FIRST TERM EXAMINATION [SEPT. 2016]
SEVENTH SEMESTER [B.TECH]
EMBEDDED SYSTEM [ETEC-401]

Time:1% hrs. e | ‘  MM.:30
Note: Attempt any two mofe question from the rest. Questioﬁ No.1 is compulsory. '

Q. 1 All Question are compulsory ' N At
Q. 1. (@) What is Embedded System? Explain with the help of suitable
examples. What are the characteristics of_Embedded System? (2)
Ans. An e_mbedded system is a system that hasvembedded software and computer-
~ hardware, which makes it a system dedicated for an applications or specific part- of an
application or product or a part of a larger system. - v H
_ {&pp.lications: Embedded systems have very diversified applicatioris. A few selected
application areas of embedded systems are telecommunications, smart cards, missiles
‘and satellites, computer networking, digital consumer electronic and automotives. -
Q.1. (b) What is the difference between Microcontroller and Microprocessor?
Write any three differences. Sy SR : ki T ()
Ans. Difference between microprocessor and microcontroller: : :
- () Amicroprocessor is a single chip CPU whereas a microcontroller has CPU and
much of the remaining circuitry to make a microcomputer. v '
(ii) Microprocessor has many opcodes for moving data from external memory to the
CPU but microcontroller has one or two. - : - o
" (iii) Microprocessor may have one or two types of bit handling instructions,
microcontroller have many bit handling instructions. g : ‘
(iv) Microprocessor is concerned with rapid movement of code and data from external
address to the chip but the microcontroller is concerped with rapid movement of bits wi
~ thin the chip.. ' : ’ '
" Q.1. (c) Discuss the difference between General Purpose and Embedded
System. Give suitable examples. . 7 5= 12)
Ans. General Computer System is a computer that is built to be customizable in
software, like desktop PCs and laptops, we can make it do many thing, sometimes
- together, with low or no constraints on power, performance or cost, also a ge.n_eraI
"-computi’ng system is contained in itself, it's not a part of a larger system but 11; is the
. system itself. | ‘ ’ g
Embedded System, as it appears from its name, is a part of a‘bigger system, a
computer restricted to one function (or a finite set of functions) that controls, mo'n.ltors
or integrate with larger systems like automotive, robotics, home appliances and military
applications. * , - : : e ‘
-Q.1. (d) Draw the 8051 architecture and discuss its features. (2)
Ans. 8051 Architecture: 8051 is an 8-bit microcontroller introduced in 1981. It
has 128 bytes of RAM, 4K bytes of on-chip ROM,; two timers, one serial port, and four -
input/output ports (each 8-bits wide) all on a single chip. The 8051 is an 8-bit processor,
meaning that the CPU can work on only 8 bits of data at a time. Data larger than §-b1ts a
has to be broken into 8-bit pieces to be processed by the CPU. 8051 can haye a maximum-
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~ 0f 64K bytes of on~ch1p ROM but many manufacturers have put only 4K bytes on the
chip. i | | |
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8051 can have external memory also. We can connect 64KB of external ROM- &
"64KB of external ROM with it. RAM of 8051 is divided in four register banks, bit
addressable memory and a scratch pad (general purpose storage). It also has SFR’ :
(Special function register) like TMOD, TCON IE, DPTR etc. leferent SFR’s have
different functmnahty :
, 8051 has the capablhty to commumcate serlally with IBM PC at different baud .
rates. Also, there are six different interrupt sources Reset, Timer 0, Timer 1, External =
interrupt 0 (INTO) External 1nterrupt 1 (N Tl) and serial communication interrupt.

. 8051 mlcrocontroller is different from microprocessor in the sense that it is having
CPU along with a fixed amount of RAM, ROM and I/O Ports, timers and counters-etc. on
a single chip. While in designing a micro—processor based system these perlpherals
need to be connected externally, which makes the system bulkier and much more
expensive. But microprocessor based systems have the advantage of versatility such
that the designer can‘decide on the amount of RAM, ROM and I/O ports needed to ﬁt the

task at hand. This i is not the case with mlcrocontrollers
Q.1. (e) Describe the RAM arch.ttecture of 8051

. Ans.RAM Structure 4
‘RAM of 8051 is of 51ze 128 Bytes. So 1ts address range is 00- 7FH. RAM is contalmng

@ 1

- 4 Memory banks (Bank 0,1,2, 3)
— 16-bytes of b1t addressable memory |

. — Scratch Pad RAM of 80 bytes s
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Bank 0 (Address Range : 00-07H) -

Ban%; 1 (Address Range : 08-0F H) =
" Bank 2 (Address Rangé : 10-17 H)

Bank 3 (Address Range : 18-01F H)

AddréSs 3
SRR Scratch-Pad
30H | | RAM
C2FH | | Bitaddressable
20H | |RAM
1FH s A !
- sH S ERR
CATHY s i
10H |\ Rank2.
~ OFH- | ». e
08 H pRancd.:
: _ Lam 00H o ‘ & BahkO. g
© Q.2.(a) Whatis PIC? What are the features of PIC processor? i B R

Ans. The fea_tlirgs of PICvmi'crbcbni_;f‘oller are given below: :

1. PIC uses harvard architecture and they are high peformance RISC processors.
Harvard architecture has the program memory and data memory as separate memories
and are accessed from separate buses. - ' o i .

. 2. The register files/data memory can be _dire'ctly' or indirectly'add‘rés.séd. All sp_eciél ”

fucntion registers, including the program counter, are mapped in the data memory.

3. The program memory-bus is 14-bits wide in PIC. The entire instruction is fetched

in a single machine cycle. All the required information is contained within a instruction

and executed in a single cycle. - S PN W ~ ‘

: 4. When PIC is operated at its maximum.clock rate, almost each intruction can be
executed w?thin 0.2ps or five instructions can be executed per microsecond.

5. The PIC cani put itself to sleep to sdve power during intervals when it has nothing
to do. Thus, PIC supports a power saving SLEEP mode. A software command allows the
PIC to enter into this mode. The PIC remains in SLEEP mode till it is reset again. .

