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‘puter system consists of three main parts: CPU (Processor), Memory and 1/0.

The main function of the CPU is to execute instructions. :
Instructions are stored in memory by the programmer. A set of instructions doing a specific
task is called a program.

Fetch Cycle: :
Since instructions are stored in the memory, first each instruction needs to be fetched.

The process of fetching an instruction from the inemory is called. as Fetch Cycle.
Once fetched, the instruction is decoded, to find ‘out the required task to be performed.

Execution Cycle:

It is the process of executing an 4instruction.

Instruction Cycle:

It is the total time taken to fetch, decode and !execute an 'instruction.

RY:

LY ©

programs or data. Permanent information is stored in ROM and runtime information is
stored.in RAM. : ‘ .

/QUTPUT:

This section is responsible for transferring data in and out of the computer system.
Keyboard, monitor, mouse etc are examples of I/0 devices.
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ORGANIZATION OF A TypIcAL CPU {VON NEUMANN MODEL }
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The above diagram is the basis for all Processor designs. It consists of the minimum set of registers anfé&,,‘7

. . ¥Ry
the necessary circuit to execute mstructnons It has the following parts: B
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1)  Data Processing Unit
- Inthis unit all the data operations are performed as per the instruction.
- An ALU is present to perform arithmetic/logic operations.
- The data is stored in General Purpose Registers (GPRs). o
« These registers provide operands to the ALU and also store the result of operations.
+ The most important register is the Accumulater as it acts as the default cperand in many
operations. L . :
« Another.important register is the Status Register (Flag Register).

It holds the "Status” of the current resuit. It has several conditional bits, which are
changad by the ALU after every operation. They indicate conditions such as sign, carry,
zero, parity etc. This register is checked by the Control Unit to perform a conditional branch
operation (Eg: Jump on Carry --- JC) ' _ ;

- The programmer can read this register to find out the status of the previous operation l
+ Additionally there is a bi-directional data buffer between the main memory and the CPU.

2)  Program Control Unit

- This unit is used to fetch instructions and also transfer data in and out of the processor.

» Instructions are fetched from the memory.

+ Program Counter (PC) is a register that stores address of the next instruction to be
fetched form the memory. It is incremented after every instruction and hence the
program proceeds sequentially.

+ The fetched instruction is stored in the instruction register.

A CPU may have buffers to-store several instructions.
'+ During a branch the contents of PC are changed to point to the branch location.
Stack Pointer is a register that contains the address of the top-most element of the
- stack. A Stack is a set of memory locations organized in a LIFO manner. When we PUSH an
element into the stack, SP is decremented. 1t is incremented when we POP an element from is
the stack. :

»  When a program invokes (calis) a sub-routine (function), the return address is stored in
the stack. This address is used to come back from the sub-routine to the main program.

+ The Address Generation logic generates the memory address using PC or SP.

- The Control Circuit decodes the instruction and produces the appropriate control signals for
its execution. ’ '
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- INFORMATION REPRESENTATION _ , i
Any form of information is stored in computers by means of binary sequences organized: into words. A
word is a unit of fixed length of bits. The no. of bits is called as the word size.
The basic information types are as follows:
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FIXED POINT BINARY NUMBERY
An-n-bit binary number (bn-1...bo) can be represented in three forms:
i Signed Magnitude
ii. 1’s Complement
iii. ~ 2’s Complement ‘
In all the three methods, -ve numbers are represented with a "1” at the MSB position.
Lets examine the three methods for a 4-bit number: A

Number | Sign Magnitude | 1's Complement | 2’s Complement-
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Combination=

Advantage of 2’s Complement method is that the same bit pattern specifies +ve 0 as well as -
ve 0, which is correct. ~

Moreover, since 0 (+ or -) occupies the same bit pattern, we are left with 1 spare bit pattern (1000),
which can be used to represent -8. This would increase :he range by 1 number. .

Thus Range for a 4-bit 2's complement numbers is: -8 ... 0 «« +7; whereas that for both sign
Magnitude Form and 1’s complement numbers is: -7 .., 0 ... +7 for a 4-bit number.

Hence 2's complement method is preferred. (Viva) :

Similarly, for an 8-bit number the range will be from =128 ....0... +127.

&'“?

1111177
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FLOATING POINT NUMBERS /q’k

Floating point numbers are those where the p‘osition of the point is not fixed (i.e. the point floats in

the number). N
Egi 10101.0110001 : '
Such numbers are first Normalized.

Normalization: Shifting the point Iefér right so that there is only one non-zero digit to the

left of the point is called Normalization.

A normalized number is of the form:

(-1)°x28x 1.M

S = Sign of the number: (1 >7ve; 0 >+ve)
E = Exponent. '
M= Mantissa.

Eg: Consider the floating point number 10101.0110001
Shifting the number right by 4 places we get: (ps: right-shifting the number means left-shifting the point!)
1.01010110001 x 2* :
Since it is a-+ve number, we can write it as:
(-1)°x 2*x 1.01010110001
This is the normalized form of the given number.

IEEE 754 32-bit Format {Single Precision / Short Real}

ST E W ]

LSign . Exponent } Mantissa
(1) (8) ' (23)

1) The IEE 754 format stores a Normalized number as shown above.
Here: S: 1-bit used to indicate the sign. (1: -ve; 0: +ve)’ ‘
E: 8-bit Biased exponent. (Biased Exponent = True exponent + 127)
M: 23 bit Mantissa. '

2) Instead of storing the true exponent, a bias value of 127 is added to the exponent.
This is.done to allow-ve exponents to be stored without using another sign bit.
Since the exponent field is 8-bit, the max number here can be 255, (1111 1111,).
Therefore range of the biased exponent that can be stored is: 0 < E < 255.

Note that both 0 as well as 255 are considered as error conditions, hence the valid range of the

biased exponent is: 1 < E < 254. scontact Bharat Sir for any doubts on 98204 08217.

VIVA: The bias value is taken as 127 because it iies exactly in the middle of 0... 255.

Thus it supports an equal number of +ve and -ve exponents.

3) In the Mantissa field, the “1” of 1.M need not be stored. :
This is because all Normalized numbers would have a 1 before the point. Net storing the “1”
‘saves 1-hit space in every number and hence increases the precision.
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Ex: Convert (9.0)4, into IEEE 754 32-bit format. ¢

Step 1> Convert the number into binary. - 8 @

(9.0)10 = (1001.0), N@

Step 2> Normalize the number. N&'&

1001.0 = (-1)° x 2* x 1.0010
Hence S = 0; M = 0010; True Exp = 3,

]

1117

Step 3> Calculate the Biased Exponent.
: " BE = TE + Bias.

Bias = 127.

BE =3 + 127 = 130.

Step 4> Convert the Biased Exponent into binary.
BE = (130)y9 = (1000 0010),,
#Refer lecture notes for short-cuts. ,

Step 5> Represent the Number in ti‘ze required format:

| 0 [ 10000100 | 00100000.... |
Sign Exponent Mantissa
. (1) (8) (23)

. #An additional step to convert this binary series into hex may be performed though not compulsory.

More sums:
2) Convert 2A3BH into Single Precision format

Converting the number into binary we get:
0010 1010 0011 1011 :

112111

Normalizing the number we get:

(-1)°x 1.0101000111011 x 213
HereS=0; M = 0101000111011; True Exponent = 13.

—_—

Bias value for Single Precision format is 127:
Biased Exponent (BE) = True Exponent + Bias
=13 + 127
= 140.

Converting the Biased exponent into binary we get:
Biased Exponent (BE) = (1000 1100) .

Representing in the required format we et:
[0 [ 10001100 [010100011101100.,,, |
) Biased Exp Mantissa
(1) (8) , (23)

112211117

Converting the number into hexadecimal form we get:
4628ECO0H ... 32 bits.

b
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Convert (12.125), into Single Precision format

Converting the number into binary we get:
1100.001 © For doubts contact Bharat Sir on 98204 08217 .

Normalizing the number we get: ‘
(-1)° x 1.100001 x 27
Here S =0; M = 100001; True Exponent = 3,

Bias value for Single Precision format is 1023:
Biased Exponent (BE) = True Exponent + Bias
: =3 +1023 )
.= 1026.

' Converting the Biased exp'oneht into binary we get:

Biased Exponent (BE) = (100 0000 0910)

Representing in the required fo:-‘mat we get:
L0 [10000000010 ] 10000100000...

Biased .
Explain Mantissa
(1) (11) - (52)

Converting the number into hexadecimal form we get:
4023 4000 0000 0000 H (64 bits). : '

¥
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1) Overflow . , - i
+  When the exponent is too large to be stored, the condition is called as overflow. N
It occurs when the magnitude of the number becomes so large that it'goes out of range.
+ This error is represented by Exponent = 255 and is called as NaN (Not a Number). : N
+ Eg:True exp = 128. )
Therefore BE = TE + bias. ; . N
BE =128 + 127. - .
BE = 255. This is NaN. - - Oy,
+ An extreme case of NaN is when the magnitude goes on increasing till it is no longer finite. i.e.
the number has reached Infinity. Infinity is denoted by E = 255and M = 0.

2) Underflow ‘ : ' N
+ When the exponent is too small to be stored, the condition is called as underflow. : ‘ _
It occurs when the number bacomes S0 small that it cannot be normalized. M

« This erroris represented by Exponent = 0 and is called as Denormal Number. ,

* Eg:True exp = -128. ' M
Therefore BE = TE + bias.

BE = -128 + 127. - O~
BE = -1. This cannot be stored as it is still ~ve even after biasing. : '
- This is a Demoralized Number '

* An extreme case of Denormal Number is when the magnitude goes on decreasin‘g till it reaches

0. Zero is denoted byE=0andM =0, , : g

Summary: _ | N:

’TYPE . EXPONENT MANTISSA | ConbrTION ‘ | N'

g,‘;{i’(‘j‘?\,'umber) 0<E<255 |M=X |Normas | o NN

;:rr;ormal Number g :g :44 :)é »Undierflow :

IEEE 754 (64-hit) Format {Double Preéis‘ion / Long Real} QN
(s = T ——

Sign Exponent Mantissa

) (11) . (52) : S m
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ADDER CIRCUITS

Half Adder: ,
It is a circuit, which simply adds 2

Full Adder:
This circuit not only adds the

- the sum and the carry due to the current addition, It

- e

bits without taking into
sum and the carry due to the Current addition.

current two bits but also considers

Ciny

—rt

Input:

Output: Zi: Sum; C; Carry
Calculation: i=XieY, 8 G,
(G = XY+ (G + Y)G,
Circuit: S
\\\\~\_
N
YR C:l-n L 1
): \. ::_w __,__,__._.»""‘\s
Yy —'W::
iy S
pu— ” 1
o m T |
RN
Cy v
oD
i

Xi, Y;: bits to be added;

Cs 44\'*4\)

Cin:

i.e: 4=

iS represented as:

Previous Ca rry in put;

[ [
XiYiCin + X;Y,C;p, + ily:ain + Rﬁicin-
i_.e: C;» = XY; + XiCiy + YiCi,. .

account the previous carry. It prbduces the

the previous carry. It produces

oo MM
O 0]
0 /
0 I
[ §)
! 0
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Addition of n-bits {Eq; 4-bit} _ : - S ' N

Addition of multiple bits can be carried out in 2 ways:

¥

1) Ripple Carry Adder: {Serial Adder}
* A Ripple Carry adder to add n-bits is formed by simply connecting n full-adders serially such
that the carry from the LSB_ propagates serially up to the MSB, as shown.

Y= Yo Y1 Yz Ys :Bitsto be added; (
Ci+1: Previous Carry input; ' i
Outputs: Z;: Sum; C;; Carry ' ' '

L

b
<
=~
e~
e
S~
~~
e

s

'+ Though simple, the disadvantage here is that, addition of the various bits takes place one
after the other and not concurrently. Hence this method is slow. This delay can make the
ALU very slow. —

LS
L
"
Inputs: X = Xo X; Xa Xy | =
S
"
i

&
s
o i
.
w5
- lJ‘
B
k-
<
-
-y
.
i -
Cy .
. ‘h..,\
- |
q“-m
X
-
S
]
&
-
‘L
L
s
'
.

% | CL

0 " O M
! Lo ‘\@
] :

0 | (,J NQ-,_;
‘ )

O -

o |

\

Cor

1t

k.

G

N .
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A 2) Carry Look Ahead Adder: {Parajiel Adder.} (1mp) 2~

e The Carry-Look Ahead Adder has the advantage that all the bits of the 2 numbers can be
. added simultaneously. ' : '
= This makes the operation much faster as compared to seria! adder.

» - But here, the carry required at each bit position needs to be predicted-(calculated) first.
This is done as follows: '

~Inputs: X =X,X, X2 X3 ’
Y = Yo Y, Y, Y3: bits to be addEd;
: Cint Previous Carry input;
Outputs: Z=%% %X, Sum; P
Cout = Co; Carry 7 : i

We know that, at any stagethe current carry produced C; is:

) G = XY+ XiCryy + %Cisy
) = XY+ (% + Y)) Gy

gi P

M eaning:

It is the carry to be generated by the current aintion. .

i Will be 1 only when both X;and Y; are 1,
ng': Xi+Y; ] A

The carry to be propagated to the next stage.
» pi will be 1 when atleast X;orY;is 1, AND there is a previous carry (Ci,,).
Also notice pi will be 0 if both X; and Y;are 0 irrespective of (Cit1).

Please refer Bharat Sir's Lecture Notes for examples on this ..

C=g+ PiCi+1
Now C'; =03 + p3G,
‘-AISO Cz =gy + po;

C2 =gy + pa(gs + p3Cip)
C2 =0, + pogs + P2p3Cin

£
Also C1 =01 + p1C,y » . : . : :& .
Ci =91+ pi(gy + prgs + P2P3Cin) ‘
C1 =91 + P19 + pipyg; + P1P2P3Cin

Flna”y Co = gg + DOCI .
; Co = go + po(9; + pag; + P1P293 +-p1p2psCiy)
Co = go + Pog; + pop;g, + PoP1P2g3 + pop1p2psCin

S R R

As we notice, all the four Carries required to perform the operation can-be calculated
beforehand, and thus all the four bits can then be added together. Though a little more
coemplicated than serial adder, this method is much faster. _

Due to'the complex calculation, Look Ahead Adders are useful for adding upto 8 bits. For more

bits, a series of such adders can be used.

n Impossible reads I ‘M Possible . Page No: 11
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Gcneral chresentatlon of a Paral!el Adder: (to.-Sdati-&‘l_tsu) :
’ Z o 2L+ Y |

. n-bil patalel
COI-J' St n .Mg:‘ .

%A

Status. S=Q--- Addltlon,

S= 1 Subtractlon;

R7Y. -\;E'x»osi'o'u uti| l
’ Ar 5 s Excn anationm 3y
0 0. 0 AdanndY' : E‘
Q 1 ‘.,1 ‘ . 1 . . j‘ . N
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MULTIPLICATION

1) Conventional Method {'Pencil-Paper method}

Eg: 1010 ... (10) Multiplicand
X 11110... (30) Multiplier
0000
1010 .
1010 Partial products
(1010 <
+ 1“::‘1‘0 =L 2 X
=100101100... (300) Result

*  As seen above, multiplication is carried out in stages. - ,

+  Ateach stage the Multiplicand (here 10), is multiplied with a corresponding bit of the -
multiplier (here 30), to produce a partial product,

Each partial product is shifted by one position and then added to the previous one.
This goes on till all the bits of the multiplier are used.

The final product is thus produced. . '

Notice that in binary no. system, the partial product at any step is either the
Multiplicand itself (when multiplier bit = 1), or 0 (when multiplier bit = 0).

e o o o

Algorithm:

i. . The Multiplier is scanned right to left. For each bit of the multiplier, the partial product is
formed as follows: :
ii. «If (Bit=1) then Multiplicand (M) is added to the partial product, and all the bits
are shifted to the right. o
If (Bit = 0) then addition is not performed.
All bits are simply shifted to the right.
iii.  Step (ii) is repeated for all bits of the multiplier.

Advantage: This is the simplest method of m_ult;ip!icatibn for +ve numbers, and the circuit ‘

design is easy.
Disadvantage: This method fails for ~ve operands.:
Eg: 1010 ... (+10) Multiplicand
X _.10001i0... (-30) Multiplier
0000 =
1010
Na00 Partial products
0600
0000
+1010 :
£101010100 = 2’s complement = 010101100 = 172 ... WRONG!

A
v

Hence‘ thg/,vmqthod fails for -ve operands.

'
H
I

)

N
i

e

;‘) 5

TTITTe Ve YU UeOILBCOLLOSEEEEE L ¢ & &8 4 &
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coned - wwm
“ Control Loglo

Shit Right

=

- Fig 2.11: Unsigned Multiplication : Block Diagram

Here: B = Multiplicand - Q = Multiplier
~ AQ = Flnal Result € = Intermediate carry T

uz.

3

P

¢
LT

PW lnAQ ﬁéﬁ&y;
Fg 212 : Flowchart for Unsigned Binary Multiplication M

€
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2) 2’'s Complement Method {Robertson’s method}

This method works for both +ve and -ve operands. It modifies the conventional method to
handle -ve operands. It has the following 4 cases for the example 5 x 4 = 20:

5 9
4 >

Case 2>

L]

Case 3>

T

0101 > 2's complement > 1011 -
0100 > 2's complement & 1100
20 010100 > 2's complement > 101100
Case 1> Both Multiplicand and Multiplier are +ve {(+5) x (+4) = (+20)}.
Here the method works just like the conventional method.
Eg: V101 (+5) Multiplicand M@ ,
X 0100 _ (#4) Multiplier x Loy
0000 :
0000 :
. 0101 Partial products ‘ﬁ)(?'!
+ 0000 A 00 oaw
: 0010100. (+20) Result’ ’ O/Lle_Mw~~
Multiplicand is -ve {(-5) x (+4) = (-20)}. \\-‘I Og 00 9>«
Here at each step, whén a non-zero partial product is produced, it is shifted with
“leading 1’s” as it is a -ve product. This is because the multiplicand was -ve. Uz ¢
Eg: 1011, .7 {-5) Multiplicand : e
X 0100 (+4)AMultiplier 00 (o H”@_f"
0000 zero hence nothing special .
3000 zero hence n'othing special
@1011 . non-zero hence padded with leading 1.
+ . 0000 .. Zzero hence nothing special
- 1101160 (-20) Result
Muitiplier is -ve {(+5) x (-4) = (-20)).

Case 4>

Here at the last step,
multiplier is subtracte
product as it is produ

0000 ...

Multiplier.

Eg: 0101

X 1100

0000

Fo 0101
0010100 ...
0101000 .

= 1107 i

Both Multiplier and Muitiplicand are -ve {(-5) x (-4) = (+20)}.
Here rules of case 2 as well as case 3 apply. ,

the partial product that is produced due to the MSB of the
d instead of being added. It is treated as a —-ve partial
ced by multiplying the Multiplicand with the sign bit of the

{+5) Multiplicand
{-4) Multiplier
add the partial products so far.

now subtract the final partial product.
{-20) Result

Eg: . 1011 (=5) Multiplicand
X 1100 {(-4) Multiplier
0ono L.
0000 -,
+ @uo11 non-zero hence padded with leading 1.
........ S 1101100 . add the partial products produced so far
1011000 now subtract the final partial product.
= 0i016100: "(+20) Result
’ e
' .
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A1)

{2
——
1|

BEGIN = — ) . i ‘
o] - e
Cuntrad END = — o - o
vy Y B M) :\nﬂml : i .
CLOOK - — m L, | e G,

s emey | ‘
bt 4
FIGURE 3. ' O=.., By,
Block diagram of 3 Iwoscomplemeny multiplier,

B K3

rrre

. N £
I |

Advantége: This method works well for all cases. .
Disadvantage: Since this method treats all the cases differently, the control unit required for "
this method is very complicated. Moreover this method is generally slower than Booth’s Algorithm.

Lm »

pj A
Nt S nad
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3) Booth's Algorithm {V.Imp}

This is a faster method of multiplication which works equally well on both +ve and -ve nos.

It uses a simple concept as shown:
10x30=10x(32-2)

1010 ... (10) (=) 1010 ... (10) q
X 100000 ... W X ~ 10 ... (2) (,Z} 0
1 add 1 add ~— : D0
and 5 shift and 1 shift =~ \ v
operations - operations .

~ As we notice, here only 2 Add operations are required, while in the conventional method, 4 Add
operations were required. ) -
Addition operations take much more time as compared to shift operations.
As the no. of addition steps is reduced, this algorithm is faster than the earlier method.

