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complement nota‘uon (a=3 and b = -5}, compute the productp=ax b w1th Booth’ S algorithm*@s%,

Que.2: fCO3 & CO4; 5 Marks] A pipeline with 18 stages runs a program P having 4,076dnstructions. Branches

stalls each. Calculate the CPI of P on this pipeline. Nofe: Show @ll work to get full credit if your answer is
“rorrect, partial credit if not. % “%

Que.3: (A) [CO4; 3 Marks] Give an example with output depend%
Show how they can be solved by register renaming,

(B) JCO4; 2 Marks] Which data dependencies have toéf&»conmdered by a superscalar CPU using:
- in-oder issue with in-order completion? %@e%

- out-of-order issue with out-of-order completion?

tid another one with anti dependency

Que.4: For all following questions we assum

a) Pipeline contains stages: IF (InstructiomyFetch¥ ]S (Instruction Issue), RO (Read operand), EX (Instruction
Execution) and W (Write Results); %ﬁm *%%;%

b} Each stage except EX requlres one el%eﬁwéycle

T1mfﬁ.%d1 ggram of task segment processing is presented as below in table—

Tnstruction Clock cyele numbor R
: 12 3 4 5 6 7 8 9 18 1112 13 4 15 168 I7
LD F86, 20(R5) IFISROEX W

LD F2, 28(R3) IFIS ROEX W
- MULTD FO,F2,F4 IFIS " * ROMIMIMIW

SUBD F&,F6, F3 IFISROS W

DIVD F10.50,F5 IEIS ¥ * * * po D2 D3 D4 W
- ADDD F6, F&.F2 IFIS ROA W

SDF8SRSy . IF IS ROEXW



(A) fCO5; 3 Marks] What kind of hazards are between following instructions? Give explanation.
. LDF2,28(R5)and MULTD FO0, F2, F4 '
I. DIVDF10,F0,F6 and ADDD Fé6, F8, F2
. MULTD FO, F2, F4 and SD F8, 50(R5)

(B) fCO5; 3 Marks] What kind of data hazards are between following instructions? Give explanation.
IV. MULTD FO0,F2, F4 and DIVD F10, FO, F6
v. DIVDFI10,F0,F6 and ADDD F6, F8, F2

VI MULTD FO, F2, F4 and SD F8, 50(R5)

Que.5: Assume that a superscalar pipeline capable of fetching and decoding two instructions at a tinjé; having

three separate functional units (e.g., two integer arithmetic and one floating-point arithmetic), and having two

instances of the write-back pipeline stage. The example assumes the following constrain%s on a six-instruction
. & '

code fragment:
o 11 requires two cycles to execute. ‘Xf%&ﬁ%
o 13 and 14 conflict for the same functional unit. %‘F -

o 15 depends on the value produced by 14.

e 15 and I6 conflict for a functional unit. _

Consider the following code fragment and answer the question gi W
I1:R3 d R3opR5 ) S,

(57

I2:R4d R3+1
I3:R3 d RS +1 | %%

14: R7 d R3op R4 .
(A) [CO5; 2 Marks] Provide the superscalar Instructi
order completion”. *‘%g}

se and completion policy for “In-order issue with in-

 (B) [CO5; 2 Marks] Provide the superscalar %%%ruction Issue and completion policy for “In-order issue with
out-of-order completion™. '

(C) [CO5; 2 Marks] Provide the

Eh]

with out-of-order completign”.

o 1ar Instruction Issue and completion policy for “Out-of-order issue

/hat is the meaning of each of the four states in the MESI protocol?

(B) [CO6; 2 Marks @, trend towards giving an increase fraction of chip area to cache memory?

. Que.7: [COI1 & C03; irks] Consider a disk with N tracks numbered from 0 to (N - 1) and assume’ it
rs are distributed randomly and evenly over the disk. We want to calculate the average number

of trac traversed by a seek. J
i culat®the probability of a seek of length j when the head is currently positioned over track t. Hint:

a matter of determining the total number of combinations, recognizing that all track positions for the
destinatiof#st the seek are equally likely. '

(B) Next, calculate the probability of a seek of length K. Hint: this involves the summing over all possible
combinations of movements of K tracks.

(C) Calculate the average number of tracks traversed by a seek, using the formula for expected value
N—1

Blx] = i X Prlx = ]
i=0
(D) Show that for large values of N, the average number of tracks traversed by a seek approaches N/3.