6. Asingle instruction of PIC can select and drive a single output pin high or low in
its instruction execution t

7. There is a built-in serial peripheral interface.

8. The PIC can control up to 12 independent"interi'upt sources.

9. Analog to digital conversion function is supported by most of the PICs. -

Q. 2. (b) Explain Von-Neum
technical reasons that Harvar

- architecture? o
: Ans. The Von Neuma

digital computer with part
logic unit and processor regi
program counter; a memory
and input and output mechanisms.

(5)

sters; a control unit, containing an instruction register and
to store both data and instructions; external mass storage;

ime (0.2 us). A load of up to 25 mA can be driven by this pin.. -

ann and Harvard architecture. What are the
d architecture is better than Von Neumann

nn architecture describes a design architecture for an electronic ~*
s consisting of a processing unit containing an arithmetic . -
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Central Processing Unit
Control unit
input » | |Arithmetical logic unit »| Output
Device Device
4
Memory unit

The Harvard architecture is computer architecture with physically separate storage
and signal pathways for instructions and data. These early machines had data storage
entirely contained within the centra] processing unit, and provided no access to the

instruction storage as data. Programs needed to be loaded by an operator; the processor
could not initialize itself. .

ALU

Control ® Data
unit memory

HD

Instruction
memory

The design of a von Neumann architecture mac
architecture machine, which is algo a stored-pro

of address and data buses for reading data from and writing data to memory, and
-another set of address and data buses for instruction fetching.

Q. 3.(a) What are SFRs of PIC? Explain in details.
Ans. SFR of PIC MICROCONTROLLER

RWI(0) RW(0) RW(0)  R(1) R(1) RW(x) RMWI(x) RMW(x)
Staws | IRP | RP1 | RPO | TO | PD z DC C

hine is simpler than that of a Harvard
gram system but has one dedicated set

(6)

Features

Bit name

Bit7 Bit6 Bit5 Bit 4 Bit3 Bit2 Bit 1 Bit0

The STATUS register contains: the arithmetic status of the W register, the RESET
status and the bank select bits for data memory. One should be careful when writing
a value to this register because if you do it wrong, the results may be diﬁ‘erent tl'lan
expected. For example, if you try to clear all bits using the CLRF STATUS instruction,
the result in the register will be 000xx1xx instead of the expected OOOOOQOO, Such
errors occur because some of the bits of this register are set or cleared according to th.e
hardware as well as because the bits 3 and 4 are readable only. For t'hese reasons, }f
it is required to change its content (for example, to change active bank), it is
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;e:::gx;)mended to use only 1nstruct10ns wh1ch do not affect any Status bits (C DC

3 IRP — Bit selects register bank. It is used for indirect addressing.
* 1 - Banks 0 and 1 are active (memory locaticn Ot)h;FFh) '
* 0 — Banks 2 and 3 are active (memory location 100h-1FFh) e
* RP1,RPO0 - Bits select register bank. They are used for direc_t eddi'essing.

RP1 - | . RPO ~ ACTIVE BANK
0, 5 nt P g ~ Banko 7
-0 1 Bankl
1 0 Bank2
1 1 Bank3

’ TO Time-out bit.

1 — After power-onor after executmg CLRWDT instruction Whlch resets watch-

dog timer or SLEEP instruction Wthh sets the m1crocontroller into low-
consumption mode.

- 0 — After watch-dog timer t1me out has occurred
PD - Power-down bit.

1 —After power-on or after executmg CLRWDT 1nstruct1on whlch resets watch-
‘dog timer. .

0 — After executing SLEEP 1nstruct10n whlch sets the mlcrocontroller 1nto low-
consumption mode.

e Z - Zero bit :

" 1 —The result of an arithmetic or logic operatlon is zero.

0 — The result of an arithmetic or logic operation is different from zero.
-» DC - Digit carry/borrow bit is changed during addition and subtractlon 1f an
«gyerflow” or a “borrow” of the result occurs. ,
-1 — A carry-out from the 4th low-order bit of the result has occurred
0 — No carry-out from the 4th low-order bit of the result has occurred.

'« C - Carry/Borrow bit is changed during addition and subtraction if an “overflow”
or a “borrow” of the result occurs, i.e. if the result is greater than 255 or less
than 0.

- 1-—Acarry-out from the most s1gn1ﬁcant b1t of the result has occurred
0 — No carry-out from the most significant bit of the result has occurred.
Q. 3. (b) What is the difference between CISC and RISC? Explain with
- suitable examples. List the controllers and processor with their classification
in terms of CISC and RISC. : ‘ (5)
" Ans. RISC (Reduced Instruction Set Computmg) and CISC (Complex Instruction
* Set Computing) are two computer architectures that are predominantly used nowadays.
The main difference between RISC and CISC is in the number of computing cycles each -
* of their instructions take. With CISC, each instruction may utilize a much greater
number of cycles before completlon than in RISC
 The differences are:
" CISC instructions utilize more cycles than RISC
. CISC has Way more complex instructions than RISC
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ons than RISC :
slower than RISC implementations

; 6—2016

a8 CISC typlcally has fewer instructi
. CISC 1mp1ementat10ns tend to be
*  Computers typ

RISC. ‘
The architecture. shown below represents the controller and processor w1th RISC.
and SICS ’ :
Control unit [ > Instructiori and i o 4L
s ' data path 3
A :
‘ L]
v o v ; # ]
. Micro program | Cache
control memory | 'y
‘ . W
'\ Main memory
CISC ARCHITECTURE
Hardwired 4 | % 5 i \
‘control unit | | DetaRathi :
AT B T
o~ At _ Ly
Instruction cache Data Cache

: I . - A
fufa R 2

(Instruction) (data)
Main memory
' RISC ARCHITECTURE

Q 4. (a) Explain the features of ARM. P : (5)
Ans. An ARM processor is one of a famlly of CPUs based on the RISC (reduced
~ instruction set computer) architecture developed by Advanced RISC Machmes (ARM).
Feature of ARM processor are: _
; ¢ ARM makes 32-bit and 64-bit RISC multi-core processors.