Now: 10 x 30 = 10 x (32 - 2)

10 x (100000 - 0010) '
10 x|(1000-10 > This is the Recoded Booth'’s Multiplier Format.

The Booths Alaorithm works as follows: %

W

Examine 2 adjacent bits of the Multiplier from right to left (Assuming a 0 after the LSB), and
generate the Recoded Booths Multiplier as follows: o ] :
If moving from O to 1: Subtract multiplicand from partial product and shift. (-1)

1 to 0: Add multiplicand to partial product and shift. (+1)

0 to 0: No addition or subtraction required, just shift. (0)

1 to 1: No addition or subtraction required, just shift. (0)

{Refer lecture notes for more on this} :

Thus by performing the above process, the multiplication is performed.

Even Impossible reads I 'M Possible : Page No: 17
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Hardware Ileemhgrltation:

R ![.‘ == Comtnd - ""'-’."
END @ we o ---'J.-.‘ rend &

s B S e

\w"}“ g .
e A-0Q_+0

M « Muttipicand -

O « Multlplier

[ Counte=n

7
(¢
CA~A=M 1= | cAcasn

e rrrerran é ? ?? f

[eS

reee

128

'

S ¢ k!

€

J
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Examples:

1) (+10) x (+30)
Multiplicand = +10 (1010)
Multiph’er =+30 (11110)

The Recoded Booth’s Multiplier is generated as follows:.
0111100 :
NMNMNMNN
#1 000-1 40

The Multiplication is thus performed as follows:

1010 ... (10) Multiplicand ;

X +1000~10 ... Booth's Recoded Multiplier

0000000000 . : ‘

1111101100 (2’ s complement of 10, preceded by leading 1’s as it is -ve)

00006000000

0000000000

0000000000
+ 0101000000
= 0100101100 = This is the result (+300).

Since the MSB (Sign b'it). is 0 the Result is +ve and hence no more steps are required.

2) (-10) x (+30)
- Multiplicand = -10 (Since the Multiplicand is -ve, use its 2's Comp. = 10110)

Mu!tiplietj = +30 (11110)

The Recoded Booth'’s Muitiplier is generated as follows:
011110 0

NN NMNMN :

+1 0 0 0-1 0 : '

The. Multiplication is thus performed as follows:

10110 ... (-10) Multiplicand
x +1000-10 ... Booth’s Recoded Multiplier
0000000000
0000010100 (2's complement of -10 = -1 g -10 = 10)
0000000000
0000000000
0000000000
+ 1011000000
=_1011010100

Since the MSB (Sign bit) is 1 the Result is -ve and hence take its 2's Complement:
1011010100 > 1’s Complement - 0100101011 - :

+ 1
0100101100 -» This is the answer (-300)
#1In case of doubts please contact Bharat Sir: 98204 08217.

Even Impossible reads I ‘M Possible Page No: 19
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-3) (+10) x (-30)
Multiplicand = +10 : ,
Multiplier = -30 (Since it is -ve, use its 2's Comp = 011110 > 100001 +1 > 100010)

The Recoded Booth's Multiplier is generated as follows:
1000100
NN N N NN
-100+1-10 .

The Multiplication is thus performed as follows: 3

1010
X -100+1-10
0000000000 . _
1111101100 (275 complement of 10, Preceded by leading 1s as it is -ve)
0000101000 :
0000000000
0000000000
+ 1011000000

=1011010100
_——==

(10) Multiplicand
Booth’s Recoded Multiplier

Since the MSB (Sign bit) is 1 the Result is -ve and hence take its 2’s Complement:
1011010100 - 1r4 Complement - 0100101011

+ 1
0100101100 9 This is the answer (-300)

a

4) (-10) x (-30) : :
Multiplicand = -10 (Since the Multiplicand is ~Ve, use its 2's Comp. = 10110)
Multiplier = -30 (Since it is -ve, use its 2's Comp = 011110 - 100001 +1 - 100010)

The Recoded Boothv's Multiplier is generated as follows:
1000100 T

NN N N NN
-100+1-10

The Multiplication is thus performed as follows:

10110

(-10) Multipiicand
X . -100+1-10 - Booth’s Recodeq Multiplier
0000000000 -
0000010100 (2"s complement of =10 = -1 x -10 = 10)
1111011000 (-10 = 10110 preceded by 1’s as it is a -ve no)
0000000000 ' .
0000000000

+ 0101000000
*.\M—N

Since the MSB (Sign bit) is 0 the Result is +ve and hence no more steps are required.
#In case of any doubts please contact Bharat Sir on 98204 08217. '
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BOOTH’S ALGORITHM IMPLEMENTATION IN TABULAR FORM {Ref. Book: William Stallings)

Some college profs like you to solve Questions on Booths Algorithm in a tabular form as shown:
o t0

5 © o\ P

Q: Solve all cases for 7 x 6 using Booth'’s Algorithm:

Casel: ,(;90 x (+6))

Vo D

M: Multnphcand = 7 > Ollllrs Comp > { - 1T@‘ A- "‘ ' , ;\Hi ol
Q: Multiplier = 6 > om ' .
(A) @ (6) M) ()
Step Operation Accumulator Multlgher Q-1 Multiplicand’ A R
Initialize 0000 0119 & 517, 1
1 Right-Shift - 0.0 00 0011 0N o111 -2
2 A€A-M 1001 0011 _ o 01711 |
Right=Shift t1ao . 1.0_@‘_ ) 0111 ‘3__
3 Right-Shift 1110 0100 1 0111 1
4 AEA+M 101 0100 1 0111
m,_ B 10 1010 | o 0111 )
6‘Answer=42'9
. , ” ot
U — o (O 100
M: Multnphcand 73 100132" 2's Comp-) OI_DII (Fov A1) |
Q: Multiplier = 6 -) 0110 o '
(A) @ (6) My (-3
Step Operation Accumulator Multiplier Q 1 Multlphcand Toniy e
Initialize 0 000 0110 o <10 ‘0\"17 '
-~ - S
1 Right-Shift 00 0 0 0011 G 1001
oTOoq T R
2 A€A:M 01711 0011 o 1001
Right-Shift 0011 1001 " g 1001
3 Right-Shift , 0001 1100 1 1001
4 A€EA+M '1010 1100 1 1001
~ Right-Shift [ 1101 0110 | o 1001
€anshher=—4, >
EGREI
| R
S
L VO : ) — -
Even Impossible reads 1 'M Possible’ ' . : Page No; 21
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Ca +7) x (-6 _ 0
M: Mulﬁphcand +7 -) 0‘11 ‘25 Comp-b 1‘:‘01 ? Ty f - M) ,
Q: Multiplier = -6 1010 (9 /mﬁf, Al g : o
(A) @ ¢ (MY’ .
Step Operation Accumulator Multiplier Q.; Multiplicand ()QJUJ@JC
Initialize 0000 1010 o0 0111
1. Right-Shit 0000 0101 0 0i1
2 AEA-M > 1001 0 0111
Right-Shift 11 1 0111
'3 A€A+M 00 1 0111
Right-Shift 00 0 0111
4 A&A-M __ 10 0 0111
Right-Shift | 11 1 0111
: €n
Cased: (-7) x (-6) R ) i
M: Multiplicand = -7 —)@ Lz’s Comp-) 0111J (For A- M)
Q: Multnpller =-62> (101T
(A) (Q) (M)
Step Operation Accumulator Multiplier Q., Multiplicand CJ@J\);-)'”:,{"'
Initialize 0000 1010 0 1001
1 Right-Shift 00 0 0 0102 ©0) 1001
2 A€A-M 0111 0101 0 1001
Right-Shift 0011 1010 1 1001 .
3 A€A+M 1100 1010 1 1001
Right-Shift 1110 101 0 1001
4 A€A-M 0101 0101 0 1001
nghtSheﬁ:[ 0010 1010 |1 1001
: €EAnswer=42>

Even Impossible reads I ‘M Possible
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P [

HMay 2004 (Comp/IT): Multiply (-7 x (14) using Booth’s Algorithm

Fo o

M: Multiplicand = -7 = 1001; 2's Comp= 0111
Q: Multiplier = 14 01110

(M)

#For more, easy-to-understand examples, refer Bharat Sir's lecture notes.

(A) (Q) _
Step Operation Accumulator  Multiplier Q.1 Multiplicand e
* Initialize 0000 01110 0 1001 ey g
1 Right-Shift 0 0 0 o 00111 0 1001
2 A€A-M o111 00111 - o 1001
Right-Shift 0011 10011 1 1001
3 Right-Shift 0001 11001 1 1001
4 Right-Shift 0000 11100 1 1001
5 A€A+M 1001 11100 1 1001
Right-Shift | 1100 11110 ] o 1001
, — €Answer=-98> S

RS o

. fotgo e

A /\ )
— a0 D
i EEREYe C? ) ]

/;
. {;. bl
v_,»\\‘

Even Impossible rea}ds I'M Possible
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-

DIVISION:

Division is performed by continuously subtracting the Divisor from the Dividend till the Dividend
becomes lesser than the Divisor or becomes 0. Whatever remains of the Dividend is called as the
Remainder and the number of times the subtraction takes place is the Quotient, ‘

Circuit:

Accumulany Quax

wbit
Jaty
busey -
BEGIN — — C-nu.ml
. unip
END - —
FIGURE 3.53

Block diagram of A sequentia) #-big binasy divider,

1) The circuit positions the Divisor approximately w.r.t. the Dividend.
Subtraction is performed (Dividend - Divisor). ‘
2) If the remainder is O or +ve: ’
« The Quotient bit is 17,
+  Remainder is extended by another Dit of the dividend.
» Divisor is repositioned for another subtraction,
« This is called as a Successful subtraction and restoring is not required.
3) Else (remainder is -ve): ) o
* The Quotient bit is “0”. _ ‘ ' o
+  Since the Subtraction was unsuccessful, restoring will be required.
+ Thedividend is restored by adding back the divisor.,
«  Divisor is repositioned for another subtraction.
4) Steps 2 and 3 are performed till all bits of the dividend are used.

Given : B « Divisor; Q € Dividend
Result : A & Remainder; Q € Quotient

Even Impossible reads I 'M Possible _Page No: 24
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There are 2 ways of performing Division:

1) Restoring Method

Here, the dividend is restored after each unsuccessful subtr
«  Shift A and Q by left by 1 position.
+ PerformA ¢« A-B
« Ifsign bitof A = 1: (unsuccessful)
"~ i. Restore A as: A < A + B,

: ii. Q=0
« If sign bit of A-= 0: (successful)y
L Q=1 = . :
+ Repeat above steps till all bits of the dividend are used.
Flowchart:
Ae0
M.~ Divigor
O(—Dividend
Count ~n
N |
Shift Left
: . - AQ
) | Y
- AeA-M

action operation.

’

o i
' ARt
AN A

Quotient in Q
Remainder in A

Even. Impossible reads 1 'M Possilee
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Example: 10/4 = 2(Quotient), 2(Remainder)
A =0;
Q Dividend = 10; (1010) N,
W\ . B = Divisor = 4; (0100) ... 2’ s Complement = 11100. D000 |
'Q Register.
Initially 00000 1010 Dividend
Shift R
Subtract B
(-ve hence Q=0) >~First Cycle
Restore (A + B)
-
Shift D
Subtract B
(-ve hence Qo=0) ) - Second
Restore (A + B) t0o01o00, 7
| Gaoro, 10 J
Shift 0 01.01 0 @@D 1
Subtract B 11100 ‘
(+ve hence Qp=1) (@0-0.0. 1 j Third
No Need to restore T ——
' 0.0 001 0 .“
Shift 00010 mD S
, Subtract B +11100 o
(-ve hence Q;=0) @i\l\}_m 9 Fourth
Restore (A + B) 00 00—
Teoo1of. . l
Remainder Quot:.anf: @

A4T = o

v

g > PRES et
V) O© 0o
e

(et

| pee

G"

DOO o O

1.
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vaOOOC<“:

- .-

2) Non-Restoring Met@ : %
ed after

Here, the dividend is NOT resto t
Instead, the following logic is followed: ™~
If the current remainder-is +ve then...
Qo =1, ’ o
Next operation will be shift and Subtract;
Else (remainder--ve), then... -
Qo =0;
Next operation will be shift and add.

each unsuccessfyl subtraction operation.

Flowchart:

ETART

A0
M « Divisor
! Q « Cividend

l Count ~v,
. I Snit Lo 3
. AD
LA T

e

~
-

No T Y
. i r___.{ <.y_.'2_}
: N\
i i S

A—A-M { A«-AJT'I
:‘ 001-—! ) Q-0

A e T

) SN

Cour: - eeunt - 14

3
3
P
{
{

Quotientin Q
END Remainder in A
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-y

Example; 10/_%: 2(Quotient), 2(Remainder).

A=0;

Q = Dividend = 10; (1010)

B = Divisor = 4; (0100) ... 2’s Complement = 11100.

A Reajster )
Initially 00000, 1010 Dividend
Shift 00001 o10[] ,
Subtract B - 11100 First Cycle

-ve:Q,=0; next ADD

——

Shift 11010 1o ][] o
Add B +00100 ‘ Second
~A ] .

-ve:Qo=0; next ADD

Shift 11101 0 Pp]] }
Add B +00100 - Third
+ve:Qo=1; next SUB OIRETS g?@, 4
Shift 00010 - BIRIRCT } ‘
Subtract B +11100 e Fourth
(-ve hence Q,=0) T ———— R JF]
Restore the final : B
remainder (A + B) - : A
: Do )

Quotient

the partial remainder need not be restored after each unsuccessful

subtraction. This reduces the number of steps and hence makes the algorithm faster.

11121117

o

o

&

Pl

Even Impossi'ble reads I ‘M Possible

Page No: 28

I111101 7008000000007

Tape
i

f
: A
ot e



| CHOPRA ACADEMY -
Computer Organization Mulund : 98201 20744 Vashi : 5591 1108 S
and Architecture Bandra: 2655 9366 / 2642 410,

i 4414

Notes by: BHARAT S1r : i
BharatSir@hotmail.com
Cell: 98204 08217 -8

F ﬂ

AL Uv_‘i;E.S"sI.G.N

ALU - ARITHMETIC LoGICc UNIT:

The various circuits re
called the ALU. ,

It can perform operations such as add, sub, mul, div, and or etc.

Basnc ALU Orgamzatlon

quired to perform arithmetic and logic operatlons are merged into a sirigle unit

Sysiem
bun.

(Mcmory) daia
rreisicr DR

Paralle) adder
and
logic circuits

Control
unit

3

FIGURE J.59
Structure of 3 basic fixed-point ALU.

H
|
I
!

AC, MQ and DR are all registers used to store data. 5 _
AC - Accumulator o ) : ‘ P
MQ - Multiplier Quotient ‘

DR - Data Register

AC and MQ <an be used as a single reglster AC.MQ capable of left-right shifting.

These reglsters are typically used as shown: W
ADD: AC ¢ AC + DK

SUB: AC ¢ AC - DR

MUL: AC.MQ ¢ MQ x DR
DIV: AC.MQ ¢« MQ + DR
AND: AC ¢ ACADR
OR: AC ¢ ACvVDR-
XOR: AC ¢ AC®DR

----vv-caWWW@@®3fﬂffd@5

i
i
13
i
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BIT-SLICED ALU: :

« During the development stages, it was realized that instead of making a single ALU to handle large
numbers, it would be better to use a set of smaller ALUs. This would not only make the system very N
flexible, but also make it easy to maintain and upgrade. :

+ Hence if we design a small ALU to process m-bits, and then combine k such ALUs, we could Ng
“directly process (k x m) bits. ' ' ,

« Such a combinational circuit is called as a “Bit-Sliced ALU". N

« Here each individual chip processes an m-bit “slice”, of the total (K x m) bits. -

« The immediate advantage of Bit-Sliced ALU is that any desired word size can be processed using N“g
a no of such slices. ‘
Eg: A 16-bit ALU can be constructed using 4 slices of 4-bit ALUs., '\@

« The data to be operated is split up and given to each slice, while a common control signal is P
given to all the slices to perform the operation on the data. ’ N
The result of all the slices is combined to produce the final result.

« A block diagram of such an ALU is as shown:

Data in (16 hits) Data mn (lb‘ Nl'a)
| = ..
' 2
A fa 3 LI 44 (4
d I P 1
Register R Register R Regixter R
. et . -
__:‘ ROy [T — RED T gy
Ty ~ 1 )
Arithmetic- Ariihmtice. 1r rithaactice
Sond logic . " logie A M
circuls circuits - circulis
Control ] : ool .
circuins | ! f‘it?u"::. . :c"’ 5. :
. - N - - \'
S

Externul coairal sign;ls
FIGURE 3.60 .
A 16-bit bit-sticed ALY composed of four 4-bit slices,
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I

--.--006,001-645-3,51

CHOPRA ACADEMY |
Computer Organization ~ Mulund : 98201 20744 Vashi: 55911105 Notes by: BHARAT SIR
and Architecture Bandra: 2655 9366 /2642 4106. BharatSir@hotmail.com -
Cell: 98204 08217.

AMD 2901 Bit-Sliced ALU
AMD 2901 is a powerful and widely used 4-bit slice ALU., Its organization is as follows:
Structure:
Data in D o
4", N ; -
- ‘A ' /,
RAM, *-»l KAM shifier 1 - - RaM,
o !4' ) ' : - I » ]
] i I
Q —¥ " -Qshifier Qo
4 ] ) ",
: A 16 x4-hit ] .
ke 3
n—i‘;‘ Auqz-.\wr “;: Q register i
o L ] !
— 0 i
N N I
4 YY Vv
Multiplercr Multiplexer
4{ 4]
LM our Qrey out ¢, ~—tf] R - g
¢ Lo - cany { £ T ‘ '
Mw-hhb“d 7 arilhnmi:‘l«igic - —Carn
S« Sign  Fy ~—rt] . Circuit B 0N €y
szgtma Oxrflow  OVR +—1] €7 : Carpuy Gy
Y o Zen 2 o S F AMAj
. "4'
Instruction l_fgl—m . Decoder | Mubiplexer
. : .
Daawy

Description:

1) AMD 2901 can pe=form 4-bit operations.
2) The operation to be performed is indicated by a 9-bit instruction.
3) Operands are provided by 16 RAM registers, each 4-bit, , .
Additionally a Q register is also provided to act as a Multiplier/Quotient register, - ‘
4) A pair of shift registers (RAM shifter and Q shifter) is also used for shifting during multiply and
divide operations. - - -
5) A combinational circuit C, performs the following 4-bit arithmetic and logic operations,
Arithmetic: ADD, SUB and 2’s Complement, °
Logic: AND, OR, XOR, XNOR and Shift.

6) The circuit C accepts inputs from the RAM.,‘ Q, external data bus or an all zero input.

7) The RAM register to be used (RAM 0 ... RAM 15) is decided by the input A and B.

8) The result generated by C can be stored internally in the RAM Or in Q register; or can be sent out

using the external data bus Y. ‘
9) The 9-bit instruction I'has 3 fields of 3 bits each: Is (Source), If (Function) and 1, (Dest).

Even Impossible reads 1 'M Possible Page No: 31

L3



CHOPRA ACADEMY

Computer Organization

Mulund : 98201 20744  Vashij ; 5591 1105 Notes by: BHARAT Sir

and Architecture Bandra: 2655 9366 /2642 4106. BharatSir@hotmail.com
y _ _Cell: 98204 08217

- Instruction I = IsI; I,

Source; I; = I, I I;: This decides the 2 inputs to the ALY,

I.1, I, | InputR Inputs
000 RAM (A) T Q

001 RAM (A) RAM (B)
010 0 . Q
011 0 RAM/(B)
100 0 RAM (A)
101 D RAM (A)
110 D Q
111 D 0

Function: It = I, I, I.: This decides the operation to b2 performed by the ALU.

L L I ALU Function
000 R+ S + G
0 0 1 S - R _‘,___Cin
- 010 R~ S- Cin ~
011 R _OR s
100 TR OAND 5 &
101 R_AND S
(110 R ® s
111 R ® 5

Destination: I, = s Iz Is: This decides the where the result has to be stored.

Is I, X, Y RAM (B) Q
000 F - F
001 F_ - -
010 | RAM(A) F |-
011 F F -
100 F F/2 Q/2 |
101 F F/2 -
110 F 2xF | 2xQ
111 F 2xF -

T

10)For Carry Look Ahead Adders, 2901 also produces g, (generate), and P (propagate).

