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ditional branch i s, on the foll g three with the same instruction
set architecture. The condition is taken for 30% of the conditional branch instructions.
(a) Single-cycle implementation with clock cycle time of 2 ns.
(b) 5+ -tun p:pelmed implementation with clock cyele time of 500 ps which stalls one cycle for a
1 branch i ion when the condition is taken.
(c) 10-stage pipelined implementation with clock cycle time of 300 ps which stalls two cycles for
a conditional branch instruction when the condition is taken.
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ly code is a calculation part of a program which sequentially reads
array stored in the memory, obtains & sum of all elements, and stores
lesignated memory address. In this code, IQO indjeaty labels, and r1
registers. Assume that the values of register £, ¥27and initialized to
of elements in the array, address of the array, and the-address
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I1: LD r3 0(r2) 3
I2: ADD r4 14 13 4 =ra+r
4 4 3 g
13: ADDI r2 12 8 w8 P2 = r2+@  begin t &
14: ADDE r1  [@] et r@ -| L=t (D
15: BNZ s n
16: ST [6] 0(x5) [a] D(rs) ry
(2) UFRTOEH (1), (i) 20T, BYTIREMRETDa, b, c OBRML D VR, () Answer the relevant data dependency for the following instruction pairs (i) and (if),
O #bTEAND respectively. Choose the correct answer from the following a, b, and c.

(i) instruction T1 and instruction 12 AAW O

(ii) frfr 11 L I3
(ii) instruction 11 and instruction 13 WA A b

a. Read After Write (7 7 —{k#)
b. Write After Read (E{7F)
c. Write After Write (Hi71#F)

a. Read After Write (Flow dependency)

b. Write After Read (Anti-dependency)

c. Write After Write (Output dependency)
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Consider a pipelined processor whose stage organization and processing times are given
in the following table. Answer the operation frequency of this processor. Each stage is
completed within a cycle. You can assume that margins such as for mitigating clock skew
are already involved in the values in the table. Note that [ps] represents 10~'? seconds.

T F 250 [ps] T loso Ps Totch 250 [pe]
Fa-F 100 [ps] %% 300 P$| Decode 100

LZRHY—F | 150 [ps] yrT o+ % UF 1| Register read ml;l:}
Tp¥¥a—} | 100 [ps] T o0 p;»;wl" Buocute 100 [ps]
AEYT 742 | 300 [ps] , = 3" Memory access | 300 [ps]
VYRS 54 b [ 150 [ps] = e Register write_| 150 [ps)

{4) Corisider that the code in (1) is executed with this pipelined processor. Here several
instructions are expected to generate pipeline(b Answer wul
md the name of the relevant hazard type for each. Assume that the processor is single-

issue and in-order. You can also assume the operand forwarding. )
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42 A4 3 Table (a) Instruction formats and instruction/set (all numbers in this table are decimal).
OP AL 24 =X TA—WF_ U,
j&‘ )(L Format | Field 32 it_| 7€»7Y -a=-F
. > < R [(@p) rs | rt | rd [ shamt | funct)| Assembly code
rs, 1t ﬁl llrﬂ ”kwé] Inst- | width [6b [5b[5b[5b | 5b 6b | EhfE
N ruction I op|rs|rt Immediate Operation
W‘( : - width [6b [ 5b | 5b 16b ‘
add R O |rs|rt|rd 0 32 | add rd, rs, rt 2
Sh o\mt : Aé% addition: R[rd] = R|rs] + R|rt] m,iﬁ'ﬁ:
. sub R 0 |rs|rt|rd 0 34 |subrd,rs,rt 0
ct 7 b subtraction: R[rd] = Rrs] — Rrt]
fM net ]"lﬂi and R O |rs|rt|rd 0 36 |and rd, rs, rt
logical AND: R[rd] = R|rs] & R|rt]
or R O (rs|rt|rd 0 37 |orrd,rs,rt
logical OR: R[rd] = R|rs| | R[rt]
nor R O [rs|rt|rd 0 39 | nor rd, rs, rt
logical NOR: R[rd] = ~(R([rs] | R[rt])
addi I 8 | rs | rt Imm addi rt, rs, Imm
add immediate: R[rt] = R[rs] + SignExtImm
andi 1 12 | rs | rt Imm andi rt, rs, Imm
AND immediate: R[rt] = R[rs] & ZeroExtImm
ori I 13| rs | rt Imm ori rt, rs, Imm
OR immediate: R[rt] = R[rs] | ZeroExtImm
I 35 rs | 1t Imm lw Ft, Imm(rs) R i"
lop.Jl WUH load word: R[rt] = M[R[rs] + SignExtImm] é')y FS‘M) ﬂtﬁt, + Imm %ﬁ%%‘%“ ftﬂt
P ’Bl I 43 | rs | 1t Imm sw rt, (rs) )
/
S‘tOIG W N{ store w&%’nM[R[rs] + SignExtImm] = R|rt] géé]’rlig lW *lgl)?\_
sl R 0 0 ]rt]|rd|shamt 0 | sll rd, rt, shamt
logical shift left: R[rd] = R[rt] << shamt
srl R 0| 0 (rt|rd|shamt 2 srl rd, rt, shamt
logical shift right: R[rd] = R[rt] >> shamt
sra R 0[O0 |rt]rd|shamt 3 sra rd, rt, shamt
arithmetic shift right: R[rd] = R[rt] >> shamt
0060 o000 00ID 00/D OI|D 000DO 0O[O 00O(D
Instruction 1: 00225022 rs=l  ri=) rd=[0  shmt:0 ~ 24 func
Instruction 2: 01425825
Instruction 3:  2141fff0 sub | >,l0