e RISC processors are designed to perform a smaller number of types of computer
instructions so that they can operate at a hlgher speed, performing more millions of
instructions per second (MIPS). .

o By stripping outunneeded instructions and opt1m1z1ng pathways, RISC processors

* provide outstanding performance at a fraction of the power demand of CISC (complex
- instruction set computing) devices. :
e ARM processors are extenswely used in consumer electronic devices such as

smart phones tablets, multimedia players and other mobile dev1ces such as wearable s

ically use CISC while tablets, smart phones and other devmes use |

' '}i
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. Because of thelr reduced 1nstruct10n set, they require fewer translstors whlch ;
enable a smaller die size for the integrated cxrcultry (Ic). - L

* The ARM processor’s smaller size,
consumption makes them suitable for increa,

- * Load/store architecture.
* An orthogonal instruction set.
* Mostly single-cycle execution.
* Enhanced power-saving design.
* Hardware virtualization support.
Q. 4. (b) Explain the architecture of ARM processor.
- Ans. Refer Q. 3. (a) of End Term Examination 2016.

reduced complex1ty and lower power
smgly miniaturized devices.
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Q. 1. (@) What is meant by operating system? oy 3)
Ans. An operating system.(OS) is system software that manages computer hardware
“and software resources and provides common services for computer programs. All |

computer programs, excluding firmware, require an operating system to function. |

An operating system performs these services for applications: 3 3

e In a multitasking opérating system where multiple programs can be running at

the same time, the operating system determines which applications should run in what

order and how much time should be allowed for ea{p\ih application before giving another |

application a turn. - : : S S ; R
e It manages the sharing of internal memory among multiple applications.

« It handles input and oufput to and from attached hardware devices_,/such as h,ar 4

disks, printers, and dial-up ports. . A .
e It sends messages to each application or interactive user (or to a system operator

about the status of operatjon.‘and any errors that may have occurred. - - i

o Tt can offload the management of what are called batch jobs (for example, printihg) :

- so that the initiating application is freed from this work.

e On computers that can provide parallel processing, an operating system can |

manage how to divide the program so that it runs on more than one processor at a time.
Q. 1. (b) What is embedded system? What are the components of embedded

system? A 3 A , (4)
Ans. An embedded system is a computer system with a dedicated function within |

a larger mechanical or electrical system, often with real-time computing constraints. It

is embedded as part of a complete device often including hardware and mechanical -
. parts. Embedded systems control many devices in common use today. Ninety-eight
* percent of all microprocessors are manufactured as components of embedded systems.
An embedded system has three main components : Hardware, Software and time
.operating system - : R
. (i) Hardware
. * Power Supply
* Processor '
* Memory- -
e Timers _
e Serial communication ports
e Input/Output circuits _
» System application specific circuits.

~ (ii) Software: The application software is required to perform the series of tasks.
An embedded system has software designed to keep in view of three constraints:
o Availability of System Memory i i
. Availability of processor speed. _ e ; :
~ o The need to limit power dissipation when running the system continuously in |
cycles of wait for events, run , stop and wake up. : ¢ i ;|

4
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~ (iii) Real Time Operating System: (R e s O
and provides a mechanism to lg;et §c'}sxeé;:: (RTOS) It supervises the application software

s AR : 0Cessor run a : : _
. do the switching from one process (task) to another pr OS:;’:eSs as per scheduling and

Q.1. (c)~ Name the registers used in ARM processor.
Ans. ARM processors provide general al
- additional registers are available in privi
- TImrall ARM processors, the
processor mode:
. * 13 general-purpose registers R0-R12.
* One Stack Pointer (SP). . |
~ * One Link Register (LR),
~ * One Program Courter (PC). ,
* One Application_Progmn{ Status Register (APSR). j

Q. 1.(d) How is a Real time operating system uniquely different than a
general purpose 0S? = R ’ 3)

. Ans. R.TOS: An RTOS is a multitasking OS for the qpplic;ationé needing meeting of |
time deadlines and functioning in real time constraints. Real time constraint means

constraint on time interval between occurence of an event and system expected response
totheevent. - ‘ FETRER : : k :

RTOS provides some additional services along with basic OS services. And these are:

* Process priority allocation nE NS | ' '

¢ Pre-emption , '

- Process predictability

e Memory Management :
¢ Asynchronous I/O subsystem. o : Aag &

Q. 1.(e) How to evaluate operatiiig system performa‘nce? Explain. O (4)
~"Ans. Efficient SQL Server performance monitoring includes monitoring of operating
~ system, SQL Server, and database performance. Operating system performance metrics
~are related to performance of disk, memory, processor, and network. Some of the most

‘ : - (4)
-purpose and special-purpose registers. Some -
leged execution modes, : :

_folllowing registers are available and accessible in any

important system performance metrics are available memory, average bytes per read/ .

write, average read/write time, disk reads/writes per second, network utilization, pages

 input per second, pages per second; processor queue length, and processor usage. The

choice of metrics that will be used for monitoring will depend on monitoring goals and
performance requirements. It’s important that, a DBA is able toimprove performance
based on the monitoring results, but also to recognize potential issues and bottlenecks -
‘on time, and fix them before they affect the system.
Q.1.(H What are the goals of RTOS? ' o R ' 4)
Ans. Goals of RTOS are: &gzl AT :
e The RTOS performs. few tasks, thus ensuring that the tasks will always be
executed before the deadline. ' ' . g -
- The RTOS drops or reduces certain functions when they cannot be executed Within
the time constraints (“load shedding”). } _ SRR :
-« The RTOS monitors input consistently and in a timely manner. :
¢ The RTOS monitors resources and can interrupt background pracesses as needed
to ensure real-time execution " v _
o The RTOS anticipates potential requests and frees enough 'of the gystem tov all‘o_w
timely reaction to the user’s request : 5
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* The RTOS keeps track of how much of each resource (CPU time per'timeslic‘e__