11)For Ripple Carry Adders, 2901 uses G, and Cout. ’ '

12)Additionally 2901 also provides the various Flag signals: ,
OVR - Overflow: This bit is set (1), when the current operation causes an overflow.

1T

e Naw

&

4
¢
A

-

11111221101

Fo -~ Sign * This bit is set (1), to indicate that the result is -ve (MSB of result = 1).
Z - Zero : This bit is set (1), when all bits of the result are zero.
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The complete instruction format is:

L ABI I I,C, |

A (4-bit): Specifies the RAM register to be used (0 ..
B (4-bit): Specifies the RAM register to be used (0
Cin (1-bit): Previous carry input.-

. 15) as the first operand
15) as the second operand

Eg: The operation: RAM (6) ¢ RAM (7) - RAM (6)
is specified by the following micro-instruction: _

AIBIIS/IFIIDI |

RAM A= RAM 7

RAM B= RAM 6 R = RAM A, ,
S =RAMB » JV
. R—S’Cln

RAM B é result

#Refer more examples from Bharat Sir's lecture notes.
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16-bit ALY using 4 - 2901 Slice AlUs:

2902

carry-lookuhcad
pencrany -
Daain D : -
,L . — :
g - j , ' i L
TTTRAM RAM, et RAM, RAM, RAM, RAM,J- RAM, RAM,Jo LY
- Qo Q QO Q -1Qs O+, Q ?"
" ~—- Cou Coube- C o ; . . : ‘

[4,%: X S—

e
1.A.B 3

FIGURE 1.4)
A 16-bit ¢ sfice aray of 2% employing carry lookahead.

The above circuit forms a 16-bit ALU using 4 2901s, .

For fast calculations AMD has designed the IC 2902, which is a Carry Look Ahead generator.

It accepts the g and p from each slice and produces the Cin for the next slice. '
The Z o/p of all the slices is passed are ANDed to produce the final Zero Flag.

This is because an AND gate will producea 1 only when all i/ps are 1, i.e. the answer will be zero
only when 3\ slices have a zero result. : ) :
The RAM and Q shifters are used to shift data among the various 2901's (for Mul and Div).

A common Instruction “1” ig provided to all 2901s so that all do the same task. .

has overflown.

Also, the FO (Sign)‘bit is considered only from the final 2901, as it contains the MSB of the final
16-bit resuit. - .

Frr.

—

PRRRFIIELLER IS
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TTTvvvesseso bbb b

-

16-bit Multiplier Using AMD 2901:

L D] = D t?
RAn RAM | —— fRAMy RAM Ratis uul—' Mw,..]J}
r. Q. W= 49 Q, Qv Q % Qb g
L— ‘-; - ""~ L ” S - ;ﬂl "-""‘:‘;
-5 -! ) -7 . - ::‘
1/ 1w 1* »a ~1F »o n L ] -
. 1% -1F 1% iy
—{OVR ~OVR -{0vK ?’R “:
z \ [—" L E z\ Y Y .
3 - =~ 70 !
/LT(‘ faul il
IO T N .
LA e 1 - j’
) _} \V )
» ~ e
;-ﬁ—-*;_..\_‘ [T
A BRIV A ' . Mhuliogrln amd avgevias M
. -—L RAM(E) % | Rama ]
R L
€t
Sddes Muhiplice reginier Q
1 )
(L]
FIGURE )t ' L
A 1901 srray coaligured for 16-bit multiplication: (¢) Interco 25: (b reg gaments.

T — T T T T -
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FLOATING POINT ARITHMATIC

While performing arithmetic operations, a-Floating point number is treatéd as two fixed point numbers:
Exponent and Mantissa. : '

Consider X and Y as two Floating point numbers.
X = X,,.2%¢ '
Y =Y,.2%

Then the arithmetic operations on these fwo numbers will be performed as:

3
13

o

S

R
e

R L

S

4

P

17

A

Ny

s

o

-

N

)

7

JIIIII I

OPERATION MANTISSA | EXPONENT
Addition “Add - Equalize
Subtraction Sub Equalize
Multiplication Mul - Add
Division Div Sub
From the above table it is evident that Mantissa and Exponent are dealt with, in different ways.
Hence a Floating Point ALU has two units internally: Exponent Unit and Mantissa Unit.
Diagram:
...-.—.—-————.-q. -.-—-»-—-—-' —————— —— - .-
: Exponent N , Mantissa !
. unit T unit "
. !
] - f — i - . 1
:L [ z?]:: ,\cﬁlﬁ_‘_,‘_l.snoilﬂl'on I.
;- S : 1 s ) ’ 'i
f by 1 P
E ; . ‘ | ! i
| % |
V {1
) 1) ' |
L o Y PUCHN S [ W91 SN SO ..-.‘-_......l- -1
. . !
Data . l ! I
bus { . ’ ]
FIGURE 3.7
Data processing part of a simple floating-point anthmetic unn.
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‘Step 3> Normalize the result.

Cell: 98204 08217

In Multiplication, the Mantissas are multipliéd and the Exponents are added.
In Division, the ‘Mantissas are divided and the Exponents are Subtracted.

For Addition the Exponents need to be equalized on
The same applied for subtraction.

General Steps for Floating Point Addition[Subtraction:
Step 1> Equalize the Exponent o
Select the smaller of the two exponents.
Right-Shift its Mantissa (thereby increase its exponent),

ly then the Mantissas can be added.

till both exponents are same, _ ;
Step 2> Now Add the Mantissas, S
The larger of the two given exponents will be the €Xxponent of the resuylt.

#Refer easy-to-understand example from Bharat Sir's lecture notes,

gap UnM : -~ |

BB L Ry e gOton e TR o e Wi
IADONNAA ke L e DR - On DALy
END © NN M\M& BN OUNTS AN e e d
e addihon A SulblNeaNen  ( No
@l A i) WeAUM-c} |
CMPOMIEN  In LB e A
o ld - doy LRy, 8o ek U con e
O AL en g b o mankvia wd
Mo NonwhA @ ol AU o ij
Jo WAt e EAPONARE 1> sraulity
A AUeraihgy  nantda b inthabnid o
RC Qi ter . Joy  omp  oqunddlaahon rmqm

AN LTV SR SR Ty v cequunhal _aititn

W WY b dbadic. antHwehe OpMakoL
ON moaxbma ¢ HoBRD W N BB P ARG ary ane

0N INLL Yo NI O NABIYO e ek ahu?
MM f\OTW\\?}AYMM\@n Aol Naosmauned  AeAUE WV VN

SN tuebun asny” Q-m\\g\ bt AM@  to Mok & Cann

e
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: : __Qaimg_ﬁmn_tAd_tLﬂm__ggﬂmm_ {Imp. Wnte complete algor:thm to get full marks}

LOAD: ’ E, ¢« X[, E, ¢ YE, e {Exponents}
AC € Xy, DR € Yy;... {Mantissas}
Error € 0, AC_Overflow « 0; .. <{Error Variables}

{Compare and Equalize}
COMPARE E ¢ E;-Ey;

EQUALIZE: If (E < 0) then o
AC € right-shift (AC);
E&E+ 1;

go to Equalize;
Else
If (E > 0) then
DR & right-shift (DR),
E€E-1;
- go to Equalize;

{Add the mantissas}
ADD: AC ¢ AC + DR;
E < Max (Ey, E,);

{Adjust for cverflow)

OVERFLOW: If (nC_Overflow = 1) then

‘ If (E = Emay) then go to ERROR;
AC € right-shift (AC);

E<E+1;
gc tq END
{Adjust for Zero result} :
ZERO If (AC = 0) then
. E€0;

{Normalize the resuly}
NORMALIZE:If AC is normalized then
go to END;

UNDERFLOW: IfE > EMIN then
AC € left-shift (AC);
E<E-1;

go to Normallze; v

{Set error flag}

ERROR: Error ¢ 1;
{End the program} :

END: End of process.

- ol

S~

v

rrry

Even Impossible reads I ‘M Possible

Page No: 38



g
~ | CHOPRA«ACADEMY )

Computer Organization ~ Mulund : 98201 20744 Vashi:$591 1105 Nopas by: BHARAT S1R
“S3  and Architectum - Bandra: 26559366 / 2642 410,

BharatSir@hotmail.com
] : Cell: 98204 08217

./

« CONTROL UNIT DESIGN

LI NSTRUCTIONS §

Aninstruction defines 3 task to be perfor;

med by the processor,
Instructions are stored in the memory. '

Instruction Cycle:;\ The sequence of events required-to fetch and exe

cute an ihstruction is called an
Instruction. Cycle. It is composed of Fetch Cycle a

nd Execution Cycle.
Fetch Cycle: It is the process of obtaining the inStruction from the memory.
Execution Cycle: Itis the process of de

coding and executing the fetched instruction. !
During execution Ope

rands may be transferred to or from the memory.

Inside the processor (CPU), there are various re

gisters which are used for fetching and executing
instructions. They are of two types: Visib'a and : ‘

Invisible to the programmer.

Ceddiiiiiiy

Accessible (Visible) Registers:

wd I. General Purpose Registers (GPRs):

As the name suggests, these registers are used to store gene'raI data during the program. Théy
can be changed by arithmetic operations using the ALU. ‘ :

A

=JI. Address Registers:
; These registers are used to hold memory addresses.
For higher processors, where Segmentation is used,

Y, there is an Sp (Stéck Pointer) register.
of memory locations working in the LIFO
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User Inaccessible (Invisible) Registers:

I. PC (Program Counter):
It contains the address of the next instruction to be fetched,
After every instruction is fetched, value of PC is incremented by the processor.
The programmer cannot change PC directly. ,
PC gets a new value when a branch instruction is encountered.

II. Instruction Register: _
It is used to temporarily hold the newly fetched instruction for decoding.

III. MAR.(Memory Address Register): :
It contains the address of the current memory transfer.

IV. MBR (Memory Buffer Register): -WQ ﬁ.mﬁ.w S AN Dot W\' ~

It contains the data that is currently transferred.

& INSTRUCTION SET;

\. Char istics of an Instruction Set: _
Any instruction set should have the following features/characteristics:

i. Complete , : ' :
It should beAable to perform all the required operations, only then it is called complete.

ii. Efficient )
: All the operation should be executed within the smallest amount of time. -
Classic examples of this are the “String Instructions” of 8086.. '

Here instead of making the programmer write a big program for transférring a block of data, a

single string instruction does the 3ame job. Thus the operation becomes more efficient.
"iii. Reguiar - . .

It should contain all the general instructions, which are expected in any processor.

Eg: Add, Sub, Mov etc. S :

iv.  Compatible

The instruction set should be designeﬁ in such a way that it is up-ward compatible, for further

development. Such compatibility is very useful when the system is upgraded to a higher
processor, '

/1

/
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111117
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- Types of Instructions: ’

i Data Transfer Instructions
These instructions transfer data from one location/register to another.
The most important point here is that, there is no arithmetic or logical operation performed on.
the data. Hence the Flags are not affected as the ALU is not used. :
Eg: MOV A, B - 8085 .. register to register TTT—————-
LDA 2000 = 8085 .. register to memory :

i.  Data Processing Instructions
These perform Arithmetic or Logic operations on the data.
Hence the Flags are affected.
Eg:  ADD AL, BL = 8086 ... register + register” -
"~ ADD AL, 25 = 8086 .. register + number

ii.  Control Instructions ' : ' _A
These control the flow of the program, and are hence also calledﬁb‘ranch control instructions. - !
Their main job is to change the value of PC, thereby causing a branch. '
Eg; JMP 2000 = 8085 ... Go to location 2000 for the next instruction (PC ¢ 2000).

+ Instruction Format v
Every instruction has an Opcode. Additionally, it may have 1 or more operands.

Opcode indicates the operation to be performed by the iristruction. Every instruction has a unique
Opcode. ~

LOpcode | Operand 1] Operand 2_| .. [ Operandn |
i Instructions having three operands : -
These instructions specify both the source operands as well as the result (dest.).
They are very flexible, but are very long and hence Ooccupy more memory.
They are available in processors like CDC 6600.
Format: ADD Z, X, Y = Z gets the result after adding X and Y.

ii. Instructions having two o erands
These instructions specify both the source operands.
The result is implied to be one of the two operands, generally the first one.
They are less flexible, but occupy lesser memory.
They are available in processors like Intel 8086.
Format: ADD AL, BL & AL gets the result after adding.AL and BL.

iii. Instructions having one operand

These instructions specify only one operand. . .

A default register acts as second operand, and also stores tte result. (Accumulator)
They are less flexible, but occupy lesser memory. '
They are available in processors like Intel 8085.

Format: ~ ADDB - A gets the result after adding A and B.

Hence, as the number of operands increases:
> Flexibility for the programmer increases
» Processor design becomes more complex
> Size of instruction increases

‘Even Impossible reads 1 ‘M Possible C Page No: 41
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- _Sn. Case: Zero Operand Inggrugtiohg

Theses are used in machines implementing stacks.
A Stack is an organized form of memory that works in last in first out manner j.e. Reverse

Polish Form.

Here once we Push (insert) the operands on the top of stack; we can directly use the stack for
providing operands, There is no need to provide the address as the stack can only be used
from the top. This eliminates the need of any operand in the instruction. Such instructions
are available in Intel 8087 Co-Processor. ‘ ;

Eg: PUSH X
PUSH Y ; ’ A
ADD ; there are no operands but this will add the top two elements of the stack
POPZ
Top > Y Top> | Y+X CY+X> | zZ
Top > X ) X : X Top 9 X )
PUSH X PUSHY ADD POP 2 )
{Notice ‘
that . )
automat- ’
ically the 5
top two ’
elements
of the
stack are
added}
J——ﬁihjfct',i’" C_‘,._LLC_(,e %_tf}{ e % ihon  d1 Yam -

Instriction complete,
fetch next instruction

Return (or string
or vectoe data

A0 N
D ot

| /
C/"’ _:\‘,-\,\/ ‘?
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ADDRESSING Mopes: /%

Definition: ' The manner in which operands are fetched for an instruction.
Different processors implement different types off addressing modes based on
their level of complexity. Basically there are 5 addressing modes,

1) Immediate Addressing Mode | [\ s e Vo T

' In this mode, the Operand is specified in th__e_,__Ip__stru_gtiog itself. LIGAT T
Thus when the instruction is fetched, the operand comes along with it, so the processor can
acton it immgd}ate)y.’ o _

Eg:  "MVI'A, 35H ; Movis immediately the value 354 into the Accumulator.

;l.e. A ¢« 35H S
ADI 25H ; Add immediately the value 25H the register A.
. ;i.e. A € A+ 25H )
Advantage: Programmer can easily identify the operands.
. Since operands are readily available, execution ig fast.
Disadvantage: Always more than one byte hence requires more Space.

Since instructions are long, fetching them takes more time,

2) Register Addressing Mode : ' TN cbe 0
In this mode, the Operand is specified in | Registers. A P !
These instructions use the registers present inside the processor to supply the data. _.’

Eg: MOV B, ¢ ; Move the Contents of C-Register into B-Register,

;le.B &« .
ADDB ; Adds the value of B register to the value of A register,
« JLe.AEA+B ‘ ’ 5
Advantage: © Since these instructions are small (often 1byte), fetching is fast, : A :
Also, as the data is from an internal register, execution is also fast.
disadvantage: Operands cannot be easil identified. ‘ ‘

})

g:  LDA 2000H ; Loads the Accumulator with the Contents of Location 2000. i
: e A «[2000] - ‘ i

STA 2000H ; Stores the Contents of the Accumulator at the Location 2000. ;
; 1.6, [2000] « A : » ' '
dvantage: The programmer can identify the address of the operand. :
It is used to operate on data that is already stored in the memory
isadvantage: As instructions contain address, they are long and fetching is slow.
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' /3,* dreas .
4)  Indirect Addressing Mode [GYN TN P,o.f:apa-\r/m.a
This is the most interesting addressing mode. U
Here, the address of the cperand is given indirectly using register.
‘As the value of the register can be changed, the same instruction can be used to operate on
different memory locations in a loop,
Eg: STAXB ; Stores the contents of the Accumulator at the location whose
; address is given by the contents of BC pair.
;i.e. [[BC]] «A . ‘ ,
; So if contents of BC pair = 4000 i.e, (BC] = 4000 then
H [4000] & A. #Please refer Bharat Sir's Lecture Notes for this ...
Now the same instruction can be used in a loop and by incrementing the
value of BC pair inside the loop, we can access a set of memory locations

IORORERREREREE

Advantage: Can be used in a loop to access a block of memory.
Size of the instruction ig smaller compared to direct addressing.
Disadvantage: Requires initialization of the register pair in a prior instruction.
Indirect addressing mode is further sub-divided into various modes in advanced ‘processors, ¥
They are as follows: : ' 3
. Base Relative: Address = Base Register + a Displacement value ]
. Base Indexed: Address = Base Register + an Index Register k g
. Base Relative plus Indexed: Address = Base + Displacement + Index Reg 1
. L]
. %; \

5) Implied Addressing Mode
In this mode, the Operand is implied by the instruction. - o
- Here we don't need to mention any operand, as the instruction is designed to work with a
particular operand only. :

Py

Eg: STC ; Sets the Carry Flag in the Flag register, -
; Cy ¢ 1, . ’ '

CMC ; Complements the Carry Flag in the Flag register. )
Advantage: Instructions are generally only one byte. ’
Disadvantage: Programmer cannot easily identify the value of the operand.

Note: These are the fundamental Addressing Modes.
- Additionally there are derived Addressing Modes available in processors such as 8086:
. Register Relative (Base relative); -
Here address is given as a sum of a Base Register and a Displacement
Eg: MOV CL, [BX + 5]; Here CL gets the data from the address formed by adding Bx register + 5,

. Base Indexed:
Here address is given as a sum of a Base Register and an Index Register
Eg: MOV CL, [BX + SIJ; Here CL gets the data from the address formed by adding BX and SI registers,

. Base relative Plus Indexed: :
Here address is given as a sum of a Base Register and an Index Register and a Displacement
Egc:t I;IIOV C‘L, [gx + SI + 5); Here CL gets the data from the address formed by adding BX and Si registers K
and the value 5, ' ‘

Frererypeer

%
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INSTRUCTION PIPELINING %

We know that the processor executes a given program instruction by instruction. ,
Each instruction if first fetched, then decoded and finally executed. Then the process repeats
for further instructions. , '

Pipeline processors perform the above task in an efficient manner.

Every activity inside a processor takes place on one pulse (tick) of the system clock. This time
duration is called a T-state. ‘ h

Let us assume that an instruction requires one T-state for fetching and one T-state for execution.
Let five such instructions be in a program. We will now compare how a conventional (non-
pipelined) and a pipelined processor execute this program. s

date NON-PIPELINED PROCESSOR

e A EG: 8085
A A N T N T

| | | | | | | | | | >
FllE1'FZ,EZ[F3'53A1F4IE4_|F5{ESI Tt £
B — » :
. First'
ns;;télcélon . \ @

Total time taken

\ stote PIPELINED PROCESSOR
< Ec: 8086
L% 4 . x Y ¢ . :
| { | | ] | »
F1[Ei|52|E3|E4|55| » ot
F2 F3 F4 F5
Overlapping fetching and
execution .

Total time taken

Definition: Overlapping the various stages of an.instruction Cycle is called
instruction pipelining. :

vfvvv_v‘U'ﬁ'.““‘“]b“"‘Z".;"g‘

Intel 8086 performs 2-stage pipelining wherein, the two stages: fetching and execution are
overlapped. Here, fetching of the next instruction takes place while executing the current
instruction. This saves a lot of time of the processor as sown above.

To make the process even more efficient, an instruction cycle can be divided into various sages !
and all these stages can then be overlapped. This would give a greater degree of pipelining, and
thus save more time. This is called Multi-stage pipelining and is implemented in higher
processors like Intel 80386 and Pentium.
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Advantage:

1) Saves a lot of time if used effectively. o
IfN = no of instructions and K = no of stages that are pipelined, then:
Non-Pipelined processor takes (K x N) cycles, but a o
Pipelined processor only needs (K + (N-1)) cycles.
Eg: N = 5 instructions, '
K = 4 stages of pipelining {Fetch, Decode, Calculate Result, Store Result}
: . D c s

Non-Pipelined processor 2 20 cycles.
Pipelined processor & 8 cycles.