Instruction 4: ad420080

(a) BHGESR AT (16 X

Figure (a) Sequence of machine code instructions (hexadecimal).
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IEEE 754

(2) IEEE 754 %0 BURE BE 212 B/ MR BT OV T, AT ORJICE L.
Answer the following questions on IEEE 754 single-precision binary floating point numbers.

(a) -9.375 % IEEE 754 & O BRE 2 ER B/ RRB TR,
Express -9.375 in IEEE754 single-precision binary floating point representation.

(b) ¥ IEEE754 $i4& D BOREBE 212 B/ NEUR B OB DGR % IEEE 754 $4E DB 2 12 B/NK
REBTRE. ADE— N3 HHEELD) 2EEEX
Show the result of the following addition of IEEE754 single-precision binary floating point
numbers in IEEE754 single-precision binary floating point representation. Assume that the
rounding mode is “round to the nearest”. ,

0_10100000_11010000000000000000000 + 0_10001100_01011000000000000000000
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() O¥FAEBE Y b2 DHERIR THRY.

@ +36 G)  -24
b)) KO8y hD 2 DHFERBED 2% 8 ¥y NS EHEMERRICERE X.
@) 10101111 (i) 11110000 [o [0 /(1]
() DBy D 2 DFHARZD 2 EH AR TOMAL LUOBEDORKBRERE. )00
@ 10101111+11110000 (i1) 10101111+10101111 wﬁ
(ii1) 10101111-11110000 (iv) 11110000-10101111
(d) 8E'yhrD2DMHEHRIAD2EHMAR T 10101111 Z2Ey MAHTA L 7RLILERERE. [0 AR
_ , , 1331@)1 ) \ (b
(1) Answer the following questions on the binary number system. 20) ig{_ @
(a) Express the following numbers in the 8-bit two’s complement representation. ([b 0(0600 ; 5
() +36 00/oo|oO (1) 24 (|lo|poO ( 001, oooo)
(b) Convert the following 8-bit two’s complement binary numbers into the 8-bit - A w
sign-and-magnitude representatlon /°l000 (1) o L/7
@ 10101111 ||0[000| 11110000 1009000 "
(c) Show the results of the follow wo’
complement binary number system.
@) 10101111+11110000 °°/ 11'" (i) 10101111+10101111 0VE "ﬂ"w < [1() 00O 0
(i)  10101111-11110000 | (|| Gw) 11110000—-10101111 0100000) [olol(l]
(d) Show the result of the 2-bit arlthmetlc right shift operation on 10101111 in the J
8-bit two’s complement binary number system. e ([ o] 000 ( N (000 1117
\ b ) o0 O
> “Qlllll‘l 7VL \ j¥*%%42' ;SHTIII )pjgw+l (100100“”3
L
oo o fopr Lo = (atbt) —y* =~|b
r 0 (v
| topy M~

X __&?%45; féé



TTE BRI

#eAl

Q) MDY D2 DFRMBREAD 2EBIIKTEIRACBVWTETOHAMEATTAZ LICL
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S 011101, FH: 010110

lain radix-4 modified Booth’s algorithm by showing all the partial products of the
Itiplication for the following pair of 6-bit two’s complement binary numbers.
Multiplicand: 011101, Multiplier: 010110
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