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2025 Spring CS110 Final Exam Answer Sheets

Please write down ALL your answers on the answer sheets to get marked.
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4. Digital circuit and finite-state machine (FSM)

(a) Complete the FSM state transistion diagram. Select all conditions that apply.

Fill in the blanks below the transition conditions

()
Complete this truth table for the detector first and then build your circuit below
cache miss | block O cache hit | block 1 cache hit | Legal
0 0 0 0
0 o [ \
O { 0 L
0 ( ( 2 | 5.5 ponts
[ 1% 3] |
{ Y [ P :
0. ré
( [ 0 0 5 por b
( [ l (%
Buxld your | ut detector below
Cachemiss | K ﬂ\\\\
by L o
. Block0 Legal
" cachehit ; _ : or not
Block 1 |
cache hit
\‘~
The detector that you are requii‘ed tobuildis a A ‘ (select all that apply)
A. digital circuit \ PW{’

B. synchronous circuit

C. register
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(c) Complete the truth table for the LRU-2 manager below.

Complete this truth table for the LRU-2 manager

cache miss (M) | block 0 cache hit (hit0) | block 1 cache hit (hit1) | LRU, L, | Loy
1 0 0 0 1
o) ( ) ) o) | ,
0 ) | x 0 / vy })an't esch e
( ) 0] [ 0
Q ( o [ )
Y 0 [ [ /

Write down the logic expression of the truth table in the form of sum of minterm. To simplify,
use “M” to represent “cache miss”, “hit0” for “block 0 cache hit”, “hit1” for block 1 cache hit and
“L” for LRU in the logic expression. Leave the logic expression as it is and do not simplify.

L= Mbto pit Lo + M jieo WY hitl T+ Migohitl Lo

3 P";“”

Build your LRU-2 manager below with exactly the logic expression above. You can use ONLY
not, and and or gates with arbitrary number of inputs.

Build your LRU-2 manager below

Cache miss

Block 0
cache hit

| DFF

1S points

LRU

Block 1
cache hit

a—
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5. RISC-V

(a) Fill in the following RISC-V assembly code (assume on a 32-bit platform). Hints are provided
at each instruction to be filled in:

recursive_sum:

2 # Prologue: Save callee-saved registers and ra
3 addi sp, 92, —)2  # Allocate stack frame for needed regs
4 sw ra, _% (D) # Save return address to stack
Sw 469, ‘4'(‘»?) # Save s0 (callee-saved) to stack
(SVVAAY o($g) # Save sl (callee-saved) to stack

# Base case: if index >= length, return 0 (use a branch instruction)
bg@ O, Ay, base_case

1 # Recursive case:
12 addi SS9, w0, O # s0

array base address

13 addi _Sl. 4, © # sl = current index

14

15 # Load array[index] into tO

16 slli to, al, # £t0 = index * 4 (byte offset)

17 add _tw, %o, e # t0 = garray[index]

18 1w t1, 0(t0) # t1l = arrayl[index]

19

20 # Prepare arguments for next call: recursive_sum(array, index+l,

length), note that you may not need all the lines before jal
2 add: al, al,|

z P v s, £

23

24

25

26 jal recursive_sum # Recursive call ‘(result in a0)
27

28 # Add array[index] to the recursive result

2 A ' y# a0 4= array[index]

3 j exit 5

» base case:

£ I Q0,0 # Return 0 for base case
34

s exit:

36 # Epilogue: Restore saved registers and return
. [w st 0lsp)

3 (v 59 U'(SP)

39 e o 245 )]

4 addi sp, 5P 1% # Deallocate stack

u ret
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(b)

i. Answer and explanation:

For on amézjo{-ng%n, thee are w4 stak Frames (onapor
Teursve Gl + base @se) ., Fadh Hrame wges 1L bytes (v, s0,51). (1poat)

Cn+A) X1 ClFm‘/ﬂ’)

ii. Answer and explanation:
The progrom) Woulk Jump to garbagb on re—(,— oY C,mg\irg or

Leoping infnitly.  One poss. e WZ ,,OZ'Z; ?ﬁ:& | point. Moimar 2 pois

6. Numbers, Pipeline, and Memeory Hierarchy

Z ponts
The Hamming ECC codeword is in the hexadecimal format (for this
question you do not need to add one extra parity bit at the MSB).

(b)

i. From (A) to (F), put the least and correct begz instruction(s) onto one or some of these
places. :

(A)
®B) ' ;

© beq_;: tr, 14 Yoty
D)
B
(Y]

ii. List all hazards for I1 to 14 instructions in the table below.
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Instructions Il 12 3 4
_ E D N
. g 2 N eath blanlc
0,
(c) The cache hit rate is 4o 'A (in percentage, that is, 2%). 0.5 Fo‘m-{-

Please fill in the following tables.

Virtual address PPN Page hit/fault | Physical address
0x11C 0x02 hit 0x05C
Ox 120 Oxo\ Bult Dxp20
O X 2\ Dx ol hit pxo2Y
O K 0F% 0 %03 ‘ot 2xo]8
Ox12% 0x o0\ hit w028
O X 12C Onroy. hi¢ pxore
O X120 @x 0\ it OXx030
0 %120 OX 01 hi< On 020
o X132\ 0 X 2y hit (9x 03¥
0 X020 OXos Sl Oxo Mo
VPN | PPN (excluding valid bit)
0x00
0x01 OXOS ] Pom‘ each
0x02 [ in total 2 fo.’n*g‘s)
0x03
0x04 (-]
0x05 3 <
O = Vﬁ;nm& 0.2 qu{—
0x07 0x03 for Modﬁfy\‘ﬂﬁ eath |ineg
Lt Oxti2 tht showil not be moddified
0x09 Oxa ,
0x0A 0x04 witl 0.
0x0B
0x0C 0x06
0x0D
0x0E 0x08
0xOF
[ Block Number 0 | 1 | 2 1 3
Tags (Initially) 0x0A 0x0B 0x0C 0x0D Y points
Tags (Finally) Oxos 0401 pxo| 0x032 r
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7. Datapath
@
1.
instrution | imm reg-en | isbeq | op2 | ALU | re | we | wb_src
addi | ] 0] l / 0 |o ]
1w | | o ! | [l | O ()
add X [ [9) © |1 |Jolp I ! Point .
beq 2| o [ ToT® piol x POt Eada g,
sw 0 o) 0 | | 0| | X
ii.
instruction A B C
addi 8 2 2
1w ~\ ¢ 2 'W;/Vf euch )ve
add X L Y
beg —-% 0 X
sw L 2 X
(b)
i
PCReg | IMem | Ctrl. | Imm. Regfile | MUX(op2) | ALU | DMem MUX(wb)
W 1420 |io]o] 90l N0 | |2b0 |4 [ 2260 | 232,
2 ponts  in-totn).
ii. Answer:

PC = Liem—= Cortiol = Tmm — Miax(op2) > ALL= DMom > iy fub) — rogfile

iii. Answer:

l / (ae-tq+ tepmpt+ ‘tsaup)

B ?oMJr S

l[)o.'/ds



