Name: M@/_ Section:

CSC 210: Data Structures

Fall 2025 Midterm Exam

All Sections
Self-scheduled exam, Oct. 17-19 2025
Section 01: Nick Howe (nhowe@smith.edu)
Section 02: Halie Rando (hrando@smith.edu)

e You have 2 hours (120 minutes) to complete this exam unless you have a
documented accommodation for additional time.

e The exam is closed book. You are allowed one 8.5”x11” page of notes
(double-sided is ok).

o Please write all your answers in this exam booklet. You may use the backs of
pages as scratch paper.

e If you think there is a problem with the exam, do your best to interpret what is
requested, and document your choice with a note.

e You may not communicate or consult about the exam with anyone other than
the professors until after the weekend is over.

o If you are unable to make progress on part of the exam, write down what you
know and what you tried, describing your thought process. Partial credit may
be possible.

Please copy, sign, and date the statement below: “| have read the instructions
above and certify that | have adhered to the Smith Honor Code while completing this
exam.”

Signature:
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1. SORTING

Sophia is practicing sorting using magnets.

BAJKCA

She begins by taking the following moves:

1. Moves the orange A to the front position (the smallest magnet).
2. Then moves the blue A right after it (the next smallest magnet).
3. On the third pass, she thinks carefully but doesn’t end up moving anything.

Now her magnets look like this:

AABJK

A. Which sorting algorithm do you think Sophia is using? Please briefly justify your

answer. @ o OK: %\/L\ CKSD‘("' UQ) %
O Insertion Sort
@ Selection Sort oS 'P\\f-dt
0 Quicksort
0 Merge Sort

Justification: (V) €U\C/\f\ P&55 tm C)\LW‘QV\-E

. A +0O
Min (unsorted) o \weing MOVE
Cevwdo of T cowted section

B. Which magnet will Sophia move next?

C

C. Is Sophia treating the magnets more like an array or a linked list, and why? Think
about how Sophia is rearranging the magnets.

O Array A4 Linked List

Justification: SV\Q_ \.S N OT S\U O\?P\ QS
bt (oL INSErHinN 0\/

@ oV @o/@ ONY C@@%\n%\
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D. Sophia’s friend Otelia has been looking for a working whiteboard marker since they
got the magnets, and she comes back at the stage shown above (AABJKC). Will
Otelia be able to tell which algorithm Sophia has been using if she didn’t see the
intermediate steps, or could more than one sorting algorithm reach this same
arrangement during execution?

BAJK A ™= AAD K

UNKNOWN NUMBER OF STEPS

O Only one algorithm could produce this arrangement

Multiple algorithms could produce this arrangement, even if they take different
intermediate paths

Justification: Q\AI\CKSO\(“" (\,\)] % oS ?\VO%)
Wonldl veoc  +he same  stod.

E. Their friend Julia is practicing insertion sort. Her magnets currently look like this, with
the caret (*) marking the boundary between the sorted and unsorted sections.

BBCJ KD

Which of the following invariants MUST hold at this point in Julia’s execution of

. . r) ’

insertion sort? (Check all that apply.) o i s\—a(-hr\& G&Q)l_
Zﬁ'he magnets to the left of the caret are in sorted order /) d
M‘I’he magnets to the right of the caret may be in any order W“\ X Move

O All magnets to the left of the caret are in their final sorted positions 0SS Mme(L el- oW

[ The next magnet Julia handles will be the one immediately to the right of the caret ao(.ou,d.
0 The magnets to the left of the caret are the smallest magnets in the overall

collection X Aot 1
0 No magnet to the left of the caret will need to move again 7( }qec;eSS o) j

T Wil woye 1o (and 0T

O\ CCommo AR none)

W) eemeats>
O"‘O\I‘mb 1\0 \\LSD('\'EU\.
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2. BINARY TREES

Consider the code below, which is designed to work with the BinaryTree class we used
in the homework.

public static String traverse (BinaryTree<String> t, String s) {
if (t==null) {
return s;
} else {
return traverse(t.getLeft(),"")+traverse(t.getRight(),s+t.getDatal());
}
}

public static String traverse (BinaryTree<String> t) {
return traverse(t,"");

N (], "

\{w“l (vnn, ")
A Y 7‘\/, BE NE

@ ‘@/L & ©

o¥o
BEFAC

b) Is this one of the standard traversal orders we have studied (i.e., preorder, inorder or
postorder)? If so, which one? If not, why not?

O Yes No

Which One / Why Not?:

preovaer: Q‘& 8\@ r e s—randaﬂoQ
inorcden - (BT “traversal A (o)
postorder Fcla Woud vor ke g
@ \:j t\wa cnidd\e  of
\e€
o qutee (o g@)

See the Sulagess ®
felMmaoun \nta Gt [(n STANTCA
oNersal
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3. BINARY SEARCH TREES

For the tree shown, answer the questions in each item below.

a) If anew node J is inserted, where will it end up? Fill in the blanks: (_,OO‘C —Q‘)r g)"

[e L\ child of @ LRL L

b) Would this still be a valid binary search tree if we delete the subtree
consisting of H and all of its descendants?

