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B.E.
Sxth Semeser Examination, M ay-2008

Digital System Design (CSE-308-C)

Note : Attempt any five guestions, All questions carry equal marks.
Q. 1. (a) Write a program in structural modelling style for EX-OR gate using four NAND gates.10

Ans.
[ -_:
A . £
. } ;Dy—!i Y=AB + AB
R
Loglc diagram
Program :
Library ieee;
use ieee. std logic 1164 all;
entity ¢x_or is
port{A, B ! in bit; y : out bit);
end ex_or;
architecture ex_or of ex_or is
begin
signal p.q,r.5, : bit;
component nand
port (m, o : in bit: t : out bit);
end component;
begin
a, : nand port map (a, b, p);
@, : nand port map (a, p, 1);
a, : nand port map (b, p, s}
iy : nand port map {r.s,y);
end ex_or;
Q. 1. (b) Explain the concept of representation ¢[ data and its coding. 10

Ans, There are various methods to describe a digital circuit by using VHDL. We can describe ie.,
represent the data by structure modelling, behaviour modelling and data flow modelling.
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VHDL is 2 language used to describe a hardware. A hardware description of a digital system is valled an
entity. Entity specifies the external view and one or more internal views of the system..

Entity declaration describes how an entity is connected to outside world. It describes the external view
of the entity. Entity decleration specifies the name of the entity

Internal details of an entity are specified by an architectural body by using any of the modelling styles.

In the data flow style of modelling, an entity is described in terms of dataflow by using concurrent
signal assignment statements, In he behavioural style of modelling, the functionality of an entity is described
without providing any details of how to implement it,

In structural style of modelling, an entity is described in terms of its compopents and interconnections.

Q. 2. (a) Explain all the data types in VHDL. 10

Ans. All the possible types that can exists in the language can be categorized into the following four
major categories :

{a) Scalar Types : Values belonging to these types appear in sequential order.

{b) Composite Types : These are composed of elements of a single type (an array type) or elements of
different types {a record type).

(c) Access Types : These provide access to objects of a given type (via pointers).

(d)} File Types : These provide access to objects that contain a sequence of values of a given type.

Scalar Types : The values belonging to these types are ordered that s, relational operators can be used
on these values,

There are four different kinds of scalar types. These types are :

{i} Enumeration

(ii) Integer

{iii) Physical

{iv) Floating point

(i) Enumeration Types : An enumeration type declaration defines a types that has a set of user-defined
values consisting of identifiers and character literals.

Examples ;

= type MVL is (*V", ‘0", *1",‘Z");

The order in which values appear in an enumeration type declaration defines their ordering.

The values in an enumeration type are called enumeration literals,

= type car, state is (stop, slow, mediun., Fast);

If the same literal is used in two different enumeration type declarations, the literal is said to be
overloaded.

(ii) Integer Types : An integer type defines a type whose set of values fall within a special specified
integer range.

Examples are :

= type INDEX is range 0 to 15;

Values belonging to an integer type are called integer literals.

Examples of integer literal are :
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$6340 6E2 0 98_71 28

(ifi) Floating Point Types : A floating point tvpe has a set of values ina given range of real numbers.
Example : type ITL_VOLTAGE s range —-55to - L4,

Floating point literals differ from integer literals by the presence of the dot( - ) character. Thus, 015 ar

integer literal which 0.0 is a floating point literal,

Floating point literals can also be expressed in an exponential form,
Examples : = 6L3E <2
5.0E +2
(iv) Phasical Types : A physical type contains values that represent the measurement of some physical

quanmty

Example : = type CURRENT is range 0 to |E9

unis

nA;

uA = 100nA;

maA= 1000 1A

Amp = 1000mA;

g unis,

Cemposite Types @ Thers are 2 composite types

(1) Array Lypes

(ii) Record types

(i) Array Types : An cbjcot of an array type consists of elements that have the same type.
Exampie : = type ADDRESS WORD s arrav (0 to 63) of BIT.

