CMR

INSTITUTE OF
TECHNOLOGY

Sub:
Date:

1 (a)

(b)

VTU Examination December 2017
Computer Organization Code: |15CS34
30/12/2017 Duration: |3 hours Max Marks: 80 | Sem: 3 Branch: |CSE/ISE

Answer any FIVE FULL questions, choosing ONE full question from each module
OBE

Marks =5 TrpT

MODULE 1

List the steps needed to execute the machine instruction ADD LOC,RO in 8] | CO1| L3
terms of transfers between the components and some simple control
commands. Assume that the instruction itself is stored in the memory at
location INSTR and that this address is initially in register PC. The first two
steps might be expressed as:

* Transfer the contents of register PC to register MAR.

* Issue a Read Command to the memory and then wait until it has transferred
the requested word into register MDR.

Remember to include the steps needed to update the contents of PC from
INSTR to INSTR+1 so that the next instruction can be fetched.

* Transfer the contents of register PC to register MAR

* Issue a Read command to memory, and then wait until it has transferred the
requested word into register MDR

* Transfer the instruction from MDR into IR and decode it

* Transfer the address LOCA from IR to MAR

* Issue a Read command and wait until MDR is loaded

* Transfer contents of MDR to the ALU

* Transfer contents of R0 to the ALU

* Perform addition of the two operands in the ALU and transfer result into RO
* Transfer contents of PC to ALU

* Add 1 to operand in ALU and transfer incremented address to PC

What is performance measurement? Explain the overall SPEC rating for the [8] | CO3| L2

computer in a program suit.
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2 (@) With arelevant figure define the little Endian and big Endian assignments.
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(b) Consider a computer that has a byte addressable memory organized in 32 bit
words according to the big Endian scheme. A program reads ASCII characters
entered at a keyboard and store them in a successive byte location starting at a
location 1000. Show the contents of the two memory words at locations 1000
and 1004 after the name “Johnson” has been entered. (ASCII codes J= 4 AH,
0=6FH,h=68H,n=6EH,S=73H)

(H represents it is a hexadecimal number. Each character takes 1 byte. Each
word has 4 bytes or 32 bits. So, location 1000 to 1003 has 4 bytes for storing
letters J,0,h,n and, location 1004 to 1007 has 4 bytes to store remaining 3
characters s, 0, n)

Byte contents in hexadecimal, starting at location 1000 to 1007, will be 4A,
6F, 68, 6E, 73, 6F, 6E.

The two words at 1000 and 1004 will be 4A6F686E and 736F6EXX.

(c) Write about shift and rotate instruction with neat diagram and example of
each.
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MODULE 2

3 (a) With supporting diagram, explain the following with respect to interrupts:
) Vectored interrupts
i) Interrupt Nesting
iii) Simultaneous interrupts.

i) Vectored interrupts
® Nectoge p TnTiaRUPTS

¢ D qua o w:km;p‘\‘ M%.q, du.Uo duwl'\ar o
s Protads oy .

Page 5 of 25

6]

CO2

L2




(\ﬁ?b\\é)
Tue  devca smds & b{)ufa} wic,"t» T et oV A

buxs -
"“Mz«'.ca-t AoAYBUAD ©
?Mgtw-hﬂ i{)m &WQ,
Py addras> o TSR, |
addan £ P brom Fo TSR (ifTskwol of thak Kevahion ).

Ty Jerwedion privied 4 by Haw \M{a M;zéa /uu.c)

o Mow Y g(é-u,d-wﬂ- oddhss d{) Ha 4 Seun (L

Aonkiis . Tus oddans i ied ndoopt vedor o Presed
reods b omd Jewds it ke PC-

: T } - e
v Wan  tae ppmeasd W*d. B st IR
(oot , it @ v-md vl M-led}p Uve
WA - T ifo diVe Asspondd by ;wa»:q g ideanapt -
RED ol and g o Al Wy

i) Interrupt Nesting
@ QntekRuPT NSSTNG

* Disoblm QV\W A exewh o of o TSR wasge
wot \:‘QOL defes  Wuih weedl iwweddake atenlton
, Veoping Hack o foimt 4 doy. -
e /\.Q.'UA\;{\"\UV\ A% fow ?ﬁd'\-dh u,&()v\a.up'\' ba M‘\’\M’ }:
Wiy ﬁm‘h\, ranup fil‘wmmn a: 'QMWJ»‘DZM ..
* 0 wtaangls Acguuly Wigho ity waill b
at\/\:?sk) 5 exeche a'h sk 4 Mcfmﬂ .M
i pﬂoﬂ;"ﬂj Junsred iaw?avu-d to rwu.lﬂb S :}\“‘Miwwk\‘
¢ e AR Yot A (MgM}\A.a ey oke 3
;Bwln \“3{“ prcnity deeph than s Mc.xcup}a"
Dyoomaly  prcily 5 wmwdd oo e bty YL Pyocusd