RAM, communications bandwidth, etc.) might possibly be used in the worst-case by the

currently-running tasks, and refuses to accept a new task unless it “fits”
un-allocated resources. L | '
Q.1. (g) What is multirate system? ; @3)
Ans. Multirate embedded computing systems are very common, inclidi
automobile engines, printers, and cell phones. In all these systems, certain operations
must be executed periodically, and each operation is executed at its own rate, =
~ Q.2.(a) What are the challenges of embedded system? Give the chafacteristics
of embedded system? : ‘ (6)
Ans. Challenges of embedded system are:
(). Amount and type of hardware needed ‘ S
* Optimizing the microprocessors, ASIPs and single purpose processors in the
system o ;) " , : iy
* Optimizing according to the performance, power dissipation, cost and otherdesign
metrics the system ' ' g7 SRR ;
* Optimizing hardware (memory RAM, ROM or internal and extérn_al flash or
‘secondary memory in the system, peripherals and devices internal and external
- to the system, ports and buses in the system and power source or battery in the -
- system). IR VRt i 5 Taeaiy
- (I). Optimizing the Power Dissipation -
* Clock Rate Reduction i :
* Operating Voltage Reduction _ ‘ v
* Wait, Stop and Cache Disable Instructions — Clever real- time programming.
It is by using of ‘Wait’ and ‘Stop’instructions and disabling or controlling certain
units when not needed is one method of saving power during program execution
~ ¢ 'Process Deadlines: Meeting the deadline of all processes in the system while
keeping the memory, power dissipation, processor clock rate and cost at minimum

in the remaining

is a challenge. _ v ‘ L . : e 5 ‘
* Flexibility and Upgradeability: Ability to offer the different versions of a product .
- for marketing and offering the product in advanced versions later on. e

- ¢ Reliability: Designing reliable product by appropriate design and thorough
testing, verification and validation is a challenge. e -4
Following are some characteristics of an embedded system:
* Contains a processing engine, such as a general-purpose miéropr‘ocess’or ey
* Typically designed for a specific application or purpose g
~* Includes a simple (or no) user interface, such as an automotive engine ignition
controller " ' ‘ s
e  Oftenis resource-limitéd. For example, it might have a small memory foot-print
and no hard drive : _ : e
o 'Might have power limitations, such as a requirement to operate from batteries
e Not typically used as a general-purpose computing platform
e _Generally has application software built in, not user-selected : ,
e ‘Ships with all intended application hardware and software .pre-mtegrated -
o Often is intended for applications without human interventl.o? 5 £ & |
Q. 2.(b) What is a Micro controller? What are the speclflcat;ons of 805

6.5)
Micro controller? . ‘ ( _

Ans. A microcontroller (or MCU for microcontroller unit) is a‘s_“maillrco.mputelj gn Z
single integrated circuit. In modern terminology, it is a system on a chip or SoC.
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‘ microcdntroller contains one or more CPUs (processor cores) along with memory and -
| programmable input/output peripherals. Microcontrollers are designed for embedded
- applications, in contrast to the microprocessors used in personal computers or other
cneral purpose applications consisting of various discrete chips. Microcontrollers are
ased in automatically controlled products and devices, such as automobile engine control
systéms, implantable medical devices, remote controls, office machines, appliances,
power tools, toys and othey embedded systems. ! ' ;
Specification of 8051 microcontroller :
‘e 4 KB on chip program memory. ;
« 128 bytes on chip data memory(RAM).
« 128 user defined software flags.
¢ 8-bit data bus ‘
e 16-bit address bus »
.32 general purpose registers each of 8 bits
e 16 bit timers (usually 2, but may have more, or less).
e 3internal and 2 external intefrupts. _
« Bit as well as byte addressable RAM area of 16 bytes.
« Four 8-bit ports, (short models have two 8-bit ports).
s 16-bit program counter and data pointer. : :
« 1 Microsecond instruction cycle with 12 MHz Crystal. _
Q. 3. Describe ‘the architecture ofa tYpic.'al micro controller with a neat
_diagram. Draw Von-neumann and Harvard architecture. o - (12.5)

Ans. Central Processor Unit (CPU): As we know that the CPU is the brain of any ’

processing device of the microcontroller. It monitors and controls all operations that are
performed on the Microcontroller units. The user has nocontrol over the work of the
*CPU directly . It reads program written in ROM.memory and executes them and do the

. expected task of that application.

‘External . SR SN A ~ Counter
Interrupts - ' : ~ input
Lol Sl e v
Interrupts 4KB - | | 128bytes Timer 1
control |+ | ROM 1 RAM. s "Timer 0

' | . Bus‘ : 1 Bus -
. Ose control | 4YOPort . * control
RS I t :

PO

P2 P1 . P3°
Pl e 2y : * Address/Data :
Interrupts:_There are 5 vectored interrupts are shown in below
#INTO ¢TFO ¢INT1 TF1 ¢RITI
T Memory: Microcontroller requires a ﬁrogram which is a collection of instructions.
his program tells microcontroller to do specific tasks. These programs require a memory

TR



memory of microcontroller also requires a memory to store data or operands temporarily
of the microcontroller. The data memory of the 8051 is used to store data temporarily.
- for operation is known RAM memory. 8051 microcontroller ‘has 4K of code memory or|
program memory, that has 4KB ROM and also 128 bytes of data memory of RAM. -

BUS: Basically Bus is a collection of wires which work as a communication chann-el

or medium for transfer of Data. These buses consists of 8, 16 -or more wires of the
‘microcontroller. Thus, these c¢an car

ry 8 bits,16 bits simultaneously. Here two types of
buses that are shown below , I v

* Address Bus
* Data Bus

- Address Bus: Microcontroller 8051 has a 16 bit address bus for transferring the.
data. It is used to address memory locations and to transfer the address from CPU ¢
memory of the microcontroller. It has four addressing modes that are

* Immediate addressing modes. - " :

_* Bank address (or) Register addressing mode.