A
\ 4

Total time = 8 cycles ) ) ’ Vo

\ L i R N 1
Limitations: | 4 ,
1) The biggest problem of pipelining is a Branch Instruction.
5 During execution of an instruction the sequentially next instruction is pre-fetched. So if

the 2" instruction of a program is a branch to the 9" instruction, then while executing
the 2" instruction the processor would have pre-fetched the 3™ instruction. Now the 3™
_instruction should’be discarded (flushed), as it is not the next instruction to be executed.

2) In muitistage pipelining, there should not be any data dependency.

, This means, the result of the current instruction should not be the operand of the
next instruction, as in such a case, the next instruction cannot be processed until the
result of the current instruction is stored. Thisis  also called forward-reference problem.

1T . - ; . _‘ﬁ':i'
atate AG ELINED sso.R .

X <> . ) ﬂ, o ; y 2! ‘,‘\

A SR S S N S S ‘ y .
, J l ! ] ] L ] ] 7 > 0O ‘_“ .
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"RISCv/s CISC DESIGNS

Instructions Can be of fixed or variable length.
The more restrictions we put on the size ang format of the inst.uction, lesser is the flexibility to

the programmer but the processor design becomes simpler. This gives rise to two types of
processor designs CISC, and RISC. _

CISC {Complex Instruction Set Com utersy: ‘

Here the level of flexibility is very high. Instructions are of variable length.
Advancedaddressing modes are available to operate on memory operands. Fewer registers are
required onchip. The processor design is micro program conrrolled. Though the instruction set
becomes Very powerful, the processor design becomes._‘more complicated. :

_ 'CISC
Instructions are of variable sizes,

No. RISC .

Size of the instruction is fixed

Format of instructions is fixed

Limited number of instructions

Format of instructions is variable,

Large number of instructions.
More memory based instructions.

3
4 Instructions are more register oriented
5 Simpler»addressing modes

.6 | More user registers required
7
8
9

- Very advanced addressing modes.
Less numbers of registers required.
Uses Microprogrammed Control Unit.
Complex instructions require more cycles.
| Lesser degree of pipelining

Complexity in Microprogram desj n.
Intel 80x86 family -

Uses Hard-Wired Control Unit _
One Machine Cycle per instruction
More degree of pipelining
10 Complexity in Compiler design

Eg: Intel i860

e

Note: From the above table it is clear the both RISC and CISC havev their merits and demerits.
Thus in modern day processors, both the above technologies are combined for optimum
performance. Eg: Intel Pentium Processors ' '

s
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' CONTROL UNIT DESIGN

MICRO-OPERATIONS

Every instruction is further divided into a set of very basic Micro-operations.
A Micro-operation takes one clock pulse i.e. 1 T-state duration.

[Friry. Seqister |

/ Decedex N ' .

C‘o: —=1 T |
—> | liming | _Tx X CoaNTRO L
- L
| =
e i Ta §
A“TM
Ny l
<,

‘Micro-operations for a simple Fetch Cycle:

T1: MAR € [PC] : load the address of the instruction to be fetched

T2: MBR € Memory ; get the instruction from the memory v

T3: IR €« [MBR] : load the instruction into the instruction register
PC€PC+1 : increment PC to point to the next instruction

Here I = Length of the current instruction

3

PIITIIINIIE110101021100),

Notice that the last two operations took place in the same cycle. This is possible because when two o '
more Micro-operations are independent of each other, they can be performed simu!}taneousli,_ "

in one clock cycle. :

Another way of performing Instruction Fetch operation:

Ti: MAR € [PC] ;
T2: MBR € Memory ;

PC€ PC+1 S
T3: IR € [MBR] ;

[

-~

L

oy
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Now we will see Micro-operations for entire instructions:

1)  Give the Micro-instructions for: ADD A, B {Dec99}

T1: MAR € [PC]
T2: MBR € Memory L
T3: IR = € [MBR] } Fetching

PC &« PC+1
T4: A &«A+B —— Execution

Soin:

Note that the two operands to be added were Eegisters already present ih the prdcessor.
Hence no additional steps were required to fetch them. If an operand is from the memory, then
additional steps will be required to fetch it.

Such instructions are used in Intel 8085,

2)  Give the Micro-instructions for: ADD A, X {Xis a memory address}

Soin: ,
Ti: MAR € [PC] ;load the address
T2: MBR < Memory ;fetch instruction ; .
T3: IR € [MBR] store ipstrin 1R } Fetching
PC €PC+1 - ;point to next instruction
T4: MAR € IR (address) ;load addr of operand
T5: MBR € Memory ifetch opr from mem Execution
T6: A € [A] + [MBR] :perform the addition

Here the instruction contained the address of a memory operand. This address was - fetched into
the IR during the fetching phase. ‘

During execution first this address from IR is use to fetch the memory operand. This operand is
then added to A as required. :

Such instructions are used in Intel 8086.

Notel: For SUB A, X3 —& T6: A € [A] - [MBR] :
Note2: If the memory operand is from the stack the Stack Pointer register will give
the address. i.e.: T4:*MAR € [SP] ~

b & &
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QONTROL UNIT i

All the Micro~-operations are performed by the Control Unlt

The main task of Control Unit is to generate internal control signals to all internal registers
and also to enable activities on the internal bus of the processor.

If these control signals are generated using a combinational logic circuit then it is called a

Hardwired Control Unit.
If these control signals are generated by software then it is called a Microprogrammed

117]

Control Unit.
i - i : ‘_u —
Un ConTrow | __CoW N
"""" N oo |
AT
NE '
Cin ! : CoQt
4
Thput ——> | Crocessing {—> oukpul
e . uni'y , davo

Signal description:

Cout’' > This signal directly controls all data activities of the processor.
_ The main task of the Control Unit is to generate this signal.

Cin’ > This provides the status information to Control Unit.
Eg: Flag information.

cin” > These can be used for synchronization like “start” or “stop”.
They can -aiso be used to accept Interrupt or DMA requests.

1111115111111]11

Cout” - These can be used for synchronization like “busy” or “free”.
They can also be used to send Intr or DMA acknowledgement.

1111111

ot

ig,
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HARDWIRED CONTROL UNIT ;ﬁ’

There are three types of Hardwired Control designs:

1)

State Table Method _

The behavior of 3 Control Unit is represented in the form of a state table as shown.

[States | Tnputl, I, I,
| s, /(g@ S12 215 v | Stim Zim
L S; 21 L2 4 S220225 | .. Som Zom

L Sn /( Sn,I/ ZnI \ Sn?; Zn2 , Snm

nm

\

Next State Output Control Signal to be generated {C,.;}

The table shows what corresponding output should be generated when different inputs are
applied at various states. ’

Let Cin and Cou denote the input and output variables of the Control Unit,

Eadch row in the state table corresponds to an internal state {Si} of the Control Unit.

A state is'determined by the information stored in the processor at that unit of time.
Each column denotes the different set of external input signals applied to the control unit

The intersection of the row Si and column I; means the following:
> 7 When Input I; is applied to state Si, we get Sijr Zi ;.

LR Z;; is the set of output signals to be activated.

i

» - Syj should become the next state of the control unit
A circuit is then constructed based on this table.

Advantage:

.

> This is the Simplest method to implement a Hardwired Control Unit.

Disadvantage:

> If the processor has a large number of states and input combinations, then this
method cannot be used as the size of the table will become too large and the circuit
will become very difficult to implement. ,

> A state table tends to hide useful information like the existence of loops and repeated
patterns. :

Even if two different states have the same behavior, we will require separate
hardware for both as this information is hidden.

e

TR Ry 7

L

> Circuits designed using this method tends to have a random structure and are thus
difficult to debug and maintain,
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2) :
Here the behavlor of a Control Unit is represented in the form of a flowchart, & ..
« Every step of the flowchart at time ti: will activate {C;}, ' o
R "oy

where C, is the control signal at time ti, for the execution of the instruction i
i.er atty: Activate {Cy,} _
at t,: Activate {Cz,j}

at ty: Activate {C,} .
« Once the flowchart is complete, then individual circuits for each {C;} are formed. -
* It is obvious that the instruction j will be executed when all the steps of {C;} are performed
from Cig C2,-Csy, ... Coygr ' : B - ‘
¢ But, all these steps shouid not.be performed together; instead there should be a finite time
. gap (delay), between every two steps. '
¢ “The delay in the circuit is introduced by a “D” flip-flop.
Delay time = ty-t; = t5-t, = one clock puise. - ’ ‘
* Thus, one after the other, all steps are performed, in the order of the flowchart.
* The different parts of a flowchart are handled as follows:

[111111007

> Between Two successive steps simply a D flip-flop is inserted.
SR C 1~ “«
4 S
(= ] [ Detay ] ~, Confrol Signals
o= 1 Elerment . o -
- §\1~1

» Multiple inputs are combined by an OR gate. o
This is because, if we arrive at the gate from any of the inputs, we should proceed
ahead. An OR gate will produce a 1 when any of the inputs js 1. '

4L - Loy el
A Conditional branch (decision box) of the flowchart is implemented by a pair of AND &, -
Jates as shown. _ . :

1111

-
5

Y

'\*\t‘ =3 g/.“l X
J,' No Cves) CNed

If X = 1: the gate on the left will be active, .}but

If X = 0: the gate on the right will be active.
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Delay element:

. - ) ~ !.»,.v.n...,«._ o """'N'—'wﬁ‘ -
TS s> 8y ol
Combred @ se v : v Conbo\ .
. . B »W.‘_’;‘ ¥ : 3‘ Y
Cloge. T N |
.e:’-l.\‘-’*- : .__“"‘._____w._,,.-_--vv\~'~m—- enre ot .

Example: .
Consider the following flowchart...

e
o= —~—

C_Begin ™

e e i i
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The circuit based on the above flowchart using the Delay element method is as shown:

3

11IIIIL11111011207

Ee ";" . - "\;(, .

}_4......--- _..__+ (: ‘

Y
i)
S

s S
i 3
Lo
. Devon
Ce
€nd  Cawno)
Advantage: . ) S b
> In case of looping programs, the same hardware can be used in aloop as shown 1N

the above example: This is a clear advantage over state table method where looping
required duplicate hardware. Thus hardware is reduced.

Disadvantage: - ‘ . :
> The number of delay elements is approximately equal to the number of states. Thus
if there are lot of states, the circuit can become too large.
> Moreover, if there are a lot of D flip-flops then the synchronization of delay can
become difficult.

5

[

Note: Since out of all the D flip-flops, only one is activated (“hot”) at a time, this
method is also called “One Hot Method”.

Now

Loy
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~3) Sequence Counter Method ;é7

* This is the best method for Hardwired design.

» Itis animproved version of the delay element method, where “k”
by a single modulo-K counter. :
* The concept is very simple: _ v
> Our objective is that the “k” control signals should be produced one after
a fixed time interval of one clock cycle between each of them:,

delay elements are replaced

the other, with

»  For this we had used “k” D flip-flops, each giving one clock pulse delay.

> Now we use a single modulo-k counter and provide the same clock input to it.

> The output of this counter is connected to a 1:k decoder.

»  Thus we will get the “k” different outputs from the decoder, each after one clock pulse,
as required. '

Diagram:

» . - g

l\b"@_ :_\‘ vy — i -:‘: (f?) }__. ___‘-,....,._.,..."
i .

R

i L7 L

| fl n-bit decoder

[ sel” g

A
1

N
ff‘tahxt&) Ciw peviod

Co <, . Cv)'

* As seen above, the time gap between each of the “k” control signals produced is of one clock
pulse.. :

* Additionally the begin, End and reset signals are also provided, to control the sequence of
counting.

- Even Impossible reads I 'M Possible
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Consider the closed loop behavior of a typical CPU e\ﬁ,
- . Nﬂ.‘
: S, e g R
{ L P VY R _
[ Feven taske
i eve iy : i
! Arov e Q\...
i ‘ S
o 1 W
% Tecnde Tagiyh ( . . aa. |
1 PLe-veTl A e “_\“ e
\.if ‘ R . o~ ’
[--,;»?eravaé — MAR ? & J
{ ,,&-Jlé_f_:‘:_,‘:.,.ﬂ—-—«--—-w-- -
Latss ’ s
~ — . N
TN —;?e revnd Csﬂ ¥
L trem mem -
= ‘M:n:‘v:th‘en .° . '
el by *“] S~
[} o “‘X{d} bLms 9
— . '.! — .‘
| S

e These six steps are pefformed reéeétedly in a loop.
* This can be implemented using a modulo-6 counter.
* To enable repetition, the

Agvahgggg: _ '
» The use of hardware is
Control Units.

Disadvan;ggg:

> For simple Control Units this method can be expensive due tb the use of a sequence

counter and a decoder.

Qs output should be connected to the begin input in the circuit. This wi
cause the counting to restart ach time, after reaching the last state.

minimal, and hence it is the best method for large, complex

s
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MICROPROGRAMMED CONTROL UNIT

» With large number of instructions, the Hardwired Control Unit becomes very complicated.

» Moreover, by nature, the hardwired design is not flexible.
Each time a change has to be made, the entire Control Unit has to be re-wired.

 This gives rise to a new approach for control unit design which was more software based. It is
called Microprogrammed Control Unit. .

'+ The task of a Control Unit is to decide which control signals are to be activated for a particular
micro-operation. .

+ In Microprogrammed Control Unit, for every instruction, there are Micro-instructions. These
Micro-instructions indicate the control signals to be activated.

* Micro-instructions are stored in RAM or RAM, called a5 Controi Memory.

* A set of related Micro-instructions used for a single machine instruction is called a
Microprogram. ; . ‘ - '

* As Micro-instructions lie in the Control Memory, they haye to be fetched (just like a program).
The address for the next Micro-instruction is given by the pPC - Micro Program Counter,

+ Each Micro-instruction specifies the address of the next Micro-instruction either explicitly or

. implicitly. This is called of MicFo-instruction sequencing. o

(f‘: The set of-Microprograms for all the instructions of a language is called as its ‘emulator’.

+ The main advantage of Microprogrammed Control Unit is that the Micro-instructions can be

- changed quiet easily, and hence it is more flexible.

« Moreover, one processor can be made to execute programs of another processor by simply

loading its emulator in the Control Memory. ’ '

This is done in case of co-processors (like Intel 8087).

+ The disadvantage is that time is wasted in fetching Micro-instructions from the Control Memory,

hence this is slower than Hardwired Control Unit.

-v-vv-""'...‘.ﬁﬁv‘“_“b
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WILKEY'S DESIGN {imp}

[F177, 1 g —
ddress -
rce 1
1] !
CMAR
[ ol S e
I Conirol memory 1
i
)
) ; 4
decoder ] ) "
14 B
= P
[
LLLTY LR J 988,
) T [—
Address .
o602 ¢y G by G 664 field
—_— o«
Control

External

i ] oy
signals condition

(1111012212270 00

[

1)  Here the CPU has an on-chip Control Memory. Ty
2) . The Control memory contains various Micro-instructions, which will specify the control signal to DN
activated. c if

3)  Each Micro-instruction has two parts: :
~ s Control Field: It specifies the control signal to be activated. N
* Address Field: It specifies the address of the next Micro-instruction in the Control Mem, : '
4)  Each bit of the control field directly corresponds to a control signal. Hence for any Micro- N’f
instruction, the bits which are high will be the signals to be generated :
5) This allows us to change the control unit very easily (by just changing the bits) \{
6) The starting address of the Microprogram is provided by an external source (as shown), into the
CMAR (control memory address register), - < \(
7)  Based on this address, the Micro-instruction is selected. . .
8) Using the Micro-instruction, the corresponding control signals are generated, and also the addres?\( ,
of the next Micro-instruction is placed into the CMAR. : ]
9) The switch *S”, s very useful for conditional instructions. : \(
10) For such an instruction, we may Fave two methods of proceeding ahead depending on whether o
the condition is true or false. (Eg: JC - Jump if Carry Flag is High). \ ‘
11) Based on the value of the Switch “S”, two Possible addressas can be loaded into CMAR and the a.
- program will proceed according to the current condition. \!&
12) In the original design, the Control Memory was implemented using ROM. But this makes the .
Control Memory rigid. A Control Memory in RAM is more flexible but increases the cost of the N&
system. It is called WCM (Writable Control Memory). N _
Even Impossible reads I'M Possible . : Page No: 58. =
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>

TYPICAL MICROPROGRAM CONTROL UNIT {Note: This is different from Wilkes" Design)
é’ xt

oddy . ' } v ,"“M

| T f— ):\;» o
Condibons — | mux %ad J= : Ty L ot
ondl ’:’ r:r;lu‘?g J > <‘—. - nc e men A
_.ai . 7P

bdddddl LN

Cplo.gﬁ)
N
Se\ect
Cond i\ion . . :
L S vy T RPTETTs
- hadye - ’
Lj Contoy Held '

oo

. J’ ._,k.,‘\L, iy 1
1) This structure is more organized and more detailed than the Wilkes’ Design.

2) Even here, the Control Memory contains the various n-Programs to be executed bi
3) A uPC (Micro Program Counter), is used to give the address of the next p—Instruw
. g |

Memory. ‘
4) TheuPCis initially loaded from an external source, . ~ ,
- 5) Thereafter, uPC is constantly incremented after every instruction as long as the program flow is

sequential. This avoids the need to carry the next address in every instruction, unless it is a branch
instruction. ' :

6) Once we take a branch, the new branch address is loaded into the pPC.

7) Using the address given by pPC, the p-Instruction is fetched from Control Memory into p:IR (Micro
Instruction Register). - :

8) The p-Instruction has three fields:

. The Control field which indicated the control signals to be produced.
o The branch address in case of a branch instruction.
: . The condition for the branch.
9) If the above p-Instruction is sequential, then the control field is decoded and control signals are
produced. pPC is simply incremented. '
10) If the p-Instruction is a branch instruction, then first, the condition is checked. Since there could be
various conditions (Eg: JCarry, JZero, Sign etc), a mux is used to select the current condition.

11) Only if the condition is satisfied, the new branch address from the p-Instruction is Loaded into the
}-IPC|

I
i
i
f
i
i
]
1
i
t
i
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AMD-2909 --- MICRO-PROGRAM SEQUENCER
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FIGURE 4.40 i . 3 {. s
Sincture of the 2%0% microprogram sequencer slice. R D ° R. D . © R D
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FIGURE 4.1

2909-based bit-sliced microprogn_m sequencer for 12-bit sddresses,
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RE T

Micro-program Sequencing

Itis the technique of determining the address of the next Micro-instruction and hence decidin
flow of the micro-program, ‘

A Microprogram that always executes sequentially is called a Straight Line Microprogram (SLM).

g the

ti#dlll“ﬁ“{?‘ff?
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» 1)  The address of the first Micro-instruction is loaded into Car from the main IR. : '('
2)  Here-after every Micro-instruction carries address of the next Micro-instruction.

® 3) Incasethereisa conditional branch Micro-instruction, then it will carry two addresses: For

true condition and for false condition. Hence it is called dual field Micro-instruction. !
) 4)  The branch logic will 'check the status flags to determine if the condition is true or false. f

5)  Accordingly the correct address will be loaded using the multiplexer into the CAR. -

] :
) Even Impossible reads I ‘M Possible ‘ “
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Single Field Micro-Instruction

PR 7

1)  The address of the first Micro-instruction is loaded into Car from the main IR,
2) Hg_er’e-after every Micro-instruction will NOT carry address of the next ‘Micro-inst_'ruction.

4)  This will go on as long as the execution is sequential (Straight Line Microprogram - SLM)

5) Incasethereis 3 branch Micro-instruction, only then it will carry the branch address.
Hence it is called Single Address Figld Micro-instruction. '

6) Ifitisan unconditional branch, then the address will be directly loaded into CAR.

7) Butifitisa conditional branch
branch address will be loaded into CAR,

, the Flags will be checked and if the condition is satisfied, th%. .
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u-Instruction Design:

The main task of the-p-Instruction is to generate the control signals. /—% ;
The Control field within the u-Instruction indicates the control signals. : !
There are two ways to design the u-Instructions, each having its own pros and cons:

Horizontal p-Instructions

_Vertical p-Instructions

Here each bit of the u~-Instruction
represents a control signal to be
produced. Hence whichever bits are “1”,
those signals are produced. '

E’{): 8 -bit M-Tosheuchon
C7Cgls CyCxCy S C

—

q ©clootl 10O

o

K/T"—\/"\"'

Conlvo) s@nq\;

Here the bits of the p-Instruction are
decoded. The decoder produces the
various control signals.

'53,- 2-bit A= inshruckon
bl b‘ bO

SN

3:8 dc@d@‘?
Lo 1l

;C:} < ;c
-~ "
Coryro ) sgnale.

