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AP Computer Science
Principles

Practice Exam and Notes

This exam may not be posted on school or personal websites, nor
electronically redistributed for any reason. This exam is provided by
the College Board for AP Exam preparation. Teachers are permitted to
download the materials and make copies to use with their students in a
classroom setting only. To maintain the security of this exam, teachers
should collect all materials after their administration and keep them in a
secure location.

Further distribution of these materials outside of the secure College
Board site disadvantages teachers who rely on uncirculated questions
for classroom testing. Any additional distribution is in violation of the
College Board’s copyright policies and may result in the termination of
Practice Exam access for your school as well as the removal of access

to other online services such as the AP Teacher Community and Online
teports.
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About the College Board

The College Board is a mission-driven not-for-profit organization that connects
students to college success and opportunity. Founded in 1900, the College

Board was created to expand access to higher education. Today, the membership
association is made up of over 6,000 of the world’s leading educational institutions
and is dedicated to promoting excellence and equity in education. Each year, the
College Board helps more than seven million students prepare for a successful
transition to college through programs and services in college readiness and
college success—including the SAT® and the Advanced Placement Program®. The
organization also serves the education community through research and advocacy
on behalf of students, educators, and schools. For further information visit
www.collegeboard.org.

AP’ Equity and Access Policy

The College Board strongly encourages educators to make equitable access a
guiding principle for their AP® programs by giving all willing and academically
prepared students the opportunity to participate in AP. We encourage the
elimination of barriers that restrict access to AP for students from ethnic, racial,
and socioeconomic groups that have been traditionally underrepresented. Schools
should make every effort to ensure their AP classes reflect the diversity of their
student population. The College Board also believes that all students should have
access to academically challenging course work before they enroll in AP classes,
which can prepare them for AP success. It is only through a commitment to
equitable preparation and access that true equity and excellence can be achieved.

Copyright © 2018 The College Board. College Board, Advanced Placement Program, AP, and the acorn logo are
registered trademarks of the College Board. All other products and services may be trademarks of their respective

owners. Visit the College Board OWWWWYWoard.org. AP
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Introduction

The AP Computer Science Principles course is designed to be equivalent to a
first-semester introductory college computing course. In this course, students
will develop computational thinking skills vital for success across all disciplines,
such as using computational tools to analyze and study data and working with
large data sets to analyze, visualize, and draw conclusions from trends. The course
engages students in the creative aspects of the field by allowing them to develop
computational artifacts based on their interests. Students will also develop
effective communication and collaboration skills by working individually and
collaboratively to solve problems, and will discuss and write about the impacts
these solutions could have on their community, society, and the world.

The AP Computer Science Principles assessment consists of two parts: completion
of a through-course assessment and the end-of-course AP Exam. The through-
course assessment consists of two performance tasks and is worth 40 percent

of a students AP score. The performance tasks require students to upload digital
artifacts and written responses via a Web-based digital portal. The end-of-
course exam is worth 60 percent of a student’s AP score and consists of

74 multiple-choice questions. This practice exam is intended as preparation
for the end-of-course exam only. The exam features multiple-choice questions,
presented as either single-select questions in which students will select one
answer choice, or multiple-select questions in which students will be required to
select two answer choices.

Part I of this publication is the AP Computer Science Principles Practice Exam.
This will mirror the look and feel of an actual AP Exam, including instructions
and sample questions. However, these exam items have never been administered
in an operational exam, and, therefore, statistical analysis is not available. The
purpose of this section is to provide educators with sample exam questions that
accurately reflect the composition/design of the exam and to offer these questions
in a way that gives teachers the opportunity to test their students in an exam
situation that closely resembles the actual exam administration.

Important: Final instructions for every AP Exam are published in the AP Exam
Instructions book. Please reference that publication, which is posted at
www.collegeboard.org/apexaminstructions in March and included in schools’
exam shipments, for the final instructions and format of this AP Exam.

Part IT is the Notes on the AP Computer Science Principles Practice Exam. This
section offers an explanation of how each question in the practice exam links
back to the curriculum framework in order to provide a clear link between
curriculum and assessment. The multiple-choice rationales explain the correct
and incorrect options.
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How AP Courses and Exams Are Developed

AP courses and exams are designed by committees of college faculty and expert
AP teachers who ensure that each AP course and exam reflects and assesses
college-level expectations. AP Development Committees define the scope and
expectations of the course, articulating through a course framework what students
should know and be able to do upon completion of the AP course. Their work is
informed by data collected from a range of colleges and universities to ensure that
AP course work reflects current scholarship and advances in the discipline.

The AP Development Committees are also responsible for drawing clear and
well-articulated connections between the AP course and AP Exam—work that
includes designing and approving exam specifications and exam questions. The
AP Exam development process is a multiyear endeavor; all AP Exams undergo
extensive review, revision, piloting, and analysis to ensure that questions are high
quality and fair and that the questions comprise an appropriate spread of difficulty
across the questions.

Throughout AP course and exam development, the College Board gathers
feedback from various stakeholders in both secondary schools and higher
education institutions. This feedback is carefully considered to ensure that AP
courses and exams are able to provide students with a college-level learning
experience and the opportunity to demonstrate their qualifications for advanced
placement upon college entrance.

How AP Exams Are Scored

The exam scoring process, like the course and exam development process, relies
on the expertise of both AP teachers and college faculty. While multiple-choice
questions are scored by machine, the through-course performance tasks are scored
by college faculty and expert AP teachers at the annual AP Reading.

