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Q1. Determine whether each of the following statements is True or False? <2 points>

S

a. Super computers rely on parallelism to achieve very high performance for high end applications.

£
b. In PostPC era, the cloud server is only used for storage and all applications must be installed on the
PMD. ¥, -

¢. A CPU is designed with two adders, where only one adder is used for execution and the other one is
used a spare in case the ﬁ;’ux_d'der becomes faulty. This is an example of improving performance via
prediction. £, _~
L

d. Flash drive is faster and more expensive than the traditional magnetic disk drive. [ —
(g &) smme ”
Q2. CPU-1 and CPU-2 have the same ISA and same compiler. The ISA has three instruction types: A, B,
and C. The CPI for each instruction type in CPU-1 and CPU-2 are given in the table below. ProgramX is
executed on both CPUs. The relative frequency of each instruction type in ProgramX_is also given in the

table. Answer the following questions: (. S <3points>
| A|B ]| C
| a. Codmg;‘:j ;‘i{m for ProgramX when executed on CPU-1 CPU-1 CPI 2 3 >
i an "4 CPU-2 CPI 4 1 1
| | = 2 X024 3K0H g Rx0Y P X Instruction% | 20% | 40% | 40%
| CPIMB (m = 2 X0.2 ¥ rogramX Instruction% l.)'j_;o 0 0
1 '
, : b xotY bev
cplavg cpy, = Uxo0.T {1X0 % S

~ / /
CPU-I CPlyg= 24, 7 CPU-2CPlug= L. &

Given that the Clock Rate of CPU-1 'is 3 times the Clock Pﬁ_a!e_gﬂf’ _(;BEJTL which CPU has bette
performance when executing ProgramX? and by how much? ' o

xr 3
mﬂl-(\-f-" = —
pe_rpo( cpu Rme /
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%‘? IIM"‘"—'E.M_M (Version-1 and Version-2) of the same program are executed on the same CPy.
e

C for each instruction type in Version-1 is given in the table. The CPI for each instruction type is given

as well. Answer the following questions: | g' <3 points>
_ . CInstruction Type ' A B C D
a. How many clock cycles are needed for Version-17 [ "r%::;on-l IC (3.6 2 2.
clK cycles - T wepl = 3xd v bx| v 2x By 2X2 el (41572

“ Ice =12
Version-1 Clock Cycles= 39

*1 Given that the performance of Version-2 is 4 times the performance of Version-1. how many clock

cyeles are needed forVersion—2:.’_, CPl, - Y x_3.?; tIXE ¢ 542 ¢+ 242
/

3
| pecd O - i_f C‘PIA I, S I8 I
. Purf - '3
s - . c\ [( C"SC_{ L J(T _
CP (&' ‘him ¢ = 1 P52
CPu . :}CXTXCPM r_,rﬁ/CjC'l-:_-?_ l —_—
+lm¢' Cpu #’.""\‘C—-Z — "—__________,__..‘- _
i ¢ m c\ I eMieA Y
Version-2 Clock Cycles= | \/< “ “at

Q4. Answer the following short questions:

a. Convert th_e following C-statement into RISC-V assembly language. Assume that “B” is an array of
long long integers and its base address is mapped to register Xx8: <1 point>
B[S]=0; | 5x8 C

RISC-V Assembly: @XB A0 (-x_g).--___

b. Convert the following C-statement into RISC-V assembly language. Assume that variable W is mapped
fo register x20 and variable Y is mapped to register x10: <1 point>
X eo _-Xw - S"’"
W= ¥, ol GEF ==
. /
RISC-V Assembly: ---XQEI—----A-%Q--)-—-X-@-»‘@ (_//'I :
c. Convert the following RISC-V machine code instruction int9 ass:'.’fli]l _language. A list of opcodes and
function fields is given on the right. ¥, ri?_‘ <2 points>
SAnNnNnn1 111061113
: i ion: 0111100111101001010010011
Machine code instruction: 0000000 101 ‘ /' 6—
Instruction | Opcode | Funct3 | Funct6 or Funct?
add 0110011 000 0000000
lh 0000011 001 n.a.
bge 1100111 | 101 na.
— addi 0010011 | 000 na.
slli 0010011 | 001 000000
_ Csrli) Too010011 [ 101 000000

RISC-V Assembly: Syn§4@+l‘/5/ 2
g’
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i. Specify the contents of regis _ ‘
< ﬁfnn-‘:t}-alt;]t -.‘mll‘gnl.a of rc.sc.!:,tcr §ﬁ and memory location at address 2 (i.e. Memory|[2]) in hexadecimal
p " ’ ! t‘f_t-x:uunm;' the t?llm\'mg RISC-V code. Assume the initial values are as _f;h'aws- '
x20 =0x B...?‘-It.i!')l‘:.{e'NFEBI. Memory[2] = Ox4D, Memory[3] = Ox74: = 2;?0;}”‘?}

5 -~ T k b i
200 G x20. 2 ((0) Xgp AP
L0 b6 3 () @

(X6) = oeememmes . 'X”z"j“?[\\ - - Memory[2] = %I:}_B.Z;j.’;\rp‘)g
he following RISC-

¢. Specify the contents of registers X17 and x18 in hexadecimal format after executing t

