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SID:
M1-1: I smell a potpourri section covering midterm one... (9 points)

a) Which of the following number representations give OxFFFFFFFE the most positive value when

converted to decimal? EXPIKWK}‘WV\ in NeKT Pl(gﬁ

A) Bias (with standard bias) (" B) Unsigned )C) Two’s complement D) Sign and Magnitude

b) Consider a plot that shows the mapping between 8-bit two’s complement binary numbers and their
decimal equivalents (i.e. binary is on the x-axis and decimal is on the y-axis). Fill in the plot to the left

and answer the following questions. A berS
Tyons late e v

22 i) Fill in the plot to the left. 0N e, X—a k'3 1o decima
- ii) Describe (in binary) where discontinuities occur in

197 the plot, if any: . L ot

/ The discont’ ay -+j 0 ((UrS b&TwWeen
1
L0 oy Jp \00le000 ., 2SS hon Ly e jféool..
iii) What are the most positive and most negative

-127 decimal values that this representation can store?

-128

| Mot FostNg V2 F
255

conooooc 31221111 neeaad =21l11112 N\QB—}’ N"e‘gﬁ.]"l \It .- - |Zg

c) Consider the C code below. Indicate where the values on the right live in memory (using (S)tack,

(H)eap, s(T)atic, or (C)ode). Assume no registers are used:
\ a: _C
#define a 10 ae\awa ioN on )1'0[\' -+
int b = 0; P‘jef b: |
int main(int argc, char** argv) { *d: i
int ¢ = a; ,‘_].
char d[10]; ey 1T
int* e = malloc(sizeof(int));
} e: 5

d) Convert the following instructions from TAL to hex or vice versa. Use register names when

ible.
P >congider |w <0, 0(a0) L-Typ<
i) 1w $s0, O($a0(- 21010
_ opede. 000 001l - rsl:a0->10 >
-rd $50>8>01000 ~imm:0

AP Ve Ve ok Watol
A4 A4

TLNRE,
o\l quag-Han

-.—.{E‘NCL’% 010 U

0HoDD 6000 000D OlO1 00ID bIOD 060D 00I|

k—>‘O)<OOO'5‘2 402J
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|A) In \oo*"\ 3;9"65 m) J’NO\S complew/rlj
N.e nowy o O FFFFJ: FFE s u/\ijH\le.
_/rn VNS '.9}'\66 -Pw(w\ft“]‘) OXFF?FF ’;_}:1-—_-6:222-2

IY\ \2“&56& Co(\mri']’no_ Lias woll @
Zz‘~|) S0 OxﬁFFPFFFE_:(ZZZ-ZB,Q“,l)l

Thig g 1ess bnon ovr ws‘jm) md;(«onh‘}w/ \j‘.olc)‘.@
Dux So‘\)_l_:ov\‘

0)

L=>ANG vs & MUOD S
\oﬁ‘w. (omp'.lor_ Thos,

lohal \M‘Y‘MUCJ sp o storel on S

0 e w\»al g is fepleced by 10

g™ s Slo (ed 'n The wboe Sco-“on_
\)‘) S s w4 tic

*d —> 0.5 an arraj Awat 1S |oml|5
So 3 1efns Yo n  bleck oF Mmorj i e Stuck

¢ S €sa local \Mrilug)bH' +s valie Vs an aldless on e heﬁ?.'ﬂw;/
whin we Jorehme 0 e blek o) wowory € ebers ko i3 onThe bep.