“n” bits will produce only “n” control
signals. Hence if we want more control
signals the instructions will have to

contain more bits. Hence they grow
“horizontalh . .

"n” bits will produce “2n" control
signals through the decoder. Hence less
number of bits are required in the
instruction.

Multiple control signals can be produced
using the same instruction by simply
making more than one bits “1”.

One instruction, upon decoding will
produce only one control signal. Hence to
produce more control signals, multiple
instructions should be written. Hence th
K-program grows “verticalh:". ‘

No external decoder required hence the
Circuit is simple.

Since a decoder is required, cost and

complexity increases,

Multiple signals can be produced
simultaneously. /Parallelism;

Only one signal can be produced at a
time.

S et e e e N 44l
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Nano-Programming:

Phaenn gy anieey
[RFIES LI 4

3 "" N~ Ny
' ey Ch X rCM
W~IM : 1

L Nanoinstrasiion. vegicise n!.-ftj

X
Micive sy Tasny: TeEINRT : i i
i ) LR o

"—_..~..v.q~,,,~ Fryw—

PR anned sianals

1) For I'arge Control units requiring many control signals, neither vertical nor horizontal designs are

optimal.

2)  Horizontal design makes operations fast but will tremendously increase the size of the Micro-@&s

instruction.

3)  Vertical design will keep the size of th'e Micro-instruction small but can prbduce only one

control signal at a time resulting in slow operations.

4) Hence a-combination of both designs is used, giving rise to a new technique called

nano-programming..
5) Here two-level control memory storage is used.

6) The higher level Microcontrol Memory (UCM) uses vertical format Micro-instructions.
7)  The lower I=vel Nanocontrol memory (nCM) uses horizontal format Micro-instructions.
8) The Micro-instruction from the HCM is decoded to select the nano-instruction. '
9) ' The nano-instruction from the nCM actually produces the required control signals.

10) Hence various control signals can be produced simultaneously without increasing the size of the

Micro-instruction.

11) However, operations become slower as two memories have to be accessed.
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% - Hardwired @~ | Microprogrammed
Control Unit | __Control Unit
1 | Control signals are generated using Control signals are generated using a
hardware Microprogram _ T E
2 | Since hardware is used, the cnrcunt design. | Since p-Program is used, design is
is rigid - flexible and can be changed by srmply
‘ changing a few p-Instructions
3 | Debugging such a circuit is difficult Debugging a Microprogram is easier &
N . g
4 | Since there is no software, no time is Since software is used, time is wasted in .
wasted in fetching and decoding the fetching and decoding the
y-Instructions. Hence Faster u-Instructions. Hence Slower.
5 | Cheaper as Control Memory is not Cost of control memory increases the
required. _ system cost.
6 | Due to their rigid-ness, they are more Due to their flexibility,, they are more
suited to RISC computers. ’ ‘suited to CISC computers.

7 | Difficult to handle complex instructions Easier to handle complex instructions

w3341-?l;xLt,tl"«JJJ--lltt-l.-lJJJd.l-ltll-llli"l‘*

8 | Emulation is NOT possible , Emulatlon is possible by simply copying
. , the control memory of one CPU into )
another,
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MEMORY HIERARCHY:

»

b =| =
@P o
ol Pt
= 2|
3 3| 2 ;
= Cache Tl 2
= ol @
L Main memory ‘%"
b} ]
= ¥ ¥

Magnetic Disk

g | | Magnetic Tape & Optical Disk

&% Main Memory:

This is the actual memory accessed by the CPU.

The size of this memory depends on the size of the address bus of the CPU.
It is implemented using semiconductor chips.

It comprises mainly of RAM and a small amount of ROM.

RAM is used to store-the currert programs and data.

ROM is used for storing permanent programs like the BIOS.

» These memories are located on the motherboard.

o o ¢ o

Secondary Memory:

This memory was invented mainly to increase the storage space.
« It is independent of the size of the address bus of CPU.

frrfff

« Itis implemented in the form of magnetic storage devices which have a lower cost per bit thar’"-&

semiconductor chips. Eg: Hard Disk.
+ Only its connector is present on the motherboard.

Iy

M'

Even Impossible reads I ‘M Possible . ' Page No: 66

1I111101121122111011 1),

4

F

et

4



@
9 , g
o CHOPRA ACADEMY |
’ Computer Organization Mulund : 9820120744 Vashi : 5501 1103 Notes by: BHARAT SIr
@ and Architecture Bandra: 2655 9366 / 2642 4106. BharatSir@hotmail.com
~ , : ‘ ' ' Cell: 98204 08217

o Cache Memory:
] » This memory was invented mainly to increase the speed of operations.

o Itisimplemented using SRAM chips. ) :
®# ° SRAMis much faster than DRAM but is more expensive, larger in size and consumes more

power. Hence only a limited amount of cache can be successfully implemented in a System.

B * Itis located very close to the CPU on the motherboard.
)

Offline Memory: ,
) e Itisimplemented using magnetic tapes. _

~» Its main purpose is to increase the storage capacity.

J » Itis very slow as compared to the internal memories of the computer.
) * Itis easily portable as it can be physically detached and carried elsewhere.
) Conclusion:

As we move away from the CPU in the memory hierarchy, the following behavior is shown:
) * Speed decreases ‘

o Stora.ge space increases
e Cost per bit decreases.
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MEMORY CHARACTERISTICS: %

1) Location ~ : :
e Onchip: Present inside the CPU. EQ: L1 Cache, Internal registers of the CPU,
* Internal:  Present on the Motherboard. Eq: Cache and Main Memory.
» External: Only connectors present on the motherboard. Eg: Hard disk, CD ROM. e

2) Storage Capacity S
This indicates the amount of data stored in the memory.
It should be as large as possible. :
It is expressed in terms of: m x n
m = No of memory locations (no of words);
n = no of bits stored per location (word size).

3) Transfer Modes
¢ Word Transfer: Here only the amount of information required is transferred.
Eg: Main Memory to CPU '
. Block Transfer: Here more information than what is required is transferred.
Eg: Virtual Memory to Main Memory.

4) Access Modes ,
*  Serial Access: Locations are accessed one after the other in a sequentia] manner.
Time of access depends on the location where the data is stored.
Eg: Magnetic tapes.
o Random Access: Locations can be accessed in-any order.

Since the required location can be accessed directly, time of access is th

same for all locations. :
Eg: RAM (Random Access memory).

5) Physical Properties -

e Volatile: Contents are retained after the pov.er is switched off. Eg: ROM.
. Non-Volatile: Here contents are lost after the power is switched off. Eg: RAM.,
¢  Erasable: Here the contents can be changed. Eg: RAM.
* Non-Erasable: = Here contents cannot be changed. Eg: ROM.

Desirable: Non-Volatile & erasable Eg: Hard-Disk.

6) Accesstime (Performance --- ta) .
This is the time between 3 request is made and the information is available.
It should be as fow as possible. #Pleasev refer Bharat Sir's Lecture Notes for this ...

7) Reliability .
It is measured as the Mean Time To Failure (MTTF),
It should be as high as possible.

8) Cost
This indicates the cost of the memory,
It'should be as small as possible.
It is expressed in terms of: Cost/bit.

It is clear that no single type of memory can satisfy all the above characteristics; hence a

ory hierarchy is required. With this we can get a large storage space at low cost and get a

high performance. #Please see numericals sofved in the dass,.,

!
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PERFORMANCE CHARACTERISTICS OF A TWO LEVEL MEMORY: {V Imp}
. ‘» ' ) . . .
~o M1 |
CPU [—wer] | M2 |
~a - | (Physical) . (Virtual)
‘ - C1 = Costybit C2 & Cost/bit L
~9 S1 > Capacity . - S; > Capacity
i tA; 2 Access Time ) tA; 2 Access Time '
~e | : |
i * M; is present on the motherboard and is physically connected to the system bus of the CPU.
“ * Mz is NOT present on the motherboard, only its connector is present.
“ 1) Whenever CPU needs to access data, it first checks in M1.
If data is found in M1, it is called a HIT. Operation is performed at M1 itself, as it is faster.
~9 This access time is called tA,. Hence:
> (tA; = time (M1>CPU)| ‘
-~ 2) If data is NOT found in M1, it is called as MISS. Now the block containing the data is first
transferred to M1, and then the data is operated form M1 as it is faster.
-9 This access time is callea tA,. Hence:
LtA; = time (M25M1) + time (M1->CPU) | : b
-2 Noticé that the entire Block is transferred, as the remaining data from the block may be required :
- in the future and such accesses will be a HIT. , :
3) Hit Ratio (H) is defined as the No. of hits / Total No. of attempts -4
» If N; = no. of Hits &nd N2 = no. of Misses then: ‘ ;
‘ I H= N 1/ ‘N 1 +N22 l #Please refer Bharat Sir's Lecture Notes for this ... :
H gives the probability that the required data can be accessed from the fast M1,
) Hence Max value of H = 1., This will happen when all attempts will be Hits |
9@ 4) Average Access Time (tA) is defined as: |
tA = H.tA, + (1-H).tA, ;'
) |
v 5) Average Cost (C) is defined as the Total Cost/ Total Storage. :
4 L€ = {(C:S)) + (C:5,)77 (5,45,)]
L - 6) Access Efficienéy (E) is the ratio by which the Average Access Time differs from its min value. »
¢ It should be as high a-s poésible. Max Value of E = 1. (
7) Speed ratio (R) denotes how slow M2, iS compared to M1. j
® R =1tA, / tA,] | | | !
» ' It should be as low as possible. Min Value of R = 1,
' .
. Even Ir;ipossible reads I ‘M Possible Page No: 69
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Q) For the above Memory hierarchy, solve the following: frepeated exam question, for 10-16m}
a) When will the Average cost approach C, ?
b) What is the Average access time for this Hierarchy?
€) Express E in terms of R and H _
d) Plot E against H for R = 100 and R = 520. What are your comments on the performance?
Soin: .
a) C={(CiS1) + (C:8;)}/ (S51+8,)
Here, if S; >>'S,, then S, can be ignored
‘Hence C = C,S,/S,
Hence C = C,

Thus the Avg Cost will approach C; if the capacity of M2 is very large as compared to M1,
b)  Average access time tA = H.;A, + (1-H).tA, Notice that tA, < tA < tA,.

c) A\}erage Efficiency E=tA/tA & Speed Ratio R = tA,/tA,

1111711771111)

Now tA = H.tA; + (1-H).tA,
Divide by tA, tA/tA; = H + (1-H). tA, /tA,
Hence 1/E=H + (1-H).R ) ( )
[ Hence E = 1/{H + (1-H)R} or E=1/{R + (1-R)H} t’ .
d)  The various values of E w.r.t H and R are as follows: / . \&‘
I e PHREO T T ‘
R = 520 > [E =0.0019 \@
R =100 > E =0.01 _
R=1(min) 2 |E=1 E=1 E=1

Gra Dh: (refer solved examples from lecture notes)

1111110101

Comments: :
1) As seen above, for all general cases, E depends upon both, H(Hit Ratio) and R(Speed Ratio).
2) IfH = 1 (all access made from fast M1), then E will always be its max value (1), irrespective of R.\ '
3) IfR =1 (M1 and M2 are of Same speed), then E will always be 1, irrespective of H.
4) If H = 0 (No hits at all), then performance (E) simply depends upon R. Smaller the value of R, O\.
better is the Efﬁciency. #Please refer Bharat Sir's Lecture Notes for this ... V

1]
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~ Q) For the given Memory hierarchy, sblve the following: ¢Exam Question
tA; = 107 sec {Fast M1} ' ~ :
tA; = 107 sec {Slow M2}

E=0.9
H=?
Soln: '
We Know R =tA, / tA,
Given R =102/ 107
Hence R = 10° sec
Now tA = H.tA + (1-H).tA,
Divide by tA; . tA/tAL = H + (1-H). tA, /tA, -
Hence - 1/E = H +(1-H).R
Hence Efficiency E = 1/{R + (1-R)H}
Given ~ E=0.9
. Substituting E 2 0.9 = 1/{10000 + (1 - 10000)H}
@n_c i i = {Note: Don't approximate H 9 1}

R SN
i

4

Q) For the given Memory hiérarchy, solve the following: (Exam Question}

Fast M1: Slow M2: :
S; = 219 (1KB) - S, = 2% (64KB)
tA, = 107 sec  tA; = 10" sec
C; =01 - C, =0.01
H=490.9
~ Calculate Avg Cost, and Avg tA?
Soin: | ‘ .

1) Avg Cost per bit (C) = {( C;Sy) + (C;S2)}/ (S1+S3)
= {(0.1 x 2'°) + (0.01 x 21)} / ( 21%+ 216
Hence (C) =0.011 {Since S, >> S, C=GCy} :

2) Avg access time (tA) = H.tA; + (1-H).tA, ‘
= 0.9 x 10® + (1-0.9) x 10°®
Hence (tA)= 10.9 x 107 {0.109 pSec)

U SO ® 0000000060600 00bbédéssLEbELL4e0n
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VI RTUAL MEMORY {IMP FOR VI SEM --- ELECTRONICS BRANCH}

~» Main Memory size is restricted by the size of the address bus. (N-bit address bus: 2"
locations). , '
'Eg: With an 80386 CPU the Address Bus is 32 bits.
Hence it can have 4 Giga Bytes (2°?) of Main Memory.
But it can also access 64 Terra Bytes (2*¢) of Virtual Memory. ,
e Virtual Memory is implemented by using cheaper storage technology i.e. Magnetic (HDD) _.
and Optical Storage (CD-ROM). Hence we can get a large amount of Memory at a low cost. =
» Whenever the CPU wants data from the Virtual Memory, the data is first copied form Virtual. -
Memory to Main Memory and then accessed by the CPU from the Main Memory. | 3'*“?
» Instead of copying only the required data, the entire block containing the data is copied so
that further access will be from the Main Memory directly. ' Q’“’%
* To implement this, two methods can be used: Paging and Segmentation. : . .

— 2
\mmm i) m

g * The need for introducing Virtual Memory in the system was to increase the memory size.
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5) Page Replacement:

then an old page from °

_ d Page Replacement. ;
There are various replacement algorithms, such as FIFO, LRU, LFU, Random etc,
6) FIFO: First In First Out. _
Here, the page that entered the Main Memory first will b
i.e. The oldest page of Main Memory should be replaced,
7) LRU: Lleast Recently Used.

Here, the page that has not been used for the IOngest time is replaced.

3 ) LFU: Least Fr equent) y Used. » Practice numericals on replacement algorithms from Bharat Sir’s Jecture notes,
Here, the page that has been used the least number o
Dirty Pages:

During replacement, if the old page has been modified in the

e the one that wijll leave first,

©

Main Memory, then it needs -
to be first saved into the Virtual Memory and then replaced. The Ccpu keeps track of all such £
“updated” pages by maintaining a “Dirty” bit for each page. ‘ ' £

When the page is updated in the Main Memory, its Dirty bit is set (1), and the page is said to ;
- be Dity. Dirty pages are first copied into the Virtual Memory, and then replaced. -
10) Thrashing: ‘ ' '

When a Program causes a lot of page faults, it is said to be thrashing. It should be avoided.
1 1) Demand Paging: © In case of doubts, cont
If pages are loaded into the Main Memory only when required by the CPU, then it is called

Demand Paging. Thus bages are loaded only after page faults.
12) quking Set Model: } '

set is loaded into the Main Memory. Hence the application will not cause any page-faults
while running, and therefore run faster. But it may tend to monopolize the Main Memory
Space as all its pages are loaded, and leave no space for other programs. Further, the
application will require a lo* of time to start-up as compared to Demand Paging as all its
required pages have to be loaded on start-up. #prease refer sharat Sirs L
13) Translation Look-Aside Buffer. (TLB) :
This is an on-chip buffer within the CPU, used to speed up the Paging process.
Since a page form Virtual Memory can get stored into any frame of Main Memory, the OS

(operating system), maintains a Page Table which indicates which page of Virtual Memory
is stored in each page frame of the Main Memory.

ecture Notes for this ..,

First access the page table to get information about where the page is stored in Main
memory, then access the Main Memory for the page. This double process is obviously
time-consuming and brings down the performance. ‘ ,
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SEGMENTATION: : ‘
1) Here the memory space is divided inté‘)logically different areas called segments. This makes

. 2)
3)

4)
5)

the memory very organized and hence easy to use for the programmer.

Segments don’t have a fixed size and hence unnecessary wastage of space called
fragmentation of the Main Memory is prevented. #Please refer Bharat Sir's Lecture Notes for this ...
Here the Best fit algorithm js widely used due to the flexible size of segments.

Address is given as a combination of segment address and offset address.

Segment address indicates the starting address of the segment.

Offset address indicates the offset of the current location within the segment,

- The Physical Address is calculated before performing the memory operation. 2
6) Since within a segment, only the offset address changes, the max size of the segment i
depends on the size of the offset address. 2
_ .
. PAGING ____ SEGMENTATION 1 oa
1 | Pages are of fixed size : Segments areé of variable Size. -
2 Causes Main Memory fragmentation. Does not cause Main Memory fragmentation. fan
3 | Programmer is unaware of paging. Programmer is aware of segmentation. -
4 | Uses algorithms like LRU, LFU etc Uses algorithms like First Fit, Best Fit etc o,
_5 | Has physical boundaries. Has logical Boundaries
6 | Difficult to implement ‘ Easy to implement * -
7 | Cannot differentiatebetween code and data Differentiates between the logical elements
‘ o
~
P
@m
! b5
»
i
e~
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Numericals on Page Replacement Policies: {imp type: 8m)

Q: Main Memory has 3 hagesiand the processor requires pages form Virtual Memory in the
following order: 23 2 1 5245325 2. Show the Implementation of FIFO, LRU and LFuU.
) . / ;

Soln: .
FIFO| 2 3 2 1 5 2 4 5 3 2 5 2 HIT
_Frame1 | 2% 2" 2" [ 2F 5 5 5 5 3 3 3 3" | Ratio
Frame 2 3 3 3 3 2 2 2 2" | 2" |5 5 =
| Frame3 | el 1 1 1 1 4 4 4 4 4’ 2 0.25
[ HIT HIT HIT ) |
) IJ.RU 2131215724537 3 5 1 2 [ urr
Frame 1 2 2 2 2 2 2 2 2 3 3 3 3 Ratio
) [ TFrame 2 3 3 3 1 5 5 |5 5 5 5 5 5 =
Frame 3 1 1 1 4 4 4 2 2 2 0.42
) [ [ HIT | l [ HIT | [ HIT | l | HIT | AT |
' FU [ 2 [3 T2 11 512 4/5(372[5]2
) Framel | 2 {2 | 2 | 2¢m 2o {20 [ 26 | 25 | 2312 @) | 24 (5).{ Ratio
Frame 2 3w 3w (3w [5m | 54,15 w1 5e |50 |54 [ 545 [ 54 =
) Frame 3 : 1y {1y | 14y 4w [ 4w [ 30 |34 |3 w!3m|0.50 ;
HIT J ‘ HIT HIT HIT | HIT | HIT ‘
b R RN VM . i ‘
Q: M1 = 8K, M2 = 16K, Page Size = 2K. Show FIFO, LRU and LFU for the following order -
753210416742 A Lronppy n & as e :
Soln:  M1-has-4 pages arid M2 has 8 pages.. ' ! ~
" |[FIFO[ 7 5 3 2 1 0 4 1 6 7 a4 3 HIT
! Frame 1 B i A A | i ! | = 2 ‘Ratio i :
' Frame 2 - ” < ) 2. )] @) ¥ 0y T‘- .= -z :
‘_:Frame 3 - 2 ) 2 X & L Ly 4 - 4 0.16
Frame 4 N c L o¥ A G a. { 6 : L‘
! B i ‘ i
LRU 7|5 3 2 1 0 4 [ 1 6 7 4 2 HIT | . B
framet | '] [ F 5 [ = ] \ | \ | ] C-_| Ratio [ |
Frame 2 T .. . 5= 0 Q ) 4 3 i = T
~_Frame 3 L 2 2, 4 L A £y S 0. 16 Eﬂ
Frame 4 N N o 2. ‘ 5 G106 5 Sk
P H = e
LFU 7 5 3 2 1 0 4 1 6 7 4 2 HIT
Frame 1 N R R Ly \. \ ! L \o | ! '+ Ratio
Frame 2 B e o LV YN O R A N A 4 = 1
Frame 3 oy o ) S H o)A A NEAT as 0.16 [<___
_Frame 4 ' S N Y N &\ ] 5.1 ‘
[ ' ’ It Il
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- INTERLEAVED MEMORIES (v

Interleaving is a mechanism to increases the total memory accessed combining a set of memory
modules (chipsj. There are two main types of interleaving. Consider a total of 4 KB memory. Here we

have 4096 locations having addresses 0 to 4095. . .
Instead of having the above memory in a single module, it can be comprised of 2 modules in-the

following 2 methods:

Address Data Address Data Address Data Address Data
2048 0000 | - © 0001 . 0000
2049 0001 0003 0002
2050 0002 0005 0004
2051 ~ 0003 ~ 0007 0006
4095 2047 4095 4094
Bank 1 Bank 0 ‘ Bank 1 (Odd) Bank 0 (Even)
2 | Here, the higher address bits are Here, the iower address bits are decoded
| decoded to select the memory module; to select the memory module; hence it is
hence it is called Higher Order Interleaving. | called Lower Order Interleaving.
3 | Consecutive locations lie on the same Consecutive locations lie on separate
_'chip. WPlease refer Bharat Sir's Lecture Notes'for‘ this ... ChipS.
4 | The main goal here is to increase the The main goal here is to increase the size
number of memory locations, of data to be accessed simultaneously.

