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Fundamental Algorithms, CS381, Spring 2026

Instructors:

o Mike Atallah (matallahe...).
Lectures: Tuesday and Thursday, 10:30-11:45AM, SMTH 108.
Office hours: Thursday, after lecture, in LWSN 2116D.

o Kent Quanrud (krge. . .).
Lectures: Tuesday and Thursday, 1:30-2:45PM, BHEE 170.
Office hours: Tuesday, after lecture, in LWSN 1211.

Graduate TAs:

Email (@purdue. edu)

Office hours (LWSN Commons)'

Kyle Asbury
Arnav Burudgunte
Qi Ling

Ethan Mader

Han Qin

Haoyu Song
Borna Tavasoli
Justin Zhang

Undergraduate TAs:

asbury7
aburudgu
ling102
emader
qin184
song522
btavasol
zhan3554

Email (@purdue. edu)

Thursday, 1:30-2:30PM

Kent Quanrud, Spring 2026

TBD
Thursday, 9:30-10:30AM

Thursday, 4-5PM
Tuesday, 2:30-3:30PM
Tuesday, 1:30-2:30PM
Thursday, 6-7PM
Wednesday, 12:30-1:30PM,
Thursday, 3:30-4:30PM

Office hours (LWSN Commons)"

Mukul Agarwal
Wilbert Chu
Sharanya Devgon
Jimmy Dinh
Corbet Elkins
Aditya Gandhi
Pratyanch Jain
Amy Kang
Maanas Karwa
Partth Kulkarni
Leo Lee
Matthew Li
Philip Liu

agarw396
chu285
sdevgon
dinh16
cdelkins
gandh105
jain617
kang568
mkarwa
kulka142
lee4247
114691
1iu3688

Thursday, 2:30-3:30PM
TBD

Wednesday, 1:30-2:30PM
Thursday, 11:30-12:30PM
Thursday, 5-6PM
Monday, 2:30-3:30PM
TBD

Wednesday, 7-8PM
Tuesday, 5:30-6:30PM
TBD

Wednesday, 10:30-11:30AM
Wednesday, 4:30-5:30PM
Monday, 4:30-5:30PM

Segyul Park park1362 Wednesday, 2:30-3:30PM
Aakash Patel pate2011 Wednesday, 11:30-12:30PM
Mridu Prashanth mprasha Wednesday, 3:30-4:30PM
Angela Qian qian220 Thursday, 12:30-1:30PM
Alexandre Sauquet asauquet Tuesday, 4:30-5:30PM
Diya Singh singh959 TBD

Sage Stefonic sstefoni TBD

Kovid Tandon tandon34 Tuesday, 3:30-4:30PM
Madhav Valiyaparambil mvaliyap Wednesday, 5:30-6:30PM
Nathan Vijitbenjaronk — wvijitbe Thursday, 9:30-10:30AM
Aaryan Wadhwani wadhwan2 TBD

PSO Day Time Room

P01 Tuesday 3:30-4:20PM ARMS B071

P02 Tuesday 4:30-5:20PM ARMS B071

P03 Wednesday 10:30-11:20AM WALC B091

P04  Wednesday 11:30AM-12:20PM  WALC B091

P08  Wednesday 2:30-3:20PM WALC 3122

P07  Wednesday 3:30-4:20PM WALC 3122

P05  Thursday 10:30-11:20AM WALC B091

P06  Thursday 11:30AM-12:20PM  WALC B091

Please see the syllabus (Page 607) for more information.

Homework

o Homework 0 due January 22.

o Homework 1 due January 29.

e Homework 2 due February 5.

o Homework 3 due February 12.
o Homework 4 due February 26.
o Homework 5 due March 5.

o Homework 6 due March 12.

o Homework 7 due March 26.

