001 Gotoooo )
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- 10000101
p=? B D1000gg
3 orA. = 1000109 = 117"
Actual exponem - 137 - 197 - l.J?
Exponent for B = |gq (bias)= 19
Actual exponent = 133 0101 =133
- 127 (Bias)
. Number B has smaller exponent with difference
o below = :
L 1: Shift Mantissa
@t " gy ifted Mantissa of B=000001 00 g
3: Gubtract mantissa
’ Mantissa of A =
Seliachmd GOR
: =00000100 .0
; 3 000 m‘ﬁ I
issa for A is greater than mantisa for B therefore .
st 0 1 0001001 00011100 g sign of result is sign of A.
’ =448E0000H
ms in Floating Point Arithmetic
Mantissa Overflow : The addition of two mantissas of the izn may result in a carryout
fihe most significant bit. If so, the mantissa is shifted right mdﬁ:::;%nmmsrml&:c:;d.
Mlﬂ“-"“' Underflow : In the process of aligning mantissas, digits may flow off the right end of
{he mantissa. In such case trunction methods such as chopping, rounding are used.
Exponent Overflow : Exponent overflow occurs when a positive exponent exceeds the maximum
ible exponent value. In some systems this may be designated as + == or — ==,
Esponent Underflow : Exponent underflow occurs when a negative exponent exceeds the
paximum possible exponent value. In such cases, the number is designated as zero.
flawchart and Algorthm for Floating Point Addition and Subtraction
Fig- shows flowehart for floating point addition and subtraction.
Algorithm : Referring the flowchart given in Fig. it is possible 1o write algorithm for floating
point addition as follows.
Declare registers : - AM [0: M =1] ; For Mantissa of A
BM [0:M~1] ; For mantissa of B
AE[D:E-1]) : For exponent of A
BE [0 : E-1] : For exponent of B
I [0: E-1] ;For temporary storage of exponent
AM  Mantissa of A
BM « Mantissa of B
AFE & Exponent of A
BE (—E,\‘.pﬁl'l!l'ltﬂrﬁ-
Step 2 : Compare the two exponents : )
. E =AE-BE

0

4. Hence its mantissa is shified right by 4 bits

Step 1 : Read Numbers :

89
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1 Equalize
step ifE <0 then
right shift AM:
. E=E+ 1 and goto siep 3;
ITE >0 them
right shift BM:
) E=E-1gotosiep3;
aepd’ Add Mantissas : AM =AM + BM and E = max (AE, BE)

& . Check exponent overflow :
it"n\'t'l'“‘“" occurs during mantissa addition then
if E = Emax then Report overflow
clse
right shift AM
E=E+ | gotosiop
step 6 2 Adjust for zero result
1fAM = 0 then E = 0: go 1o stop
sep 7 . Normalize result
if AM normalized then go (o stop
step 8 : Check exponent underflow
If E > Emin then
lefl shift AM;
E=E-1gotostep?
Step 9 = Stop
Implementing Floating-Point Operations
The Fig. shows the hardware implementation for the addition and subtraction of 32-bit floating
point operands that have the single precision format, i.e. 1-bit for sign, 8-bits for signed exponent and
23-bits for mantissa. As per the rules ofaddition/subtraction of floating point number we have to first
compare the exponents of numbers to determine a number with a smaller exponent and then to
determine how for 1o shift the mantissa that number so that its exponent matches with the other
number. The shift count value is determined by the 8-bit subtractor. The inputs for the 8-bit subtractor
a5 exponent values of two number and the operation performed is E, — E,. The subtraction gives
difference, n. This difference, is sent to the SHIFTER unit. The sign of the difference that results
from comparing exponents determines which mantissa is to be shifted. 1fthe sign as 0, then E, > Eyy
and input to SWAP network is 0. This disables swapping and mantissa My is sent to the SHFTER. If
then sign is 1, the E s — Ep and input to SWAP network is 1. In this case swapping is enabled and

Manti M, is sent to the SHIFTER. The SHIFTER unit shifis the given'mantissa n positions to the

right.