AP Exam Readers are thoroughly trained, and their work is monitored throughout
the Reading for fairness and consistency. In each subject, a highly respected college
faculty member fills the role of Chief Reader, who, with the help of AP Readers in
leadership positions, maintains the accuracy of the scoring standards. Scores on
the performance assessments are weighted and combined with the results of the
computer-scored multiple-choice questions and this composite score is converted
into an AP Exam score of 5, 4, 3,2, or 1.

The score-setting process is both precise and labor intensive, involving numerous
psychometric analyses of the results of a specific AP Exam in a specific year and
of the particular group of students who took that exam. Additionally, to ensure
alignment with college-level standards, part of the score-setting process involves
comparing the performance of AP students with the performance of students
enrolled in comparable courses in colleges throughout the United States. In
general, the AP composite score points are set so that the lowest raw score needed
to earn an AP score of 5 is equivalent to the average score among college students
earning grades of A in the college course. Similarly, AP Exam scores of 4 are
equivalent to college grades of A-, B+, and B. AP Exam scores of 3 are equivalent
to college grades of B—, C+, and C.
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Using and Interpreting AP Scores

College faculty are involved in every aspect of AP, from course and exam
development to scoring and standards alignment. These faculty members ensure
that the courses and exams meet colleges’ expectations for content taught in
comparable college courses. Based on outcomes research and program evaluation,
the American Council on Education (ACE) and the Advanced Placement
Program recommend that colleges grant credit and/or placement to students with
AP Exam scores of 3 and higher. The AP score of 3 is equivalent to grades of B—,
C+, and C in the equivalent college course. However, colleges and universities set
their own AP credit, advanced standing, and course placement policies based on
their unique needs and objectives.

AP Score Recommendation

5 Extremely well qualified
4 Well qualified

3 Qualified

2 Possibly qualified

1 No recommendation

Additional Resources

Visit apcentral.collegeboard.org for more information about the AP Program.
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Practice Exam

Exam Content and Format

The AP Computer Science Principles End-of-Course Exam is 2 hours long and
consists of 74 multiple-choice questions.

Administering the Practice Exam

This section contains instructions for administering the AP Computer Science
Principles Practice Exam. You may wish to use these instructions to create an
exam situation that resembles an actual administration. If so, read the indented,
boldface directions to the students; all other instructions are for administering
the exam and need not be read aloud. Before beginning testing, have all exam
materials ready for distribution. These include test booklets and answer sheets.

When you are ready to begin the exam, say:

You will be given 2 hours to answer 74 multiple-choice questions. Each
question has four answer choices.
« For question numbers 1 through 66, mark only the single best
answer to each question.
o For the remaining questions, numbered 131 through 138, mark the
two best answer choices for each question.

Your total score on this multiple-choice exam is based only on the
number of questions answered correctly. Points are not deducted for
incorrect answers or unanswered questions. When you do not know the
answer to a question, you should eliminate as many choices as you can,
and then select the best answer among the remaining choices. If you
finish before time is called, you may check your work.

Programming reference materials are located at the front of the exam.
The reference materials provide instructions and explanations to help
you understand the format and meaning of the questions on the test. As
you encounter programming questions on the test, you should use the
reference materials to clarify the behavior of programming statements
found in those questions.

You have 2 hours for this exam. Open your exam booklet and begin.

Note Start Time here . Note Stop Time here . After 2 hours, say:

Stop working. The exam is over. I will now collect your exam materials.

Collect an exam booklet and answer sheet from each student.
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PAGE 2 [ )
COMPLETE THIS AREA AT EACH EXAM (IF APPLICABLE).

P. SURVEY QUESTIONS — Answer the survey questions in the AP Student Pack. Do not put responses to exam questions in this section.

1 OeOOEOEOO + ®OOOEOEO®O OIGIOIOIOIGIOIO]0,
2 @EOOEOEOGO 5 ®OOOEOEOO 8 ®EOOOEOOO®O
3 @E®OOEOEOMO 8 ®OOOEOEOHO ° ®EOOOEOEO®O

Q. LANGUAGE — Do not complete this section unless instructed to do so.

If this answer sheet is for the French Language and Culture, German Language and Culture, Italian Language and Culture, Spanish Language
and Culture, or Spanish Literature and Culture Exam, please answer the following questions. Your responses will not affect your score.

- 1. Have you lived or studied for one month or more in a country where the language of the 2. Do you regularly speak or hear the language at home?
- exam you are now taking is spoken? U
L O Yes O No O Yes O No %
- =)
: QUESTIONS 1-75 )
- Indicate your answers to the exam questions in this section (pages 2 and 3). Mark only one response per question 8‘
- for Questions 1 through 120. If a question has only four answer options, do not mark option E. Answers written in @
- the multiple-choice booklet will not be scored. a‘

=P
- You must use a No. 2 pencil and marks must be complete. Do not use a mechanical pencil. It o
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QUESTIONS 76-120

PAGE 3

Be sure each mark is dark and completely fills the circle. If a question has only four answer options, do not mark option E.

s ®WEOO® " ®WEOO® 16 HEOOG
7 ®EeOOG 2 ®EOO® 0 ®GEOO®
B OEOOG B ®WEOO® 11 HEOO®
® ®EOOG “u ®EOOG® 1M HEOO®
0 WEOOG % WEOO® " ®WEOO®
8 AEOOG % AEOO® m AEOG®
2 ®EeOOG 7 ®EOO® n ®@eEOE
8 AEeOOG % AEOO® EHOIOICION0,
4 AEeOOG » ®EOO® L OIOICION0,
& AEOOG 10 ®EOO® LEOIOICION0,
& WEeOOG m @O0 e ®EOOG
7 WEeOO® 12 GEOO® 7 ®EOOG
8 WEeOO® 11 GEOOG 1 ®E-OOG
8 WEeOOG M HEOO® 1 ®E®OOE
 ®EOOG 15 ®EOOG 20 ®EOOG

QUESTIONS 121-126

For Students Taking AP Biology

Write your answer in the boxes at the top of the griddable area and fill in the corresponding circles.
Mark only one circle in any column. You will receive credit only if the circles are filled in correctly.