»

Page 6 of 25




s wornd W sam las dguged L, v i
ol prvleped otuchi o il g A
RS Prrims MWMJ»U v Aupermvicar wugle (e.
Ueudmy  0S Amdivnr)
* Av aM'Wv-P\“ W epewte a ‘w'\w'luaezl ivahuchan  Wuile

. w,\_wdtw ib&/;pfe,uu ta’fth(mf+
wMed o P}'w"'l uuf)#w\
s Mpk—pﬁoﬂ:@; st sam be twapl epunded .b-a,-

w'ma ﬂ,;,fwa):l iw\-tm.gp\' Aegues b a:j iv\w'}-qwdaz,
Lined %e.\u»d/\ olmee - (qdy .'M‘]— ’uv.ud’r Uy 1
a»\de& a dikltw pﬁu’libj Jived . Gdersupt nepuas o

rei b own Miese Miwis atl koad fo a priou'ly o
abitakien cigait Mte proCai - A ALy Lyt s acu:p-kJ

m’a doib has o highen prieuly MWMWJU
o»ssfa o T Protao) .

| | - Tk b
\J ' ]T—I otk | H F
::.‘l = [?;.'o ] i I\#:_QJ e T;:r,, ?*I
CL\3 “-—ﬁL[ [piTal J .‘ =
| = a2 —
lj'o‘ _.-a~‘l1 o )y 1 b
[STUTL

iii) Simultaneous requests
It is same as daisy chaining as daisy chaining handles it.
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(b) Three devices A, B and C are connected to the bus of the computer. 1/0 [6] @CO2

transfers for all three devices use interrupt control. Interrupt nesting for
devices A and B is not allowed, but interrupt requests from C may be accepted
while either A or B is being serviced. Suggest different ways in which this can
be accomplished in each of the following cases:
) The computer has only one interrupt request line.
i) Two interrupt request line, INTR1 and INTR2 are available with

INTR1 having higher priority. Specify when and how interrupts are

enabled and disabled in each case.

i) Interrupts should be enabled, except when C is being serviced. The
nesting rules can be enforced by manipulating the interrupt-enable
flags in the interfaces of A and B.

i) A and B should be connected to INTR2, and C to INTR1. When an
interrupt request is received from either A or B, interrupts from the
other device will be automatically disabled until the request has been
serviced. However, interrupt requests from C will always be accepted.

(c) lustrate the tree structure of USB with diagram. [4] HCO2
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OR

4 (a) With a neat diagram, explain the centralized arbitration and distribute
arbitration scheme.
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(b) With neat timing diagram illustrate the asynchronous bus data transfer during

an input operation. Use handshake scheme.
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MODULE 3

5(2) Draw a diagram and explain the working of 16 Megabit DRAM chip  [8]

configured as 2M x 8.
RAS
Row Addr. Strobe ]
Row —
addrens dif‘:l : 40%-)(]1[-512 % 8)
latch er cell array
Ay.ofAg. g = Sense / Write *— €S
circuits - RIW
Column [
Column
address .
latch > decoder

CAS 41 D, D
Column Addr. Strobe

Figure 5.7. Internal organization of a 2M x 8 dynamic memory chip.

In above figure, a 16-megahit (4x4x1024x1024).

DRAM chip is configured as 2M x 8. The cells are organized in the form of 4K x 4K array. The 4096
cells in each row are divided into 512 groups of 8, so that a row can store 512 bytes of data.

« 21 bit address is needed to access a byte in the memory. 21 bit is divided as follows:
1) 12 address bits are needed to select a row.
i.e. Ag.o— specifies row-address of a byte.
2) 9 bits are needed to specify a group of 8 bits in the selected row.
i.e. Ay.o — specifies column-address of a byte.