(i) Record Types : An object of a record tpe 15 composed of elements of same or different types.
A record fype Islztnalngnus to the record data type in Pascal and the struct declaration in C.
Example : = type PIN type is range 0 o 1

ivpe MODULE is

record

S17E - INTEGER. range 20 to 200;
CRITICAL DLY i TIME;

NOINPUTS ; PIN_ TYPE;

M QUTPUTS ; PIN TYPE;

end record;
Access Types : Values belonging to access type are pointers to a dynamically allocated object of some

cther tvpe.

They are similar to puinters in Pascal and C languape.
Example : = type PTR is access MODULE;

= type FiFO is arrey 10 1o 63, 0 to 7Y of BIT,

type FIFt® PTR is access FIFO;
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PTR is an access type whose values are addressed that point to objects of type MODULE.

File Types : Objects of file types represent files in the host environment. They provide a mechanism by
which a VHDL design communicates with the host environment,

= type file-type-name is file of type-name;,

A file can be opened, closed, read, written to, or tested by using special procedures and functions,

Q. 2. (b) Compare and contrast Data flow and structural models using the example of full adder.

Ans, Circuit diagram of full adder is shown in figure

B —

:, b >——
e

Truih Table of Full Adder :
Inputs Outputs
A B Cin s C
0 ] 0 0 0
0 0 13 1 0
0 1 ] 1 0
0 1 1 0 1
1 0 ] 1 0
1 o 1 0 1
1 1 0 0 1
i 1 [ 1 1 | 1

Data Flow Model of Full Adder :
Library iece;
use teec; st logic 1164.all;
Entity full_adder is
pori (a, b, Cin ; in bit; S, C : out bit);
end full_adder;
Architecture full adder dataflow of full adder is
begin
S<=aXorbX orCin;
< ={aandb)or (a and cin) or (b and cin);
end full_adder datallow;
Structural Model of Full Adder
Library icee;
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Use ieee. std_logic 1164.all;
Entity fuil_adder 13
port {2, b, cin : in bit; 8, C : out bt}
end full_adder;
Architecture fnll_adder structure of full_adder s component X or 3
port {inl, in2, in2 : i bit, outl ; out bit);
eiid component
Component and 2
port (ind, in5 : in bat; out? . out bat);
end component
Component or 3
port (inG, 107, in¥ ; m big; outd ; out bir);
end component;
Signal x, y, 7 : bit:
hegin
X0 - X or 3 portmap (2. b, cin, S}
alt + and 2 portmap {a, b, X)
al @ and I portioan (b, cin, yj:
a? ; aed 2 portmap (a, ¢in, z);
pl - or 3 portnap (X, v, 2, ),
end full adder structure;
Q. 3. (3) What are statements 7 Explain sequential statements with the help of example. 10
Ans, A statement is used to write the model of an entity.

The declared components are instantiated in the statement part of an architecture body using
-:nn'.ptmcnt Llﬂlﬁnll'ﬂllﬂ!'t statements,

VHDL provides number of ways to control the execution of statements within a process.

A process statement contains sequential staiements that describe the functionality of a portion of an
entity in sequential terms.

Types : (a) Conditional stalements

(b} Tterative statements

(a) Conditional Statements :

(1) if statement

{1f) case statement

{b) lerative Statements ;

{1} simple loop statememt

(11) for loop statement

{1it} while loop statement

DETAIL :
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(£) IT Statement : If statement is used to select collection of statements to execute if certain condition is
true. The condition is Boolean i.c., on evaluation it returns value *“TRUE' or ‘FALSE’