- * Direct Addressing mode. ‘ :
* Register indirect addressing mode. . K
Data Bus: Microcontroller 8051 has 8 bits of the data bus, which is used to carry|

data of particular applications. -

~ Oscillator: Generally, we know that the microcontroller is a device, therefore it
requires clock pulses for its operation of microcontroller applications. For this purpose,
microcontroller 8051 has an on-chip oscillater which works as a clock source for Central
Processing Unit of the microcontroller. The output pulses of oscillator are stable.
Therefore, it enables synchronized work of all parts of the 8051 Microcontroller.
Input/Output Port: Normally microcontroller is used in embedded systems to
- control the operation of machines in the microcontroller. Therefore, to connect it to
other machines, devices or peripherals we require 1/0 interfacing ports in the
- microcontroller interface. For this purpose microcontroller 8051 has 4 input, output |
ports to connett it to the other peripherals : ' e
- Timers/Counters: 8051 microcontroller has two 16 bit timers and counters. These

counters are again divided into a 8 bit register. The timers are used for measurement of
intervals to determine the pulse width of pulses. o, S '

For Von-Neumann a
2016. '

Q. 4.(a) Define ARM processor? Specify the data operations with example in

ARM. AN : : : (6)
 Ans. An ARM processor is one of a family of CPUs based on the RISC (reduced.
instruction set computer) architecture developed by Advanced RISC Machir.ies (ARM).

A data operation executes in a single datapath cycle unless a shift is detemlned by the
contents of a register. A register is read onto the A bus, and a.second »regis'ter or the ,}
- immediate field onto the B bus. The ALU combines the A bus source and the shifted B |
bus source according to the operation specified in the instruction, and ph’e result, when -
fequired, is written to the destination register. An instruction prefetch occurs at the |
- same time as the data operation; and the program counter is incremented. g F
" When the shift length is specified by a register, an additional datapat.h’ cycle‘ocquiﬁ
dufing this cycle. The data operation occurs on the next cycle which is an internal cyvc e

nd Harvard architecture refer question no. 2.(b) of first term
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5 thaf..does not access memory. This ihter
: se‘qil‘?nti.al access by the memory manag
- eycles. , , el

The PC can l?e one or more of the register operands. When it is the destination
extemal‘ bus 'flctlylty can be affected. If the result is written to the PC, the contents of the: :
instruction pipeline are invalidated, and the address for the next instruction prefetch is
_ taken from the ALU rather than the address incrementer, The instruction pipeline is ' f

?eﬁlle(:l befpre ‘any further execution takes place, and during this time exceptions are
ignored. - | : ' | A '

2016-13

nal cycle can be merged with the folldwing '
er as the address remains stable through both-

PSR transfer operations (MSR and MRS) exhibit the same tiniing characteristics

‘as the data operations except that the PC is never used as a source or destination
register. ' : v

The cycle timings are listed in Tab_le wheré: ‘
* pcis the address of the branch instruction ki
* alu is the destination address calculated by the ARM7TDMI core
e (alu) is the contents of that address. . 3 |
: ~ Data operation instruétiqn cycles S,
Operation| Cycle | Address MASI[1:0] nRW Data nMREQ SEQ |[nOPC
type | ; VS - ; _ »

normal | 1 | pe+2L i 0 |(e+2L). 0 | 1 0
- pe+3l | _ : S it v
|dest=pc 1 | pe+#2L | i | O |(pet+2L)- 0. | O 0 |
95 a0 (al) ] 50 $6 | 0
3 | alu+L | i . 0 |@usl) 0 | 1 0
) alu+2L A ) s
shiftRs) | 1 | pe+2L | i 0 |(pe+2L) 1 0 ;
: K3< g0 pe+3L i 0 - 1 1
: : pce+3L , : :
shift(Rs) | 1 . pc+8 2 0 | (pe8)| 1 0| 0
dest=pc 2 pc+12 2 0 - 0 0 1
3 “alu 2 0| (@w | 0 1] 0
4 alutd | 2 0 |(alu+d)| O 1] 0
' “alu+8

Q. 4.(b) Why do We use cache memory? Demonstt-'até the different types of
mapping functions with necessary diagrams. : , (6.5)

Ans. A cache is a smaller, faster memory, closer to a processor core, which‘ stores
copies of the data from frequently used main memory locations. Most QPUS have dlfferer_lt
iride'pehdent caches, including instruction and data caches, Whene the data cache is |
usually organized as a hierarchy of more cache Ievels (L1, L2, ete.).

* Three techniques can be used‘:' :
1. Direct '
2. Associative .

3. Set Associative.
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DIRECT MAPPING , AT e L |
* The simplest technique, known as direct mapping, maps each block of

memory into only one possible cache line. The mapping is expressed as
i=jmodulom Ay i it ‘
where
icache line number -
j main memory block number
m number of lines in the cache »
* Figure shows the mapping for the first m blocks of m
main memory maps into one unique line of the cache.
* The next m blocks of main memory map into the cache in the same
is, block Bm of main memory maps into line L0 of cache, block Bm
lineLl,andsqon. RS WS T : e
* The mapping function is easily implemented usin
Figure 2 illustrates the general mechanism. cach
main memory address can be viewed as consisting of three fields. e
* The least significant w bits identify a unique word or byte within ablock of maip
© memory; in most contemj)orai'y machines, the address is at the byte level. The !
.Temaining s bits specify one of the 2s blocks of main memory. The cache logic

~ interpréts these s bits as a tag of s — r bits (most significant portion) and a line
field of r bits. This latter fielq identifies one of the m = 9r lines of the cache, - -

ajn

)

ain memory. Each block‘off
fashion; that ?‘
~1 mapg into

g the main memory. addregg..
For purposes of cache access, egch

PSRN ) T, p b R
o .
* 2
» =
=
- B Iz _
- L. Y
: First m blocks of v m-1 .

main memory
{équal to size of cache)

ey T b angth of ok in e
5 ' ) e e gt i ; o t=Length of tag in bits
- ASSOCIATIVE MAPPING -

* Associative mapping overcdfnés the disadva
each main memory_block to be Ioadqd into any li

Cache merhory

ntage of direct Ihépping by permitting
ne of the cache Figure. i ; :
t b

o o —

B
e P

Oné block of
-main memory

“Cache memory
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SET-ASSOCIATIVE MAPPING ' S
N Set-associative mapping is a compromise that exhibits the strengths of both the'
direct and associative approaches while reducing their disadvantages. ‘

3 * In this c‘asé, the cache consists of a number sets, each of which consists of g
number of lines. The relationships are’ v '

m = nx k
J modulo n

i

- i =Cache set number
J =main memory block number
m =number of lines in the cach
v = number of sets _ ’
~ k =number of lines in each set .