# Yes [0 No

c) If node L is deleted using a merge-left protocol, what will be the

ancestors of Q in the resulting tree? (figntost lﬁ'@")
@is NeW ook » @ is pavent  of @
@0\ S ) \/\ K | HI 8

d) If node L is deleted using a copy-left protocol, what will be the ancestors
of Q in the resulting tree?

(eplacls @ ~ Q. gl\/\\/\

e) If we perform a right rotation at the root, what will be the ancestors of

Q in the resulting tree? + gop ®5ub‘\"f€€ onto @
?

@ s NEW veo
Qon" 6(\{\ \/ 16

f) If we perform a left rotation at the root, what will be the ancestors of Q

@heﬁrgsul\t(i\rg({(r;e? roor | pop @ subtreld ot @

Qa* SV
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4. HEAPS

Some fellow Smithies are practicing Data Structures. Please answer the
questions about their approaches in sections A — E below.

A. Madeleine wants to read these books in order of publication. What is wrong
with the priority queue she assembled below? Think about the rules a priority
queue must follow.

A Swiftly
Tilting
Planet
/ 1978 \
An
A Windin Acceptable
the Door Time
1973 1989

Many
Waters
1986

A Wrinkle

in Time
1962

Issue #1: 6\*\(\6’(— NN MQ\PI NOY—
Mo \/N\szajp OWOL,Q/L(A% S /gO\lD\)\Y@C;\

Issue #2: Mo—\- Com\)&'\'@ ComusT ’F\I\\ l/\
Letr 1O R'\%\/\Ar
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B. Yolanda is working with the following heap:

Redraw this heap as an array:

2122\ o \ulisl2) |

» g
Now Yolanda wants to insert a 3. Where will it go? (Fill in the blanks for v
“[left/right] child of [node]”) O\ 0\/5 rnsevt A

Ficst avanabld
£\ O(g)(\/\]\/ childof [ E

How many steps will it take her to “re-heapify” (make the heap adhere
to all the heap rules) after inserting 3?7 Why/which steps are needed?

Steps needed: @

Justification: 0 o fox 0 YNOVY heap | this
S osion is Fing

C. Gloria started out with an array that she wants to sort into ascending order (A,
B, C, D...) using heap sort:

Y [C X [M [N [A[Z]V]

First, she heapified it (phase 1):

A M [C X [NV [Z]Y]
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a \pha\oe

X AL

Now, she is moving to phase 2 of heapsort, where she will pop the top and
swap that element into the “sorted” part of the array:

XX |X[X

ZZ\1Z\Z2

<< K<

NIN[N|N

> 1> > <

o0|<L>
44

<|<|O|O

What she is doing wrong? (Hint: the full-credit answer can be articulated
in three words or less). O’P
UENS. I ‘(\9.&9 instead o7,
neop \weapsof ST W
oL maxtheap (Min A
D. Help Gloria fix her sort! C,O\U S€ rde\(g@’ o

i. Show what the heapified array (end of phase 1) should look like, given

%C’XMN AZ\I her sorting goal. Wrri)te your fir):al, heapiﬁed array in the boxes.ﬁqg@gr Hhm £rom
) SideS svovh
A X / \/&M N\AY C £lo 1S al"ao(ﬁ“m

0 ™ Zhﬁ—:bT‘\jj MaAC o\ INES:

RN Ae NAZ ?V SNmo\xcj ZNAYMNAXC

INZ ool

l\N 8>\ iii.  Show what the array looks like after the first element is moved to the

“sorted” portion of the array and the remainder is re-heapified, just like
Gloria did above. Show one swap per row. (You may not need all the

rows). [« 50{4{0(

CIVIAIN W [a]xE
DIV ICININ A X7
NIV IXININ A IC|Z
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E. Sylvia also wants to practice heap sort. She remembers sorting an array in
class and decides to try heap sort on a linked list. Do you think this approach
will be more or less computationally efficient than heap sort on an array?

Please circle more or less, then justify your answer below.

Using a linked list for heap sort will be ( more | @ ) efficient than
using an array.

Justification:

4 wil| be expeasive +o
locate pawem’rs/dfnldfm

((use indey ac€s o
O\V(O\y7
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5. GRAPH AND TREE TRAVERSAL

For each item below, give the order in which nodes will be visited using the
specified traversal order. When choosing between multiple edges of the same
node, go in alphabetical order.

a) Depth-first traversal, starting at W.

WE e A DRTSeN QY VLZE

b) Breadth-first traversal, starting at V. / /// ///// /
v v
QUeue: ¥ )f KN Bt QzaDNHIKTSS
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6. GRAPHS

Each diagram or code snippet below represents a graph. We would like you to
identify the sets of representations that correspond to the same underlying graph.

Below, for each item, identify all the other representations that show alternate
representations of the same underlying graph (i.e., isomorphic and with matching
data elements). There may be several groups.

Your answers may be a little redundant: if X and Y form a set of isometric

representations, your answer for X should be Y and your answer for Y should be
X. If there are any representations that do not match any others, write “none”.