_ The two way multiplexer is used to set the exponent fo the result (E) equal lnlllu: !urgn:rclxponem,'
i step 5. Multiplexer has two inputs E, and Eyand its output is based on the sign of the difference
tesulting from comparing exponents instep 1. The output of multiplexer is
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M,

! E<E, fE\2E,
U o E= E‘U EA < EB
The third step is lohpt.rform addition or subtraction onthe mantissas and determine the sign of the
1t, The control logic is used to determine whether the mantissas are to be added or subtracted. It
Jecides this by checking the signs of the operands (S, and Sg) and the operation (Add or Subtract)
——1 is to be performed on the operands. The control logic is also responsible for determining the sign
M of numbe, ofthe result (Sg). The control logic determines the sign of the result by checking the resulted sign of

;ssaadder/subtractor, sign from the exponent comparison, signs of the operands and the operation
o be Pcrfunmd

E, B E

K—r

B-bit Swap |
multplexer subbacter

i

| I step 4, the result of the mantissa (M) is normalized. The normalized value is truncated to
| n=Ea-Eel Sl __:l;:m.,. i the 23-bit mantissa, MR, of the result. The leadding zeros detector determines the number
e,

of bit shifts, X, to be applied 1o mantissa (M). The value X is then subtracted from the tentative
o cesulted exponent E to generate the true result exponent Eg.

Multiplication and Division

]
s
!
A

In floating point arithmetic, multiplication and division are somewhat easier than addition and
— Ot Manlissa ubtraction because an alignment of mantissas is not required in multiplication and division.
I Let us see rules of multiplication.
.

1. Addthe exponents and subtraction bias (127, in case of single precision numbers and 1023,
M

in case of doublg precision numbers).

2. Multiply the mantissas and determine the sign of the result.
3. Normalize the result.
4,
5.

Divide the mantissas and determine the sign of the result.
Normalize the result.

Fig. shows the flowchart for floating point multiplication.
Let us see rules of division

1. Subtract exponents and add bias (127 in case of single precision numbers and 1023 in case
double precision numbers).

2. Divide the mantissas and determine the sign of the result.
3. Normalize the result.
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determane the sign

Fig. 33 : Flowchart for floating point division
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2.8 Classificarion of Compurers |

CoMPUTER l)m‘..&:\-w_mm 'l 35

jons generally cost a Ferr 4 x .
WorkS e fE 1akh 1 few tens of akhs of rupees. depending on the
wﬁs“m"“.m' incl f'lt’ il!.M izl "E"”‘:' ol workstations is Sun microsystems. Other manufaciurers
o orkstations include TBM. DEC, Hewlett Packard (HP). and Silicon Graphics.

Gl s s com s nd sl 12l compucn o |
classification size. processing speed and cost. Based on these 1 et L B ssifigg ,
microcomputers. minicomputers, mainfrumes and ‘“““'“‘““"5"? somputer technol e 1 chu
technology classification is no more relevant. The problem ist “"”mﬁ? i d 08Y is chang;
so fast that few months of introduction of anew computer in the market, new models of cop,
are introduction have much higher performance and cost less. I_I-.-.nce. a m.cn.llls ';Etrudu;w
system can output from models of a few years ago. and a new mllnlmmp::;-r Lanl » the work g
carlier mainframe. at a cost. Hence, today computers are classified based on their mode of
According 1o this classification computers are classified as notebook computers, personal mmm
workstations. mainframe supercomputers, and clients and serves. In this chapter, you will Imm%
these nvpes of computers.

2 “.iuiune SYSTEMS

There m_.&ewﬂﬂ organizations, such as banks, insurance companies, hospitals, railways, el¢..
peed on line processing of large number of transactions. and require computer systems, which
e e data storage and processing capabilities. Mainframe systems are computer systems,
whichare mainly used for h““d"]"ﬁ 'ht_ information processing needs of such organizations. They are
used in such environments, in which a large number of users need 10 share a common computing
fcility. such as in research groups, efiucaliana'l institutions, engineering firms etc.
By its very nature of usage, a mainframe system is housed in a central location, with several user
inals conncgtcdlm it lThc user terminals act as aceess stations, and may or may not be located
. the same building in which the mainframe system is located. Atypical configuration of a mainframe

1. Work staTions ystem consists of the following components (See Figure 3).

Workstation is a powerful desktop computer, which is dtiig.ncd 1o meet the computing needs o
engineers. and other professionals. who need greater Processing power, larger storage, and better
graphics display facility than what PCs provide. For example. workstations are commonly yseq foe

. Magnetic Tape Library

computer aided design (CAD). simulation of complex scientific and engineering problems, visualizaipy,
of the results of simulation, and for multimedia applications, such as for creating special audio vigyy
effects for 1elevision programmes and movies.