So .+s lo(qf[a on e 347!0,‘(

allocated (witin dee ''wmain’ -ﬁ.nl-h-n)l

e > € ‘Asdl vs 9cal \}HMHQ


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































OCONOOAPRRWN=-

SID:

M1-2: I’ll believe it when I C it (9 points)

Your friend wants to take 61C next semester, and is learning C early to get ahead. They try to
implement the ROT13 function as practice, but the code they wrote has some bugs, so you've been
called in, as the C expert, to help debug their program, reproduced below:

/* Applies the ROT13 cipher. rotl3 ("happytimes") == " uncclgvzrf" */
void ;o;lBEihar)*?tr) { veale ‘°"€"‘j an addiess o a N Mber; flese
while str .
if (str >= 'a' §& st€ <= 'z') { Shelld be. *SH- nsteed
*str = (*str + 13) % 26;
} \/‘\/‘\/
str++; La w?' w.H’ﬂh\s ()"D bd_ a |e‘H'€f'l 5917?4 4&(:; shl’\)la
} ) e tange  ['a’, I%:}.qu\:nj Te Numher
Mo 26 whl 40t dchiele  dhyg
int main(int argc, char *argvl[]) { ’
char a[] = "happy"; § (wrédtis
char b[] = "times"; & clararees
char *s = "XXXXXXXXXXXX"; // 12 X's .
// Apply cipher to a and b. " (I8 rob /D worfcs
rot13(a);—> wMikes 4 fer lo “uncC}ﬂ" (1§ co43 |)t
rotl3(b); —~ MaHes p rehker 2 gy # werks)
printf ("$s%s\n", a, b);
: : : ~onl
// Concatenate and place in s. LEroC: M\)H"j The S‘J‘l”j N {::'"5
int 1 = 0; 3 "”
for (int 3 = 0; aljl; ) s[i++] = al[j++]; Meim J
for (int j = 0; b[J]; ) sl[i++] = b[j++];
N | a)F len (B) T
printf ("%$s\n", s); _'14(-\ D5 lonaer *‘Ia\"n en( ) ( J
) Anere Wl pe fesidue Characters here vabs s
e v + VL e
We Méh gllﬁ inStrd o4 N 83
a) You want to impress your friend, so you predict the result of executing the program as it is
written, just by looking at it. If the program is guaranteed to execute without crashing, describe
what it prints, otherwise explain the bug that may cause a crash.
The. p\rogt‘qm w!ll trash on \ne 723 when 1+ tries 4o MoH-[j
The Shimg \tora| veterra bo l’j S.
b) Now, fix all the errors in the program so that it executes correctly. Fill in the corrections you
made in the table below. You may not need all the rows.
Line # Insert Before / Change (Explanation or Code)
_ Replace / Delete
L Qeplace FShe Y= ! Z& +gte <= 12!
5 | @eplate dopr = (Fstr - ‘e 212) %26 + 'a’
Y | ¥eplace Chayr S[F = " XXXXXXXXXXXX "
75 | Tsert 5S¢\

3/14
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SID:

M1-3: I don’t want to MIPS a thing (9 points)

The following C code recursively sums the elements in an array of length n.

int32_t sum_arr(int32_t *arr, size t n) {

if (n) {

return sum_arr(arr + 1, n - 1) + arr[0];
}

return 9;

Translate sum_arr into MIPS below. Your code must follow all function calling conventions, and you
may not use any pseudoinstructions. You may not need every blank.
'Qt*—'TDﬂ '3
we S on \ (_3)

@ISC -V ans

sum_arr: non_zero

addu $veo, $0, $o

jr $ra
non_zero:
addiu $s0, %$a0, © # Store arr into $s0
sum_arr  # Make the recursive call
# Then add arr[@] to the result
jr $ra

4/14























































































SIN_arr -

non _2¢vyeQ :

r
bne a0 _ XD non_Zerp

add; a0, vo, 0 Vice. (6se.
LS

mdiy SP, SP, —-K
SW S0 0 (sP) BaC\(u? Saved foﬁ\r)vf g (rLMAMC
SW \(a,) H(SP) e 4l Nék\tj o Brchn cal|
addi 50, a0 0 Hbeck vp arr
ﬂb‘i al ao L\ ‘< e ut s
ad(); a' ’ al )_,I ?f((ﬂe ?amw‘(’“’frs Czro{u;: do .-I- H) g
) J