BO: %

k lines

B L

" First v blocks of
main memory’
(equal to number of sets

 V-Set Associative
mapping

‘Cache memory-set v—1

Q. 5. Name the various blocks available in ARM processor and describe in
“detail with necessary diagram. List out the features of ARM pxl'ocessor., (12.‘5)
Ans. Structure of ARMT: Figure 1. shows a block of ARMT processor. The major
~components of ARMY7 processor are described below: o : : : Sy,
ction Pipeli ster: It gets the content of memory location
1. Instruction Pipeline and Read Data Register: 1 ' o
- pointed to by the address bus lines A[31:0], of Addregs Register. The external 32-bit
- data-in lines DATA[31:0] put the content into this register. R ,ts
E ' . 1 : ic: It has a number of control inputs .
2. Instruction Decoder and Control Logic: ' -_ |
'determirr:fn;utche operation policy of the processor. Also, it outputs a. number, of control
signals useful for interfacing the p1f0ces§0r with other perpherals.
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|  Structure of ARM7
_ALEA (31.0)
A l T 4 0
Address register 1 2
3 o §
<
'y Address £
=
@ Incrementer O
Q e |- |
n . e — NEXEC
Register bank ' ‘ 4— DATA32
(31 x 32-bit registers) < - o . ¢ BIGEND
(status registers) | g . . [—PROG32
: ol | S “— MCLK
E . o o N 4— nWAIT
g "> nRW
‘ " : —» nBW
& & ,| Booth's > Instruction  le' _ niRQ
T . Multipller o decoder | LR
2 * S and «— NRESET
¢ , ‘contol e ABORT
multipller : : ~ —» nTRANS
: _ R, : g —» NMREQ
L - LA _ : : — nSEQ
: \ 32-bit ALU / i ’ ' — LOCK
AT R L 3 e —» nCPl
| : 2ol «— CPA
<— CPB
- , - *—*‘ nM[4:.O]
y i e S
Instruction pipeline © |+ Instruction pipeline
and read data register | and-read data register
DBE DOUT[31:0]nENOUT  DATA@31:0]

3. Address Register: It holds the address of the next instruction/data to be fetched.
Address bus A[31:0] originates from it. The input signal ALE determines the time upto

which the register’s content remain avaiable on the A[31:0] lines. Content is availabe
as long as ALE remains low. - ;

4. Address Incremented It increments the Address Register’s vaiue by an appropriate
amount to point to the next instruction/data. ‘

5. Register Bank: It contains 31,32-bit register acceSsi_blé in different modes of
operation of the processor, it also contains 6 status registrs, each of size 32-bits.
6. Booth’s Multiplier: It is used in the multiplication instructions.

1. Bdrr_el Shifter: One of the operands of data processing instruction can be shifted by
a few bit positions. The barrel shifter located at the input of ALU performs this function.

8. ALU: A 32-bit ALU performs the arithmetic and logic fuhctions.

9. Write Data Register: It holds the value to be written into the memory. The 32-bit

value is a‘vailable’in the DOUT [31:0] - :
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= g 1?1 S(a) How would you explam the various bus structure used in Embedded

Ans. Serial bus commumcatron protocols are:
(1) I12C Bus

" The Bus has two lines that carry its si nals—one li i
- ne is fo the cl
for bidirectional data. 2 N OCk and one is

* There is a standard protocol for the I2C bus.

* Each device has a 7-bit address using which the data transfers take place
* Master can address 127 other slaves at an instance.

* Master has at a processing element functioning as bus controller or a
microcontroller with I2C (Inte1 Integrated Circuit) bus interface circuit.

Disadvantage of 12C bus

* Time taken by algorithm in the hardware that analyses the bits through I2Cin
: case the slave hardware does not provide for the hardware that supports it.
e Certain ICs support the protocol and certam do not
(2). CAN Bus
« CAN bus (for controller area network) is a vehicle bus standard des1gned to
- allow microcontrollers and devices to- commumcate w1th each. other w1th1n a
vehicle without a host computer. ; :

- CAN bus is a message-based protocol, designed: spemﬁcally for automotwe e
applications but now also used in other areas such- as aerospace mar1t1me
industrial automation and med1ca1 equ1pment ‘

Applications : :

(I). Automotive: The modern automoblle may have as many as 70 electromc control
units (ECU) for various subsystems. Typically the biggest processor is the engine ‘control
unit. Others are used for transmission, airbags, antilock brakmg/ABS cruise control, electric
power steering, audio systems, power windows, doors, mirror adjustment, battery and -
recharging systems for hybrid/electric cars, etc. Some of these form independent subsystems, -
but communications among others are essential. A subsystem may need to control actuators
-~ or receive feedback from sensors. The CAN standard was devised to fill this need.

(I1). Industrial: Today the CAN bus is also used as a fieldbus in general autorhation - -

‘ environments, primarily due to the low cost of some CAN controllers and processors

(3). Universal Serial Bus (USB)

e USB was designed to standardize the connection of computer perlpherals
(including keyboards, pointing devices, digital cameras, printers, portable media players,
disk drives and network adapters)- to personal computers both to communicate and to
supply electric power. »

* It has become commonplace on other devices, such as smartphones PDAs and

- video game consoles. >
e USB has effectively replaced a varlety of earlier interfaces, such as serial and
- parallel ports, as well as separate power chargers for portablée devices.
e Variations like USB 1.X, USB 2.X, USB 3. X . gl
Parallel bus commumcatlon protocols are: ' g aurld
"(1). ISA (Industry Standard Architecture) Bus 5
* Originally | introduced in the IBM PC (1981) as an 8 bit expansmn slot \
" ¢ Runs at 8.3 MHz with data rate of 7.9 Mbytes/s - .

