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Write your answers in the box/space provided.

1a. 1b. 1lc] -1or
to= 26 3
(2] $ (2] 21\ OxFFFFFFFF or
$t1 = 31 232_ 1
éﬁ- 0x00108042
le. St0 is the number of leading zeros in $s0 / number of Os before first 1 / position of
2] leftmost 1 / floor(log($s0))+1 if $s0 != 0 else 32 / number of bits in minimum
binary representation
[NOT ACCEPTED: log;(5s0) without the condition; use of digit instead of bits; no mention of
minimum because all are 32-bits]
St1 is the (total) number of zeros in 5s0 / 32 — number of 1s
.| 1w $te, 80($zero)
1| srl $te, $to, 16
Q1l: i l ; 12
iﬁ @XBE999999
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323- The first 4 bits do not come from PC+4, OR
2] Use of sign-extend instead of zero-extend [this is an edge case where
address starts with bit 1]
3b. | 0x00032100
(3]
3c. [3] NOTE: X can be replaced with either 0 or 1; Mark per group all values in group must be correct
RegDst | ALUSrc | MtoR | Reg Mem | Mem | Branch | IsJump? ALUop
Write | Read | Write . Opl | Op0
R-type 1 0 0 1 0 0 0 (%] 1 0
Iw 0 1 1 1 1 0 0 (%] 0 0
SW X 1 X (%] 0 1 0 (%] 0 0
beq X 0 X 0 0 0 1 19 | 0 1
j [ X X X ) X 0 X || [1° 11
3d. [4]
Inputs
Op5
Op4
Op3
Op2
Op1
UDO . 4
0ot | & oumL 000 ololl ooo uE
k Outputs
i R-format lw SW be
J L RegDst
) ALUSIC
MemtoReqg
) RegWrite
MemRead
MemWrite
t—\ Branch
} / ALUOp1
| )_—— ALUOpO
— |5 Jump?
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3e.| @111
[2]

Q3: C]/M

4a.
[10] DA= A:-B'+A:-C'+A"B-C-D

TB= C

TC= A'+B'+(C'
JD= B-C

KD = A-B-C

4b.

) OO OO ®

/@ O OO @

O—O=@O—w— @*@

Is the circuit self-correcting? Why?

4c.

[1]
Yes, it is self-correcting as any unused state can transit
to a used state after a finite number of cycles.

Qa: /16
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6a.
2] | Setindex: 3 bits; Offset: 4 bits
6b.
3] | A[0]>Set_0 ;  B[60]>Set_ 7 ; ([1032] > Set_ 6
6C.
[6] | HitrateforarrayA: 7/8 ; arrayB:_3/4 ; arrayC:__3/4
6d.
[2] Number of misses in first iteration: 6
6e.
[2] Number of misses in second iteration: 2
6f.
[3] Total number of misses: 2053
Q&i |/18
7a.
2] The jump (j) instruction incurs one stall cycle, if computation of
the next PC value is done at ID stage (stage 2).
7b. Without forwarding/branch 7c. With forwarding/early 7d. With forwarding/early
[3] decision at MEM stage [3] branching/no branch prediction [3] branching/branch predicted
not taken
38 cycles 27 cycles 26 cycles
/e.
[3] Move instructions 10 and 11 to after instruction 13, reducing 2 stall

cycles 1w  $t6, 0($t0) # Insts
or 1w $t7, 0($tl) # Inst9
1w $t8, 4($t0) # Instl2
1w $t9, 0(s$t2) # Instl3
add $te6, $t6, S$t7 # Instl0
SW $t6, 0($t0) # Instll
add $t8, $t8, $t9 # Instld
$t8, 4($t0) # Instl5

Other alternative answers possible. Too many to list here.

=== END OF PAPER ===
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Workings

Q1 (a) Via tracing and/or reasoning of the program (i.e., do Q1 (e) first).
(b) 4310 = 101011,. Based on Q1 (e), number of non-leading zeros = 2. Total = 3 (1 for
last branch).
(c) -1.i.e., OXFFFFFFFF = no leading zeros and no ones.
(d) R-format: srl $s0, $s0, 1
Encoding: 000000 00000 10000 10000 00001 000010
Hexadecimal: 9x00108042
(e) Program reasoning
(f) Minimum is 2: load and shift.

Q20.310 = 0.0 1001 1001 1001 1001 .. >
Normalise: 1. 0011 0011 0011 0011 0011 0011 0011 0011 0011 .. x 22
Exponent: -2 > 127-2 = 125 = 0111 1101
Mantissa: 0011 0011 0011 0011 0011 001 (truncate to 23 bits)
Sign bit: 1
Binary: 1011 1110 1001 1001 1001 1001 1001 1001
Hexadecimal: ©xBE999999

Q3 (a) The first 4 bits should come from PC+4 (OR sign extend is used)

(b) Since the first 4 bits do not come from PC+4 but instead, sign extend is used, the first
4 bits always follow the MSB. In this case MSB =0, so first 4 bits = 0.