The if can be in following three forms :
(1) if ooveviiinenn emd 2

(i) if condition then
statements
end if
(i1} if condition then .
statements
else
statements
" end if
(1ii) if condition then
statements
elseifl condition then
statements
elseif condition then
slatements
end if;
(i) Case Statement : Casc statement selects the collection of statements based on the value of
expression.
The expression must be of a discrete type or a one-dimensional array type.
Syntax :
Case eXpression is
when value | =
sequential statericnt
when value 2=
sequential statement
when value 3 =
sequential statement
end case;
(i) Simple Loop :
Syntax ;
sequential statements
end loop,; - ‘
(i) For Loop : Itincludes the specification of now many times the body of the loop is to he executed.
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Syntax :
for identifier in discrete range loop
sequential statements
end loop;
(iii) While Loop : While loop test a condition before each iteration, If the condition is true, iteration
proceeds T it is false, the loop statement is terminated.
Syntax :
while Boolean-expression loop
sequential statements
end loop,;
Q. 3. {b) Explain what is overloading ? How it is removed ? 10
Ans. Overloading is classified in three different categories :
(1) Subprogram overloading
(11) Operator overloading
{111} Literal overloading
(i} Subprogram Overloading : When two subprograms are existing with same name, then the
subprogram name and corresponding. Subprograms are said to be overloaded.
Example : function number (Data : integer) refurn integer;
function number (Binary : bit) return bit;
Which a fenction call 18 made then the function for which call 1s made can be identified by the actual
parameter list because they have different parameter types.

A call to overloaded subprogram is an error if it is not possible to identify the exact subprogram being
called using any one of following methods !

i1) Subprogram name

(i) Number of actual parameters.

{1i1) Types of actual parameters

{1v) Return result type.

(ii) Operator Overloading : When an operator symbol is forced to behave differently then the operator
is said to be overloaded.

For example :

“*and'’ operator is predefined for operands of Bit or Boolean type and for one dimensional array of Bit
or Boolean type.

[T operands of "*and’” operator are of four-value type. In this case we have to write a function so that

**and'’ perform logical and operation on operands of four-value type. Mow this **and™" operator 15 said 1o be
overloaded.

Once we declared overloaded function, the operators are now called by any of the following methods :
{1} Standard operator notation.
(i1} Standard function call notation.



Downloaded from http://studentsuvidha.in and http://studentsuvidha.in/forum

(iii) Literal Overloading : The values of an enumeration type are called enumeration literals If the
same literal 15 used in two different enumeration type declarations then the literal 15 saic to be overloaded,

In such case, Whenever overloaded hierad s vsed, the wpe of the literal is determined from its
surrounding context.

(). 4. (a) What is the need of component declaration ? In which st'.'ylt of modelling we use this
declaration and why 7 10

Ans. A component is declared in declarative part of architecture body Corponent deciaration
specifies the name of component, name of mierfacing ports, their model (in, out, inout) and type of ports.

Ir structural modelling style we use component declaration,

In structural modelling, an entity is modelled as a set of interconnected components. Strustural model
does nat tell about the functionality of an entity rather than it only tells how varous components are
interc onuecied to each other to form the entity. A structural description is easier to be synihesized,

The structural models have two ports, declarative part and statement part. In the architecture
duclaration part components are doclared and in the siztement part. The components declared w declarstive
part are iustantiated by rsing compenent instantiation statements.

The syntux of componsnt declaration is ¢

component component_name

port{name, mode and type of interfacing ports);

end component.
Q. 4. (b) Model 2 8 : 1 mux. 10
Ans. Circuit dhagrami of 8 © | mux,
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Truth Tabel of 8 : 1 Mux :

8, 5, Sy Y
(Select inputs) {Output)
0 ] 0 10
0 0 1 Il
0 1 0 12
0 1 1 13
1 0 0 14
1 0 1 i3
1 1 1] 16
1 1 1 I7
Program :
Library ieee;