$R|r (A, Sun_arr FF fewrsue call
Iw 40, o(so) # get arr fo]

yIKy q” ‘H 0
add a0 ao)to 3 a0) outprt BF fecrcie call 4 v (4

‘?.H— n rehin Vlue g e~
w50 , 0ls?) J
o5 Lave SA'MI'\' av«a

lw  ro, YIS
a0 7, 57, g § I OnK ek alless

d( A


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SID:

M2-1: | couldn’t come up with a clever title for SDS. (10 pdints)

a) Give the simplest Boolean expression for the following circuit in terms of A and B, using the
minimum number of AND, OR, and NOT gates:

Gro)(hrs) T (FB) &——

AR ¥ A+R + AR
AR+ AR +AB
BB A) AR
- Ry AB =22 B

c= A B

(Ve No"jd'\‘s)
(Ve M-quh',s )

D s ts brase B

7§ Bis 1, nee
L plession g

(You must show your work above to earn points.)

A Lk gis 0,760 Aue YwTewit s 4

b) Using as few states as possible, complete the transition table for an FSM that takes an input with
3 values: 0, 1, or 2. The machine will output a 1 when the sum of the inputs seen so far is divisible
by 3. Otherwise it should output a 0.

Assume you have seen no digits at the start state. You might not need all of the states, and you
should not draw additional states. You must represent your FSM using the table to the left, the
table is the only part that will be graded. The first transition has been filled in for you.

Current Input/Output Next
State State
A 1/0 B
A ol | A
A Z/ 6 C
% 0/0 K
% VO C
B 2/ 1 A
¢ O/ o C
4 \/ A
C 2/0 2

A Wwhnhs: I
B Means: Som

5/14

Nl '

C WeAWS ! Siwm i3S dis.hle
D WM?anS : unvssd

ol 6/

y 12 4
AR

8
\3 NgS

3 \/ A
! ALY 2
\/o
2
o) 70 s

D -
A4 \\_1

Qo

te ,)\.us'..bla \3‘5 3
s Puisrble dy 1
)’j 2




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SID:

M2-1: (continued)

c) Suppose we add registers to the unoptimized circuit in part A to increase the clock rate (this
modification is shown below). What is the longest clock-to-Q that the registers on inputs A and B can
have that will result in correct behavior when the circuit is clocked at 10 MHz?

pap L v s ALﬁle%%:loon;

N

NCUP

- D_ D‘@
LS S —— & <

Assumptions: '
* Assume that clock-to-Q > hold time ‘éCLr = [Dovs
* All registers have a setup time of 2 ns ‘t
* Alllogic gates have a delay of 25 ns ~ :.5' v Wi, -t
* Bubbles on gates do not introduce additional delay OG- ¢ Pﬂ? h \92(' ? ze l
' &S © ic
4, »=+t Ft t 4o, (55 shamp 3
(L Llk-do-q = LOGTL  “Setup 4aeS (#s Skoun op ity
lOO 2= —ecue-,x._q'\' 50+2 Aboe)

t(.l,\trh,-Q L= | gy\g S WuX 1S L\ngg Answer: u%ws

M2-2: Float like a butterfly and sting like an IEEE (4 points)

Let’s take another look at the IEEE754 standard for single-precision floating-point numbers. [, y)
represents a range where x is included and y is not.

a) How many floats are representable in the interval [0.5, 1)7? Answer: ]- 2722

M\ wonlers |'tee O"W - eoch ‘X' can ke Oorld,

ot >3 50 Ve hwe 223 |, L,
S\ itieai ) Lield bits
b) How many floats are representable in the interval [0, 0.5)7? Answer: {2& 2722

Dt\’Ofﬂ\ Y\\)M\bt’rs - 21?, ol These c'»l‘ ouch b ol S\gm'f.,{.h‘ag-[-o:elﬂ
A Lol or

A""ﬁ vormaliged Float of Cv(W\ = [LXXXK:--X o/ Lrn22
Ae woliwom etpont 1s 12%F, e Wit V25 such valves
()L Y\)av\d etch hﬁ& zlqu|v¢(0qc), g:gv,\ﬁ}ﬂwﬁ b+ Zan he Ogr[)
Thus, we haie  (1-22 )+ (125 988) = 126 K 223










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MAPS @Ue%-HM\)FX/(?NO@E -

M2-3: If this exam were a CPU, you’d be halfway through the pipeline
(8 points)
We found that the instruction fetch and memory stages are the critical path of our 5-stage pipelined

MIPS CPU. Therefore, we changed the IF and MEM stages to take two cycles while increasing the
clock rate. You can assume that the register file is written at the falling edge of the clock.