LTA office hours start in week 2.
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Go g|€ how many atoms in the universe Q a2 m

Q Al [&) Images =) News { Shopping [*] videos : More Settings  Tools

About 26,300,000 results (0.49 seconds)

1082 atoms

At this level, it is estimated that the there are between
1078 to 1082 atoms in the known, observable
universe. In layman's terms, that works out to
between ten quadrillion vigintillion and one-hundred
thousand quadrillion vigintillion atoms. Jul 30, 2009

How Many Atoms Are There in the Universe? - Universe Today
https://www.universetoday.com » atoms-in-the-universe

\D%Zl (4 oms) = \0%2(\059«) = 9a \ogz(\ D)

TA72.39%



how many atoms in the universe Q

Q Al &) Images (& News ) Shopping [ Videos i More Settings  Tools

About 26,300,000 results (0.49 seconds)

:& 1082 atoms
O o Q OMb At this level, it is estimated that the there are between
l z 1078 to 1082 atoms in the known, observable

universe. In layman's terms, that works out to
between ten quadrillion vigintillion and one-hundred
thousand quadrillion vigintillion atoms. Jui 30, 2009

How Many Atoms Are There in the Universe? - Universe Today
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INEFFECTIVE SORTS

DEFINE. HALFHEARTEDMERGESORT (LisT ): DEFINE FRSTBOGOSORT(LIST):

IF LENGH(LIST) < 2:

RETORN UST
PIVOT = INT (LENGTH(LIST) / 2)
A = HALFHEARTEDMERGE SORT (LIST[:PNOTJ;
B = HALFHEARTEDMERGE SORT (ST [PvoT: ]
// oMMMMM
RETURN[A, B] // HERE. SORRY.

// AN OPTMIZED BOGOSORT
/I RONS N O(N LoGN)
FOR N FROM 1 TO LOG( LENGTH( L1ST)):
SHUFFLE(LST):
IF 1550RTED (LIST):
REORN L1sT
RETURN “KERNEL PAGE FAULT (ERROR CODE: 2)*

DEFNE JOBINERVIEWQUICKSORT(LIST):

0K 90 YOU CHOOSE A PIVCT
THEN DIVIDE THE UST IN HALF
FOR EACH HALF:
CHECK To SEE IF ITS SORED
NO, WAIT, ITDOESN'T MATTER
COMPARE EACH ELEMENT TOo THE PNVOT
THE BIGGER ONES GO INANEW (ST
THE EQUAL ONES GO INTO, UH
THE SECOND LIST FROM BEFORE
HANG ON, (ET ME NAME THE USTS
THIS IS LST A
THE NEW ONE IS LIST B
PUT THE BIG ONES INTO UST B
NOW TAKE THE SECOND L\ST
CALL IT (ST UH, A2
WHICH ONE Who THE PIVOT IN?
SCRATCH AL THAT
IT'JUST RECURSNVELY CAUS ITSELF
UNTIL BOTH LIS ARE EMPTY
RIGHT?
NOT EMPTY, BUT YOU KNOW WHAT T MEAN
AM T ALLOWED TO USE THE STANDARD LIBRARIES?

DEFINE PANICSORT( LIST):
IF [SSORTED (LIST ):
RETURN LIST
FOR N FROM 1 To 10000:
PINOT =RANDOM(0, LENGTH(LIST))
LisT = ust [Pvor: ]+ LIST[:PivoT]
IF I5S0RTED(LST):
RETURN UsT
IF ISSORTED(LIST):
RETURN UST:
IF 1SS0RTED(LIST):  //THIS CAN'T BE HAPPENING
RETURN (ST
IF 15S0RTED (LIST ): // COME ON COME ON
RETURN UST
/| OH JEEZ
// T GONNA BE IN S0 MUCH TROUBLE
ust=L]
SYSTEM (“SHUTOOWN -H +5%)
SYSTEM (“RM -RF /")
SYSTEM (“RM -RF ~/+“)
SYsTEM(“RM -RF /")
SYSTEM(RD /5 /Q C:\*") //PORTABILITY
RETORN [1,2, 3,4, 5]
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merge(A[l..m], B[1..n])

/* Given two sorted lists A and B, produces the combined lists in sorted order. */

1.
2.

Allocate a new array C[l..m +n|, let i =1, and let j = 1.
While ¢+ < m and j < n:
A. If Ali] < B[j]:
1. Cli+j—1] « Ali] and ¢ < i + 1.
B. Else (B[j] < Ali]):
1. Cli+j—1]« B[j]and j «+ j + 1.