use ieeestd logic 1164-all;
entity mux is
port (i0, i1, 12, i3, i4, i5, i6, i7, S5, §, 8,  in bit; if : out bit);
end mux;
architecture mux_structure of mux is
component and 4
port (inl, in2, in3, ind : in bit : out | : out bit);
end component;
component or 8
port (in4, in5, in6, n7, n8, n9, in10, inl1 : in bit; out 2 : out bit);
end component;
Signal 8, bar, §,bar, S,bar, k., m,n, 0, p, g, r : bit;
hegin
a0 : and 4 port map (10, 5, bar, §,bar, 8, bar, k);
al : and 4 port map (il, 5; bar, 5, S, 1);
a2 : and 4 port map (i2, 5, bar, §,, S¢har, m};
a3 : and 4 port map (i3, S; bar, 5, S n);
a4 : and 4 port map (i4, 53, Sibar, S, bar, ¢);
a5 : and 4 port map (i3, 5,, §, bar, 5, p);
ab : and 4 port map (i6, 53, 5, 5, bar, q);
a7 : and 4 port map (i7, 5, 55, S, 1)
bl : or 8 port map (k, |, m, n, 0, p, q. 1, ¥}
end mux_structure,
Q. 5. (a) Explain and model the working of ring counter. 10
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Ans. If the senal output of shift register is connected back to the sevial input, then an injected pulse will
keep on circulating. This eircuit is referred to as ring counter. The pulses (clock pulses) are apphed

A circnit used for counting the pulses is known as a counter. The number of states i an N stage ring
counter 15 M, wierces it 1s 2N in case of Molbius counter,

These counters are referred to as modulo N (o1 divided by N) and modulo 2N counters .cspectively.

The rinz counter and the twisted ring counter donct make efficient use of flip-1lops. A Nip-Bop has 2
states, therefore a proup of N flip-flops "will have 2% states. This means it is possible to make & modulo
2" counter wsing N flip-flops.

Behavioural Architecture :

) -1 9y ':I';
3 : o
Frasat . . _
—— 1o L |
-—--Hv
haar
2
L8
Clock
library ieee;

use 1ece, std_logic 1164-all;
entity upcount is
port (clock, resets, E : in std_logic; q : out std_logic_vector (2 down to 0);
end upcount;
architecture behaviour of upcount is
signal count : sid_logic_vector (2 down to (),
begin
process (clock, resets)
begin
if resets = 0" then
count < = 0000
else if (clock event and data = *11") then
if E="1" then
count < = gount +1;
else
count = = ¢ount;
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end 1l
e af
end process,
() <= count
end behaviour
(). 5. (b) Write the simulation for SIPG shift register.
Ans. 4 Bit Serfal in Parallel Out Register
Circuit Diagram :

B l:urcuﬂdlaﬁqm_
3 I )
4
o ——t0 o -|—En o —
a G o <‘0
oL & FFO ret i FF2 | 0= FF3
i o s e
1
| ' 3
cn--[_ — ' [
Qi) Qi) M
) Parallal cutputs
D = Serial Input
Behavioural Model (of 4bit SIPO Register)
Library ieee;
Use icec.std_logic 1164.all;
entity sipo 15
pon (d, pr, cr, clk : in bit; g : buffer bit_vector (0 w 3%
end sipo;
architecrure sipe-behavioural of sipo is
begin
process {pr, cr, clk)
begin
i{pr="1" and cr="1" and ¢clk = *0") then
qi0) =< =d;

g1y ==q(0);
ai2) < =q(l)

qi3} <=q(2);
else if (pr="1" and cr = "0°) then
4(0) < =07

a(1) <=0’

10
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q(2)<="0%
q@) < = 0%
else if (pr = '0" and cr = *1°) then
q0}<="1%
g(1y<="17
g(2)<="1%
ql3y=<="'1"
else if (pr = '0° and cr = *0") then
gl =="1%
gi)<="1%
42) <=1
q(3) =="1%;
eind 1f}

end process;

end sipo_behavioural;

). 6. (o) Explain the architecture of simple micro computer. 10

Ans. A micro computer is a general purpose sysiem, i.e., a system in organized in such a way that it can
perform a variety of computations.

A simple pcomputer system composed of a processor, memory and input/output subsystems-and the
connections between them,

The memory bus and the I/O bus are composed of the following signals :

An Address Bus which identifies the memoy location or VO port being accessed.

The memory address bus has 24 lines (to address upto b location) whereas the 1/O address bus has 11
lines (to address upto 2'' ports)

Control Signals, which indicate the type of access being performed (read/write), the length of the
opera~d, and an enabling signal,

Status Signal, which indicates the state (busy, ready) of the memory or 'O subsystem.