A workstation looks very much like PC, and is typically used by only one person at a time, jus,
like a PC. The following characteristics are often used to differentiate between the two ;

1. Processing power : The processing power of a workstation is several times (typically 5 1y

=
10 times) more than that of an average power of a PC. Plott 2
2. Storage capacity : Workstations have large main memory ( Typically 0.5 GB to a few GB) SRS

s compared to PCs, which have few tens or hundreds of MB of main memory. The hard
disk capacity of a workstation is also much more (typicaily severalties of GB) as compared
to that of PCs (typically few GB).

3. Display Facility : Most workstations have a large sereen (21 inch or more) monitor capahle
of displaying high resolution graphics. Hence, the color and graphics adapter card, which is
optional for PCs, is available by default in workstations. PCs. normally use monitors having
smaller screen (19 inch or less).

4. Processor design : PCs normally use CPUs based on CISC technology, whereas

workstations use CPUs based on RISC technology. Popular RISC processors used in
wuri.cslalllons arc ALPHa (used in DEC-AIPHA workstations), RIPOS (used in IBM
workstations), SPARC (used in SUN workstations), and PA-RISC (used in HP workstations).
5. Operating system : Unlike PCs which can run any of the five major 0Ss-MS-DOS, M$-
Windows, Windows-NT Linux and Unix, all workstations generally run the Unix operating
S}E,l:m or a variation of it, such as AIX (used in IBM workstations), Solaris (used in SUN
R Rt o e ) vt i
" user onented, workstation” i ; i i i
6 1o support a multi user environment, SmSTpesing v B talpnadio nbex
- Network interface card : Most workstations ilt-i

: Most » s have built-in hardware t ct to a Locd!

Area Network (LAN]..TTns facility is normally optional in case DF?PE-W““'-"-
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1. Host, Front-end, and back ¢nd computers : A mam?‘::nadditis: o uf::m- Uy,
. bordinate com| ! > i .
composed of several computers (subord! most of the computations, gnq hﬁa"’t.;.,
host computer. The host computer carries out lieve the 35 iy
The other computers reli host copy, "
control over all the other computers. ampl, 8 front-end computer D"'Eru{
certain routine processing requirements, For exampic. oy
handi ications to.and fromallthe user terminals connected to the compyy, b
ing communications to S ; ; Vsity
mmmngdnhmwmﬂﬂfm“”m”w prGCSSIII_S lE_qumls.Sij
a back-end computer is used to handle data I/ operations, thus re.lw:mg i host cop,
of locating a particular /O device and transferring data to or from it. As shown ip g, By,
the host and other computers are located in the systems room, to which entry js “—‘Sfl‘in:udln
system administrators and maintenance staff. )

- Console(s) : One or more console terminals are also located in the system rogp, The
terminals are directly connected to the host computer, and are mainly used by yp,
administrators to monitor the health of the system, or to perform some Wﬂnadmhﬁm%
activities, such as changing the configuration of the system, installing new spfiwar, on th,
system. taking system backup, e,

3. Storage devices : For large volume data storage, a mainframe system has severa]

disk drives (located in the systems room), which are directly connected to the back gng
computer. All data to and from these: magnetic disks, are accessed by the hot computer,v;,
the back end computer. In addition, 2 mainframe system also has a few tape drives ang,
magnietic tape library, for restoration or backup of data, from or to magnetic tapes. The i,
library is located in the systems room, and is used by the system administrators, 1o take
regular backups of the data from magnetic disks on to magnetic tapes. The tape drives g
loca_ned in the users room, so that users whao bring their input data on tape or want to ake
their outpur data on tape can have access to the tape drives.
4. User terminals : User terminals, which act as access stations, are used by the wsers i
work on the system. In the figure, although all the used terminals are shown to be located in
lheluser room. some of them may be located at geographically distributed locations. Since
mm: systetms allow multiple users to simultaneously used to system (through the user
terminals), their operating systems support multiprogramming with timesharing. This enables
all the users to get good response time, and an illusion that their jobs are being attended to by

