
CS 456: Advanced Algorithms 

Fall 201 4 

Midterm Exam 

I ::\n (last 3-digits) I 

Instructions 

• Write your name and the last 3-digits of you r SIUE ID in the space provided above 
• This is a dosed-book, dosed-note examination 
• There are 7 total questions printed on 12 pages (including the title page). Please confirm 

that all pages are present 

- All students must answer Q l-Q5 
- Master's students must answer Q6 
- Q7 is an optional bonus question that all students can attempt 

• Total points: 120* points for BS Students; 140* points for MS Students 
• Total time: 1 hour and 15 mins 
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Short Answers 

Q l. [20 points] State whether the following statements are true or false and provide a 1 sen
tence justification if false 

a. [2 points) A function with a faster order of growth is more efficient than a one with a 
slower order of growth 

b. [2 points] If j(n) E O(g(n)) and h(n) E .Q(g( n)) then j(n) E .Q(h(n)) 

c. [2 points] If j (n) E 0 (g(n)) then g(n) E 0(g(n)) 

G 0 hCn) ~~ , 

-ten) e- o c i.ichv 
Tr~. ikj t\l\J ~ N\. '-f-t.t r~ aonrt2x , t) a ( ~ . 

d . [2 points] Partial correctn ess = total correctness + termination 

e. [2 points) By definition , a spanning tree is cyclic 

f. [2 points] Divide-and-conquer s tra tegy always ch ooses the locally optimal solution 

g . [2 points) Both dynamic programming and greedy strategies solve problems by dividing 
t hem in to several overlapping subproblems 

[>-n-l(. 

h. [2 points) Kruskal's algorithm greedily grows a minimum spanning tree while Prim's 
algorith m greedily combines a forest to arrive at a minimum spanning tree 

i. [2 points] Codewords th at are prefixes of other codewords are called prefix codes 
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j . [2 points] Dijkstra's algorithm applies to both directed and undirected graphs 

Long Answers 

Q2. [20 points] For each of the following cases, calculate whether f(n) E O(g(n )) or f(n) E 

.O(g(n)) or f(n) E 0(g(n)). 

a. f(n) = yn, g(n) = log(n) 

~ J.Jm r rv (.l "2) 
~~,.6 :i rn 

-====-~~~~~~--, 

b . f(n) = log(n2
), g(n) = Zog(n)2 

. -., {lr(} .2 ~ 
n·~ ,,6 cc 1:xrf 

- Jl,.m -

nfJm.ef~ ~r · 

~/l'()IY\f/)(l°f)f (dillh() 
d,,Clf.-Sor') 
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.2,m () 3 ). ,, 
--=' 

n_,A ~f'l 

10J 

d . f(n) = (n + l )!, g(n) = n! 

n~.,.t>---

n ' 

c..Grn ~~az 
()-9ob 

n 

G- 0 C3 Co)) 

-j-(!'J f: 52 j ( n) 

Midterm Exam 
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Q3. [20 points) Greedy Strategy 

a b c d e f 

a 0 3 0 1 6 5 

b 3 1 1 0 0 4 

c 0 1 0 6 0 4 

d t ' 0 6 0 8 5 

e 6 0 0 8 0 2 

f 5 4 4 5 2 0 

a . [10 points] Use Kruskal 's algorithm to find the MST for graph represented by the 
above adjacency li . how each intermediate step . 

\ 

.,-~____.;._' ® 
\LtY \6 

~ ~ {t) b_ 

~\ 
® 
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b. (10 points] Construct a Huffman code for the following data. Show your work. 

5 
~<2 

~5 I 

?J 

-

~ 

ID 

symbol 

frequency 

b 0 
r :io r ;i~ 

6 a y a else 

20 10 25 40 5 

oG 

4V 
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Q4. (20 points) Divide-and-Conquer 

a. (10 points) Find the order of growth for the following recurrences. Assume that T (n) 
is constant for n:::; 2. Justify your answers . 

i. T (n) = 2T(n/ 4) + -Yn. 

:::: 

ii. T(n) = 2T(n/2) + n 2 

-flbJ .::. Q (!' 'D<J1o rt_ T ~ wlwt <t_ _,,_ ( • 

~·ac.+t~ bty~ fl r a +c~ ) :;; ) . & ) :;; 
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b. (10 points) Develop a recurrence as a function of n to determine the number of times 
the following code print Jumbo!. Solve your recurrence using a recurrence tree. (You 
may assume n = 2 k) 

void jumbo(int n) 
{ 

if (n > 1) 
{ 

jumbo(n/2); 
jumbo(n /2); 
for (i = O; i < n; i + +) 
{ 

cout << "Jumbo!" << endl; 

I\ , 
ct') -::i-

en ___ J_ 
5: ~ 

/ \ I """ - -· 
~ - - 0 (.) -

,Crt -
4t 4 .., 

)~ . :::- C.fl_X f :? ~n . 