TR
vWna

sl | TONTTH TR
ek

oot ) gt Road Eamn .l Waomoy 2

| |
» ! '
wih) ! bebch - :
: v - 1
' ! af w2
! X | r !
| | pX '
L ' ] A
bisdructian i : Yealu :
MEmory B A
f : !
' i 3% oo -
_J... — —— 38 £ -t
g . o - -v.‘- _nl e
3 e = ) i A —
< e ol 7 Begisiar ves N e y
g e e = D, i B
Q atr¥ o -l - L .J’I.
v . Sren - ___._.- ==
' | i v Ve e lady
: : WESI), ™ ., i e Axx O
[ " e .
' Y  barwwi T -
' e 2
' ] ey
\ 1 ratecl] by
L
L " 1
: 1 Camm '. LN ST '
' IR Lok 1 ga. L
' |- ‘ | 1 .
| N/ r\ \ by <2 I ‘L
; : ' | X% s
| l "
'
1 — [
T T
'

Assume that no pipelining optimizations have been made, and that branch comparisons are made by
the ALU. Here’s how our pipeline looks when executing two add instructions:

Clock Cycle # 1 2 3 4 5 6 7 8
add $t0, $t1, $t2 IF1 |IF2 | ID | EX | MEM1 | MEM2 | WB
add $t3, $t4, $t5 IF1 | IF2 | ID EX | MEM1]|MEM2 | WB

Make sure you take a careful look at the above diagram before answering the following questions:

a. How many stalls would a data hazard between back-to-back instructions require?

b. How many stalls would be needed after a branch instruction?

c. Suppose the old clock period was 150 ns and the new clock period is now 100ns. Would our
processor have a significant speedup executing a large chunk of code...
i.  Without any pipelining hazards? Explain your answer in 1-2 sentences.

i.  With 50% of the code containing back-to-back data hazards? Explain your answer in 1-
2 sentences.

7/14












































































































SID:
M2-4: Some say there’s nothing better than cold, hard cache (12

points)

a) What shape do the following trade-off curves have? Select a shape and enter its number into the
box for each of the graphs. Unless they are the parameters being varied, assume that associativity,

capacity and block size are constant. You should assume that the axes are linear. 12’,_?],“44 :oWS o
n!)ﬁ’

()

0 Q N 2 ﬁzanL
o A o Z ¢ 4 = %
2 3 E E
— m o)

— > >

Associativity Capacity Number of sets Block Size
> > > >
1: Constant 2: Linear 3: Logarithmic | 4: Reverse 5: Constant —
linear Logarithm

b) Consider a system with inclusive L1 and L2 caches with 4B cache block size. Assume we have 1
MiB of on-chip memory available and want to determine how much of this memory we should give to
the L1 cache and how much to the L2 cache. We will try to minimize the AMAT to do so.

Assume both caches are fully associative with LRU replacement. Their combined capacity is 1MiB
(excluding tags and meta-data). You can consider all miss rates approximate.