" o Runs at 15. 9 MHz with data rate of 15.9 Mbytes/s
Qe ‘Sometimes Just called the “AT bus” :
e Used for... el
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— Just about any perlpheral (sound cards, dlsk drlves, ete. ) o
.« PAPISA
~1In 1993, Intel and Microsoft introduced “PnP ISA” for plug—and- play ISA
— Allows the operating system to conﬁgure expanswn boards automatlcally
* Form factor “
- Large connector in two segments
. — Smaller segment is the 8-bit interface (36 signals)
- — Larger segment is for the 16-bit expansxon (62 s1gnals)
—8-bit cards only use the smaller segment
(2). PCI (Peripheral Component Interconnect) Bus
* This bus is made by Intel.

* It is used today in all PCs and other computers for connectmg adapters, such as
network-controllers, graphics cards, sound cards ete. | s

. * The PCI bus is the central I/0 bus..
* PClisa computer bus for attaching hardware devices in a computer

* These devices can take either the form of an 1ntegrated circuit ﬁtted onto the

motherboard itself or an expansion card that fits into a slot.

¢ Typical PCI cards used in PCs- include: network cards sound cards modems
extra ports such-as USB or. serlal TV tuner cards and disk controllers

e Used for.. ;
" —dJust about any peripheral i
— Can support multiple high- performance dev1ces
— Graphics, full-motlon v1deo SCSI local area networks etc
e Specifications :
— 64-bit bus capab1l1ty -
— Usually implemented as a 32-bit bus |
.—Runs at 33 MHz or 66 MHz :
— At 33 MHz and a 32-bit bus, data rate is 133 Mbytes/s N
- 3. PCI-X(Peripheral Component Interconnect) |

* Extended, is a computer bus'and expansion card standard that enhances the -

- 32-bit ' PCI Local Bus for higher bandwidth demanded by servers..

¢ Itis a double-wide version of PCI, running at up to four times the clock speed, but

is otherwise similar in electrical implementation and uses the same protocol..

Q. 6. (b) With a suitable example, . explaln how debuggmg is carried out
using debuggers & compliers. TR (N 5)

Ans. The step of Assembly language program are outhnes as follows:

1. First we use an editor to type a program, many excellent editors or word A

. processors are available that can be used to create and/or edit the program
e Notice that the editor must be able to produce an ASCIHI file
- For many assemblers, the file names follow the usual DOS conventions, but the

, source file has the extension “asm or “src” depending on which assembly you are using

~ 2.'The “asm” source flle containing the program code created in step 1 18 fed to an, 4

8051 assembler ; :
5T * The, assembler converts the. 1nstruct10ns into machine code

o The assembler w111 produce an object file and a list file

. The extension for the object file is “obj” whlle the extens1on for the l1st ﬁle is “lst . o

3. A5sembler requlre a thlrd step called lznkmg

"SRR SN PR R ST IR SO S
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* The linker program takes one or more object code files aﬁd produce ari.abs'olvﬁté- o

- object file with the extension “abs” . .
¢ This abs file is used by 8051 trainers that have a monitor-prografn >

4. Next the “abs” file is fed into.a program called “OH” (object to hei’ converter)

which creates a file with extension “hex” that is ready to burn into ROM .-
* This program comes with all 8051 assemblers it ;
* Recent Windows-based assemblers combine step 2‘through 4 into one step.. -

m}*ﬁ!c.lsf - GG SIS A i
gl ob v _the;’obj_;ﬁtes o

myfileabs

1 :

- myfilehex

Q. 7 .(a) What are prdg‘rar_n Validation and testing? i g (6)
Ans. Validation is determining if the system complies with the requirements and
performs functions for which it is intended and meets the organization’s goals and user

needs. Validation is done at the end of the development process and takes place after .

verifications are completed.
Advantages of Validation:

1. During verification if some defects are missed then during validation process it

" can be caught as failures. : et | i
. 2.If during verification some specification is misunderstood and development had

happened then during validation process while executing that functionality the difference

_ between the actual result and expected result canbe understood. .
: 3.Validation is done during testing like feature testing, integration testing, system
. testing, load testing, compatibility testing, stress testing, etc.

4.Validation helps in building the right product as per the customer’s requirement

. and helps jnsaﬁsfyingtheir ne_‘eds.

Test techniques include the-procéss of ,exe’cuting' a program or application with the -

" intent of finding software bugs (errors or other defects), and verifying that the software
product is fit for use. Software testing involves the execution of a software component or
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g ‘nterest. neral, t
system component to evaluate one or more properties of interest. In ge hese

properties indicate the extent to which the compotrient or syste;n und:la;' test:
'« meets the requirements that guided its design and development,
' e responds correctly to all kinds of inputs, R
» performs its functions within an acceptable time,

* is sufficiently usable, _ . i iy
» can be installed and run in its intended environments, a

« achieves the general result its stakeholders desire.

Q. 7.(b) Mustrate the development environment of a embedded sy_stgm \(ngtsl;
itable diagram?. . - ‘ ; ] 500
o -Ans. AngIrnt_egTated Development Environment (IDE) is sqftware tgat calg.s;smts
progrémmers in developing software. IDEs normally consist of a source code editor, a
compiler, a linker/locater and usually a debugger. .~ o : . o
Editor: A source code editor is a text editor program designed spec1fical}y for e'd1t1_ng
source code to control embedded systems. It may be a standalone application or it may
be built into an integrated development environment (e.g. IDE). Source code editors
may have features specifically designed to simplify and speed up input of source code,
such as syntax highlighting and auto complete functionality. , o
_Compiler: A compiler is a computer program that translates t.he source code ipto
computer language (object code). Commonly the output has a form suitable for processing
by other programs (e.g., a linker), but it may be a human-readable text file. A compiler
translates source code from a high level language to a lower level language (e.g., assembly
language or machine language). The most common reason for wanting to translate

source code is to create a program that can be executed on a computer or on an embedded
system. wf ' ' S