5 | Does not increase the speed of memory | Increases memory access speed as more
access. | , : , : data is accessed simultaneously. _

| Eg: 8086 accesses 16-bits simultaneously by
having 2 banks, each providing 8-bits,
Pentium accesses 64 bits from 8-banks.

6 | Adding more modules is easy. Adding more modules is difficult.

7 .Any number of modules is possible, Number of banks is always 2",
8 | Reliability is good. Even if one module Reliability is poor. If one bank fails, others
fails, others can still be used. cannot be used.

9 | Can be very effective in multiprocessor | No such advantage as parts of the same
environment, as different processors can | data is spread across different banks. #Please
use data from different modules as data Of - | refer Bharat Sir's Lecture Notes for this ...

different modules is not related.

10 | It is optional and is used my most It is compulsory for processors like 8086
: Processors to increase the number of (16-bit), 80386(32 bit), Pentium(64 bit)

memory locations. etc, which require large size of data
: ’ | simultaneously.
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HIGHER ORDER INTERLEAVING

-~ k bits ot 1t bits :

' Module . -{ Address in module

‘MM qddréss ,

{a) Consecutive words in a module

L.OWER ORDER INTERLEAVING

~e——— 1 bils et et | bilS

Address inmodule [ Modulé | MM address

L b w
..l - -
ABR | DBR . JABR{DBR [ ABR | DBR|
‘Module Maodule *—1 Module
1] “es 1} e 2‘ -

(b) Consecutive words in consecutive modules
FIGURE 524 .
~Addressing multiple-module MEMOTY systems,
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RAI D --- Redundant Array of Inexpensive (Independent) Disks O
* RAID s a method of combining multiple hard disks into a single logical unit for more data g
availability, and high level of performance. e "
*» This offers better reliability and higher performance than a single large disk drive. P,
= With multiple disks, data can be divided into non-related parts (data mirroring) and spread "
across various disks. These disks can be simultaneously accessed by different processors, s
and thus we can get a high degree of parallelism. Further, even if one of these disks fails, we can )
still use the remaining data from the other disks and thus the system is more reliable. O
e On the other hand, data can be “striped” across various disks and accessed by the same processor .3
from all disks simultaneously, again providing high speed data access. O
* Insome cases, data is duplicated in more than one disk. This results in “Redundant” disks, but i 3
increases tolerance, as failure of one disk doesn't affect the system at all. O
» For data recovery, parity informatio"n of all disks can be stored in the redundant disk. 7 )
RAID is mostly used in Main Frame computers and data servers, where fast and reliable data O~
access is of high importance. #please refer Bharat Sir's Lecture Notes for this ... C 2
e There are six levels of RAID, depending upon the type of usage required and the cost. s,
: -
Advantages of RAID: , R ha :
1) Allows parallel data acces$, in multiprocessor systems using “data mirroring”. k -
2) Allows high speed data access even in uni-processor systems using “data-striping”. '
3) Makes system reliable due to the “Redundant” disk. ' S,
4) Aliows data-recovery using parity information in the redundant disk. ¢
Disadvantages of RAID: G
1) Cost of system is high. -
2) Writes are slower than reads due to the bottleneck at the redundant disk. . %v
3) Systemis complex to implement.. © In case of doubts, contact Bharat Sir; - 98204 08217, oy
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Levels of RAID:
TRANSFER
CATEGORY | LEVEL DESCRIPTION RATE" | ADVANTAGE " | DISADVANTAGE | APPLICATION
| | , ARoywr) ) . |
0 Non-Redundant Data Fast/Fast [ High Transfer No Fault tolerance Applications ;
Striping: Data is : Rate, Easy to as non-redundant, requiring high &
striped and written implement, j Hence not truly performance for g
Striping across various disks RAID. non critical
: ’ data.
1 Data Mirroring: Data Fast/Slow [ High tolerance Expensive as cost is | System drives;
is duplicated across as complete copy . | twice. Reads are fast { Critical Files
various disks of data is but writes are
Mirroring - available even if slow as data is
one disk fails. written twice.
2 Redundant via Fast/Slow | None Muitipte redundant Obsolete
Hamming Code disks hence
expensive.
) 3 ‘Bit-Interl'eav‘ed Fast/Slow ‘| Fault tolerant. Poor performance | Good for large
Parallel Parity: Simple parity Only one disk on writes. multimedia
Access bit for each set of used for storing Bottleneck created | files such as
corresponding bits parity. at the parity disk CAD etc. §
during write l
operations as all
processors need to- o
update the parity.
4 Block-Interleaved Fast/ . Fault tolerant, Poor performance | Good for
Parity: Bit by bit parity Slow Only one disk on writes. applications with
calculated across used for storing Bottleneck created high read
stripes on each disk parity. at the parity disk request rates. .
during write.
5 Block-Interleaved Fast/ Fault tolerant. “Stilf cannot match Network
Distributed Parity: Moderate Good for RAIDO - Servers, Data
Data Striping and . transaction performance. lookup :,
Independentv :l?:jlits)’l(:tnpmg across ﬁ;:;essmg as operations. ?
Access bottlenecks o
during writes.
6 Block-Interleaved Fast/ Highly Fault Significant write Applications
Distributed Parity: Moderate tolerant, Three penality requiring
Two parity calculations disks need to fail | Expensive extremely high
stored on different for data loss data
disks . availability.
Even Impossible reads 1 ‘M Possible Page No: 79 .
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Non-Volatiie Memory (ROM)

1) ROM (Read Only Memory) _ '
_ * ROM is Read Only Memory i.e. data once written in the ROM cannot be changed.
» Itis non-volatile hence data is retained even without power supply.

e During the manufacturing process, data is permanently wired into the chip, hence it is
never lost.

¢ Some important applications of ROM are: Microprogram storage, Storing permanent
system programs like BIOS, storing data look-up tables etc.

SN

2) PROM (Programmable Read Only Memor
¢ Like ROM even PROM is non-volatile and permanent.
* lIts only advantage is that it can be easily written (programmed) as compared to ROM.

» Hence if fewer chips are to be manufactured, PROM chips seem to be a cheaper option than
ROM, ;

4
i
2
i

:

3) EPROM (Erasable Programmable Read Only Memory) ,
* A better version of PROM is the EPROM, which can be ERASED and then re-programmed.
This gives far more flexibility to ROM, .
The basic characteristic of being non-volatile is stiil preserved.

To erase the data, the EPROM chip must be exposed to UV light.
Then by applying a high voltage, data can be re-programmed into the EPROM.

4) EEPROM (Electrically Erasable Programmable Read Only Memory)
» “EEPROM provides a great advantage over EPROM, that it NEED NOT BE entirely ERASED
before it can be reprcgrammed. ‘
* This allows the user to write only at specified locations without losing all other data on
the chip. #prease refer Bharat sir's Lecture Notes for this ... '
s Reading is fast, but writing is considerably slower (>100 Hsec/byte).

* But EEPROM is more expensive than EPROM and also is less dense, providing lesser ;
storage Capacity. \

5) Flash ROM

It is like EEPROM, but it can be erased very quickly (in a flash!). Hence the name Flash
ROM. :

* Like EEPROM, only selected data can be erased (though not at byte level).

e Datais stored as 1 bit per transistor hence storage density is high.
This increases the storage capacity. _ o

» Cost wise, Flash is between EPROM and EEPROM.

e It is most popular in microcontroller based embedded systems like mobile phones etc.
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Volatile Memory (RAM)

1) SRAM v/s DRAM

L2223 282'20

1
Sculq_y i
Trmsieor
T _

{ Sworage 4
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% !

Grnnd ’ :
R tine \4,Lm Bit i Bl iine Grmm
B Bae B B
. ] ) '.
2 | Data is stored in Flip/Flops Data is stored in charged capacitors
3 | Faster Slower
4 Gc;upies mo;‘e space, hence provides bccupies less space, hence provides low
low data storage. data storage. pord
5 | Consumes more power supply Consumes less power supply
6 | More expensive Less Expensive
7 | Does not require a refreshing circuit Cépacitors need to be refreshed.
8 | Used in small quantities in the.form of Used in large quantities in the form of Main
Cache memery. ; Memory.

2) Advanced DRAM

Since the DRAM constitutes most part of the Main Merhor

spent in interacting with the DRAM.

Y, maximum time of the system

It is very important to make the DRAM very efficient, as a slow DRAM will cause a major
system bottleneck and hence the performance of the entire system will drop.
The CPU makes a request for data transfer with the DRAM.

Now the DRAM gets “ready” for the transfer.
If the DRAM is slow, this will take time. .

During this time the CPU is forced to “WAIT”.

This is what degrades the system performance.
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* Iffor every memory operation, the CPU will have to perform “wait-states”, then the System
on the whole will be slow. : ' :

e To overcome this drawback, some 'advanced techniques hav
DRAMS. The two most popular ones are SDRAM and RDRAM,

a) Synchronous DRAM (SDRAM) % |

*- This is one of the most popular forms of DRAM, S

‘e Here the SDRAM exchanges data with the CPU based on a clock, which is running at the
max speed of the CPU/ Bus clock. Due to this. synchronization, transfers can be performed
without the need of “wait-states”. - :

-7Q In typical DRAM (not synchronized), once the CPU makes a request for data transfer, it
has to “WAIT” for the DRAM to become ready. This waiting period is the access time of the
DRAM, required for it to start the transfer. #piease refer Bharat Sir's Lecture Notes for this ..,

e been incorporated in the new

*  Just like the previous case, the processor makes a request for the data transfer.

e The DRAM will respond after a set number of clock cycies.

*  Since the CPU and DRAM work on the same clock, the CPU can perform SOME OTHER
'ACTIVITY during this time instead of entering WAIT STATES. - v
This is how SDRAM are superior over earlier asynchronous DRAMS. >

* To improve the performance further, it uses the Burst mode of transfer. :
Here the initialization time is required only for the first bit, and the subsequent bits can
be transferred without any delay. This is very useful for large sequential data access like
graphic files. . -

* In addition SDRAM also has an internal muiti-bank architecture to improve on-chip 2
parallelism. ‘

*  Recently an enhanced version of SDRAM called DDR (Double Data Rate) SDRAM has been
introduced. © 1n case of doubts, contact Bharat Sir: - 98204 08217,

The DDR-SDRAM can transfer data twice per single clock cycle (once on rising edge,
once on falling edge). Hence it doubles the transfer rate. S

b) Rambus DRAM (RDRAM) £
. In this method of implementing the DRAM, a special RAM “BUS” is used, hence the name
Rambus DRAM.

*  The special bus delivers addr ss and control signals suing ard asynchronous block-oriented
protocol, ‘ ' ‘

After an initial access time of 480 ns, this bus produces very high rate of data transfer upto
1.6 GBps.

The high transfer rates are possible because the RDRAM gets control signals for memory [
requests over this high speed bus itself, ' : i

The configuration consists of a DRAM controller connected to various DRAM modules over the |
common bus. ' ‘ !

The bus has 16 data lines and 2 parity bits.

The data cycles at twice the clock speed, because 2 bits are send per clock (one bit at leading
edge, and one at falling edge). »

A separate set of 8 lines are used for address and control signals.

. .
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Optical Memory ---CD (Compact Disk)

:
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Introduction -

. CDs were introduced as non-erasable disks which could store upto 60 mins of music.

. After their huge success, more development resulted into various types of optical storage disks.
Mangfggjgring(Writing ! , / :

. The disk is formed from a resin such as polycarbonate.

. Digitally recorded information (Music or any general data) is imprinted as a series of

microscopic pits on the surface of the polycarbonate.
This is done with a finely focused, high-intensity laser to create a master disk.
This master disk then creates a die to stamp out the polycarbonate, for copies of the same disk.
The pitted surface is then coated with a highly reflective surface like Aluminum or Gold.
. The shiny surface is then protected from dust and scratches by a top coat cf clear acrylic,
Reading .

*  Reading is dore usiiig a low power laser present inside the CD player/ CD ROM Drive.

. A motor spins the disk past a laser.

. A photo-sensor detects the intensity of the reflected light and decides whether it

encountered a pit or a land. #riease refer Bharat Sir's Lecture Notes for this .., '
*  Abeginning/end of a pit represents a “1” ; no change in elevation is recorded as a “0”.
. Instead of storing data in concentric tracks, it is stored on one large spiral track starting from ,
the center and spiraling out. This increases the storage capacity. L

. Information is packed at equal density near the center and at the ena of the disk. L

. The disk is rotated at slower speeds as we move more and more on the outer sides. :

*  The format of data stored in a CD is as shown: :

Je s ddd bbb b bddddd

] . . % e Layered
. - J = 3O
NI EF=<10 oy | = {1 = Pasy Syl
MEE-RERE-BE ECC
L 12 banvoes - oL heyers i 2AR By ees |, @R Erytes
N SYNC - IT3) g Dinén T Lecc T
XIXX frytes o &
- edali| .
i
i
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CD - R (Recordable)

. Here the CD need not be recorded by the manufacturer, bu't'inStead, it cabn be recorded later

by-an end user.

. To make this possible, instead of creating physical changes (pits) on the resin surface, a
different method is used. © In case of doubts, contact Bharat Sir: - 98204 08217,

(]

Here the resin surface Includes a dye which can provide variable reﬂectivity.

. A laser “programs” the dye to give different reflections for 1s and 0s,
. Thereafter, the dye can be read as usual by a CD player. '

CD - RW (Rewritable) ;
e  This CD can be re-written several times.
It used the concept of Phase Change.

A beam of laser can change the material from one
Hence the CD can be re-written several times.

[ ] .
. The resin material is such that it provides two different rehecti_ons intwo d
[ ]

phase to another.

N Ao N

N

A

ifferent phases. S .
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DIVD (Digital Versatile Disk)

Palveadomage substrats., sy Y .
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bl

. In principal, a®DVD is similar to CD. v
. Its advantage is that it can store much more data (max upto 17 GB).
. This is possible due to the following three main reasons:

1) Bits are placed more closely on a DVD.
The distance between the spiral loop and between pits and lands is reduced,
A higher resolution laser is used to read such compact data.
This itself increases the storage capacity seven times more than a CD.

2) DVD employs two layers of pits.
The outer layer is semi transparent.

By adjusting the focus of the laser beam, the data can be read from the two layers

independently. This further doubles the storage capacity.

3) DVD ROM can be two sided. a

TR,

Data can be stored on both sides ofa DVD ROM, as opposed to only one side of a CD.

This further doubles the storage capacity to a max level of 17GB,

Similarly there are DVD -R (recordable)
one-sided DVD can be used. © 1 case of doubt

and DVD -RW (rewritable) like CD. But here only
s, contact Bharat Sir: - 98204 08217. ) : :
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1) Cache is a high speed memory introduced in the system to improve its performance.
2)  As procesc.rs became faster (80386 CPU 5 35 MHz), they required faster memory chips,
otherwise memory operations would require the CPU to wait (Wait States). -

6) When the CPU wants to perform a memory operation, it first checks if the data is present in the
~ Cache. If found, it is called a Cache Hit. Now the operation is performed on the Cache itself.
7) If not found, it is called a MISS. Now the Block containing the data is copied from the Main
Memory to the Cache Memory. '
8)  HitRate = No of Hits / Total No of attempts,

9) During a miss if there are no empty blocks in the Cache, then the same replatement policies such -

Block Transfer
Ward Transter '

CPU Main Memory
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CACHE ARCHITECTURES/ LAYOUT:

Look through Cache | Look 'aside Cache
cPU f cPU | ]

- & A5

Cache | | ‘ Cache

ﬁMISS ‘
- y .
Main Mem K— Other BM Main Mem (=) Other BM

Concurrency during HIT

Look through Cache: o,
1) Here the CPU will FIRST SEARCH the CACHE, to find the required data.
2) If found (HIT), the Transferis performed between the CPU and the Cache Memory itself.
3) But if there is a MISS, then the CPU will REPEAT the SEARCH, now into the Main Memory.
Advantage: ) , . , .
During a HIT, as the transfer is between CPU and Cache Memory, the Main Memory is free to be
used by other bus masters. This is called Concurrency. It improves the system performance.
Disadvantage: ' :
During a MISS, time is wasted in searching the Cache Memqyy first and then searching Main
Memory. This is called Look-up Penalty. It lowers system performance.
Usage: #Please refer Bharat Sir's Lecture Notes for this ...
It is preferred in Multiprocessor systems, due to the advantage of Concurrency.

RS R

Look aside Cache: k | e

1) Here the CPU will SIMULTANEOUSLY SEARCH the CACHE and Main Memory, for the data.
2) Wherever found, the transfer will be performed from that memory.

Advantage: _
During a MISS, ther=.is no Look-up Penalty as the search was performed simultaneously.

Disadvantage: , . ) , B
As the CPU is always searching the Main Memory, the other bus masters cannot access the Main -
Memory at the same time. Hence concurrency is not possible. :

~ Usage: - '

Itis preférred in Uniprocessor systems, as it is si'mple and there is no Look-up Penalty.

e AT i
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CACHE CONSISTENCY o~
+ When the data of a location in the Cache is different from the data of the same location in O,
the Main Memory then the Cache is said to be inconsistent. ‘
Inconsistency should be avoided as it may result in severe data bugs in the system, Oy,
» Inconsistency may arise when the CPU writes into a location in the Cache Memory. Now if
any other Bus Master accesses the same data from the Main Memory, it will get old/stale @
data. : ‘ : _
* To avoid inconsistency, the following Write Policies may be used: @‘N
I) ‘Write though policy _ ‘ ' o
2)  Write Back / Buffered Write / Delayed Write i L
3)  Snoopy Writes ) o
1) Write though policy - ' : P
¢ Here whenever the CPU writes into the Cache Memory, it will also perform the = :
write operation on the Main Memory. Hence the Main Memory will always contain P
updated data. " ' - !
* As an advantage there is a high level of consistency. O
Further, it is very simple to implement. -
» But here, as a disadvantage, the write operations will be slow as the CPU writes into [N
both the Cache Memory and the Main Memory. , : R o
. . . &«!i\
2) Write Back / Buffered Write / Delayed Write ’
* Here CPU only writes into the Cache Memory. By 3
s Additionalily, there is a Cache Controlier provided into the system. '
: » The Cache Controller keeps track of all locations that are updated in Cache Memory. L
d This is done by maintaining a “changed bit” for each Cache block. (very much like the dirty X
bit paging). \ , . : : g_.',&::
* Whenever it finds that the CPU is free, or that the block will be removed from the .
cache, it copies the updated contents from the Cache Memory to Main Memory.. @"'
» The advantage here is that, since the CPU does only one write operation (CM), Write o
. operations are faster. #please refer Bharat Sir's Lecture Notes for this ' C""’
* This has a disadvantage that the Main Memory does contain stale data, till it has been _
updated, which may happen after a long time. Hence there is a low level of h\“
consistency. ) : i
3) Snoopy Writes : S
¢ This is a very efficient method of Cache updating. e
« Here the Cache Controller snoops (monitors) the activities of other Bus Masters on N
the System Bus. If it finds that a Bus Master is trying to read a Jocation from the Main il
Meinory that has been modified in the Cache Memory, it will first copy the updated data QW
from Cache Memory to Main Memory, and only then allow the Main Memory operation to T
continue. : % .
e The performance of such a system is very high as no unnecessary updates are T
performed. #please refer Bharat Sir's Lecture Notes for this ... ' , by
* Moreover, the other Bus Masters will always get updated data. » e
» The only disadvantage is that, a very advanced and expensive Cache Controller o,
would be required to perform this, which may increase the cost and complexity of the %
system. Eg: With 80386 CPU, 80385 Cache Controller is required. : Mﬁ i
Even Impossible reads I ‘M Possible : Page No: 92
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- CACHE ORGANIZATION MAPPING TECHNI

There are various ways in which, data from Main Memory can be *
Memory. These are called Cache Mapping techniques.