121 122 123 124 125 126

P A A RIS s
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AP° Computer Science Principles Exam
DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO.

f At a Glance w Instructions
Exam reference materials are located at the front of this booklet.

Total Time . . . . . .
2 hours This exam contains 74 multiple-choice questions. Indicate all of your answers to the
Number of Questions multiple-choice questions on the answer sheet. No credit will be given for anything written
74 in this exam booklet, but you may use the booklet for notes or scratch work.
P%r(;:;’nt of Total Scora For questions 1 through 66, select the single best answer choice for each question. After

you have decided which of the choices is best, fill in the appropriate letter in the

Writing Instrument .
corresponding space on the answer sheet.

Pencil required
Electronic Device
None allowed

- J

For questions 131 through 138, select the two best answer choices for each question.
After you have decided which two of the choices are best, enter both letters in the
corresponding space on the answer sheet.

Use your time effectively, working as quickly as you can without losing accuracy. Do not
spend too much time on any one question. Go on to other questions and come back to
the ones you have not answered if you have time. It is not expected that everyone will
know the answers to all of the multiple-choice questions.

Your total score on the exam is based only on the number of questions answered
correctly. Points are not deducted for incorrect answers or unanswered questions.
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COMPUTER SCIENCE PRINCIPLES
Time—2 Hours

Number of Questions—74

Programming reference materials are included on the following pages. As AP Computer Science Principles does not
designate any particular programming language, these reference materials provide instructions and explanations to help
you understand the format and meaning of the questions you will see on the exam. The reference materials include two
programming formats, text-based and block-based.

Programming instructions use four data types: numbers, Booleans, strings, and lists.

Instructions from any of the following categories may appear on the exam:

Assignment, Display, and Input

Arithmetic Operators and Numeric Procedures
Relational and Boolean Operators

Selection

Iteration

List Operations

Procedures

Robot

PAZLIOYINE JOU SN [RIDISWIWO)) "W ¢/ / 'Uudd0 WOIJ papeo[umo(
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REFERENCE MATERIALS

condition

Instruction | Explanation
Assignment, Display, and Input
Text: Evaluates expression and assigns the result to
a « expression the variable a.
Block:
[a e expression]
Text: Displays the value of expression, followed by
DISPLAY (expression) a space.
Block:
(prseuas )
Text: Accepts a value from the user and returns it.
INPUT ()
Block:
INPUT
Arithmetic Operators and Numeric Procedures

Text and Block: The arithmetic operators +, —, *,and / are
a+tb used to perform arithmetic on a and b.
a-b
a * b For example, 3 / 2 evaluatesto 1.5.
a/ b
Text and Block: Evaluates to the remainder when a is divided
a MOD b by b. Assume that a and b are positive

integers.

For example, 17 MOD 5 evaluatesto 2.
Text: Evaluates to a random integer from a to b,
RANDOM (a, Db) including a and b.
Block: For example, RANDOM (1, 3) could evaluate
RANDOM to 1, 2,or 3.

Relational and Boolean Operators

Text and Block: The relational operators =, #, >, <, >,and <
a=>b are used to test the relationship between two
a # b variables, expressions, or values.
a >»Db .
a < b For example, a = b evaluatesto true if a
a > b and b are equal; otherwise it evaluates to
a < Db false.
Text Evaluates to true if conditionis false;
NOT condition otherwise evaluates to false.
Block:

ditionl AND condition?2

k:

ditionD) Awp

M

1 N\

J

Evaluates to true ifboth conditionl and
condition2 are true; otherwise evaluates to
false.

UlT1l

X

-
L

AD
M\
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REFERENCE MATERIALS

Instruction | Explanation
Relational and Boolean Operators (continued)
Text: Evaluatesto true if conditionl is true
conditionl OR conditionZ2 orif condition2 is true or if both
Block: conditionl and condition2 are true;
OR otherwise evaluates to false.
Selection

Text: The code in block of statements is
IF (condition) executed if the Boolean expression condition
{ evaluates to true; no action is taken if

<block of statements> condition evaluatesto false.

}
Block:

1 Gamaieion)

[block of statements]]

)
2
=
1
o
1Y)
(@
(@]
o,
=
=
: ; O
Text: The codein first block of statements |0
IF (condition) is executed if the Boolean expression 8
{ condition evaluatesto true; otherwise the g
<first block of statements> codein second block of statements is u\}
} executed. —-
ELSE =
{ a
<second block of statements> o)
} =
Block: %
Ve ™ =
¢ Gonaieion) )
=
[first block of statements )] c
%)
ELSE @
=
[[second block of statements)] 9,.
L J oo
5 c
Iteration &r
Text: The codein block of statements is »9;
REPEAT n TIMES executed n times. ~h
{ (@)
<block of statements> e
}
Block:
(REPEAT n TIMES
E [block of statements]]
omni_Xxyz AP
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REFERENCE MATERIALS

Instruction | Explanation
Iteration (continued)
Text: The codein block of statements is
REPEAT UNTIL (condition) repeated until the Boolean expression
{ condition evaluatesto true.

<block of statements>

}
Block:

[block of statements]]

List Operations

For all list operations, if a list index is less than 1 or greater than the length of the list, an error message
is produced and the program terminates.

Text: Refers to the element of 1ist atindex i.The
list[1i] first element of 1ist isatindex 1.