- Linker: Alinker or link editor is a program that takes one or more objects generated -
by compilers and assembles them into a single executable program ora library that can
later be linked to in itself.’ All of the object files resulting from compiling must be -
combined in a special way before the program can be executed. The object files themselves
are individually incomplete, most notably is that some of the internal variable and
function references have not yet been resolved. The job of the linker is to combine these
object files and, in the process, to resolve all of the unresolved symbols. " - :

Debugger: A debugger is a computer program that is used. to test and debug other .
programs. The code to be examined might alternatively be running on an instruction set
simulator (ISS), a technique that allows great power in its ability to halt when specific .
conditions are encountered but which will typically be much slower than executing the
code directly on the appropriate processor. When the program crashes, the debugger
shows the position in the original code if it is a source-level debugger or symbolic
debugger, commonly seen in integrated development environments. ‘

Q. 8.(a) What are the services of operating system in handling multi process
scheduling and communication? Discuss. ; (6.5)

Ans. The process scheduling is the activity of the process manager that handles the

removal of the running process from the CPU and the selection of another process on the |
basis of a particular strategy. ' : g

~Process scheduling is an essential part of a Multiprogramming operating systems.
- - Such operating systems allow more than one process to be loaded into the executable
memory at a time and the loaded process shares the CPU using time multiplexing.
- The Operating System maintains the following important process scheduling queues
* Job queue: This queue keeps all the processes in the system. .
* Ready queue: This queue keeps a set of all processes residing in main memory,-
-ready and waiting to execute. Anew process is always put in this quetie. -~ ;




Device queues o The processes ‘which are blocked due to unavallablhty of an I/OM_ . t

dev1ce constltute this queue.

rwmwﬁm " ;..".'f#‘wﬁ“i#ﬂ'wm%

|

Q 8. (b) What are the types of Scheduhng" DlSCllSS earhest deadline first
(EDF) schedullng ey : i s 4 - (8)

Ans.

Cooperative Schedulmg of ready tasks in a clrcular queue It closely relates to 5
function queue schedulmg : :

Cooperative Scheduhng with Precedence Constramts :
Cyeclic scheduling of permdlc tasks and Round Robm T1me Shcmg Schedulmg of-
equal priority tasks ST ) :
Preemptive Scheduling

Scheduling using Earliest Deadline First (EDF) precedence _
Rate Monotonic Scheduling using hlgher rate of events occurrence First precedence
Fixed Times Scheduling ' ,
Scheduling of Periodic, sporadlc and aperlodlc Tasks

Advanced scheduling algorithms using the ‘probabilistic Timed f‘etri nets
(Stochastic) or Multi Thread Graph for the mult1processors and complex

" distributed systems.

~Earlies Deadline First Scheduhng

' When a task becomes ready, its will be cons1dered at a scheduhng point.

‘The scheduler does not assign any priority.

It computes the deadline left at a scheduling point.

Scheduling point is an instance at which the scheduler blocks the running task
and re-computes the deadhnes and runs the EDF algorlthm and finds the task ‘

which is to be run

"~ An EDF algorithm can also mamtam a prlonty queue based on the computatlon :

when the new task inserts

Precedence ASSIgnment in the Scheduling Algorlthms'

9 ‘ earhest at the earliest’

Best strategy is one, which is based on EDF (Earliest Deadline First) precedence

Precedence is made the highest for a task that corresponds to aninterrupt source,
which occurs at the earhest a succeeding times, and wh1ch deadline will finish

\

We ass1gn precedence by appropriate strategy 1n the case of the wvariable CPU-
loads for the dlfferent tasks and var1ab1e EDFs. L :

»
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. Q. 9;(a) Explain process 4manégement and. memdry management in
embedded system. = , - (6) |

Ans. The memory management function keeps track of the status of each memory
location, either allocated or free. It determines how memory is allocated among competing
processes, deciding which gets memory, when they receive it, and how much they are
allowed. When memory is allocated it determines which memory locations will be
assigned. It tracks when memory is freed or unallocated and updates the status.

Memory management responsibilities include: ik _
* Managing the mapping between logical (physical) memory . and task memory
references. : iy Sy A 7y
+ ¢ Determining which processes to load into the available .men_iory space.
* Allocating and deallocating of memory for processes that make up the system.
“* Supporting memory allocation and dealibcatio'n of code requests (within a prbcess),_
* Such as the C language “alloc” and “dealloc” functions; or specific buffer allocation
and Deallocation routines. R i
* Tracking the memory usage of system components. .
* Ensuring cache coherency (for systems with cache). : :
* Ensuring process memory protection. : . = E B
Process management is an integral part of any modern-day operating system(OS).
The OS must allocate resources to processes, enable processes to share and exchange
information, protect the resources of each process from other: processes and enable
. synchronization among processes. To meet these requirements, the OS must maintain

a data structure for each process, which describes the state and resource ownership of
that process, and which enables the OS to exert control over each process. '

Q. 9.(b) Define Process? What are the States of a process. : (8.5)

Ans. A process is basically a program in execution. The execution of a process must *
progress in a sequential fashion. - 'y » SR r

. Ingeneral, a'process can have one of the following five sfates-at a time.

S.N. ' State & Description

1. | Start: This is the initial state when a process is first started/created.

2. | Ready: The process is waiting to be assigned to a processor. Ready processes:
are waiting to have the processor allocated to them by the operating system so
that they can run, Process may come into this state after start state or while

running it by but interrupted by the scheduler to assign CPU to some other
process. 5 ' :

- 3. | Running: Once the pro'c,ess has been assigned to a processor by the O'.S scheduler, |
v the process state is set to running and the processor executes its instructions.

4. | Waiting: Process moves into the waiting state if it needs to wait for a resource,
' such as waiting for user input, or waiting fora file to become available.

5. | Terminated or Exit: Once the process finishes its execution, or it is terminated.
by the operating system, it is moved to the terminated state where it waits to

- . - -

| be removed from main memory.