Say you are running the following program starting from cold L1 and L2 caches:

#define ARRAY SIZE 256*1024
int a[ARRAY SIZE];

int sum = 0; // assume sum, i, and j are stored in registers

0; i < 100000; i++) |
= 0; j < ARRAY SIZE; j++) sum += al[jl;
ARRAY STZE-1; j >= 0; j--) sum += a[j];

for (int 1
for (int
for (int

}

1) How would we compute AMAT if we had the local L1 miss rate (“L1Miss”), the local L2 miss rate
(“L2Miss”) and the memory access time (“Memory”)? Use “H1” and “H2” to represent the L1 and
L2 hit times respectively. (We will compute these quantities later in the question)

ANKT = K| FLIMss (B2 4 LZ/V\iss(MPWeavb))
‘SUQ' vse e oﬁg\Ml AMAT  Loomla wih The

Jdav! ables here

G R

8/14











































































































































































































































































































































































































































































a) | "
Taqgi‘}'s——,ﬂgsncia%ivﬂj: “rlfrf VI\’W‘?!V QL ‘,79 L- S n(reusSeS

) 193 { NV3 +iwe e 6650(“1"14”3 doJ‘VItSI “ne Ombhy
The @550l rfiy 1 hales tue 3 of sebs  Tuss e ctoesig
e I of e bids )pj A . Ts deertese lowds o A wove
‘l'“ﬂ \9"]' T’“S felﬁﬂorslnlp ' S Iogav\’ﬁnmic,

qu”dh\_ Sed gn%d : ASSUWWﬁ ‘h‘c_ =H: of Seds (vows)
lewains cowsdnrt 304101\:*3 e e [q‘mcih:) widl wake

6&Ch Set '\'Wnce as \(Njé ‘DCmuSe we cannot i
%g'\‘s l—o our [ochc_'n“s\s o \wou- f-elq-‘rﬁﬂ‘g‘n;?.

Nowher of Seds - Black Size - T we doohle The nombor

0-(— eeaLSJLJ—l- kte? e guwall [4()&(13 ard Aassoc. tue

Sawe wo wosk hwe hglf s wmuch  dutn Prv set . Tais

%\M‘\?S do \M\\l\rﬁhﬂa blode <\ 2e [\{'{’4—\—[9 o Nj' |2 ey
r‘v(ahovts\nl?_ ’

offser bitc

OFfsa Bids - Block Size. We. hue ) = Block $ge
by defuton,so obfset beds = log, (Block Size)




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SID:

M2-4: (continued)

2) For the program above, express the local miss rate for the L1 cache in general terms as a function
of the L1 cache size (write L1 for the size of L1 in bytes). Hint: The miss rate is 0 for a 1 MiB
cache, 0.5 for a 0.5 MiB cache and 1 for a 0 MiB (i.e., no) L1 cache.

Ll Th ve he | MB LI Cuche, tre all wpmwerils

LIMiss = |- |_/-*_i-6 L\ jsowe alwiys Wi, Agwe decesse tins

Sve  our Miss fafe \N02E5€5 Ymporhwa o -2
'/v“g)e o4 Ave | Mil3 mewevy We e In LI,

3) What is the global miss rate for the L2 cache as a function of the L1 cache size? Hint: Start by
expressing the global miss rate as a function of the L2 cache size.

X IMB - LT Ll
LClobalhiss2 = |- — = _ = T
M, M. an@

N/ o
(7‘o\l4|w'lss vafe 1§ A-0qe of ALL . ]/\I}B——LZ-,’L' ble Li4L2= IM B
L2

ACPSSes fuut Wwiss At L2, Save as fuac oF e

4) What is the local miss rate for the L2 cache as fuﬁction of the L1 and L2 sizes? Hint: Use your
results from questions 2 and 3. !l W&:‘” 140t wiss <9LZ |
Glsbalmrss 2 im; L
Lecel Miss 2= .~ / L;B = m'Ls'—LI Y
LI Misg | = “7mig !