Block:

list

Text: Assigns the value of 1ist[j] to list[i].
list[i] « list[3]

Block:

[list -— list ]

Text: Assigns valuel, value2,and value3 to
list « [valuel, value2, value3] list[1], list[2],and list[3],
Block: respectively.

[list -—Ivaluel, value2, wvalue3 I]

PAZLIOYINE JOU SN [RIDISWIWO)) "W ¢/ / 'Uudd0 WOIJ papeo[umo(

Text: The variable item is assigned the value of each
FOR EACH item IN list element of 1ist sequentially, in order from the
{ first element to the last element. The code in

<block of statements> block of statements is executed once for
; each assignment of item.
Block:
FOR EACH item IN list

[block of statements]]

omni_Xxyz AP
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REFERENCE MATERIALS

Instruction | Explanation
List Operations (continued)
Text: Any valuesin list atindices greater than or
INSERT (list, 1, value) equal to i are shifted to the right. The length of
Block: list is increased by 1, and value is placed at

index 1 in list.

[INSERT [list, i, value |]

Text: The length of 1ist isincreased by 1, and
APPEND (list, wvalue) value is placed at the end of 1list.

Block:

[APPEND [list, value |]

Text: Removes the item at index 1 in list and shifts
REMOVE (list, 1) to the left any values at indices greater than i. The
Block: length of 1ist is decreased by 1.

(rawovs [ize. 1)

Text: Evaluates to the number of elements in 1ist.

LENGTH (list)

O
z
=)
1
o
Y]
(N
(€]
(@R
=
=
Q
o
Q)
B
Block: -
LENGTH o
Procedures §
Text: A procedure, name, takes zero or more :
PROCEDURE name (parameterl, parameters. The procedure contains programming Q
parameter2, ...) instructions. %
{ =
<instructions> o
} =
(@]
[
Block: =
PROCEDURE name |parameterl, %
parameter?, ... g
. : Q
[1nstructlons] -+
o
=4
Text: A procedure, name, takes zero or more =
PROCEDURE name (parameterl, parameters. The procedure contains programming »C-?;
. . i
parameter2, ...) instructions and returns the value of (ND
{ expression. The RETURN statement may o
<instructions> . appear at any point inside the procedure and causes
RETURN (expression) an immediate return from the procedure back to the
} calling program.
Block:
~
E JCEDURE name |parameterl,
parameter2, ...
[instructions J
) omny xyz AP
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REFERENCE MATERIALS

Instruction

Explanation

Robot

If the robot attempts to move to a square that is not open or is beyond the edge of the grid, the robot will
stay in its current location and the program will terminate.

Text: The robot moves one square forward in the

MOVE FORWARD () direction it is facing.

Block:

[MOVE_FORWARD]

Text: The robot rotates in place 90 degrees

ROTATE LEFT () counterclockwise (i.e., makes an in-place left turn).
Block:

| ROTATE LEFT l

Text: The robot rotates in place 90 degrees clockwise
ROTATE RIGHT () (i.e., makes an in-place right turn).

Block:

[ROTATE_RIGHT ]

Text: Evaluates to true if there is an open square one
CAN_MOVE (direction) square in the direction relative to where the robot is
Block: facing; otherwise evaluates to false. The value

of direction can be left, right, forward, or
backward.

omni_xyz

AP
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Directions: Each of the questions or incomplete statements below is followed by four suggested answers or completions.
Select the one that is best in each case and then fill in the corresponding circle on the answer sheet.

customer to provide personal information and to call a phone number if he or she has any questions. The

1. The code segment below is intended to swap the values of the variables first and second using a
temporary variable, temp.
temp -— first }

[ o

[ first = second] %

[ <MISSING CODE> ] E

O

<)

Which of the following can be used to replace <MISSING CODE> so that the code segment works as %

intended? -~

=

(A) [second - first] %

o

o

(B) [second -— temp J g

-

»*

© [temp<— first ] §

@

(D) [temp <— second J %

2

=

(@]

[

=

c

»n

(@)

=]

o

=

o

=1

=

. . . . . o

2. A bank customer receives an e-mail from a sender claiming to be a bank employee. The e-mail asks the E

(€]

o

customer suspects the e-mail might be a phishing attempt. Which of the following responses is most likely to b
a privacy risk for the bank customer?

(A) Calling the bank at its official phone number to ask whether the request for personal information is
legitimate

alling the phone number given in the e-mail and providing the personal information over the phone
1ecking that the domain name of the sender’s e-mail address is associated with the bank

>nducting a Web search to see if other people have received similar requests for personal information

AP Computer Science Principles Practice Exam
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3. Which of the following would be the best use of citizen science?

(A) An experiment that requires all participants to be working in the same laboratory
(B) An experiment that requires expensive equipment to conduct
(C) An experiment that requires data measurements to be taken in many different locations

(D) An experiment that requires specialized knowledge and training to conduct

4. A student is writing a program to model different real-world events using simulations. Which of the following
simulations will generate a result that would best be stored using a Boolean variable?

(A) A simulation of flipping a fair coin
(B) A simulation of rolling a fair die (with sides numbered 1 through 6)
(C) A simulation of the temperature in a location over time

(D) A simulation of traffic patterns on a road

PaZLIOYINE JOU SN [eIdIoWWO)) ‘Wi ¢/ / uado wloI] papeofumo(
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5. The ticket prices at a movie theater are given below.

Type of Ticket Price
(in dollars)
Regular 12
Child (ages 12 and below) 9
Senior (ages 60 and above) 9

Additional $5 fee for 3-D movies

A programmer is creating an algorithm to set the value of ticketPrice based on the information in the
table. The programmer uses the integer variable age for the age of the moviegoer. The Boolean variable
is3D is true when the movie is 3-D and false otherwise.