(=]

the system,

- Output devices : The user terminals serve the
for hard copy outputs, a mainframe system

plotiers. connected to the back end compu

user room, 5o that they are accessible to th

It is unlikely that You would fi
The configuration of 2 mainframe

itis meant for. The example of Fig,
Mainframe systems gre much

purpose of soft copy output devices. However,

usually has several printers and one or more

er. These output devices are also located in the

¢ users, for taking their outputs.

nd two mainframe systems configured in exactly the same way.

system depends a lot on the types of usage and the kind of users
3 is just one possible configuration.

bigger and several times more expensive than workstations. A
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;;“fwmd hur::::g ?ffu t::ntsp:-zlurtaf\ mainframe system may cost anywhere from a few tens of
st 4 tjgw{m‘m host andwh':; N on the configuration, A mainframe system having smaller
ﬁmurﬂ"‘f“ d 10 as a minico . compulers, lesser storage space, and fewer user terminals)
 en rd-mbe by ';Pum SYstem. However, there is no well-defined boundary for
::imd“ia"mg ' 0. Two major vendors of mainframe systems are IBM and DEC.

y GUPERCOMPUTERS

binets, and needs a large room, with closely

s“p‘mmpnm are l.hen_wslpqm,ﬁﬂ and ex
MH used for processing complex scientify
o . Some of the supercomputing applications (g
geasfollows:

i, Petroleum industry used supercomputers 1o analyze volumes of seismic data. which are
gathered during oil-secking explorations, o identify areas where there s possibility of getiing
petroleum products inside the carth. This helps in more detailed imaging of underground
geological structures, 5o that the expensive resources for drilling oil wells and extraction of

leum products from them can be more effectively channelized to those areas. where
the analysis results show better possibility of getting petroleum deposils.,
Aerospace industry used supercomputers to simulae airflow around an aircraft at different
speeds and altitude. This helps in producing an effective acrodynamic design, to develop
aircrafis with superior performance.

3. Automobile industry uses supercomputers to do crash simulation of the design of an
automobile, before it is released formanufacturing. Doing crash simulation of an automobile
on computer sereen is less expensive more revealing, and safer than crashing a real model
of the automobile. This helps in producing better automoile designs. which are safer to ride.

4. Structural mechanics industry used supercomputers to solve complex structure engineering
problems, which designers of various types of civil and mechanical structures need to deal
with to ensure safety, reliability, and cost effectiveness. For example. the designer of a large
bridge has to ensure that the bridge must work invarious atmospheric conditions and pressures
from wind, velocity, etc. and under different load conditions. Actual construetion and testing
of such expensive structures is prohibitive in most cases.

3. Meteorological centers use supercomputers for weather forecasting. In weather forecasting,
weather data supplied by a world wide network o space satellites. airplanes, and ground
stations are fied into supercomputers, these data are analyzed by a series of computer programs

to arrive at forecasts. This analysis involves solving of complex mathematical equations
which medel the atmosphere and climate processes.

There are many more supercomputing applications. It is not possible to cover all of them here.

Allthese applications are impracticl, if ot impossible, on mainframe systems.

Super computers use multiprocessing and parallel processing technologies to solve C"“'Pt“

Publems faster. That is they used multiple processors, and parallel processing enables 4 complex

Pensive computers available ata given time. They
¢ applications. which require enormous processing
pplications that need supercomputers for pracessing)

[
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igned to different prog ter technology ¢hy ) . :

S which can be assigne i Sof use comp ANEES so quickly, the advanced capabilities of mputer
problem to be dmd:d‘mm ;T::I:‘ ﬁ:ﬁm gram is writlen in a ?;:l::c;ll:;:t\;\l.:k Up the orj g:i ¢ become l{l;l;‘ sl:m;lard features pexy year, and nexy ym‘:ﬂsﬂa ili :::pou l: rsuwﬁln;;ue \gll}‘
ES'SI:ITH a".dg;cnallw L:;:;um:in;ml modules. which can be n[“ut:': mb|-;m.H|:nci: ifthe . 8 gml’ﬂ‘mml Ih;m l af 3 UI::"\":mpmm_ “an typically cost from few tens of lakhs to few tens of
fn':lt'mt: proccsmm can work independently and cooperate tosolve fhe » the o frupees, depending on their "Ng capability and configuration,

