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_design in FIGURE Q1. All gates have the following propagatio
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le-carry adder is to be built using the 1-bit full adder . .

delays; inverters have a delay of 2 ns, 2-input ANDand ORgates
have a 6 ns delay, 2-input NAND and NOR gates have 8 ns delay
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Cin s 2

Evaluate the worst case.path.or critical path for-the 4-bit adder ..

in FIGURE Q1.
[8 marks]

 the 1-bit adder

Based on -the RISC-V*instrlictich. set architeéture and the -

2=V processor, determine if
the following instructions are able to be compiled and/or able to

be executed in a correct manner:

i. beq x1 , x2, Ox1ffff
[4 marks]

il. jalr Ox3ffffff
[4 marks]
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FIGURE Q2

Suggest and speculate the possible type of instructions or class
of instructions that can be executed on the datapath illustrated in
FIGURE Q2.

[8 marks]

A new instruction as listed in TABLE Q2b is to be added fo the
datapath illustrated in FIGURE Q2. Design and modify the current
datapath in FIGURE Q2 to be able to execute the following
instructions in TABLE Q2b. Also determine the: control signals

needed for all instructions to be executed on this data path.

TABLE Q2b
Instruction Instruction Operation
and rd,rs1, rs2 Reg[rd] € Reg[rs1] + Reg[rs2]
iwrd, imm (rs1) Reglrd] <- Mem (Reg[rs1] + SignEx [Imm])
sw rt, Imm(rs1) Mem (Reg[rs1] + SignEx [Imm]) <- Reg]rt]

[15 marks]
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units have latencies as listed in TABLE Q2c.

TABLE Q2c
Functional Unit Latency (ps)
Instruction Memory 350
Adder 100
Multiplexer 60
-ALU 250
-Register File Y H.200:0
Data Memory 550
Program Counter 100
Sign Extender 100

List all possible critical paths in the datapath. Determine the clock
cycle time required for the single cycle processor.
[6 marks]



3.
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ing piece of code is

Unit that is able to insert bubbles and stall the pipeline. Using a

clock cycle table, analyze the execution of the program as it
passes through the pipeline stages. Use the ;;ollow_iéng

standardized notation to indicate the pipeline stage for each

instruction:

IF - Instruction fetch

ID - Instruction Decode
EX - Execution

MEM - Memory Access
WB - Write back

[8 marks]
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forwarded from the source stage to the destination stage. Use the

same notation as in part (b).
[10 marks]
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4. In a computer memory system, a series of address references are

a. Assuming that:a direct- mapped cache with 2 line capacity and -
/..label each reference .in the list

as a hit, compulsory miss or conflict miss and show the final
contents of the cache and tags in the table in APPENDIX I.
[10 marks]

b. Assume that a four-way set-associative cache, with 2-line

APPENDIXII.

[15 marks]

(o} Determine the hit rate for each cache in part (a) and part (b), and
speculate on the cache parameters that would affect the hit rate
in the cache and the limitation of these changes.

[6 marks]

-END OF PAPER-
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APPENDIX |

* Question 4a :. 7
Detach this APPENDIX | and attach it to your answer booklet
Examination 1D :

Hit / Miss Identification

0x10

0x12

0x13

O0x14

0x15

0x17

0x19

Ox1la

Ox16
0x14

0x13

0x15

0x17

Ox1c

0x16

0x13




EDB4033

Final State of Cache

Block Tag Word 0
Number Data
0
1
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APPENDIX Il
Question 4b :
Detach this APPENDIX Hl and attach it to your answer booklet

Examination ID ;

Hit / Miss Identification

Miss / Conflict Mis:

© © Address Reference

0x10

Ox12
0x13
0x14

Ox15
0x17

0x19

Ox1la

Ox16

Ox14

O0x13

0x15

0x17

Oxlc

Ox16

0x13
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Final State of Cache
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APPENDIX Il (continued)

Block Set #0 Set #1
Number Tag Word 0 Word 1 Tag Word0 Word 1
0
1
Block Set #3
Number | - Tag: Word 1 Tag Word0 | Word1
0
1

11
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APPENDIX Il

RISC-V Green Sheet

MNEMONK M1 NAMIE

widt, acbiw R ADD (Word)
kb, b I ADD Immediate (Waord)
I | R AND
ars 1 AND lm“
Age U Adkd Upper Imsoodiate (0 PC
b g SB  Branch EQual
Erege: SB Branch Gircarey thun s Equul
brge i SB  Branch » Unsigned
e SP Bianch cus Than
pese SB Branch Less Than Unsignod
hee SB Branch Nt Equal
mar 1  Cow. Seat.RegRead&Clew
zzeel I Comn.'SsatRegRead&Clear
Imm
rt I  Comnt. SaiRegResd&Set
s=rern I  Cont Seal RegReaddSct
b
rrrw 1 Cone “Stal. RogRead&W i rne
rErT e I Com.'Sem.Reg Read& Wnile
i
“bissinn I  Environmeni BREAK
-l I  Envinomenm CAELL.
tence I Synch thwead
tenae 3 I  Synoch bnstr & Duta
1A LY Junp & Lank
pa i 1 Jump & Link Regiver
b 1 laoad Byte
heu 1 1.+ad Byte Unsigned
P 1 Load Duublewond
ik ] 1 umd Hallwoed
= 1 Lowad Hatfword Ulnsigned

feat |74

1 .oad Upper Imnmwediste
1 cad Wowd

1 ned Word t mugned
OR

OR Lanmidwaw

Siure Byte

Stowe Doublewnard
Stuwe }Halfword

Shaft Left { Word)