Which of the following code segments correctly sets the value of ticketPrice ?

(A) [ ticketPrice =-— 12 ] (B) [ ticketPrice =-— 12 ]
( )
IF ((age < 12) OR (age > 60)) (1r ((age < 12) OR (age > 60))\
{(ticketPrice - 9 ] {(ticketprice - 9 ]

G _J
(1F ) ELSE

[(ticketPrice - 17 ]
\

[(ticketPrice - 17 ]
\_

[gro1owwo)) ‘Wi ¢/ / ‘uado woIy papeojumo(]

~ J
©) [ticketPrice - 12) (D) ( ticketPrice -— 12 J
)

(e or (D ) )
p 7
(ticketPrice -9 )} [ticketPrice -3 )] g

> - < ELSE 2

(17 A =
¢ : : : . 3
(ticketPrice <— ticketPrice + 5]] \_ [tlcketPrlce ~— ticketPrice +§°‘]l

— 2 E

a
o
Omni_xyz AP GO ON TO THE NEXT PAGE.
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6. Which of the following best describes the role of the Internet Engineering Task Force (IETF) ?

(A) Developing standards and protocols for Internet communication
(B) Preventing copyrighted materials from being illegally distributed online
(C) Preventing malicious software from being distributed online

(D) Verifying the ownership of encrypted keys used in secured messages

7. Consider the following program, which uses the variables start, end, and current.

start <« 1

end <« 20

current <« 3

start <« current
current <« current + 1
DISPLAY (start)
DISPLAY (current)

What is displayed as a result of executing the program?

(A) 1 3
B) 3 3
(C) 3 4
D) 4 4

PaZLIOYINE JOU SN [eIdIoWWO)) ‘Wi ¢/ / uado wloI] papeofumo(
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8. Which of the following best characterizes a high-level programming language?

(A) A language comprised entirely of hardware logic gates
(B) A language in which each instruction corresponds directly to an instruction in a computer’s machine code
(C) A language that is easy for a computer to interpret but difficult for humans to interpret

(D) A language that uses multiple abstractions to manage complexity

9. A smartphone stores the following data for each photo that is taken using the phone.

* The file name of the photo
* The date and time the photo was taken

* The geographic location where the photo was taken

Assume that all of the photos that have been taken on the phone are accessible. Which of the
following can be determined using the photo data described above?

I. The number of photos that were taken at a particular geographic location
II. The number of photos that were taken in the last year

III. The name of the person who took the most recent photo

(A) III only

(B) Tand II only
(C) Tand I only
(D) LII, and III

PaZLIOYINE JOU SN [eIdIoWWO)) ‘Wi ¢/ / uado wloI] papeofumo(
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10.  Which of the following best describes one of the benefits of using an iterative and incremental process of
program development?

(A) It allows programmers to implement algorithmic solutions to otherwise unsolvable problems.
(B) It eliminates the need for programmers to test completed programs.
(C) It enables programmers to create programs that use the lowest-level abstractions available.

(D) It helps programmers identify errors as components are added to a working program.

PAZLIOYINE JOU SN [RIDISWIWO)) "W ¢/ / 'Uudd0 WOIJ papeo[umo(
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11. The procedure DrawCircle (x, y, r) can be used to draw a circle on a coordinate grid. The circle is
centered at the coordinate (x, y) and has a radius of r units. The procedure will be used to draw the
following figure on a coordinate grid.

\
9
8 T
1 AN
) ( \
SN AN
TN/
3 \ /1T 1 TN\
’ NUSZER
) \ /
' [

012 3 456 7 8 9

Which of the following code segments can be used to draw the figure?

(A) xPos « 3 (B) xPos « 3
yPos <« 6 yPos <« 6
REPEAT 3 TIMES REPEAT 3 TIMES
{ {
DrawCircle (xPos, yPos, 2) DrawCircle (xPos, yPos, 2)
xPos <« xPos + 2 xPos <« xPos + 2
yPos <« yPos + 2 yPos <« yPos - 2
} }
(C) xPos « 7 (D) xPos « 7
yvPos « 2 yvPos « 2
REPEAT 3 TIMES REPEAT 3 TIMES
{ {
DrawCircle (xPos, yPos, 2) DrawCircle (xPos, yPos, 2)
xPos <« xPos + 2 xPos <« xPos + 2
yPos <« yPos + 2 yPos <« yPos - 2

PAZLIOYINE JOU SN [RIDISWIWO)) "W ¢/ / 'Uudd0 WOIJ papeo[umo(
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12. A spinner is divided into three sections. The sector labeled Red is four times as large as each of the sectors
labeled Blue and Yellow, which are of equal size.

The procedure below is intended to simulate the behavior of the spinner.

PROCEDURE Spinner

(<MISSING CODE>)

Which of the following can be used to replace <MISSING CODE> so that the procedure correctly simulates
the spinner?

(A) (B)

[spin ~— RANDOM ] [spin ~— RANDOM ]
( . ) [ .

[(RETURN D [(RETURN D
\ 9% \ %
(1r b (1r b
[(RETURN D [(RETURN D
{\RETURN } ” {\RETURN } g

~

PAZLIOYINE JOU SN [RIDISWIWO)) "W ¢/ / Uudd0 WOIJ papeo[umo(
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©

[spin <— RANDOM ]
[ :
”

-
[(RETURN D

& J

(17 (pln - 2) \

[(RETURN D
{\RETURN } ”

(D)

omni_xyz

[spin <— RANDOM ]
[ :
”

[(RETURN D
& J
(17 (pln - 2) \

~

[(RETURN D
{\RETURN } ”
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Questions 13-14 refer to the information below.