\V code: ;
¢ T <2 points>
lui x17. 0x7ARD3 N :Mr/-;[)?, T O
addi x18. x17. 0x€59 @r T 0 X IA
| OXFA vE T foe
(x17) = —--00XZ SN A— 6 x 18 5 10
«18) = —R8% FACET A
4 ? .Y m—— vy Y \\-\\ﬁ"
t.  Given the following RISC-V code: | <2 points>
:L PC in decimal . Instruction ’ L.
I 20 Loop: beq x6. x0,(8
'7 :’.4 add XS._. XS. x6 \
| 28 addi x6. x6. -1
L 32 jal x0.-Loop
| 36 add x7. x3. x0 B

If we are currently executing the branch instruct ion at PC = 20 and (x6) = 0x0000000000000000, which

instruction will be executed next? (.=

{
v 2
@x 3¢

p” immediate in the “jal” instruction at PC=32.
= 22 4NVt L

Answer: -

e Compute the value of the “Loo

_ﬁmdmﬂﬁyﬂwz —> 10
— &
-

Loop (in decimal format) = -

uses lock/unlock synchronization and two processes (P1 and P2) are
he following questions: <2 points> >
try:  addi x5,x0,1 '¢¢ [ <

e. Given that the code on the right

executing the code in parallel, answer {
cuting the addi x21, x21, 1 instruction as indicated
determine the value of the Lock variable in the Ir.d x6, (x30) " -
e which instruction P2 will probably execute next? bne x6,x0,try

e If PI is currently exe
by the black arrow,
memory and determin

L ock variable = —- N . N ) sc.d x8,(x30),x5
P2 will probably execute next (list all possible instructions): ==--f=\¢------- bne x8,x0,try
Id x21, 40(x0)
7
) . . -3 addix21, x21, 1
e Which instruction represents the 1™ instruction in the ME region? sd x21, 40(x0)
» 40(x
o s _ S bne vy Xo FCA 2
1* instruction in ME region Is: hofy=myp 2L peb b=} 7.\ sd x0, 0(x30)
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QR Gitven the Clanguage provedure on the right, unswer the two questions below. Assume il the base

addvess o artay A™ i mapped (o x 10,
Vartable fresulCts mapped o 819 e

Uranslate the |\Itl\ﬂ1|,||p |"h| RISC 3y "‘-'it'

Jl' fr S VS,
__‘.\l y‘.‘! ;‘(')('ﬂ,ﬁm) (5'}"
N SOPTE

vol ¥y, 16 ) TN

‘,-,1\ \(“, L eap) : '-“I Kl') ) t"-!_'))
o "{ Y,'). I \,I, Jl‘.' -

Ao I O '(;
AL A 3 ,K8,,0.

mbly langunge,

Vbl "0 i mapped Wkl L vinihle Mk y'" 1s mapped 10 (12{’
Lvainble1 ) i mnpped 1o 7 WMMMW

0.5 points- }
long Jong int REC (ong Jong int A [ ],
long long int n, long long int key)

f
int i, result;
result 0
for (i 050+ n; |i ’)
(AL = frﬂy{
result +4;

return result;

/ ¢
dpe Y., x, 0 Lwl O

| .
% Xop v 040

’?4'2 ' L '

04e) X0 / ’(l')" ‘ :

) r.‘f‘; Xa , Xo , L ‘MI\‘{7<
[t pelel X, )(l,“\o,'z%

ol Xy, 0000
ld ¥ , RSP
I".( Y] ! |t"[ ‘..P)
,d X ’ 2:] [t.ﬁ")

’d Xy 31 (P>

dol: sp,sp » VA0

! {‘J_L" C x Ll

Jalt Xy o)) o) el P P k0
é' \L [{'J Y'l; J tj ’.’ J ol r XG 7 0 (JI)

.ﬁ(| ) y’ 2 "A(\ l

o )
lod X, féf‘{:,}
,d‘ I||I i 'f'\ LS

b. Given that rcglsler w1 iy fnmaﬂzed fo 100 and register x12 is initialized to 17, translate the following
C-statement associated with the procedure above into RISC -V assembly language. Assume variable
Numher is mapped fo registen. X9 and the starting address of “array A" in memory is (16,} '

Number = REC (address of array A, 100, 17);

i Mg '/@){ ......

.aafa{f X1l ;-.X'z* L O

HRM’ x'{gﬂr | yu} / ND Nt-p
/

RISC-V Assembly:
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—
. Given the followi ‘on- . B ol : i
Qo following Nen-leaf procedure written in RISC-V assembly language. answer the questions
return

below accordingly » ,
W, fecC rdingly. The procedure has two arguments mapped to registers x10 and xI11 and the
value is mapped to register x12. <3.5 points>

PW: 1

Push to Stack -

bne xT 1, x0, Else
addix12,x0, 1 (!

Pop from Stack (1)

jalr x0, 0(x1)

Else: |
addi x11, x11,-1 1~
jalxI,PW 7
mul x12, x10, x12 -

Pop from Stack (2)

jalr x0, 0(x1)

a. Determine whether each of the following statements is True or False?

e Register x| must be saved in the stack

e Register x10 must be saved in the stack

i

e Register x11 must be saved in the stack

b. Given the following procedure call, what is the final value in register x1 and x12 in decimal format?

Procedure call:

-4
YaU B
A= %

Instruction
40 addi x10, x0, 4
addi x11, x0, 2

44
48 jal x1, PW
>
W

w3 +H =52 7

PC in decimal

(x1)=

(x12) = | K

-
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