P i

stem and if it can be broken ;

tational modules it can be theoretica . =
m:rh:‘:pﬁzimemm_ Since modem supercnmpﬂlln.;ﬁ CmF]‘}?L‘“F::“ tcr:s_ Mn;:‘i, ‘;‘h
they are also known as parallel computers or parallel process! b .

as massively paralle)
supercomputers employ hundreds of processors, and are also known

twotypes of systems are oriented to input/output bound applications. In processor-bound app i,

the amount of work that can be performed by the computer system is limited primarily by the
of the CPU(s), whereas in 1/0-bound applications, the amount of work that can be performeg Py

computer system is limited primarily by the speeds of the /0 devices. Supt.e!".‘crmpulcm are
used for processing inpuioutput intensive applications, such as payroll processing,
record keeping applications. To do so would waste an expensive and relatively rare resourge,

problem takes 100 hours to process on a sm‘glﬂ-mwd inabout | hour by using a sup‘_m:;‘:ii
g
My,

Like mainframe systems, supercomputers also support “‘“l'ipr_“ggﬁmi'% Which allg,,
simuhanmus access of the system by multiple users. However the main difference ht‘twem the

aﬂcol.n"in&{;

i clients ANd Servers

This is purely role-based classification of computer systems,

. i With the increased popularity of
ger networks, it has become possible o interconnect several :

computers, which can communicate

for cost effective usage, and can be
examples of such resources/services are -

::”mmfrm ccntml!)-. A few
1t provides 4 central Storage facility, to store files of several users on the

|. File server :
network.

2. Database server : It manages a centralized datahase, and enables several users on the
network to have shared access to the same database.

3. Print server : It manages one or more printers and accepls and processes print requests

Leaders in the development of supercomputers include Cray Research Company, IBM Silicgy from any user in the netwark, )
Graphics, Fujitsu, and Intel. Realizing the impontance of supercomputer in the advancemen ofy| 4 Nameserver:lt m‘:‘ names into network addresses, enabling different computers on
nation, some national efforts of building sup p indig ly have also been initiateg, Th the network to communicate with each other.

has resulted in the development of RARAM series of supercomputers by the Centre for Deve
of Advanced Computing (C-DAC), Anupam series of supercomputers by

4) has been developed by C-DAC.

Fig. 35 : C-DACs
reproduced with permission from C-DAC)

PARAM 10000 supercomputer |

the Bhabha Atomi
Research centre (BARC). and PACE series of supercomputers by the Defence Research ani
Development organization (DRDOY), Hyderabad. The PARAM 1000 supercomputer { Shown infig

In these cases, it is usual to have one process, which “owns” the resource or service and is in
charge of managing it. This process accepts requests from other processes, which want to use the
wsource or service. The process that owns the resource and does this management is called a
server process, and the computer on which the ever process runs is called a server computer,

called client computers. Note that there may be multiple client computers which send service requests
o the same server computer. A generic client Server computing environment is shown in Figure 5.

In a client server computing environment, it is common for one server to use the services of
| mother server, and henee, to be both a client and a server at the same time. For example, let us
issume that a client server computing environment has clients, a file server and a disk block server.
Any client can send a file access request to the file server. On receiving such a request the file serve
thecks the access rights, etc. of the user, but does not actually readfwrite the file blocks itself,
Instead, it sends a request to the disk block server for accessing the requesied data block. The disk

k server returns to the file server, the requested data blocks. The file server then extracts the
etual data from the data blocks and retums it to the elient, In this scenario, the file server is both a
erver and a client. It is a server for the clients but a client for the disk block server. Hence, the
“neeptofelient and server computers is purely role based, and may change dynamically, as the role
W compuger changes.
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Fig. 36 : A generic client server computing environment.

Figure 6 : Summarizes and presents a relative comparison of different types "f‘““mP"Inba.,
on some key features.