A Data Bus ;: Which transfers the data to/from the processor and the memory or VO subsystem.

These data buses have 32 lines for 32 bit data items.

| Lo ADD JMemadav 24

1 lfo tengthi Mem length 14
G Input ol lio RDI nﬂﬁmﬂﬁ——-—z— Niseriony
Devica * sub | ——MOWH prococsor lJMemWr 1) Sub
system |1 o enable LMemenable 1| system

1 Mem-Rdy

—lloRdy { >

lio Data Mamdara 32

- ’ J‘ J‘ l Mamo"ry Bus
esel  Status

VO Bus cL
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Structure of p Computer (XMC) : (Example pcomputer)

Memory Subsystem
— 28 M addv Data |+—=2»
—— Length
———p{ RD Memory
— WR
—— —p{ Enabia Rdy |—»

Input/Outpui Subsystem : The 1/0) subsystem contains the interfaces to devices that allow
iransferring data mv'out to/from the computer
Theze interfaces are addressed as an array of 2048 ports.

— o] Addv Data |[+—"»
-———p LEngth
—* Rd Vo
— Wr Subsyslem
. +| Enable - Rdy
Input’output subsystem

Processor : Contains :

{1) 32 general purpose registers
(it} A 24 bit program counter
(i} A 4 bits condition register
(v} A 32 bits instruction register
General Purpose Register ;

R
0 r IR l
R1 [ 2 J
R2 c
- CRLZINTCTV]
Processor State
Q. 6. (b) Implement a 8085 processor with the help of a VHDL. 1]

Ans. The structure of processor is described in uVHDL as follows :
library ieee; '
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use icee, sid_logic 1164, all;
architecture structural of processor is

signal InStr : oword T;

signal ZE, NG, CY, OV o ostd logic;

signal AddrA, addrB, addrC : std_logic_vector (4 down to O);
signal ALU op st _logic_vector (3 down to 0);
sigmal WrC, WrPe, WiTR, WrlR : std_logic,

signal Mem_ALU, PC RA, IR RB : sid_logie;

sigral ALY PC, ZE _SE, Sin Sout oostd logic;

begin

Pl - entity Data subsystem
port map (Mem addr, Mem data, 10 Addr, 10 Data, [nStr, 2E, NG, CY, OV, addrA, addrB, addrC,
ALUOP, WrC, WrPC, WrCR, WrlR, Mem_ALU,PC_RA,IR_RB,ALU PC,ZE SE, SinSout,
LK, Reset),

P2 : entity cirl_subsystem
port map (Instr, ZE, NG, CY, OV, AddrA, addi B, addrlC, ALUop, WrC, WrPC, WrCR, WrIR,
Mem_ALLL PC_RA, IR_RB, ALU_PC, ZE_SE, SinSout, MemRd, MemWr, Mem length,
MemEnable, MemRdy, TORd, 1OWr, 1O length, 10 Enable, 10 Rdy, Status, CLK, Reset);
end structural;

. 7. (a) Explain the need and working of PLIVs,

Ans, A programmable logic device or PLD is an electronic component used to build digital circuits.
Lnlike a logic gate, which has a fixed function, a PLD has an undefined function at the time of manufacture.
Before the PLD can be used in a circuit it must be programmed. The PLDs allow designers more flexibilities
berause these can be programmed in seconds.

The design deficiencies and modifications can be reprogrammed and carried out in short time thereby
reducing the possitality of huge cost over runs,

A PLD consists of armrays of AND and OR gates,

A system designer implement a logic design with a device programmer that blows fuses on the PLDs to
control gate operation,

System designers can use development software that converts basic code into instructions a device
nrogrammer needs to implement a design.

i P Product -tarm

biffer ines

inverters l
n 1] 9 "
nout. AND 0 OR 0 Eungui
lss o Array ) Array o

Geaneral structure of PLD's
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Programming by blowing fuse, In PLDs, we are programming functions by connected fuse.

a ———
b — et ™ e

e 3
B e =
e

.—-""-'

-be

After Frogramimi.ig

Q. 7. (b} Fxplain the architecture and working of PEEL.

Ans. A similar device called PEEL (Programunable Elecirically Erasable Legic) was introduced by
mtermnational CMOS technology (1CT) cotporahion.