A social media site allows users to send messages to each other. A group of researchers gathered user data for the first
10 years of the site’s existence. Some of the data are summarized in the table below, along with some of the company

milestones.
Total Number Average Average Average
. Number of Number of
. of Registered . . . Number of
Year Milestone . Active Daily Daily
Users (in . Characters
millions) Users (in Messages Sent Per Message
millions) Per User g
1 Web site launched 25.4 0.8 3.6 360
2 26.0 0.7 3.5 362
3 26.5 0.6 3.5 358
4 26.9 0.6 34 360
5 |Mobile app released 27.4 0.9 3.3 269
6 28.0 0.9 34 242
7 28.6 1.1 3.5 195
8 29.1 1.2 3.5 176
9 29.6 1.1 3.6 104
10 30.2 1.1 3.6 96

13. The researchers noticed that the total number of registered users appears to be increasing at about a constant
rate. If this pattern continues, which of the following best approximates the total number of registered users, in
millions, in year 12 (two years after the last entry in the table) ?

(A) 30.6
(B) 31.2
(C) 31.8
(D) 324

POZLIOYINE JOU SN [RIDISWIWO)) "W ¢/ / 'Udd0 WOIJ papeo[umo(

14.  Which of the following hypotheses is most consistent with the data in the table?

(A) The mobile app release did not have any effect on the average number of daily messages sent per user.
(B) The mobile app release discouraged new user registration on the site.
1e mobile app release led to users being less frequently active on the site.

1e mobile app release led to users tending to write shorter messages.

omni_Xxyz AP GO ON TO THE NEXT PAGE.
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15. Consider the two programs below.

Program A: Program B:

1 -— 1 i1 -— 1

REPEAT UNTIL REPEAT UNTIL

Which of the following best compares the values displayed by programs A and B?

(A) Program A and program B display identical values.
(B) Program A and program B display the same values in different orders.
(C) Program A and program B display the same number of values, but the values differ.

(D) Program A and program B display a different number of values.

IOWWI0)) "Wl ¢/ / 'uado WOoIJ papeojumo(

~
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[
16.  Which of the following is a true statement about Internet communication? e,
c
(A) Devices from different manufacturers are required to run the same operating system to communicate over &
the Internet. =
o)
(B) Every device connected to the Internet is assigned a digital certificate by a certificate authority. =
oS
(C) Every device connected to the Internet is assigned an Internet protocol (IP) address. E
=
(D) Every device connected to the Internet requires a high-bandwidth connection to enable redundant routing g
to each device. R
(€]
ol
omni_xyz AP GO ON TO THE NEXT PAGE.
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17. A user reads reviews of a popular artist’s new album and then downloads the album from the Web site of a
licensed online music seller. Which of the following is LEAST likely to be a consequence of this action?

(A) Advertisements for the artist’s other albums will be displayed when the user visits a different Web site.
(B) Album reviews from other people who live nearby will be displayed to the user.
(C) Similar artists will be recommended to the user based on the user’s download selection.

(D) The user will be in violation of the Digital Millennium Copyright Act (DMCA).

18.  Which of the following actions could be used to help reduce the digital divide?
I. Providing free education and training on how to use computing devices
II. Providing free or low-cost computing devices to low-income individuals

III. Providing networks and infrastructure to people in remote areas

(A) I only

(B) TandII only
(C) II and III only
(D) L 1II, and III

PazZLIoYINE J0U 9sh [erdIowwo)) ‘wir ¢/ / ‘uadoluioly papeorumo
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19. A population researcher is interested in predicting the number of births that will occur in a particular
community. She created a computer model that uses data from the past ten years, including number of residents
and the number of babies born. The model predicted that there would be 200 births last year, but the actual
number of births last year was only 120. Which of the following strategies is LEAST likely to provide a more
accurate prediction?

(A) Gathering data for additional years to try to identify patterns in birth rates
(B) Refining the model used in the computer simulation to more closely reflect the data from the past ten years
(C) Removing as many details from the model as possible so that calculations can be performed quickly

(D) Taking into consideration more information about the community, such as the ages of residents

20. A library of e-books contains metadata for each book. The metadata are intended to help a search feature find
books that users are interested in. Which of the following is LEAST likely to be contained in the metadata of
each e-book?

(A) An archive containing previous versions of the e-book
(B) The author and title of the e-book
(C) The date the e-book was first published

(D) The genre of the e-book (e.g., comedy, fantasy, romance, etc.)
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21. An application program interface (API) provides a procedure Max, which returns the greater of its two integer
arguments.

A programmer would like to find the greatest of three integer values a, b, and c. Which of the following
expressions will produce the desired result in every case?

(A) Max (Max (a, b), <)
(B) Max (a, b) - Max (b, c)
(C) Max (a, b) + Max (b, c) - Max (a, c)

(D) (Max (a, b) + Max (b, c)) / 2
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22. The following question uses a robot in a grid of squares. The robot is represented by a triangle, which is initially
facing right.

Consider the procedures below.

e N\
PROCEDURE MoveXTimes PROCEDURE RightXTimes
REPEAT x TIMES REPEAT x TIMES
{MOVE_FORWARD )] [(ROTATE_RIGHT }
\_ /L J

Which of the following code segments will move the robot to the gray square?

v [MoveXTimeS J v [MoveXTimes J

[RightXTimes J [RightXTimes J
[MoveXTimes J [MoveXTimes }

© (D)

[MoveXTimes J [MoveXTimes J
[RightXTimes J [RightXTimes J
[MoveXTimes J [MoveXTimes }
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23. A student is creating a procedure to determine whether the weather for a particular month was considered very
hot. The procedure takes as input a list containing daily high temperatures for a particular month. The procedure
is intended to return true if the daily high temperature was at least 90 degrees for a majority of days in the
month and return false otherwise.