7. Notebook compurters

Notebook computers are potable computers, which are mainly meant for use by People uy

need power wherever they go. As the name implies, notebook computers are approximately of s,
size of an inch notebook, and can easily fit inside a briefcase. Since they have to be carried
they are also weight, weighing around 2 Kg. They are also known as Laptop PCs (Laptop perse
computers). because as powerful as a PC, and their size and weight allows them to be used y
comfortably placing them on .
As shown in figure 1, a notebook computer uses an almost full-size keyboard, a small flat seres
liquefaction color display. and a trackball (instead of a mouse, because notebook computers areofis
used without. They also have a hard disk, a floppy disk drive, and a CD-ROM drive. The displs
screen in foldable in that. when not in use, it can be folded to flush with the keyboard, to converii
system into notebook form in use, the display screen is folded open, as shown in the figure. Ms;
models o notebook computers plugged intoa “dock” on a docking station (a personal computer i
workstation), to take advantage of the machine’s big monitor, storage space, and other peripher
such as a printer. Many madels of computers can also be connected to a network, to enable thes®
download data (read files} from other computers on the network. as and when such a need arises
1o access the Internet. Since notebook computers are meant to be mobile and used from anywhe
efforts are being made to provide wireless connectivity to these systems with ather stafio™
computers.

ﬂ!‘SICS o
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Fig. 37 : A notebook computer
Notebook compulers are designed to be used even at places where there is no power point
gualable to connect them with a power source (for example while traveling in a train or acroplane).
jicnce, they are designedto operate with chargeable batteries, With a fully charged battery, a notebook
mwmmbemd for a few hours.

Notebook computers normally run MS-DOS or WINDOWS operating system. They are mostly
sed for word processing, spreadsheet computing, data entry, and preparing presentation materials,
shile a person is traveling. They are also used for making presentations, by plugging them into an
LCD (Liquid crystal display) projection system. when presentations are to be made at a location
qway from ones office.

The processing capability of notebook computer is normally as good as an ordinary PC (personal
computer) because both use the same type of processor, such as an Inter Pentium processor. However,
snotebook computer generally has lesser hard disk storage than a PC, to keep its total weight to
amound 2 Kg. Notebook computers are typically more expensive (2 to 3 times) than a normal PC.

. Personal Computer (PCs)

i hi ily | size office

APC is a non-portable, general-purpose computer, which can easily ﬁE on a normal .
wble (leaving some writing space 1o keep writing pads and other office stationary). and is generally
designed 1o be used by one person at a time (single user-oriented). As the name implies, PCs were
mainly designed to meat the personal computing needs ofindividuals, either is their working places or
attheirhomes. In fact, PCs have changed the work culture and work habits of numerous organizations

e : . : A involves the used of computer. Hence,
sediniyiduals. An Increasing poportion ofetre “Or:mn:{:;en:s. i any organization PCs are also

wday PCs are found on the working desks of several
;ﬁdins employees with flexible working environments. Thnsle employ uc&f ;':h'; :iuil: tl:: ;ﬂ?:
during traditional office hours due o personal reasons, can now waork part DI tipeibn i
and the remainder of the time at home, by having a PC in their mmw&:;ab; cl::;dn:n o e 4
2PC in their homes to run a business in their homes. PCs are also el o
for education and entertainment. Hence, PCs arel r;olg :::'\' commen ever
inoffices, classrooms, homes, hospitals, shops, cl R V—
i s vari  PC to another, depending ¢
T kel
m:“n?me The E;'slcm unil, %thi.ch is the form of abox, consists ofthe main
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disk drive, the (.I):R(!M drive an
& storage. the Noppy €15 cting peripheral de v;m’;:h;l‘
Uic,
y

of CPU, memory etc). the hard diﬁrﬁ“ card), and ports 10 comne

add on cards (such as network inte
printer). desktop model and the tower
PCs are the
m two most commort Iy used sé:jfl::::‘milﬂl‘ ispﬂSl'"'“'f‘d ontop off Ihc System unj I.,,'I
shown in Figure 2 in the deskiop maodcl. nd by the side of the monitor. Hence in the By

: : <tem unit is designed to sta i ;
is the tower model. :l'm: a:lmh li“nnd even on the beside or under the working s y
model. the system unit posi model was more popular few years ago, the towg, &

preserve desk space. Although the desktop
is gaining popularity now. ) , i .
Bty b €10 9 L Bt
in circuit board, called a system i ; it
;:2;;“;1':-:;11'& ety Or’f}m PCs are ‘.ﬁﬂmgul-’lhcd‘h)i the main componey n‘;nﬁ
; i i ich is used as their CPU. e
motherboard, that is the microprocessor chip. which s )