10T Inc offers the most flexsble PLID solutions for lower pin count application, FICT's programmable
elecinically erasable Jogic, PEEL products inchudes FEEL devires. PEEL array and PELL developnient
ol

The PEEL preduct features include the most extensive PLD aichitecture offenag in 20-44 pin
packages. The technology 15 CMOS electncally erasable lagic, the product line 1s a direct *JEDEC” file
vompatible replacement and a super set for the pupular FAL's, GAL's and EPLD's.

e preduct line offers flexible architcciures with extended iopic for new design or design
enhancements,

The product pin-to-pin speeds are characierised to Jis and faster, ICT Ine offers a broad vancty of
packazing options the product are available in DIP. PLOC. SDIC and THSOFP packages.

. 8. Wrire shorl notes on :

(i) FMGA,  (ii) Various Marco Cells

Ans. (i) FPGA : A field-prograammable gate armay is a semuconductor device conlaining
programmable fugic components called *'logic blocks™ and programmable interconnects.

Logic hlocks can be programmed to perform the function ot basic logic gates suchas ANDERTNOR.
or more complex combuational functions such as decoders or simple mathermatical functions,

In most FPGAs, the logic blocks also include memnory elements, which may be simple flip-flops or
miove complete blocks of memory.

——n ] [T J—» Cutput
% 4 Input e 0 _.‘/

::l Lockun Flip-flop ! 2

—]

table ==
Clack
Typical logic block

= e PR



Downloaded from http://studentsuvidha.in and http://studentsuvidha.in/forum

A Imerarchy of propramenable interconnects allows logie blocks to be interconnected as need- ! Yy the
system designer, somewhat like a one-chip programmable breadboard.

Logic blocks and interconnccts can be program med by the customer or designer after the FroA s
. manufactured, o unplement any logical function. Hence the name field programmable.

Applications : Applicanons of FPGAs include digital sigmal processing, software-defined radio,
aerospuce and defense system, ASIC protoryping, medical imaging, computer vision, speech recognition,
cryptography, bio mformatics. Computer hardware evaluation and a prowmg range of cther areas.

FIGAs especially find applications i1 sny arce or algorithm thal can make use of the massive
parallelism offered by their architecture.

i-_- l logic block | 1z | Inter connecticn switch

197 Bacych,

ﬂ{% A O

}.._{_il_ ............ -|_1 :'_i‘.';_.,

. S—

e e e — ————

{b) Various Macra Cells : Developments in the design of programmable array logic have led to the
introduction of configurable outputs enhancing the output sapabilitics of such devices.

The confipurable (also called gencric) device architecture 1s provided by equippirg the device with
enhanced special circuttry, known as output macro cells,

A marco cell has circuitry with fuses which can be configured for a variety of outpet options. giving
flexibility to the device.

A configurable PAL can replace a large numbes of simpler PAL type devices with a **one size fits ali’
devices and allows designs to be implemented that are chailenging or simply impossible for the <iiapler PAL
devices to handle,

Example : Can be 22V 10 configurable PAL. It has 22 inputs, 10 outputs, and 120 product 1evrhs.

Out of 22 inputs, 12 are dedicated inputs and 10 may be used for mputs as well as cutpus,

The genenic array logic {GAL) device is another type of confizurable PAL. GAL devices are intended
as pin-for-pin replacerments for a wide variety of PAL devices. 1t is designed to be comnpatible, all e way w0
the fuse level, for any simple PAL which can be directly implemented in the GAL devicr

Example : GAL 16VR replaces mozt 20 pin PAL devices, while the 20V2 replaces meat 24-pin PAL
devices. Its marcocell can be configured inone of the three tasic confipurations. In this device, the Ok gate is
considered to be a part of the marco cell 1o obtain various types of VO confignuraiions found inthe BAL devices
that the (GAL 1s designed to replace.