UES (vimp, 10-12 M3
mapped” (brought) into Cache

Consider Méin Memory = 64K words, Cache Memory = 2K words, Block Size = 16 Words.
{Note: 64K words means 64K locations} ‘

1. @Associative . % '

Cache Memory (2K Words)

Main Memory (64K Words)

—
. Block 4095 -
----------------------- =+ | Block 4094

Block 127 e
Block 2 » Block 2
- Block1 T .7 Block 1
L T s ;

sockto (rac) |  Block0 ) 16 Words "| Blocko 16 Words

Qrganiig;ign: Here the 64K - Main Memory is divided into 4096 blocks each of 16 Words.
The 2K - Cache Memory is divided into 128 blocks each of 16 Words. : :

Rule: In Fafy Associative Mapping, a Block of Main Memory can be mapped _AN_YWHEREAin -
the Cache Memory. Hence the full Cache Memory is available for mapping. Eg: "Block 0" of Main
Memory can come at any block of Cache Memory as shown above.

SO 6 IOV BIITIILLLY EEEES S

TR e e

TAG: Every block in Cache Memory has a tag which identifies the block of Main Memory that is

9 currently stored in that respective block of Cache Memory. Since a biock in Cache Memory can
o - contain ANY block of Main Memory, the tag size = 12-bit as 22 = 4096.
' Search: Whenever the CPU needs to access a location, it searches in the Cache Memory. As the .
®  block could be located anywhere, it would have to search ALL 128 blocks of Cache. I'
» |
o Advantage: Generally gives a high HIT RATE, as the block could be mapped at any free location g
Advantage: I
° in Cache Memory - #Please refer Bharat Sir's Lecture Notes for this ... . o [
Disadvantage: Tag size is large, and Search time is high as all blocks of Cache Memory have to be .
’ searched. Hence performance is poor. N
?
D tven Impossible reads I ‘M Possible Page No: 93" - -
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Pl

Cache Memory (2K WordS) Main Pdémory (64K Wordé)'
| Block127 | ]
........ - Block 1 . SET 31
-~ Bléck o N
: Bloc'ic 127%* Py *| .Block 127 | |
Block 1 QSET/PA"'" . B,O;k 1 SET 1
el L T Biock o o N +| Blocko |
(TAG) -~ SET  Black | v- ]
| -Block 127° ]
‘ Blo;k - SET O
o - "y Block 0 N

9

the Cache Memory is considered a SINGLE SET, having 128 blocks.

divided into 32 such SETS, each SET having 128 Blocks.
a Block contains 16 words.

Organization: Here,
The Main Memory js
In both cases,

Rule: In Direct Mapping, Elock “n” of any Set of Main Memory, can only be mapped at one
piace i.e. Block “n” of Cache Memory. Hence it is also called ONE-WAY set associative method.
Eg: "Block 0” of any set of Main Memory, can only come at “Block 0” of Cache as shown above.

TAG: Since Block “n of Cache Memory can only contain Block “n” of any set of Main Memory, we
just need to identify which SET the block belongs to. #plesse refer Bharat Sir's Lecture Notes for this .~
Hence the TAG size is 5-bit s there are 2° = 32 SETS in Main Memory.

Search: To search Block “n” of Main Memory,

Agva_n;ggg:

the CPG needs to searéh ONLY block “n” of Cache.

Search is faster (Only one location). Tag Size is smaller (Ohly Sbits
: May give poor HIT Rate at times when Block “n” of several sets, are needed to be
accessed together, Eg: If 3 program requires Block “0” of SET 0 and SET 1 repeatedly, it will have a

as Both Block 0’s cannot be present in the Cache simultaneously,
empty blocks in Cache Memory.

Even Impossible reads I ‘M Possijble
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Set-Associative

III.

Cache Merﬁory (2K Words) Main Memory (64K Words)

....... ~"| .Block 63
Block 1 SET 63
) .| Blocko
o -"l‘. ."-‘ . —d
-Block 63 ¢f Y R——
Block 1 4SET 1 Block 1 SET 1
[_sbit | sbit | ab Block 0 4_/ ) i .
SETNo  Within  Within < o Block 0
(TAG)  SsET Block ' 1 1
Block 63 it | Block 63
Block 1 ) SET O . Block 1 SETO
L_sbit | ebit | 4o ‘
SETNo  Withih _ Within Block 0 Z< = Block O ;
(TAG) . SET  Block ] : '

—

Organization: Here, the Cache Memory is divided into 2 SETS, each SET having 64 bhlocks.
The Main Memory is divided into 64 such SETS, each SET having 64 Blocks.
In both cases, a Block contains 16 words. :

AB.

=L Associative Mapping, Block “n” of any Set of Main Memory, can
only be mapp places i.e. Block “n” of any of the 2 SETS in Cache Memory. Hence it is
also called TWO-WAY set asscciative method. Eg: “Block 0” of any set of Main Memeory, can only
come at “Block 0" of “SET 0” or “Block 0” of "SET 1” of Cache as shown above. ‘

TAG: Since Block *n” of Cache Memory can only contain Block “n”

n” of any set of Main Memory, we
) just reed to identify which SET the block belongs to. © 1a case of doubts, contact Bharat Sir: - 98204 08217,

Hence the TAG size is 6-bit as there are 25 = 64 SETS in Main Memory.

Search: To search Block “n” of Main Memory,

the CPU needs to search at two places, i.e. Block
“n” of SET 0 and Block “n” of SET 1. :

Advantage: Search is fast (Only 2 locations). Tag Size is small (Only 6 bit SET Number).

Disadvantage: HIT Rate better than One-Way Set Associative, but still than Fully
Associative. #Please refer Bharat Sir's Lecture Notes for this ...

Even Impossible read# T°'M Possible
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IV. Four Way Set-Associative (piagram not required)

Organization: Here, the Cache Memory is divided into 4 SETS, each SET having 32 blocks. S

The Main Memory is divided into 128 such SETS, each SET having 32 Blocks. - :

In both cases, a Block contains 16 words. : LT
L BN

Rule: In FOUR-WAY SET Associative Mapping, Block “n” of any Set of Main Memory, can ~
only be mapped at 4 places i.e. Block “n” of any of the 4 SETS in Cache Memory. Hence it is &
also called FOUR-WAY set associative method. Eg: “Block 0” of any set of Main Memory, can only o
. come at "Block 0” of “SET 0” or “SET 1” or "SET 2” or “SET 3" of Cache. E.

""TAG: Since Block “n” of Cache Memory can only contain Block “n” of any set of Main Memory, we o
just need to identify which SET the block belongs to.

L

- Hence the TAG size is 6-bit as there are 2’ = 128 SETS in Main Memory. - , . @;\‘ :

‘Search: To search Block “n” of Main Memory, the CPU needs to search at 4 places, i.e. Block “*n” é'\
of SET 0 or SET 1 or SET 2 or SET3. ' ' T

Advantaqe; Search is fast (Only 4 locations). Tag Size is small (Only 7 bit SET Number). Ains
Disadvantage: HIT Rate better than Two-Way Set Assoclative, but still loyer than Fully s
- Associative, A | _ .- .

CONCLUSION: Similarly, if we go on increasing the number of ways, we will get: Better HIT ‘
Rate, more search time and bigger tag size... till we finally reach Fully Associative Technique. €ss. -

This is shown below: #please refer Bharat Sir's Lecture Notes for this...

8 Way--- 8 Sets in CM having 16 Blocks --- 256 Sets in MM --- Tag:8-bits --- Search: 8 loc®.
16 Way--- 16 Sets in CM having 8 Blocks --- 512 Sets in MM --- Tag:9-bits --- Search: 9 loc® . s
32 Way--- 32 Sets in CM having 4 Blocks --- 1024 Sets in MM --- Tag:10-bits --- Search: 10 loc®.
64 Way--- 64 Sets in CM having 2 Blocks --- 2048 Sets in MM --- Tag:11-bits --- Search: 11 loc? . (™™=
123 Way- 128 Sets in CM (Fully Associative)- 4096 Sets in MM - Tag:12-bits - Search: 12 loc?.

¢

L
..

13,

&
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e

Data transfers that take place using the 1/0 devices are generally very large in nature,

To accommodate such large scale transfers many methods are used. :
- Either we use a dedicated I/0 Processor to take care of the I/O Transfer, or may have multiple

buses in the system so that I/0O transfers can take place parallel with other system activities.

The communication between the CPU a:d the I/O device can be dona in two

ways:
- Serja
1) | Data is transmitted bit-by-bit (one bit More than one bits are transmitted
at a time) N , together. : S
2) | Less costly ‘ | More costly.
3) | Less hardware is required More hardware is required
_4) | Transmissiun is slow ‘ Transmission is fast
5) | Most suitable for long distance Best used for local communication
communication’ ' L
6) | Eg: RS 232 Bus Standard Eg: IEEE 488 bus standard

Further, Serial Communication can be performed in two ways:

Here the sender and the receiver are Sender and receiver are not

gnchroni\_zﬁgg__ug{}_gﬁ_ a clock signal synchronized as no clock is transferred.
transferred by the senderto tha = Instead, the data is packed with start
receiver,. and stop bits.

2) | Consumes and extra line for the clock | Clock is not used hence an extra line is
signal. not required.

3) | Provides higher data transfer rates Lower data transfer rate due to start

(Baud Rate)_ astimeis not wasted in and stop bits. #Please refer Bharat Sir's Lecture

start and stop bits. Notes for this ...
4) | The arrival of new data is indicated by [ The arrival of new data is indicated by
pulses on the clock line. ~ start bit. The start bit is “0” and stop

bit is “1”. Thus after the previous data

is transferred, the line would be high due

to the stop bit. When the new data

comes, first the line is pulled low by the

start bit. This is how a new data is

identified.

5) | Not suitable for very long distance Best suited for very long distance
communications as the clock may start | communication,

going out of phase after 3 while,

{ 6) [ More suited for block data transfers More 'suited for character-wise data
_ transfers

Even Impossible reads I ‘M Possible Page No: 97
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Q: | Calculate transfer rate in char/sec for serial comm. Havmg 7 data bits, 1 parity bit and
2 stop bits at bit rate of 600 bnts/sec, for the followmg 2 formats:

122137,

1>
7 1 2,
data bits parity bit stop bits o
2> , 8\‘
2 Char 1 Char 2 Char 3 Char 100
synch bits | 7 bit 7 bit 7 bit 7 bit ™~
| - - | ' s May 2004 (10 m) S
Soln: @ In case of doubts, contact Bharat Sir: - 98204 08217. ’ oy, ;
First format: M
Bit Rate = = 600 bits/sec .
1 Char = 10 bits -
Transfer Rate = (600 bits/sec) / (10 blts/char)
=60
Second format: 3

Bit Rate = 600 bits/sec »
Total bits required to transfer 100 char = 700 + 2 = 702 bits. ;

Total time required to Transfer 100 char =702/600 = 1.17 sec.

“Total time required to Transfer 1 char = 1.17/100 = 0.0117 sec.

RTINS

Hence in 1 second w= can transfer = 1/0.0117 char.

Hence transfer rate = 85.47 char/sec,

Mo

JIJINILL])

}

e

JIIIrry
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BUS INTER-CONNECTION SCHEMES

Different 1/0 systems use different kind of Bus Inter-Connection Schemes as shown below:

1) Singlé Bus Scheme g %

*  Here, both the CPU and the /0 module (I/O processor) share the same bus.
. Such a multiprocessor system is also called “Closely Coupled” system.

- " . | S
Bysfern OUS

Y — e
T T § 37

o A '
e “ L' "\ Vo ©
bocen | \ mem | device device
L _ J‘ A

e e on e

o

Advantages ' -
* . Such systems are cheap and easy to implement.
. They are best suited for a uni-processor environment.

Diggdvgngggeg : , :
. In multiprocessor systems, having only one bus would lead to poor performance as only

One processor can be the bus master at a time. So when one processor is using the bus,

the other processor will have to wait. #Please refer Bharat Sir's Lecture Notes for this ...

. Reliability of the system is very poor. If the bus fails then the entire system will stop
working. . o

Even Impossible reads I 'M Possible
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2) Dual Bus Scheme
. Here, both the CPU and the 1/0 module (1/O processor) have individual buses.
. The CPU carries out its memory operations on the system bus, and the I/0 Processor
has a dedicated I/0 bus for its 1/0 operations. :
. Such a multiprocessor system is also calied “Loosely Coupled” system.

[179722011102101)

Advan’>ges ‘ _ i, ~
> They are best suited for a multi-processor environment. -
. Performance of the system is better as both processors can use their buses S, -
simultaneously. :
. Reliability of the system is better. ; , .
Even if the I/O Bus fails, the CPU can carry out its operations on the system bus. .
: Eoam, .
Disadvantages
. Cost of the system is high. S
. System is complex to implement. ’
3) Multiple Bus Scheme : o
- e This is used in systems which have a lot of processors. :
. Each processor is provided with a dedicated bus and all processors are interlined on a o
network, ’ )
. Such systems are extremely powerful and fault resistant, but are costly and complex. Sy
. The various ways of connecting them are: Dedicated links, Cross Bar, Hypercube etc. )
Dedicated Links: | | o
. N & -
uh.\\"\ qn". 3 l h -
i
q .
Un .‘\', “l‘u "'Ahlw
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—

u v - 4,

G [
Uy
[th
Hypercube; m
- Crossbar switeh
FIGURE 6.7

Crossbar: connection of twa groups of units.

Ring-Str re;

A

U

FIGURE o.8
e : A ringstrictured communication net-
. work, :
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Bus CONTENTION/ARBITRATION/ PRIORITY RESOLVING (v 1n

.

In multiprocessor system (like the LAN network in Your Colle
processors, that require control of the system bus at a ti
Hence an appropriate priority resolving mechanism is re

control the bus (become bus master).
This is called bus contention.

me.

. The following three methods are used to resolve bus contention:

A)Daisy Chain Method -

ge), there are more than one

*  All bus masters use the same line for Bus Request,
If the Bus Busy lipe is inactive, the Bus Controller
' Bus Grant signal is propagated serially through all maste
*  The bus master, which requires the system bu
takes control of the system bus, © in case of dou

Advantage:
i. Design is simple,

: )
Mastor 1 . Masler2 Master N
), . .
8us accoss Bus occoss " |Bus accoss
logle * logic logic -
Bus grant {*—I L‘—J
- Bus.request .
Controlior ==
Bus busy

gives the Bus Grant signal.

rs starting from nearest one.
s, stops this signal, activates the Bus Busy
bts, contact Bharat Sir: - 98204 08217,

ii. The number of control lines is less. Also adding new bus masters is easy.

_Digagvgntagei

i. Priority of bus masters is rigid and depends on fhe_physical proximit
the bus arbiter i.e. The one nearest to the Bus Arbiter gets highest priority.

ii. Bus is granted serially.and hence a Propagation delay is induced in the circuit,
iii. Failure of one of the devices may fail the entire system.

“‘Page No; s 1o,
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B) Polling Method A
Mastor 1 M“'Nz » Mastor N
e | el [ Eope

Bus requost
Bus busy :

Here also all bus masters use the same line for Bus Request.
Here the controller generates binary address for the master.
Eg: To connect 8 bus masters we need. 3 address lines (22 = 8).
In response to a Bus Request, the controller "polls” the bus masters by sending a sequence of ,
bus master addresses on the address lines.Eg: 000,010,100,011 etc - - f
When a requesting master recognizes its address, it activates the Bus Busy line and takes i
control of the bus. #pease refer Bharat Sir's Lecture Notes for this ... A

-

-

i. The Priority is flexible and can easily be changed by altering the polling sequence, -
ii. If one module fails, the entire system does not fail. ' 3

Disadvantage:

i. Adding more bus masters is difficult as increases the number of address lines of .the circuit. Eg: |

In the above circuit to add the 9t Bus Master we need 4 address lines.

T TTTTTeeccecsccbvbsssssbObLLLdL
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C)Independent Request Method

Mastar 1

Bus pecoss

Masler 2

Maslar N

Ous-accoss
logle

kgl

.Bus accuss

Bus-grant 1
Bus request 1
Bus grant 2

Bus request 2 -

Conlroller

"Bus.granl N

i "~ - Dus request N

G

Bus busy

*  Here, all bus masters have their individual Bus Request and Bus Grant lines.

*  The controller thus knows which master has requested, so bus Is granted to that master.
Bus Requests, the bus is granted

* Priorities of the masters are predeéfined so on simultaneous

based on the priority, provided the:Bus Busy line is not active:
* The Controller consists of encoder and decoder logic for the priorities.

i, The Bus Arbitration is fast.

il. The speed of Bus Arbitration Is independent of the number of devices connected.

'Y

" I The number of control lines required is more (2n line required for n devices).
Hence connecting a large number of bus masters is-difficuit.

12110207277
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I/0 DATA TRANSFER TECHNIQUES:

There are various ways in which data can be transferred to and from an 1/0 device.
These mainly-differ in the level of involvement of the CPU.

I. PROGRAM CONTROLLED DATA TRANSFER : )

*  This kind of transfer is completely controlled by the CPU through a user written program.

*  The I/O transfer:is performed simply by. a set of instructions, written by the user.

¢ The key element here Is that the user should have the exact knowledge of when the transfer
should be performed otherwise time could be wasted. in unnecessary attempts if the device is
riot ready for the transfer. © tn case of doubts, contact Bharat Sir: - 98204 08217.

»  Eg: The user gives a command to send data to an 1/0 device.
The CPU will inform the I/O device and check if the I/0 device is ready. :
[If the device is NOT READY, the CPU will have to WAIT: for the device to get ready.
Once the device is ready, the transfer is completed. :

-

Here the 1/0 devices could be mapped in the system in two ways:

Memory Mapped 1/0:

: : sodren READ A1 _ RLADIG ] :
WRITE M r WRITL 1O . W\ 'f ______ :
el et
' [ Main [ o B [ 1opon 1] f 3000 2 ] Fiopon - |
memary ; T T
) [¢] 10
deviee devias
4 . il
AGURE 63 d 10 address space (10-mapped 10).

p,ogrammcd 1O with separate memory .an

1/0 Mapped 1/0:

Duta
Adidress
READ
% . WRILL I ». I R I DO ’r I I
| . Main fera ] [10por 1] [10p0n 2] 10pon 7]
memory - v
| l | |
o - 10
device . device
A 8
FIGURE 6.33

Programmed 10 with shared memory and 1O address space (memory-mapped 10).

_'---.-_-.-_-b-oootot’.“;-ltélt'ﬁﬂii“"i“%’

Page No: A -
. ‘ob




CHOPRA ACADEMY

Mulund : 98201 20744

Vashi : 5591.1105

Bandra: 2655 9366 /2642 4106.

'COMPUTER ORGANIZATION

Notes by: Bharat Sir
Cell: 98204 08217

The I/0 devices are mapped into

The I/0 devices arevmapped into the

the memory address space, i.e..]/O | 1/0 address space, I.e. 1/O devices are
devices are assngned memory ' assigned 1/0 addresses.
addresses.
2) | The size of the I/0 address is the The size of the 1/0 address is
same as the size of the memory- independent of the memory address.
- address. '
3) } Increases the number of 1/0 ports Restricts the number of I/O Ports -
interfaced. interfaced.
Eg: 65536 i.e. 64 K in 8085 £qg: 256 in 8085. :
4) | Only MEMR, MEMW signals are IOR, IO0W, MEMR, MEMW signals are
T required as CPU treats even 1/O required as CPU-treats 1/O and Memory
devices as memory devices _devices separately.
5) | Data transfer can take place between Data transfer can take place only o]
any register and an I/0 device between the Accumulator and an I/0O
' device. :
6) | Most of the instructions can be used | Only IN and OUT instructions can be
to access the 1/0 devices used to access the I/0 devices.
7) Execution is.slower as access time is | Execution is faster as access time is
more less. #piease refer Bharat Sir's Lecture Notes for this ...
8) | Decoding 16-bit address requires Decoding 8-bit address requnres less
more hardware +t hardware

'I. INTERRUPT DRIVEN DATA TRANSFER

e An mterrupt is a condition that makes the CPU suspend the current program and execute an

ISR.