The popular operating systems for PCs are MS-DOS, MS-Windows, Wmdou:s-NT,_uw,‘w
Unix. An OS called 0S/2 was also used on IBM PCs few years ago. and the Apple’s Macintqy,
run the Apple’s propriety OS called macintosh 08 and Apple’s version of UNIx called Ay, Mog
of these operating systems enable the used to switch between task. This capability is
mulr.i‘lxskingasim_’}cusa\'mialimofﬂlcmmljmpwnmingcmpi.MullllPSkl_ngemuw%m:
and saves lots of time, when a user has o swiich between two or more applications, while pegﬁ,w
a job. For example, let us assume that a user is using a word processor 1o create an annyg] eper,
and he/she needs to do some arithmetic calculations on the p and include the caloy
sesults in the report. Without multitasking, the user would have to close the annual report file gngg,
word processing zpplication, open the calculator application, make the rm:.ea:sar;.'u::ul‘:uj.eni.;,mr‘,‘,'il

down the results, close the caleulator application, and reopen the word processing application andyp,
annusl report file. With multitasking, the user simply opens the calculator application, makes y,
fecessary calculations, and switches back to the annual report file, to continue working on i,

Toshiba, and Hewleit Packard,
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st
nblel
v’ ablet compuler o simply tablet is a
Icullll"“'“ with display, circuitry and

"ﬂh“:in o single unit. Tablest came equipped
I!"“ﬁ“nsol's- including camerras, a

i phone: an acceleratometer and a
ier gy with finture or stylus gestures
foue g for the usc of computer mouse

qutin
sttt rd. Tablet may include physical

d (for example : (o control basic features
Mﬂ;:speakcr volume an.d power) and ports

waork communications and te charge
ffﬂwwm_ They usually feature on screen
opUp virtual keyboard for typing.
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e

Fig. 39 : A tablet

Tablets arc typically largr than smart phone or personal digital assistants at 7 inches (18 cm) or

mﬂ.mgmmd diagonally.

§. PalmTop Compurer

A palmtop PC was on about pocket
calculator sized battery powered PC in a
horizontal clamshell design with integrated
keyboad and display. It could be used like a
sub notebook but was light enough to be
comfotablyused handheld as well. Most
palmtop PCs were small enough to be stored
ina user’s shit or jacket pocket.

Most palmtop PCs were based on a static
hardware design for law power consumption
and instant on/off without a need to reboaot.

The first palmtop PC was the DIP pocket
PC aka Atari Portfolio in 1989.

Fig. 40 : A palmtop computer

[

EXERCISES )

Very Short Answer Type Questions (2 Marks each)

L. A CPU consists of ...
L RAM stands for ..........
3. Main memory S1res ...

(Raj. B.C.A. 2013)
(Raj. B.C.A. 2013)
(Raj. B.C.A. 2013)
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(Raj. B.C.A, 20]1)

4, USB stands for ..o (Raj. B.C.A: 2010}
S. A storage device can be .......... e

Short Answer Type Questions (4 Marks each) :

da b I =

5. Explain the primary and secondary memory.

(Raj. B.C.A. 20y

Short note on SRAM and DRAM. (Raj. B.C.A. 201
What is instruction and execution cycle ? (Raj. B.C.A. 20 )
What do you mean by motherboard ? (RaJJi' B‘COA. 2012
: : | . B.C.A.
What is an IC ¢ (Raj. B.C.A. 20“)

What is an instruction ? Explain the types of instruction ? (Raj. B.C.A. 2012
Explain the primary and secondary memory. (Raj. B.C.A. 2011
What is virtual memory ? Write advantages of virtual memory ?(Raj. B.C.A. 2012, 2011)
Write short note on the following :

(a) DMA

(b) Instruction Cycle

(¢) Client server computer '

What is register ? Define operation of control register briefly. (Raj. B.C.A. 2011)
What is cache memory ? Why is it called high speed memory ? Explain cache hit and cache
mis. . '

Define the classification of computers ?

8. Discuss the various phases of Instruction cycle, (Raj. B.C.A. 2009)

9. Draw a block diagram to illustrate the basic organization of il '
the function of the logic units. o o COmputt:IhSa)}St%nCaIf e;g(l'%:sl)ll

10. Explain the execution cycle within CPU 2 (Raj B.C.A. 2006)

ooa
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