R S L4122 1AMiB
all atrsses $rat ’A- olL2

5) Assume the hit time of the L1 cache is 10 cycles, the hit time of the L2 cache is 20 cycles and the
memory access time is 100 cycles. Using the formula from question 1, what is the AMAT for this

system as a function of only the L1 size? (D | _E%B = \Mp-u L3

L \MB TS
AMAT = |0 + <‘]LTZ;'%> 70 + ——E"_L:’ 'IW) (Svow (wLSZK,L/)
=lof 2042y o o,y ZOME -20M, 100U

6) What sizes of L1 and L2 caches should we pick to minimize the AMAT? (assume the caches have
non-zero size, i.e., both of them exist)

WC\NﬂI‘\‘ %O + l%o U o e qu”) SO LI MmustH l;o S SMQN
M3

(S possible. Tuy arswer is LI'UB L2 |MB-UB

? ‘P‘ > he Us nehor is” Zero and kit lwc.)

blocks o f LB (winsize suR).
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SID:

F1: Paging all CS61C students (9 points)
Consider a byte-addressed machine with a 13-bit physical address space that can hold two pages in
memory. Every process is given 16l\<iB of virtual memory and pages are evicted with an LRU

| t sch ) .
Stue. M oDar of bive (\leS \JiMwal APresses ae \ng(lbﬂ@

. S i B B _
a)\V,VYh;ft\:lr’e/th:_:gisgf:t;féolli\:wncg}(f;zlcsl:-.rl bl’t:s.zu 2 - [gyz( ZZ’{) = ZLI LTI'S
Virtual Page Number: \ P irtual Address Offset: \2 CGes ave
PPN bis - Ioﬁz(z) = |, ve e 29495 j ?saﬂwe Sze

®3hysical Page Number: | Physical Address Offset: \2
b) Consider the following code snippet: L§ 13 L+ ogdf - ‘ l,r‘l' ?PN

// a and b are both valid pointers to
// different arrays of length ARRAY SIZE
void enumerate(int* a, int* b) {
for (int i = 0; i < ARRAY SIZE; i++) {
a[i] = i;
b[i] = ARRAY SIZE - i;
}
}

The compiled binary for the program containing this code snippet weighs in at 4096B. If this code was
executed on the machine, what is the maximum value of ARRAY SIZE that would allow this code to
execute with 0 page faults in the best-case scenario? (Answer in IEC prefix: 8Gi, 32Ti, etc)

Eath p4e 'S 2" YoabB. Tws, Pe coke PHsn one page, so
bo kave Wo Goks, le data wiust be \nne SMel. Esch cxres
iSte Sawe 3'2e, 56 71 AeeALSIZE ¢ PALE_STZ2E = Mmay

ARRAY SIZE = A PA arw S 2e VS Ho_azbg___ 20UgB > 512 s

¢) How could we modify the above code snippet to allow a larger ARRAY SIZE and execute with the
fewest page faults in the best-case scenario? Write the new code below:

( \
Lor Gt LDy ¢ AP _STZE | )%

(i) 4 AUPANSIZE = o siac

3
L (e A‘;O/’ L1 preas ST7E Q“H)i‘ hecaose we ne |m«?er

\We. an make

(- apesy Ciop }\norf_tjvnooo-l—oug.'\s
g {Aj > APRK_STZE A, | kvo(KMﬂ luch oty

: bY ih( (odc) °¢+'O4L
W Mory

I
|
10/14 :
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SID:

F2: Why can’t you use parallelism at a gas station? It might cause a
spark. (10 points)

1. Optimize factorial() using SIMD intrinsic(AVX).

double factorial(int k) {

int i;
double f =
for (i =1 ; i <- k 5 i++) {
f *= (double) i;
}
return f;
}

You might find the following intrinsics useful:

__m256d _mm256_loadu_pd(double *s) returns vector(s[0], s[1], s[2], s[3])

void mm256 store pd(double *s,  m256d v) stores p[i] =viwherei=0,1,2,3

_ m256d _mm256_mul_pd(_ m256d a, _ m256d b) | returns vector(agho, aib1, azb,, azbs)

double factorial(int k) {
int i, j;
double f_init[] = {1.0, 1.0, 1.0, 1.0};

double -F_res[4]; ¢ Hdize 1o all I S (Wuﬁ'\ Nesdi

double f = é \den‘l' ‘IU)

// 1n1t1a112e -F vec

_ m256d f_vec = Mngé—loﬂ}&bo}(—f’)