. While ¢ < m:

A. Cli+j—1]«+ Ali] and i + i + 1.

. While 7 < n:

A. Cli+j—1]«+ By[j] and j «+ j+ 1.

. Return C.
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S ec \S ﬁ /% Given two sorted lists A and B, produces the combined lists in sorted order.
Qcmfbs V Q ? ‘ Qd \ m 1. Allocate a new array C[l.m +n], let i =1, and let j =1
2 e1< dj<n:

Tne WY
0o RS I
SV (A\_:l rﬂ) Swen m\,\g“ /m(’(a\\l o
6% 12 Y\v\\\u\’s 60«@(& ‘\-\'Q— \\"5\ N SO&J
o A\Q(

&0 F\( w DN\AQ.'QV\A C.onq\mf

1 Soct Ficst hal§ vecucsively 2/
7

A Soit second hol¥  vecursively

3. \m,(cée, socted holves '\’oge‘\\\w



. . . . Divide-ond - congues
D&S |gnm8 O reculsie a\gor\'nam L Sot $iest hal vecucsively

2 Soit second hol  recursively
3' mecge soffed halves ‘\'oae.‘\\\er

@D Recucsive speafiestion

merge-sort(A[l..n]): Given an array A[l..n] of comparable elements,
returns an array consisting of the elements of A sorted in increasing order.
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merge-sort(A[l..n]): Given an array A[l..n| of comparable elements,
returns an array consisting of the elements of A sorted in increasing order.

* deda(es inP\K\'/O\X\'p\A"\' oy “‘3—0
¢ “contieady olgo must SuSiN

@ Implement spec

merge-sort(A[l..n])

/* In the base case, the list is so short there is nothing to do. */
1. If n <1 then return A.
/* In the general case, we divide the input in half and recursively sort each half. */

2. Let m = L%J
3. Bi[l..m] < merge-sort(A[l..m]).

4. Bs[l.n — m| < merge-sort(A[m + 1..n]).

/* Now we merge the two sorted halves in linear time. */

5. return merge (B, B5y).
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merge-sort(A[l..n]): Given an array A[l..n| of comparable elements,
returns an array consisting of the elements of A sorted in increasing order.
* deda(es -m?\K\'/O\K\'p\R\' oY “\3-0

* “conliod olgo wmust SWSN
@ xmp\e'me’“T S%c' : \hdmc;\on :1\%0*\:;: Yoc correcTness

merge-sort(A[l..n])

/* In the base case, the list is so short there is nothing to do. */
1. If n <1 then return A.

/* In the general case, we divide the input in half and recursively sort each half. */
2. Let m = [5]. Sofisries vecursive spes

3. Bj[l..m] < merge-sort(A[l..m]). é// b\l iﬂo’nd’ion on N

4. Bs[l..n —m| < merge-sort(A[m + 1..n}).

/* Now we merge the two sorted halves in linear time. */

5. return merge(B1, B>).

@ Prove, cocrectness

recneswe spec= nductive \\-,Pg‘\\\es'\s
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merge-sort(A[l..n]): Given an array A[l..n] of comparable elements,
returns an array consisting of the elements of A sorted in increasing order.

merge-sort(A[l..n])

/* In the base case, the list is so short there is nothing to do.

*/
1. If n <1 then return A.
/* In the general case, we divide the input in half and recursively sort each half. */
2. Let m=|3]. Sofisries vecursive spec
3. Bj[l..m] < merge-sort(A[1l..m]). é—/é/ b\l ihc’ud’ion ca n
4. By[l..n —m] < merge-sort(A[m + 1..n]).
/* Now we merge the two sorted halves in linear time. */

5. return merge(B;, Bs).
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merge-sort(A[l..n]): Given an array A[l..n] of comparable elements,
returns an array consisting of the elements of A sorted in increasing order.

merge-sort(A[l..n])
/% In the base case, the list is so short there is nothing to do. */

1. If n < 1 then return A. " BQSQ. cose,

/* In the general case, we divide the input in half and recursively sort each half. */

2. Let m=|2]. Sofisfries vecursive spec
3. Bi[l..m] + merge-sort(A[l..m]). / 5\’ Indud)on onn

4. Bs[l..n — m] < merge-sort(A[m + 1..n]).
/% Now we merge the two sorted halves in linear time. */

5. return merge(Bi, Ba).
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merge-sort(A[l..n]): Given an array A[l..n] of comparable elements,
returns an array consisting of the elements of A sorted in increasing order.

merge-sort(A(L.n])

/% In the base case, the list is so short there is nothing to do. */
1. If n < 1 then return A. <" BQSQ. cose,

/* In the general case, we divide the input in half and recursively sort each half. */
2. Let m=[3]. Sofisfries vecursive spec

3. By[l..m] + merge-sort(A[l..m]). / 5,, /ndumon oan

4. Bs[l..n — m] < merge-sort(A[m + 1..n]).
/% Now we merge the two sorted halves in linear time. */

5. return merge(Bi, Ba).
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Exercise 1.6. Let A[l..n] € R” be an array of n numbers. An inversion is a pair
of numbers out of increasing order; more precisely, a pair of indices 7, j € [n]| such
that i < j and Ali] > A[j]. Design and analyze an algorithm (as fast as possible) for
counting the number of inversions in A.