PROCEDURE IsHot (temperaturelList)
{
total <« 0
counter <« 0
FOR EACH temperature IN temperatureList

{
IF (temperature = 90)

{

counter <« counter + 1

}
total « total + 1

}
RETURN (<MISSING CODE>)

}

Which of the following can be used to replace <MISSING CODE> so that the procedure works as intended?

(A) counter < 0.5 * total

(B) counter > 0.5 * total

(C) total < 0.5 * counter

o U1 o O

(D) total > 0.5 * counter
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24. The following figures represent different ways of configuring a network of physically linked computers labeled
P, Q, R, and S. A line between two computers indicates that the computers can communicate directly with each
other. In which configuration is it NOT possible to have redundant routing between computers P and S?
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Questions 25-26 refer to the information below.

Byte pair encoding is a data encoding technique. The encoding algorithm looks for pairs of characters that appear in
the string more than once and replaces each instance of that pair with a corresponding character that does not appear in
the string. The algorithm saves a list containing the mapping of character pairs to their corresponding replacement
characters.

For example, the string "THIS_IS_THE_BEST_WISH" can be encoded as "$#_#_%E_BEST_W#H" by
replacing all instances of "TH" with "%" and replacing all instances of "IS" with "#".

25.  Which of the following statements about byte pair encoding is true?

(A) Byte pair encoding is an example of a lossy transformation because it discards some of the data in the
original string.

BO[UMO(T

(B) Byte pair encoding is an example of a lossy transformation because some pairs of characters are replaced &
by a single character.

P°

(C) Byte pair encoding is an example of a lossless transformation because an encoded string can be restored oz’
its original version.

O o

(D) Byte pair encoding is an example of a lossless transformation because it can be used to transmit messages
securely.

26. For which of the following strings is it NOT possible to use byte pair encoding to shorten the string’s length?
(A) "BANANA"
(B) "LEVEL_UP"
(C) "MEET_ME_LATER"
(D) "NEITHER_HERE_NOR_THERE"
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27. The grid below contains a robot represented as a triangle, initially facing up. The robot can move into a white or

gray square but cannot move into a black region.

A

The code segment below uses the procedure GoalReached, which evaluates to true if the robot is in the

gray square and evaluates to false otherwise.

REPEAT UNTIL (GoalReached ())

{
<MISSING CODE>

}

Which of the following replacements for <MISSING CODE> can be used to move the robot to the gray

square?

(A) IF (CAN_MOVE (right)) (B) 1F

{
ROTATE_RIGHT ()

}
MOVE_FORWARD ()

(C) IF (CAN_MOVE (forward)) (D) 1F

{
MOVE_FORWARD ()

}
ROTATE_RIGHT ()

omni_xyz

(CAN_MOVE (right))
ROTATE_RIGHT ()
MOVE_FORWARD ()
(CAN_MOVE (forward))

MOVE_FORWARD ()
ROTATE_RIGHT ()
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28. Which of the following allows users to refer to Web sites using names, such as example . com, rather than
numbers, such as 93.184.216.34 ?

(A) A digital certificate

(B) The domain name system (DNS)

(C) The hypertext transfer protocol (HTTP)
(D) The simple mail transfer protocol (SMTP)

29.  Which of the following is an underlying assumption that is made when Moore’s law is used?

(A) As computer hardware improves, the algorithms used in programs will become more efficient.
(B) As computer hardware improves, developers will become more skilled at writing code.
(C) As computer hardware improves, future computers will be able to run faster than current computers.

(D) As computer hardware improves, the number of cybersecurity concerns will increase.
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http:93.184.216.34
http:example.com

30. A student wrote the following code for a guessing game.

Line 1: secretNumber <« RANDOM (1, 100)
Line 2: win <« false

Line 3: REPEAT UNTIL (win)

Line 4: {

Line 5: DISPLAY ("Guess a number.")

Line 6: guess <« INPUT ()

Line 7: IF (guess = secretNumber)

Line 8: {

Line 9: DISPLAY ("You got it right!")
Line 10: }

Line 11: ELSE

Line 12: {

Line 13: IF (guess > secretNumber)
Line 14: {

Line 15: DISPLAY ("Your guess is too high.")
Line 16: }

Line 17: ELSE

Line 18: {

Line 19: DISPLAY ("Your guess 1s too low.")
Line 20: }

Line 21: }

Line 22: }

While debugging the code, the student realizes that the loop never terminates. The student plans to insert the
instruction win <— true somewhere in the code. Where could win <« true be inserted so that the
code segment works as intended?

(A) Between line 6 and line 7
(B) Between line 9 and line 10
(C) Between line 20 and 21
(D) Between line 21 and 22
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31. A text-editing application uses binary sequences to represent each of 200 different characters. What is the
minimum number of bits needed to assign a unique bit sequence to each of the possible characters?

(A) 4
(B) 6
© 7
(D) 8

32. The diagram below shows a circuit composed of three logic gates. Each gate takes two inputs and produces a

single output.
AND OR

OR

|

output

For which of the following input values will the circuit have an output of false?
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(A) A = true, B = false, C = false, D = false
(B) A = true, B = true, C = false, D = false
(C) A = false, B = false, C = true, D = true
(D) A = false, B = false, C = false, D = true
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33. A video-streaming service maintains a database of information about its customers and the videos they have
watched.