,ﬁ,y}woﬁg\cﬁ 4y 2k

// vectorize factorial \< r4
for (i =1; 1 <= L\*‘ /LJ> A+ = L' ) |
double 1[] = { ) '
(double) A , (double) AT ,
(double) .A:+Z , (double) /H'?> };
_ m256d data = __WMZ5Eb lo.ddapa (l)
£ _Nec= _wmmZ56_ wd-pb( £ \lec ,Jaﬂﬂ }

// reduce vector

_ww ‘zf;(,,sJ-pre_,pJ(—C_.(cS, -Q..\IPC)/I -
for (j =0 ; j.< 4 ; j++) {

f = Il 4= -c ~Yes L"t} 5

} -
// handle tails AN celduce Wio Q

f , 5
or‘ ( i 1 ()Jlglf]:gl-),(f

} '\\vvawa\l‘,) hivle ol cuse

return f;

fd-\’ (ﬂsaH A -0 f @S

al rﬁj
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SID:

F2: (continued)

2. Cache Coherence:
We are given the task of counting the number of even and odd numbers in an array, A, which only

holds integers greater than 0. Using a single thread is too slow, so we have decided to parallelize it
with the following code:

We anh fPl A
#include <stdio.h> A N Y

#include “omp.h” ‘
void count eo (int *A, int size, int threads) { /\OMCY ™

int result[2] = {0, 0};

int i,73; Thvesd O Thyesd |

omp set num threads (threads); H —\1.«! re he 'W @ ‘ Ny, @

#pragma omp parallel for acsatty oS wee. Loc ) add @ ad 0 @

for (j=0; j<size; j++) T rctevant SW S\wW @

result[(A[jJ] $ 2 == 0) 2 0 : 1] += 1; @

printf ("Even: %d\n", result[0]); I‘c we {&e,(d-l-e -]/\ +‘\€ OFJ'V'

printf ("0dd: %d\n", result[l]); %l‘@wn Aosve. Twen bﬁhhfﬂ‘ﬂs
} load-js-c, old \Iq(dc of (eS[0] e

' NfEWAKYy st vohadl
As we increase the number of threads running this code: \ r5iesd od ﬂ'\vj S‘{Ww“‘}
a) Will it print the correct values for Even and Odd? If not, explain the error.

No%—a\waﬂs, (ovei Jor e sse. vwoie we hwe Z T’Wmls) ard
eoch hes anwdex Phal @risgerds 1o an W0 H. Sep ne ex@lm'llon above |

b) Can there be false sharing if the cache block size is 8 bytes?

Nes, e (@solt atray can be slored in a sle blick,

So wm’wﬁ lo by 2lavmt will femue fre blotke Frow all
c) What about 4 bytes? _ _91\*_\_?\" _[ aches.

NO) Qﬁlgﬁ S\Mv\rﬁ \S OMB wph“b'c Nh?ﬂ 7I/.¢ d“—;\ La\*j
b (€560 Lj Ne  he)s we  hstwd 7L fe bleck s
U b‘ﬁ’fs) Ten a Shﬂg'c (’|fIMFW" a'p fesol+ 1S 1na cacle

bl@f\(} So W Wal] nglidate  [locks |n otwer caches ONLY
rL ’\'\«f,jj hal e SAME ropat of e yacot aff®y Thog

-Cﬂlse SLvaB S -\'pchwzdlj ho+ @og;‘vble.
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SID:
F3: This isn’t a bathroom. Why is there potpourri? (10 points)

1. TIF Questions (Circle one. If the circling is unclear, you will receive no credit.) a) I/D
~ (01S) der M”w”’ W‘l‘)'

1) CPUs need separate instructions to access I/O devices. (True /
) g ‘ (ant thows lwig e blockS

2) Segmentation (base + bound) has fragmentation problems. (True/ False)