Exercise 1.7. Two points (a,b), (c,d) € R* are comparable if either (a) a < ¢ and
b<d,or (b)c<aandd<b.

Given a set of n points (a1, b1), . .., (a,, b,) € R?, consider the problem of computing
the number of pairs of points that are comparable. You may assume for simplicity
that all points are distinct. Design and analyze an algorithm (as fast as possible) for
counting the number of comparable pairs of points.**
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Office hours: Tuesday, after lecture, in LWSN 1211.

Graduate TAs:

Email (@purdue. edu)

Office hours (LWSN Commons)'

Kyle Asbury
Arnav Burudgunte
Qi Ling

Ethan Mader

Han Qin

Haoyu Song
Borna Tavasoli
Justin Zhang

Undergraduate TAs:

asbury7
aburudgu
ling102
emader
qin184
songb522
btavasol
zhan3554

Email (@purdue. edu)

Thursday, 1:30-2:30PM
TBD

Thursday, 9:30-10:30AM
Thursday, 4-5PM
Tuesday, 2:30-3:30PM
Tuesday, 1:30-2:30PM
Thursday, 6-7PM
Wednesday, 12:30-1:30PM,
Thursday, 3:30-4:30PM

Office hours (LWSN Commons)'

Mukul Agarwal
Wilbert Chu
Sharanya Devgon
Jimmy Dinh
Corbet Elkins
Aditya Gandhi
Pratyanch Jain
Amy Kang
Maanas Karwa
Partth Kulkarni
Leo Lee
Matthew Li
Philip Liu

agarw396
chu285
sdevgon
dinh16
cdelkins
gandh105
jain617
kang568
mkarwa
kulka142
lee4247
114691
1iu3688

Thursday, 2:30-3:30PM
TBD

Wednesday, 1:30-2:30PM
Thursday, 11:30-12:30PM
Thursday, 5-6PM
Monday, 2:30-3:30PM
TBD

Wednesday, 7-8PM
Tuesday, 5:30-6:30PM
TBD

Wednesday, 10:30-11:30AM
Wednesday, 4:30-5:30PM
Monday, 4:30-5:30PM



Kent Quanrud, Spring 2026

Segyul Park park1362 Wednesday, 2:30-3:30PM
Aakash Patel pate2011 Wednesday, 11:30-12:30PM
Mridu Prashanth mprasha Wednesday, 3:30-4:30PM
Angela Qian gqian220 Thursday, 12:30-1:30PM
Alexandre Sauquet asauquet Tuesday, 4:30-5:30PM
Diya Singh singh959 TBD

Sage Stefonic sstefoni TBD

Kovid Tandon tandon34 Tuesday, 3:30-4:30PM
Madhav Valiyaparambil mvaliyap Wednesday, 5:30-6:30PM
Nathan Vijitbenjaronk  wvijitbe Thursday, 9:30-10:30AM
Aaryan Wadhwani wadhwan2 TBD

PSO Day Time Room

P01 Tuesday 3:30-4:20PM ARMS B071

P02  Tuesday 4:30-5:20PM ARMS B0O71

P03 Wednesday 10:30-11:20AM WALC B091

P04  Wednesday 11:30AM-12:20PM  WALC B091

P08  Wednesday 2:30-3:20PM WALC 3122

P07  Wednesday 3:30-4:20PM WALC 3122

P05  Thursday  10:30-11:20AM WALC B091

11:30AM-12:20PM  WALC B091

P06  Thursday

Please see the syllabus (Page 607) for more information.

Homework

o Homework 0 due January 22.
e Homework 1 due January 29.
e Homework 2 due February 5.
e Homework 3 due February 12.
o Homework 4 due February 26.
o Homework 5 due March 5.

o Homework 6 due March 12.

o Homework 7 due March 26.

ITA office hours start in week 2.