« During Read/Write-operation,
-+ row-address is applied first.
- row-address is loaded into row-latch in response to a signal pulse on RAS’ input of chip.
(RAS = Row-address Strobe CAS = Column-address Strobe)
« When a Read-operation is initiated, all cells on the selected row are read and refreshed.
« Shortly after the row-address is loaded, the column-address is

->Applied to the address pins and loaded into Column address latch under control of CAS
signal.
« The information in the latch is decoded.
« The appropriate group of 8 Sense/Write circuits is selected.
R/W'=1(read-operation) < Output values of selected circuits are transferred to data-lines Dq-D;.
R/W'=0(write-operation) - Information on Dy-D; are transferred to the selected circuits.
* RAS' & CAS’ are active-low so that they cause latching of address when they change from high tc
low.
« To ensure that the contents of DRAMs are maintained, each row of cells is accessed periodically.
« A special memory-circuit provides the necessary control signals RAS’ & CAS’ that govern the timing.
« The processor must take into account the delay in the response of the memory.
Fast Page Mode
» Transferring the bytes in sequential order is achieved by applying the consecutive sequence
of column-address under the control of successive CAS’ signals.
» This scheme allows transferring a block of data at a faster rate.
» The block of transfer capability is called as fast page mode.
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(b) Describe organization of an 2M x 32 memory using 512K x 8 memory chips.

darenses 19-bit intemnal chip address */mplement a memery unit of 2M{2097153)
A= ] i weords of 32 bits each.
s } - |_ - | } L| | *Uses12x8staticmemory chips.
— : .
fu i il i *Each coflurlnn consists af § chips. il
— — — - *Each chip implements one byte position.
= A [\ =1 A [ | A chipis selected by setting its chip select
il - T control line to 1.
L[] N L[ __e:: *Selected chip places its data on the data
__|_¢ aluliinEulln output line, outputs of other chips are in
ecas— Mkl il = _—I_ highimpedance state.
=Y k= ke k| v21bits toaddress a 32-bit word.
T T T T *High order 2 bits are needed to select the
row, by activating the four Chip Select
BINx§ ,« \; 5
memery chip a o o srgna!s.
i = i “ w19 bits are used to access specific byte
LSSl St locations inside the selected chip.
s> K mwodh
!
Chip seled

6 (@) Discuss in detail the working of set associative mapped cache with two blocks
per set with relevant diagram.

SET-ASSOCIATIVE MAPPING
Main memory

Block 01

Block 1

Cache

Block 63

Block 64

Block &5

%

a ¥ Block 127

Tag Block 128
Set 63

Block 126

Block 129
. [t | Block 127

Block 40935

[ l‘

Tag Set  Word
I & | & 1 4 | Mainmemory address
Figure 8.18  Sel-ossaciative-mapped cache with bwe blocks per sat.
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(b)

(©)

7(a)

It is a combination of direct mapping and associative mapping techniques.

Blocks of the cache are grouped into sets, and the mapping allows a block of the main
memory to reside in any block of a specific set.

Contention problem of direct mapping is eased by having a few choices for block
placement. Hardware cost is reduced by decreasing the associative search.

For example, a cache with two blocks per set. Memory blocks 0, 64, 128, ..., 4032 map
into cache set 0, and they can occupy either of the two block positions within this set.
Having 64 sets means that the 6-hit set field of the address determines which set of the
cache might contain the desired block. The tag field of the address must then be
associatively compared to the tags of the two blocks of the set to check if the desired is
present. This is two-way associative search.

The number of blocks per set is a parameter that can be selected to suit the
requirements of a particular computer. 4 bocks per set need 5-bit set field, 8 blocks per
set need 4-bit set field and so on.

128 blocks per set does not require set bits and is known as full associative technigue.
One block per set is termed as direct mapping. Cache having k blocks per set is referred
to as a k-way-set-associative cache.

Each block contains a control bit called valid bit (different from dirty/modified bit). The
valid bits are all set to 0 when power is initially applied to the system or when the main
memory is loaded with new programs and data from the disk. The valid bit of a
particular cache block is set to 1 the first time this block is loaded from main memaory.
Whenever a main memory block is updated by a source that bypasses the cache (e.g.
DMA transfer), a check is made to determine whether the block being loaded is
currently in the cache. If it is, the valid bit is cleared to 0. This ensures that the stale data
does not exist in the cache.

Define the following with respect to cache memory: (i) Valid bit, (ii) Dirty
data, (iii) Stale data, (iv) Flush the cache.