Binary: 0000 1000 0000 0000 1100 1000 0100 0000

Opcode: 000010

Address: 0000 (incorrect, not from PC+4) 00 0000 0000 1100 1000 0100 0000 00 (/ast
2 bits always 00)

Hexadecimal: 0x00032100
(c) Mostly everything is don’t care. However, we should not write into register and we
should not write into memory. Mem Read actually don’t really matter because we will
not write into register anyway, so | accept both 0/X. Similarly with Branch as it is
superseded by IsJump?.
(d) The AND gate in j should encode 000010. The OR gate should be used: ALUOp1 = R-
type ORj; ALUOp2 =beq OR|j.
(e) Binary: 0000 1000 0000 0000 0000 0000 0011 0001

Expand: 000010 00000 00000 00000 00000 110001

op rs rt rd shamt funct

FO=1; F1=0; F2=0; F3=0

ALUControl3 =0

ALUControl2 =ALUOpO+X=1+X=1

ALUControll = ALUOp1' +F2’=0+1=1

ALUControl0 = (FO+ F3) . ALUOp1=(1+0).1=1

ALUControl = 0111
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Q4. Current state Nex state
A B C D | DA=A* B* ct D* B TC JD KD
0 0 0 0 X(0) X(0) | X(1) | X(0) | X(0) | X(1) | X(0) | X(0)
0 0 0 1 0 0 1 1 0 1 X 0
0 0 1 0 0 1 0 0 1 1 0 X
0 0 1 1 0 1 0 1 1 1 X 0
0 1 0 0 0 1 1 0 0 1 0 X
0 1 0 1 0 1 1 1 0 1 X 0
0 1 1 0 0 0 0 1 1 1 1 X
0 1 1 1 1 0 0 1 1 1 X 0
1 0 0 0 X(1) X(0) | X(1) | X(0) | X(0) | X(1) | X(0) | X(0)
1 0 0 1 1 0 1 1 0 1 X 0
1 o | 1] o | x [ x@ [ x0 | xo0) |x@) |[x@)]x0o) | x0)
1 0 1 1 1 1 0 1 1 1 X 0
1110 ol x| xv x| x0 | xo0) |[x)]xo0) [ x0)
1 1 0 1 1 1 1 1 0 1 X 0
1| 1| 1| o] x0 | x0 | x1)] x| x@ [ xo0)] x@) | x@)
1 1 1 1 0 0 1 0 1 0 X 1
DA 1B C TC
— — —
S ~
X 0 0 0 X 0 1 1 X 1 1]
0 0 1 0 0 0 1 1 1 1 1)
B B
(x | 1) o | x x| of1]x X 0| X
A A A
X 1 1 X X 1 X
‘ o (1] x) )| x|
S S —
D D D
DA=A-B'+ A-C'+A"B-C-D B=C TC=A"+B"+(C'
JD C KD C
— —
X X 0 0
0 1) x| o]o
B
X X 0 1
A - - A
X X 0 0
S "
D D
JD=B-C KD = A-B-C
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¥*m(0, 2,3,4,6,7,12,14)

R(A,B,C,D)

Q5(d)

Q5(e)

X=A

Y=A®B

Z=A+8B
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Q6. Tested on QTSpim

# Q.asm

.data

A: .word 1, 2, 3, 4, 5, o6, 17,

B: .word 101, 102, 103, 104,

C: .word 201, 202, 203, 204,

n: .word 8

.text

main: la $s0, A # $s0
la $sl, B # S$sl
la $s2, C # $s2
la $t0, n # St0
1w $s3, 0(St0) # $s3

105,
205,

8,

is
is
is
is
is

9, 10,
106,
206,

11,
107,
207,

the
the
the
the
the

base ad
base ad
base ad
address
content

12,
108
208

13, 14, 15, 16

dress
dress
dress
of n
of n

of array A
of array B
of array C
(size of array B)