. An ISR (Interrupt Service Routme) is a spec:ally written program to servvce the condition the

caused the interrupt.

% After an interrupt is serviced, the CPU returns the main program, exactly at the next instruction

from where it had left,

. In interrupt driven data transfer, whenever the I/0 device is ready for the data transfer, it will

interrupt the CPU. #pkease refer 8harat Sir's Lecture Notes for this ...
In the ISR, the CPU will perform the data transfer.

This method is better than the previous method, as here the CPU does not have to waste t:me

in checking the status of the I/0 device.

. Eg: Instead of the CPU checking when data is available on the keyboard ‘the keyboard should
" interrupt the CPU when a key is pressed. Thus time will not be wasted in repeateoly checking the

keyboard when the user is not typing at all.
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Interrupts have the following characteristics:

1) : . ‘

*  These interrupts are invoked by the programmer- using instructions.

*  They cannot be disabled, A _ ,

* They are always vectored i.e. they have a fixed address of their respective ISR.
L

Eg: for 8086 CPU “INT N”Is a software interrupt instruction. B

The CPU wilknow execute the ISR to service the interrupt.
They can be disabled.

They may be vectored or hon-vectored i.e, their ISR addrets may not be fixed.
Eg: for 8086 CPU "NMI”is a vectored hardware interrupt and "INTR” is non-vectored.

3) ored ts: ‘ , ’

*  These interrupts have a fixed address of ISR. ‘

*  Since the ISR address is fixed, they are rigid and hence cannot be us
interrupts, '

ed to accept multiple
*  Since the ISR address Is fixed, they are executed faster as no time is wési':.-d-'in obtaining the ISR

address from the external device,

*.  They do not require an acknowledge signal. © 1, case of doubts, contact Bharat Sir: - 98204 08217,

¢ Eg: NMI interrupt of 8086. °

4) - Vector : | |

*  Thesg interrupts do not have a fixed address of ISR,

*  When a device Interrupts on such a line, the CPU sends an acknowledgement.,

*  Now the device which sent the interrupt will provide the ISR address to the cpy.
. )

Since the ISR address Is not fixed, they are flexible and hence can be used to accept multiple
interrupts. Thus the interrupt structure can be expanded on non-vectored Interrupts.

. Since the ISR address Is not fixed, they are executed faster as no time Is wasted in obtaining the
ISR address from the external device. sprease rofer Bharat Sir's Lecture Notes for this ...

* They require an acknowledge signal to obtain the ISR address.
* Eg: INTR interrupt of 8086 is non vectored. It has an acknowledgement signal called INTA.

t
*  These interrupts can be disabled by the programmier.
* They have lower priority than the non-maskable interrupts.

6) Non-Maskabl Interrupts:

* These interrupts cannot be disabled by the programmer.
* They have higher priority than the maskable interrupts,

7) ulti-Line Interrupts:
*  Here different devices interrupt on different lines.
* Identifying which-device has interrupted is easy.

8) Sinale-Li r o o | »
* Heredifferent devices interrupt on a single line. #Please refer Bharat Sir's Lecture Notes for this ...

* Identifying which device has interrupted is NOT easy. This is done by. either checking each device
(polling), or by using an Interrupt Controller Chip like 8259 PIC.
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Intersapt INFLRRUPT REOUL S|
fip-op Y

[ ] [ ]
m U’ ,.;.m aq Lm p;):.ﬂ [m p;.nT, Lm plnn.?l

s

A 10 nn s
FIGURE 6.43
Single-line interrupt sysiem.

ot

Ny

INT/REQ 3

RN

A

: vt rio:
Interrupt - ‘
register INTRLO L 3
INTREQ O J
5

: ; ]
o [mp.mo] [mponq [.l0pur|_.'.'] {10pon ;|
T T T T
- - J

-
'y
10 devices . k&f
FIGURE 6.44 S
 Multiple-line: interrupt system. [
‘;\JJ
. [+ =y A
] A - Address 16 ~
. I 7 Data ' =
; t A _r__ g Fus - Address 28 ?‘P
oee INT REQ I | } | SE O A0 L
INT REQ 2 ; s B— -~
INTREQ1 > | | R «
h ) X B ol . LN
INT REQ O ) ! B 6
- . i : i Devive A ??
- - J outptd FOULING -
[ mp.mo” lqmﬂ I u)p._m:] EoponJ]
’ | 1 . ™ . -l %
L | [ | e a
10 Input . Output . nput autine Q@ ‘
device A device # device ¢ : o
W %93
10 Deviee 8- )
service routing
g
mf Device € - L
. ‘ [ service routine % -
. .
7 th m
IGURE 6.46 : N . orvieinye ams i SN
:;:)('/l\ ':\l'.s'l‘;m with vectored $) interrupts. (b1 Location of the interpupt servicing programs in m“'m
mmory. '
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IXI. DMA CONTROLLED DATA TRANSFER

CONCEPT OF DMA

*  DMA Transfer is a hardviare controlled I/0 Transfer technique. . .
* A device kriown as the DMA Controller (Eg: 8237 DMAC) is responsible for the DMA transfer. -
¢« Itisan efﬂd‘ent-‘methodf for high-speed data transfer between I/0 and Memory. .
* In Program Controlled 1/0 or Interrupt driven 1/ the speed of transfer.is slow mainly because
instructions need'to be decoded and then executed for the transfer. o : '
* In DMA transfers, the DMA Controller, becomes the bus -master, and performs the entire transfer
without using any instructions/program. ° '
Since DMA transfer is software independent it is much faster.
' To perform DMA transfers, the DMAC has-the following:
a) DREQ (Data Request) ’
© b) HRQ (Hold Request)
¢) HLDA (Hold Acknowledgement)
d) DACK (Data Acknowledgement)
. €) Address Register
f) Count Register

Main
memory
“ Jqd H
Address —~—— —— ,......A._.l__. R U l
—_ : System
Dm{ f . - J s
- . ememean e e S— Y T
i

l“__~_—_“"'"": = —— -+ - - = - -

! ' 1

] I AR , ac | , | I S l | I()AR] bR |

: ; | ] ) !

i — ; DMAREQUEST | !

Control Control . ]

PR wit | pua P unn PMA- |

: T ACKNOWLEDGE T controller- o

CPU : | ’ I

b ..} b o _4 -1 _J

v
10 device

FIGURE 6.42
Circuitry required for direct memory access {DMA).

Instruction cyche

ore
e—-

oele ' . ' '
Fetch “Devode Fetch Execute Store
SN Y] imstetion operand imstruction resalt
—— t\ DMA - — '-./ t
. ~ -
’ breakpoints . Interrupt
breakpoint

FIGURE 641 - o
DMA and interrupt breakpoints during an instruction cyele.

AR N N Y NN NN Y N N NN
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6)

It also ackno
S) The DMAC a
The DMAC se
After every byt
register is d ,
) Transfer Is stopped

. In case of d

wledge
Cquires.
nds the

oubts, contact

ecremented

Bharat Sir: - 98204 08217, .
§ receiving the HOLD s;
Eant .

when

W, the system bus is released by the
The cPU he '

——— Ao'?ats:

_ LATCHE o L p———
ADG-ADJS : : L P 1
18- :ADDAESS pus ’

T |
| r ° : MEMORY
- . . DAYA sus x DATA BUS
. ° .
CONTROL BUS : ot sus |
| | . CONYROL BUS
‘ IOR,.10W = :
‘[HLOA Hold BEUW, METR . : :
—— sl DAYA sus )
HRQ Y B 1
oMa o .} CONTROL pus . X
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' Types of DMA Transfers:—%

1) Block Transfer (Burst Transfer):

returns the bus; back to the CPU.
« This s the fastest method of DMA Transfer:
» However, the CPU remains idle for a very long time. -

2) Cycle Stealing (Slngle Byte Transfer)

In this mode, once the DMAC. gets the syctem bus, it transfers only one byte and returns the

- system bus to:the pP.
» Thereafter for each byte request is made for the system bus and thus the operation continues.

10 times: Each time'it gets the system bus it transfers-only one byte.
It Is a slower method of DMA Transfer. #Pkase refer Bharat:Sir's Lecture Notes for this ..

byte)

3) Demand Transfer ‘
» Itis very similar to. Block Transfer, except that the DREQ must active throughout the DMA

operation.

to the PP, #riease refer Bharat Sir's Lecture Notes for this ..
In the meantime, the CPU can continue with lts own operations.
Once DREQ goes high again, the DMA operation continues from wheré it had stopped.

¢ & 4 o.itt'ialivx&‘t%ml%“"i%“

4)Transparent (Hidden Mode)

® & ® & &

bus.
~-During these states, these buses contain unspecified data (eg: Ty, Ts, T5 of opcode fetch)."

During these states, the DMAC uses the system bus to transfer one or more bytes.
The CPU is completely unaware of the transfer and hence the name.
DMAC can also transfer data during the IDLE machine cycles of the pP.

This is a very slow method of DMA transfer.
However, as the CPU is unaware of the DMA transfer the CPU does not remain idle at all.

o ® o @ o o

+ In this mode, once the DMAC gets the system bus, it transfers all the required bytes and only then

+ Thus, if 10 bytes are to be transferred, the DMAC requests and subsequently gets the system bus

However, the CPU remains Idle for a small amount of time (time requ!red for transferrmg only one

o If during the operatlon DREQ goes low, the DMA' operation Is stopped and the busses are returned

e There are clock states between machine évcles when the CPU does not use the address or data
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IV.

® ¢ e 0 0 o

DATA TRANSFER USING I/0 PROCESSOR (I/0O CHANNEL)

This is the most powerful method of data transfer.

Here, a dedicated 1/0 processor Is used to carry out I/O Transfers.
Thus the CPU Is free to perform any other type of operation.

This makes the system very efficient. :

For best results, such a system should have a separate I/0 bus for the 1/0 processor. .

Eg: With 8086 CPU, 8089 I/0 Processor is used.

Main

CPU progrums

] System hus

DMA REQUEST

{._DMA ACKNOWLEDGH

INTERRUPT REQUEST “op
ATTENTION ‘

!

‘Iig 10 devices
FIGURE 6,52
;If'prc.\cmali\_'c ¥¥stem containing an 0P,
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-

Test anention.
signal from CPU

Fetch parameters
from JOCR. Begin 1O
program exccution

Set up DMA: control
registers. Send com-
mand 10 10 device.

e}

R Transmit data

Place status message
in JOCR. Generate
10 interrupt request.

FIGURE 6.53
Behavior of a iypical 10P.

Steps for I/0 Processor data transfer:
1)

All that the IOP needs is a message from the CPU containing transfer parameters like (address and

- count etc), © In case of doubts, contact Bharat Sir: - 98204 08217.

The CPU stores the message at a predefined memory location in the CPU-IOP communication regilon

- as shown above, #Please refer Bharat Sir's Lecture Notes for this ...

Now the CPU will activate the CA (Channel Attention) line to trigger the 10P.
Now the IOP will take control of the bus to perform the I/0 transfer.

Firstly, the TIOP will read the message to get the transfer parameters.

Then it will perform the I1/0 transfer as per the message.

Once the transfer is completed, the IOP will store an appropriate message in the CPU IOP
Communication region and will indicate it to the CPU by sending an interrupt.

If an error was encountered, the IOP will store a'correspond_ing message for it in the memory,
This is how 1/0 transfers are performed using an IOP. ,
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Soln:

Assume CPU operating at 25 MHz. - sssssssssennninnns (May 2000 - 8m)
Read and write operations take 2 cycles each. '

DMA Processing time is 12 cycles.

Find max data transfer rate for Programmed I/0 and DMA Controlied data transfer.

1 Transfer = 1 Read + 1 Write
=2+2
= 4 cycles. -
o . . -k ~
1 Transfer = 4x(1/*)3MHz) = L ! x \O = O-lb x 10D
= 160 nsec. : 3% q A
J . . = 160 xwo ' = \60 Nsec
Hence in 1 Sec —_—,
_(transfer rate) = 1/160nsec . o - )
= e oan VsRC = 6250000 >
) Z6:2% x 100

2628 maNtes |see

Initialization for DMAC takes 12 cycles.

~ Assuming that the count register is 16 bits, the max block size = 2'¢ Bytes = 64 KBytes.

Time required to
Transfer 64 K Bytes = 12 + 64K Cycles
, (12 + 64K)/25MHz

1]

Time required to

Transfer 1 Byte = {(12 + 64K)/25MHz) / (64K) sec

Hence in 1 Sec
(transfer rate)

(64K)/{(12 + 64K)/25MHz}

z

main memory. The ste i :
i ; : PS associated
instruction cycle, with the
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FLYNN’S CLASSIFICATION OF MULTIPROCESSOR SYSTEMS (1)

flowing from main memory to the processor, while the operands form another stream,
the data stream, flowing to and from the:processor, as shown in Fig. 9.1.

Instruction stream.

Processor ] Memory '
P Data stream =~ - (M)

Fig. 9.1 Instruction-and data-streams In a simple computer

. In 1966, Micheal }.. Flynn has made an informal and widely used classification of
processor parallelism based on the number of simultancous instruction and data
“streams seen by the processor during program executivn. Suppose that a processor P is
operating at .its- maximum capacity, so that its full degree of parallelism is being
exhibited. Let my and my, denote the minimum:number. of instruction and data streams,

respectively, that are being actively processed. m; and my, are termed the instruction .

and data-stream multiplicities of P, and measure its degree of parallelism. Note that my
and ny, are defined by the minimum, instead of the maximum number of streams
flowing at any point, since the most limiting components of the system (its bottlenecks)
determine the overall parallel processing capabilities. y
The classification made by Micheal J. ’Flynn‘divides computers into four major
groups based on the values of mj and my, associated with their CPUs.
¢ Single instruction stream-single data streamy (SISD).
-+ Single instruction streani-multiple data streams (SIMD),
_* Multiple instruction streams-single data stream .(MISD).
* Multiple instruction streams-multiple data streams (MIMD). .
1. Single instruction stream single data stream (SISD) : m = my, = 1. Most
conventional machines with one CPU containing a single arithmetic-logic unit capable
only of scalar: arithmotic fall into this calegory. SISD computers and sequential

IS
Instruction siream
Control IS Processor DS Memory
unlt ' unit module
Instruction Pata
stream ~  stream

—

TTTTeesescce v s VA IALRLEEILY
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computers are thus synonymous. In SISD computers instructions are execute:
sequentially but may overlap in their exccution stages. (Pipelining). They may have
more than one functional unit, but all functional units are control by a single control}
unit, '

2, Single instruction stream multiple data stream (SIMD) : m; = 1, mp > 1. Thls
category corresponds. to array processors. They have multiple processing/execution;
units and one control unit. Thercfore, all processing/execution units are supervised by.
the single control unit. Here, all processing elements received same instruction from
control unit but operate on different data sets from distinct data streams. -

IS
Instruction stream
1
-1 Data stream
Processor 1
unit Memory | -
1 module
- 1
L]
lnstr‘us’c"liod , | Pata stream
Control ‘ P ’°Sg§5°‘ 2 | Memory
unit : s module
stream 2 o : 2
A -| Data, stream . .
Processor n - Memory.
unil ' 1 module
n 1. o

Shared memory

" Flg. 9.3 SIMD computer

3. Multiple instruction stream single data stream (MISD) :'m; > 1, m;, = 1, Not
many. parallel processors fit well into this category. In MISD, there are n processor
units. Each receiving distinet-instructions operating vver the same data stream and its
derivatives, The results of one processor become the input of the next.processor in the
micropipe.. The fault-tolerant compulers where several processing unils process the
same data using different programs belongs to the MISD class. The results -of such
apparently redundant computations can be compared and used to detect and eliminate

faulty results,

T R @
s

-t
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Instruction stroam n

- Data siream -

Instruction stream 2

Cell: 98204 08217
Data stream
18y | Controt Instruction stream 1 | Processor
unlt — !  unit
1 1
Shared memory
1S, Cc;nlrd Instruction stream 2 | Processor Memory -. Memory
unit - unlt - module m&? s« o] module
.2 2 1 2 n
1S, | Controt 'lnstrucUou stream n | Processor o
unit - unit )
n n

Instruction stream 1

4. Multiple instruction stre
‘Most multiprocessors system
calegory. In MIMD, there a

Fig. 9.4 MISD computer

am mulliple data stream (MIMD) : m; > 1, my; > 1.
and .multiple computers. system can be classified in this
re more than one processor unit having the ability to

. 1S, Control | ynstruction stream 1  Processor Data stroam 1
. unit fo——— — " it "Momary- |-
1 1 module
1
L ]
1S3 | Control | tnstruction stream 2 | Procossor |  Data stream 2 Momory
unit unit modula
2 2
2
IS, Control | instruction stroom n | Processor{  Data streom n Momory
2 unit unlt - modulo
n N n
Instruction stream n

Instruction stream 2

Insiruction siream 1

Cxecuke

sevesol p g s"mu—uantom(q_

ééé
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Processor Organizations

L

ey

, | | -

Single Instruction, Single Instruction, Multiple Instruction,  Multiple Instruction, o
Single Data Stream “Multiple Data Stream Single Data Stream Multiple Data Stream N
(SISD) . (SIMD) (MISD)  (MIMD) ool

©

P

Uniprocescor
Vector Array Shared Memory Distributed Memory
Processor  Processor : (tightly coupled) (loosely coupled)
Clusters
. - L3
Symmetric ' Nonumiform
Multiprocessor Memory
(SMP) ' - Access
: (NUMA) -
p;
‘o
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L B

v PCI | B..__US§.IBLJ§_LLLII_E_ awy

P | 8.3 PCI Bus Structure, A - .
S!.. In eariy 1992, Intel formed an another industrial group-with the same goals as the

VESA group in relation to ‘the I’C buys, The main intension behind. the formation of
Broup was to.overcome the weaknesses in the ISA: and EISA buses, They designed PCl
(Peripheral Component Interface) specifications in.June 1992, and updated in Apri]
1993. = ) ' i

8.3.1 Feétures

L Itis designed to economically meet the 170 requirements of moden:\ systems. It |
requires very few chips to implement and support other buses attached to the

]
‘.

PCl bus,

2. It bypasses the standard 1/0 bus, uses the system bus to increase the tus clock
speed and take fuyll advantage of the CPU's data path.

3. It has an ability to function with » 64-bit data bus,

4. It has high bandwidth. The information js transferred across the PCI bus at
33MHz, at the ful data width of the CPU. When the bus s used in
conjunction with 2 32-bit CPU, the bandwidth is 132 Mbytes/sec. It s
calculated as follows - ’ ' ’ ‘

33 MHz x 32-bit = L,056 M bits/sec
1,056 M bits/sec + 8 = 132 M bytes/sec _ o

5. PCl bus is designed to Support a  variety of microprocessor based
configurations including both single and multiprocessor systems.

6. The PCI bus can vperate concurrently with the Processor bus. The CPU can be
processing data in 3 external cache while the PCI bus is busy transferring

- information between other parts of the system,

7. The PCI bus is Processor - independent bus that can function as a mezzanine

7 or peripheral bus. '

8. It makes use of synchronous timings and centralized arbitration scheme,

9. It delivers better  system performance for high - speed 170 subsystems
(e.g. graphic display adapters, network interface controllers, disk controllers

Ny : and so on), :

10. The PCI interface contains a 256 bytes configuration memory which allows the
computer to interrogate the PCI interface, This feature allows the system to
automatically configure itself for the PCJ plug-board and hence it is referred to
as plug-and-play, R o

8.3.2 PCI Configurations

As mentioned earlier, PC] bus is designed to Support single processor as well as
multiprocessor systems. Fig. 8.49 (a) shows typical use of PCI in a single processor
system. ' : ’ ‘ ‘

Notice that the processor bus is separate and independent of the PC] bus. The
Processor connects. to the PCI bus through an integrated circuit called a PCI brid- :, The

memory controller and PCl bridge provides, tight coupling with the processor and
delivers data at high speed:s. ‘
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Flg. 8.49 (a) Coniceptual diagram of PCl bus for. slng!e processor system
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Fig. 8.49 (b) shows a typical use of PCl in 3 multiprocessor systenm. As shown in the
Fig. 8.49 in muItiproccssor:-systcms one or more PCl configurations may be connected
by bl‘idgcs to the processor’s system bus, Again, the use of bridges keeps the PO
independent of -the processor speed yet provides the ability to receive and deliver data
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