Set Lons Than

Set | eve Than Inwncdame
Sct = Imoedie Ulosgnod
Set Lews Thun Unsygned

Shift Right (Waoed)

SUBract (Wond)
Stwre Woed
XOR

XOR Inmedaawx

=YL R =R T~ R =R, NS o=

Stuft Lt inanndiaie (Ward)

Shifi Ragha Arshenctie (Wond)
Shift Righs Amh Imm 1 Word)

Shifl Righe lrnemnechase (Word)

" DESCRIFTION {in Verikog) N

Rind) - Rirs}] + R{en3)
Rind] - Rlrs!] + imm

Rird) ~ R{rsl) & R{es2}

Rixrd] - R{rsl) & mrom

Rird] - PC * {imm, 12°b0}

iRl |-~ R{1s2)

PCPC - [avam, 1BY]

fR|rs) ]= -R]12)

PCPC -+ e, LY

AR[rs1 > ~R[rs2)

PC-PC + ([vorem. 1hY0)

ifiR{rs] |- R|n2) PO-PC+ (imen 16D)
if{R{rs1 }R{rs2) PCPC+ (imm, 11V}
if{R{rs1 )R [es2) BC “PCH (3mmn, 11D )
Rird] - CSRILSR ~CSR & Rissl}
R{rd] ~ CSR.CSR - CSR & --imem

R{nd] ~ CSR. CSR - CSR ' R[rs1]
Rird] ~ CSR. CSR ~ TSR ' mmm

R{rd] * CSR. CSR - Rfes1)
R{rd] - CSR: CSR ~ umm

Tranafer control 80 debugger

Trumsfer control W aopersting system
Synchromnes threads

Symchromizes writos & mstructivn
stremsn

R{ed]) ~ PC+4. PC - PC + (om0}
R(nd] - PC+%. PC ~ Rirwi )~imm
Rird} -

[SEDMI K T).MIR[rel }-inami{ T:0)}
Ried] ~ {SODOM{R[r=1 ) omem }i 70}
Rind} = MIR{rx{ | rizam )63 U)

Rird) -

IS BMERIS).A|Rrs | | -smom) 15 0y}
Rird] - {4RBOM[R|r+! |-emm (13 0))
Rind| = {32b'irnm< ¥ >, imwn. ) 20
Risd] -

(3TOME IO MR | |- i W 31 0)}
R{rd] = {I2BOM[R[rs| ]}« mrum} 31:0))
R{rd] R|r:l] R{r2)

R{nd] R{rsl)] nam

M{R{esl Jtammik7 0) Rim2{(70)
MIR[r=! }+ immE63 M) ~ R[r2K630)
M{R(rsl ) immi 15 O0) - Rie2) 15 O)
Ried] R{rsl] -~ Rirx2|

Rind] R{rel] <~ tmam

Ri{sd) = (Rirsl} < RIn2> ? 1 @

Rird]| - (R{r>1] = wm3? ) 0

Rird] (Rimsl]|--omam) > 1 0

Rird] (R(sl)<Kn2?1 0

Rird) R{rs1]| - Ries2|
Rird] - Rirsl] >> imm
Rird] - Rirsl] ~» Rfr2|
Rird) R{rsi] >~ oeem
R{rd) - R{rsl| R{n2]
M{Rjrsl }+immpi 2l @)
Rird] ~ R{rsl] ~ R[rs2]
Rind]| - R{rsl] ~ imm

Res2 ) ¥ Q)
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FUNCT? OR IMM HEXADECIN
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OPCODES IN NUMERICAL ORDER
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CORE INSTRUCTION FORMATS

EDB4033

31 27 26 25 24 20 19 15 14 12 11 7 6 0
R funct? | 2 rs funct3 rd Opcode
1 imm{ 11:0] rsl funci3 rd Opoode
S imm|[11:5] rs2 rsl func3 imm[4:0] opcode
SB imm([ 12{10:5] 1s2 )| func3 |imm{4:1J11]| opcode
U imm{31:12] rd opcode
wu imm{20[10:1{11]19:12] rd opcode
REGISTER NAME, USE, CALLING CONVENTION
REGISTER NAME USE SAVER
xC ZQIro The constant valuc 0 N.A.
X1 ra Return address Caller
x2 sp Stack pointer Callee
x2 gp Global pointer -
x4 tp Thread pointer -
x5-x7 t0-t2 Temporarics Caller
x8 s0/fo Saved register/Frame pointer Callee
%9 sl Saved register Callee
x10-x11 a0-al Function arguments/Return values Caller
x12-x17 82-ai Function arguments Caller
x18-x27 §2-s11 Saved rgg_is[c[s Ca_"'_eg
x28-x31 t3-t6 Temporaries Caller
f0~£7 frO-ft7 FP Temporaries Caller
f8-£3 fs0-fsl [P Saved registers Callee
£10-111 fa0-fal FP Function arguments/Return values Caller
£12-£17 fa2-fa? FP Function arguments Caller
S18-:27 [s2-{si] FP Saved registers Callee
TIR-1 1. ftB-ft11 R[rd] = R[rs1] + R[rs2] Caller
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