FHAAF A A A A

add $t0, $s0, $0 # Instl
add $tl1, $s1, $0 # Inst2
add $t2, $s2, $0 # Inst3
add $t3, $s3, $s3 # Instd4d: $t3 = 2n
add $t4, $0, $0 # Instbh
Loop: slt $t5, $t4, $t3 # Inst6: k < 2n
beq $t5, $0, End # Inst7
1w $t6, 0($t0) # Inst8
1w $t7, 0($tl) # Inst9
add $t6, $t6, $t7 # InstlO
sw $t6, 0($t0) # Instll
1w  $t8, 4($t0) # Instl2
1w $t9, 0(s$t2) # Instl3
add S$t8, $t8, $t9 # Instl4
sw $t8, 4($t0) # Instl5
addi $t0, $t0, 8 # Instlé
addi $t1, $t1, 4 # Instl7
addi $t2, $t2, 4 # Instl8
addi $t4, $t4, 2 # Instl9
j Loop # Inst20
End: 11 Sv0, 10 # system call code for exit
syscall
_ User data segment [10000000]..[10040000]
Data: [10000000] .. [1000££££f] 00000000
[10010000] 0000000102 0000000203 0000000105 0000000206
[10010010] 0000000108 0000000209 0000000111 0000000212 | Ao 4
[10010020] 0000000114 0000000215 0000000117 0000000218
[10010030] 0000000120 0000000221 0000000123 0000000224
[10010040] 0000000101 0000000102 0000000103 0000000104
[10010050] 0000000105 0000000106 0000000107 0000000108 ||Array B
[10010060] 0000000201 0000000202 0000000203 0000000204
[10010070] 0000000205 0000000206 0000000207 0000000208 Array C
[10010080] 0000000008 0000000000 0000000000 0000000000
[10010090]..[1003f£f£f£f] 00000000

- Page 10 of 13 -




Set index: 3 bits; Offset: 4 bits.

(b) A[0] at 0x00000080

00000080 - 00 ... 0000 1000 0000 > Set 0

Q6.(a) 64 words; 1 block =4 words = 16 bytes = 16 blocks. 2 blocks per set = 8 sets.

B[0] at 0x00100000 -> B[60] at 0x001000F0 (60x4 = 240 = OxFO)
001000F0 > 00 ... 0000 1111 0000 -> Set 7

C[0] at 0x00108040 —> ([1032] at 0x00109060 (1032x4 = 4128 = 0x1020)
00109060 -> 00 ... 0000 0110 0000 -> Set 6

(c) A[O] at set 0; B[0] at set 0; C[0] at set 4

C€s2100

The cache content for the first 16 iterations is shown below (array element A[k] is
shown as Ak.)

Block 0 Block 1
Set 0 A0 Al A2 A3 BO B1 B2 B3
Set1 A4 A5 A6 A7 B4 B5 B6 B7
Set 2 A8 A9 A10 All B8 B9 B10 B11
Set3 | Al2 Al3 Al4 A15 B12 B13 B14 B15
Set 4 Co Cl C2 c3 Al6 Al7 Al18 Al19
Set5 ca C5 C6 c7 A20 A21 A22 A23
Set 6 C8 9 Cc10 Cl1 A24 A25 A26 A27
Set7 C12 C13 Cl4 C15 A28 A29 A30 A31

For parts (d), (e), (f):

Index = 2 bits; byte offset= 4 bits. Address OxOOFFFF18 = 00... 1111 1111 0001 1000.
Therefore, first instruction is at index 1 word 2.

The cache is shown below:

WordO Word1 Word2 Word3
Index 0 | Instll Inst12 Inst13 Inst14
Instl Inst2
Index 1 | Inst15 Inst16 Inst17 Inst18
Index 2 Inst3 Inst4 Inst5 Inst6
Inst19 Inst20 Inst21 Inst22
Index 3 | Inst7 Inst8 Inst9 Inst10

- Page 11 of 13 -



Cs2100

(d) First iteration, misses at instructions 1, 3, 7, 11, 15, 19 = 6 misses.
(e) Second iteration, misses at instructions 6, 19 = 2 misses.

(f) There are 2'° = 1024 iterations. First iteration = 6 misses; second through 1024t
iterations = 1023 x 2 = 2046 misses; one more miss due to instruction 6.
Therefore, total = 6 + 2046 + 1 = 2053 misses
Partial credit: 1 mark for 2052

Q7. (b) 38 cycles (Partial credit: 1 mark for 37 or 39)

Cycle (1|2(3(4|5(6|7|8]|9

11
add

12
add

13
add

14
add

15
add

116
addi

117
addi

118
addi

119
addi
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Q7. (c) 27 cycles (Partial credit: 1 mark for 26 or 28)

Cycle (1|2(3|4|5|6|7|8|9

11
add

12
add

13
add

14
add

SW

116
addi

117
addi

118
addi

119
addi

Q7. (d) This will save one stall cycle for instruction 8 (Iw). Hence 26 cycles. Award mark if
this answer is one less than answer for part (c).

Q7. (e) Move instructions 10-11 to after instruction 13. This would remove the data
dependency arising from the add-after-lw instruction, reducing two stall cycles.

- Page 13 of 13 -