35
3) Exceptions |n early pipeline stages override exceptions in Iater stages for a given mstruct%n T:\f:\(cs
4) "Exceptions are handled in the pipeline stage where they occur. (True %” -F“j""‘l’)
. ove by e éfieen
2. Polling, Interrupts, and DMA D
9 P N hawdler
1) Choose polling or interrupt for the following devices.
Device Data Rate Transfer Block Size Polling/Interrupt?
A 80B/s 4B Polli vy
B 400MB/s 4B Aeteirapt
C 400MB/s 2KB “Intetvapt

2) To support interrupts, the CPU should be able to save and restore the current state. Which of the
following should be saved before handling interrupts to ensure correct execution?
Ve nes) fhese Z o Kew fre stte of our

rogram Counter ser Registers c. TLB d. Caches 'Pm(rss ‘P-c.
oS aje lost

3) To which device in 1) is direct memory access (DMA) most beneficial? Explain brlefly L“f or Ly rere

C CR) (an 00 workK V’”""V\ Ava S‘E{Hhv lwoc blocks ‘VC) 3 Dfr\\wqa-]bns
3. Warehouse Scale Computing and Amdahl’s Law. g endbles Neis N

1) We are going to train convolutional neural networks on Amazon EC2. It turns out that 90% of
training can be parallelized but the rest takes twice as long due to the communication overhead

¢, among the instances. What is the maximum speedup we can achieve?
lO/,,. < von Ptrfaldl?no

1
Qatts ie Jouphed >o|»z 04 = a L5 (a5 S=>[v ey >5>
qoj.svwldlw Sed VR b L ) + 3 2*’0 f

2) Which of the follovglng can increase the maximum speedup in1)?

a. Use more instances

b. Deploy the application across multiple arrays. \Ne V\Wd L‘D 'anrwe ‘,Ib"b NON

educe the number of reduce operations.

ncrease network bandwidth. T . .
e. Increase the capacity of disks. ?w 4l Zable ?aﬂ') which is B
(OWMUNCEHEN Jone . This rommubidten

'S boo§=|'ab), & hothr network OR
‘1 we Jo .+ les s J—M@dmﬂ\j These

s we dfc /ﬂsepc.)uelg,
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SID:

F3: (continued)

4. Hamming Error-Correction Code (ECC)
1) Suppose we have a one-byte data value, 01101101wo. Fill in the encoded data in the following

table.
Bit 1 2 3 4 5 6 7
Encoded Data
P1 X X X X
P2 X X X X
P4 X X X X

2) Assume that we have an encoded value, 1001110w, With a single-bit error. Indicate below each
parity bit if it has an error:

Parity Bit P1 P2 P4
f':fzs &bgt OKERROR oL eres_|_Eerx
f )'Tl,dbls"\" erfay.n ¥y ZYY= Chestdh € D AR | A _
W\Bln‘cr?):rect bit position: 6 ?I I D l O - o
[ A ”~ A
Correct data: O \OO ?2 ‘ O o | 0 — I -‘l,:;'-e
Fixed= 10 01100 —> 010615 acta PY: |~ [ ~12pz | ) ae

5. Dependability and RAID

1) Which of the following can increase the availability?

ncreasingMTTF \/JQ w"“'\' 'J"O f”"‘-ﬁ QNUMS O? dé(f{éSt,

> DeoreasngMTE V(P hme g g Bllabe firsd s,
@ Decreasing MTTR While d CD"W‘_) he Secomd

9‘ edundant data copies

2) Explain very briefly why RAID1 is the most expensive form of RAID.

j/—l— egpveS a —pu” [0(5 (9-(- d\Sk—S) <D ‘)’}e owevhead 1's 100%,

3) How many check disks are needed for RAID3?

Dhe , PALD 3 hese Dedrcate0 VW”) hsiK ard uses
b\ﬁ‘t —$’\'V'\;°“f1j

4) Explain why RAIDS has a higher write throughput than RAIDA4.
The therk ndoim chion vs Dshibutd zeross dsks, sp

ot a S\rle hok s goeved Lor AL chods Thos, he loed
TS \odlgvced avd @ «(ﬂJD ‘)\sk Lb‘H‘l(V\P(k 'S W"Hjﬂ'ed.
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