TQ) 
T~) - - ~ r 

~ 

\... -y-
')F- . 

r0)~ f:-~ erv 

- Yl- (oj '1 -
e;--(n f 5 r() tlVf) ----
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Q5. (20 points] Present the optimal order of parenthesizing M1 x M2 x M3 x M4 x M5 x M6 using 
the following dynamic programming tabulation. Show each step clearly. 

best k= 

best k = best k= 

best k = best k = best k = 

---~~~ c3_ ~--~1~ --~~~~-~--~-- --~-3c?_~~Q ___ --~~~·~- ~ -1~~- : 
best_k = 3 best_k =1J best k=~ best_k = 5" 

m1 ,2 = 150 m 2,3 = 360 m3,4 = 180 m4,5 = 240 m s,6 = 120 --------------------------------- ----- -·------------·--- ------------------ ---------- --------
best k = 1 best k = 2 best k = 3 best k = 4 best k = 5 

--.. '!!! ! ~ -~- ~ -. -. --- _1?1_~._2_ ~-~----- --- -~-~·~- ~ -~- --- --- -- ~1_4:~-~ -~ - - - - - -- -~~::_~- ~ -- -- -- - - -~~·~- ~-?- ---
[SxlO] [I Ox3] [3xl2] [12x5] [5x4] [4x6] 

Ill\ I 3 ~ t I " (ll\).Jl 1113) ,.. ('.'V ~) )<_ ('1)3) +- fS°'O f r'8o 33>0 ~ 

rn~ / -
¢ T 5 x \0 xr:t I l'S() t ?X3Xt f:.. :::-
3bc> 

f)>;o [ IV'zX ( m3xrll.f) r 01:zll'°3) Jt ..,~ - l-80 -t- t 5'o - 33o m -
'-t tit. 

::;. 

t l3V 2>.bo t- roxp 
tox 3 ;< 'J ~ 

r~o -t ~o ..., 
~o 

m;n ? lti3 x ( m 4'- ffly) t ( m ,,x 11'1,) o<. rr) '!i 3 ..., ---
m ~ 

'2>15 

"'X\;2.)(..+ t ~o {8o r '3XSX'1 
/ 

m10 [ lll.._X f 5x1>1r;) I (!n~xm1s)~ Mb - g(,o+ f2o Z- ~o . -
\"() '1, b -:z 

t\.20 ~ot f:;l)(4X b. 
{ )l~b 

'3 ~O -f (~V .2'lot )-~ 
~ ~.g 

450 
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Q6. (20 points] Asymptotic Order of Growth 

a. (5 points] Letj(n) = 4n2 + 9n - 81 and g(n) = n 2
. Find c1, c2 , and no to formally show 

thatf(n) E 0(g(n)) 

c,n.2 ~ 4r?'t-Cln-£\ ~ ~,,rl-

el ~ 4 ~ e:i 
b. (5 points] Let h(n) = n3

. Formally show thatj(n) <£ .Q(h(n)) 

,_ ~ 
4 n t _9t? -~{ ?;C,"' ~o . 

o c:::.. (!, n ~ 4 + q - SI 
....... - h r>.2-

-- ....-, -
c. (5 points] Consider two algorithms with running times TA(n) = tn2 log2 n and T8 (n) = 

100n2
. At what value of n does algorithmA start to take less time than algorithm8 . 

l· t/-c Oj t1 
2 t;2.. ~roo? 

\O~ t'l ~ ;2.oo 

;ioo. 2.00 

n <. ~ ~ up-tv n =- J. I I+-~~ .._ 

{((!. s .s ~~ 4-hatt ~· 
lt.fW ~h'-Ch tt- S~('f-S ~~~ mtyi.-

d. (5 points] If a step in algorithmA takes 1 ns, how much is the above runtime in years? .\-,(Wl.. · 
0- :200\ 2. :i. 0 0 

~. ~ ) , f ~..2 ;;i £~ee~dS · ShfS · 

400 _q 
{oox;. X 10 S'e coo d.S 
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Extra Credit 

Q7. [20 points] Algorithmic correctness proofs 

a. Using mathematical induction, prove that 5n - 1 is divisible by 5 for any n ~ 1. 

6-t =::: l / 
5"" 

t'l~ tc-. _ 6t- -( ~ ll;v.-~. ble.- ~ 
~ 

6.\C.-t ( __ , ..::::-~ 

6 (6~-1) +- s
L--yV 

&iv-.~lcJ f?j f)· 
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Check your notes. This problem was discussed in class