(i) Valid bit: A bit of information that indicates whether the data in a
block is valid (1) or not (0)

(i) Dirty data: The data in the cache is called dirty data , if it is modified
within cache but not modified in main memory.

(ili)  Stale data: The data in the cache is called stale data if it is modified in
the main memory but the is not updated in cache.

Flush the cache: Forcing dirty data to be written back to the memory before

DMA transfer takes place.

A block-set associative cache consists of a total of 64 blocks divided into 4-
blocks sets. The main memory contains 4096 blocks, each consisting of 128
words.

i) How many bits are there in a main memory address?
i) How many bits are there in each of the TAG, SET and the WORD
fields?

1) 4096 blocks of 128 words each require 12+7 = 19 bits for the main memory
address.
i) TAG field is 8 bits. SET field is 4 bits. WORD field is 7 bits

MODULE 4

Convert the following pairs of decimal numbers to 5-bit signed 2’s
complement binary numbers and add them. State whether or not overflow
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occurs in each case.
) 5and10 ii)-14and 11 iii)-5and 7 iv)-10 and -13
i)
00101
+ 01010

01111
No overflow
i)
10010
+ 01011

11101
No overflow
iii)
11011
+ 00111

00010
No overflow
iv)
10110
+ 10011

01001
Overflow

(b) Design the 16 bit carry look ahead adder using 4-bit adder. Also, unite the
expression for Cis;.
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(c) Draw the two n-bit number x and y to perform addltlon/subtractlon
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8 (@) With an example explain the Booths algorithm to multiple two signed operands.
(Any example can be taken)
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(b) Multiply each of the following pairs of signed 2°s complement number using
the Booth algorithm. (A= multiplicand and B= multiplier)

i) A= 010111 and B= 110110
i) A=110011 and B= 101100
iii) A=110101 and B= 011011
Iv) A=001111 and B= 001111

)
1
0
0
.
extelgion
111100011010
i)
155000 X 4
x «1+1 0.1 00
0
0
0 001501
: 0
ex:&nwo 1 5100113
10;1;1,0;1,
000100000100
ii)
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1 1910 %
x +1 0-1+1 0.1
il 001011
0
0101
51
extetgxon 011
0
| 141:14,0,1,041,

13 ¥0kY019% %1

Iv)
001111
*x 0+1 0 0 0-1
111111110001
00001111
000011100001
MODULE 5
9 (@) Discuss with neat diagram, the single bus organization of the data path inside a
processor.
llnd.:a—n
0 gl
| Lt
Instruction
o decoder exd
=) [ | —
M-y{
bes
hines
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SINGLE BUS ORGANIZATION
* ALU and all the registers are interconnected via a Single Common Bus (Figure 7.1).
« Data & address lines of the external memory-bus is connected to the internal processor-bus via MDR
& MAR respectively. (MDR- Memory Data Register, MAR & Memory Address Register).
* MDR has 2 inputs and 2 outputs. Data may be loaded
— inte MDR either from memory-bus (external) or
—+ from processor-bus (internal).
« MAR's input Is connected to internal-bus;
MAR's output is connected to external-bus.
« Instruction Decoder & Control Unit is responsible for
—+ issuing the control-signals to all the units inside the processor.
— implementing the actions specified by the instruction (loaded in the IR).
» Register RO through R(n-1) are the Processor Registers.
The programmer can access these registers for general-purpose use.
s Only processor can access 3 registers Y, Z & Temp for temporary storage during program-execution.
The programmer cannot access these 3 registers.
« In ALU, 1) 'A" input gets the operand from the output of the multiplexer (MUX).
2) 'B' input gets the operand directly from the processor-bus.
« There are 2 options provided for ‘A’ input of the ALU.
* MUX is used to select one of the 2 inputs,
« MUX selects either
- output of Y or
—+ constant-value 4( which s used to Increment PC content).

« An instruction is executed by performing one or more of the following operations:
1) Transfer a word of data from one register to another or to the ALU.
2) Perform arithmetic or a logic operation and store the result in a register.
3) Fetch the contents of a given memory-location and load them into a register.
4) Store a word of data frem a register into a given memeory-location.
« Disadvantage: Only one data-word can be transferred over the bus in a clock cycle.
Solution: Provide multiple internal-paths. Multiple paths allow several data-transfers to take place in
parallel.