AL c.\-«x

SYYT“YFzTVicpA.?\Nn

L Q R s T Q R
1 1

Q 1|0
R{o|0Jo|1
s 0 0
T 0

- »n = O
(BN

s—\oy/
4

d.) e.)

_Q R S T Q R T
ala]1]o0]o0 e., 1]1]o ZQ‘\
R|1[a|1]o0 1lo|1]o0 ’P\ >S
s|o|1 a1 -6\‘(: 0 0|1 \r_/
Tlolo|1[x edg.Se_LO 0|11 U

f) Symmen con|

M ImmutableGraph<String> graph = GraphBuilder

1/\/ :3;iiiiz(jl(r)nmutable () @
<>

.putEdge ("Q", "R™)
.putEdge ("Q", RIS S
.putEdge ("R", R 7
.putEdge ("T", "S") \T/
build() ;

Nete: Nick 2|
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Note the vevsion of 4his ovestion
orinked. 1S dut ton Hg e on
QWL  ONSWwe/, kej Iwzadl do @N{

'k) MutableGraph<Str1ng> graph = GraphBuildef].undirected () .build(

C graph.putEdge ("R", "Q");
graph.putEdge ("S",
graph.putEdge ("T",
graph.putEdge ("S",

B bac;):
; p\/Q\S O Some
\t/ of zjov‘.

D—]?UIOIO

Graph A is equivalent to: E L \

Graph B is equivalent to: D \ 6’ I 4\’\—
Graph C is equivalent to: ‘\\\, ("7(\9_/

Graph D is equivalent to:Q‘;)\CL/)I Q(

Graph E is equivalent to: Q \ k

Graph F is equivalent to:__ \OV\Q_
Graph G is equivalent to: % ,‘ O ,‘ H
Graph H is equivalent to: %7 | D! Cj
(veepn T ALE
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7. HASH MAPS

You are on your House Council and put in charge of tracking the First Year’s
favorite colors for big sibling/little sibling activities. Your house gets between 8
and 10 first years each year (never more than 10 as there aren’t enough rooms).
Two of the students have the same first name, so you decide to use their Smith
99 number (student ID number) to store their favorite color in a hash map (also
known as a hash table).

A. Which will your map use as keys, 99 number or favorite color? Which will
you use as values? Why?

= [ 4945

aes| Loworie, oefors

whyy A4 Hs Wil be unigue,
ColoS ma% M Ve

B. Which of the following is always going to be unique in our hash table
implementation? Please check all that apply.

IQ(Keys .

O Values = 0OV Nave MP b Cﬂ"\'€> .

[0 Hash value of distinct keys — COVY WA v € ol Brons
M’Key-value pairs

C. We will use a simple modulo function to assign a hash to each 99 number.
Based on the empty table on the next page, what equation can you infer
that we are using? Fill in the box. What makes you think that?

h(k) = k %[O

Justification: lo l("D\.L.) S '\(.\ \/\0\_5 TZ‘OKQ, —
noe, o con e O—A -,
C_\)f@—@@\r Primm for Scaa\onol \\Wx 11
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D. Below is the info you get back from the students, in the order you receive
it. As each one comes in, add it to the hash table below. For collisions, use

E.

open addressing with linear probing, as we did in class.

Email 1: Student 990123458 likes Blue
Email 2: Student 991882019 likes Green
Email 3: Student 992440928 likes Blue
Email 4: Student 993771160 likes Purple
Email 5: Student 994220544 likes Pink

Hash | Key Value

O |amHYs Bl

' MR | PUP\Q
2

3

¢4 004Y | P
5

6

7

8 |aa O\Z'WMSe |'BuL

P a7 ge20\n | Greeny

Imagine student 991882019 emails you again to say she actually like
Yellow best. Which row(s) would you update and how, following the

procedure we practiced in class?

put(aa @201 \%e

0\

\Low ”)

Imagine Student 991882019 now decides to defer for a gap year, so you
don’t need her information anymore. Which row(s) would you update and
how, following the procedure we practiced in class?

| remoles -\ Paw

7 Iy S &V Pa\r N oW
Pair v ow) |\

>

del

AN\%B 20\

croved. in A
o uwp 10 4

el

home 10 O
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G. If the students had replied in a different order, would your hash table look
the same as what you have drawn above? Why or why not?

O Yes No

Justification:

pecause  we ubed  open addoe S0,

come  povs  were lumped out of

vome. row— 4 ordun would CavR
it bumps  based on BINGIONY

H. Could we use a lookup table instead of a hash table to track this
information? If yes, what are the pros/cons of this approach compared to
the one above? If no, why not?

Yes 0 No

Justification: K‘@Ys Owe/ f@ﬂ\kmex\(—am/ -
co W wn st QS 000000 ~ 49 29999
and. have  Inflax 00cess. (5 uovpnite
o) access  lut Nid< A A tha  Mmath
rde 4 WOWd P 4 s of qosiiy -enp

I. Could we use hash set instead of a hash table to track this information? If 6%(‘,0' ¢
yes, what are the pros/cons of this approach compared to the one above?
If no, why not?

O Yes bl No

Justification:

Hos\n Y+ dneck emersinp
No OSsociative Mop PYoperty

Logsy
END OF EXAM
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