(b) Write the sequence of control steps required for single bus structure for each if
the following instructions:

D)

Add the contents of memory location NUM to register R1.

i) Add the contents of memory location whose address is at memory

=
CONODUAWNROONDUAWNER

location NUM to register R1.

Assume that each instruction consists of two words. (Note: Change of
assumption may result in change of control steps)
. PCout, MARIn, Read, Select4, Add, Z,
. Zout, PCin, Yin, WMFC

. MDRuy, IR

. PCout, MAR;,, Read, Select4, Add, Zi,
. Zout, PCin, WMFC

MDRyy;, MAR,, Read

Rlout, Yin, WMFC

MDRyt, Add, Zj,

. Zout, R1in, End

. PCout, MAR;,, Read, Select4, Add, Zi,
. Zout, PCin, Yin, WMFC

. MDRyy, IRin

. PCout, MARI,, Read, Select4, Add, Zi,
. Zout, PCin, WMFC

. MDRyt, MAR;,, Read, WMFC

. MDRyt, MARj;,, Read

. Rlout, Yin, WMFC

. MDRy, Add, Zj,

10. Zoy, R1in, End
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10 (a) Discuss the microwave oven with neat block diagram.

MICROCONTROLLER
I Processor I I ROM | | RAM I
I Interconnection network I
Input Output
interface interface
| | | |

l_l

[ Input keys I I Door open ] I Magnctron l

5 Speaker

Figure 10.1 A block diagram of a microwave oven

MICROWAVE OVEN
s Microwave-oven is ane of the examples of embedded-system.
» This appliance is based on magnetron power-unit that generates the microwaves used to heat food.
« When turned-on, the magnetron generates its maximum power-output.
Lower power-levels can be obtained by turning the magnetron on & off for contrelled time-intervals.
+ Cooking Options include:
— Manual selection of the power-level and cooking-time.
— Manual selection of the sequence of different cooking-steps.
— Automatic melting of food by specifying the weight.
« Display (or Monitor) can show following information:
— Time-of-day clock.
— Decrementing clock-timer while cooking.
— Information-massages to the user,
« I/0 Capabilities include:
— Input-keys that comprise a 0 to 9 number pad.
— Function-keys such as Start, Stop, Reset, Power-level etc.
— Visual output in the form of a LCD.
— Small speaker that produces the beep-tone.
« Computational Tasks executed are:
— Maintaining the time-of-day clock.
— Determining the actions needed for the various cooking-options.
— Generating the control-signals needed to turn on/off devices.
— Generating display information.

+ Non-volatile ROM is used to store the program required to implement the desired actions.
So, the program will not be lost when the power is turned off (Figure 10.1).
+ Most important requirement: The microcontroller must have sufficient 1/O capability.
Parallel I/0 Ports are used for dealing with the external I/O signals.
Basic I/0 Interfaces are used to connect to the rest of the system.

(b) Discuss the digital camera with neat block diagram.
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Digital Camera

Lens Optical
SCRRON
A
CONVErsion
- Hulur
User Processor
iiche and system
— controller Flash
uni
Image LCD Computer
storage screen interface
Cable 1o PC

Figure 10.2 A simplified block diagram of a digital comera.

« Digital Camera is one of the examples of embedded system.
¢ An array of Optical Sensors is used to capture images (Figure 10.2).
* The optical-sensors convert light into electrical charge.

» Each sensing-element generates a charge that corresponds to one pixel.

One pixel is one point of a pictorial image.

The number of pixels determines the guality of pictures that can be recorded & displayed

« ADC is used to convert the charge which is an analog quantity into a digital representation.
* Processor

— manages the operation of the camera.

— processes the raw image-data obtained from the ADCs to generate images.
« The images are represented in standard-formats, so that they are suitable for use in computers.
* Two standard-formats are:

1) TIFF is used for uncompressed images &

2) JPEG is used for compressed images.
+ The processed-images are stored in a larger storage-device. For ex: Flash memory cards.
* A captured & processed image can be displayed on a LCD screen of camera.
+ The number of saved-images depends on the size of the storage-unit.
« Typically, USB Cable is used for transferring the images from camera to the computer.
+ System Controller generates the signals needed to control the operation of

i) Focusing mechanism and

il) Flash unit.
(ADC - Analog-to-digital converter, LCD ¥ liquid-crystal display)
(TIFF »Tagged Image File Format, JPEG -*Joint Photographic Experts Group)
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