The program below analyzes the data in the database and compares the number of viewers of science fiction
videos to the number of viewers of videos of other genres. It uses the procedure Analysis (category),
which returns the number of unique users who viewed videos of a given category in the past year. The
Analysis procedure takes approximately 1 hour to return a result, regardless of the number of videos of the
given genre. All other operations happen nearly instantaneously.

sciFiFans <« Analysis ("science fiction")
genrelList <« ["comedy", "drama", "mystery", "romance"]
FOR EACH genre IN genrelList
{

IF (Analysis (genre) > sciFiFans)

{

DISPLAY (genre)
}

}
Which of the following best approximates the amount of time it takes the program to execute?

(A) 1 hour
(B) 2 hours
(C) 4 hours
(D) 5 hours
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34. The question below uses a robot in a grid of squares. The robot is represented as a triangle, which is initially in
the bottom right square of the grid and facing toward the top of the grid.

A

The following programs are each intended to move the robot to the gray square. Program II uses the
procedure GoalReached, which returns true if the robot is in the gray square and returns false
otherwise.

Program I: Program II:

(REPEAT 4 TIMES ) (fEPEAT UNTIL(GoalReached )

(movE_ForwARD ) ( )
(rotaTE LEFT ) LS aornd )

(movE_ForwWARD )
(rotaTE RIGHT )

((MOVE_FORWARD ]]

ELSE

. _J

{ ROTATE LEFT )]

\_ J
D “ )

Which of the following statements is true?

(A) Program I correctly moves the robot to the gray square, but program II does not.
(B) Program II correctly moves the robot to the gray square, but program I does not.
(C) Both program I and program II correctly move the robot to the gray square.

(D) Neither program I nor program II correctly moves the robot to the gray square.
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35.

A color is often represented by a 6-digit hexadecimal number that describes how the colors red, green, and blue
are mixed to create the desired color. From left to right, the first two digits represent the amount of red, the
second two digits represent the amount of green, and the last two digits represent the amount of blue. Which of
the following hexadecimal numbers represents the color with the greatest amount of blue in it?

(A) 0099A1
(B) A10099
(C) A100BO
(D) FFA100

uodo woij papeojumo(]

36.

Participants in a survey were asked how many hours per day they spend reading, how many hours per day they ~
spend using a smartphone, and whether or not they would be interested in a smartphone application that lets G2
users share book reviews.

wr

The data from the survey are represented in the graph below. Each X represents a survey participant who said h S

or she was interested in the application, and each O represents a participant who said he or she was not o)
interested. g
z X X X e
29 41 x x =R

29 X X X c

T3t xXx &

th= X © X5 N

5% ol O X0 X X =

= (@) X 0,00 2

£/ (o)

Z g o o =
& o O =

0 : : : : | o
o 1 2 3 4 5 .
Number of Hours Spent §

Using a Smartphone per Day

Which of the following hypotheses is most consistent with the data in the graph?

(A) Participants who read more were generally more likely to say they are interested in the application.
irticipants who read more were generally less likely to say they are interested in the application.
irticipants who use a smartphone more were generally more likely to say they read more.

wrticipants who use a smartphone more were generally less likely to say they read more.
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37. A flowchart is a way to visually represent an algorithm. The flowchart below is used by an apartment rental Web
site to set the variable include to true for apartments that meet certain criteria.

Block Explanation
Ooval O The start or end of the algorithm

Diamond O A conditional or decision step, where execution proceeds to the side
labeled true if the condition is true and to the side labeled
false otherwise

Rectangle ] One or more Processing steps, such as a statement that assigns a
value to a variable

A4 A 4

include «—— true include «+—— false

' !

v
End

Which of the following statements is equivalent to the algorithm in the flowchart?

(A) include <« (floor > 10) OR (bedrooms = 3)

(B) include (floor > 10) AND (bedrooms = 3)

AN

&
(C) include « (floor £ 10) OR (bedrooms = 3)
&

(D) include (floor < 10) AND (bedrooms = 3)
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38. A researcher wrote a program to simulate the number of mice in an environment that contains predators. The
program uses the following procedures.

Procedure Call Explanation
InitialMousePopulation () Returns the number of mice at the start of the
simulation
InitialPredatorPopulation () Returns the number of predators at the start of

the simulation

NextDayPopulation (numberOfMice, |Based on the current numbers of mice and
numberOfPredators) predators, returns the number of mice after one
day

Code for the simulation is shown below.

days « 0
numMice < InitialMousePopulation ()
numPredators <« InitialPredatorPopulation ()
REPEAT UNTIL (days = 365)
{
numMice <« NextDayPopulation (numMice, numPredators)
days « days + 1
}
DISPLAY ("There are")
DISPLAY (numMice)
DISPLAY ("mice after one year.")

Based on the code, which of the following assumptions is made in the simulation?
(A) The number of mice increases by 1 each day.

(B) The number of mice does not change from day to day.

(C) The number of predators increases by 1 each day.

(D) The number of predators does not change from day to day.
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(A) Rits per byte
ts per second
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illiseconds
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40. A musician is creating a song using audio samples. Which of the following actions will minimize the risk of a
copyright violation when creating sample-based music?

(A) Using samples found on popular music-streaming sites
(B) Using samples found on peer-to-peer networks
(C) Using samples from nondigital sound sources (vinyl records, tapes, etc.)

(D) Using samples published with a no-rights-reserved Creative Commons license

41. A computer program performs the operation 2 + 3 and represents the result as the value 0.6666667.
Which of the following best explains this result?

(A) An overflow error occurred.
(B) The precision of the result is limited due to the constraints of using a floating-point representation.
(C) The program attempted to execute the operation with the arguments in reverse order.

(D) The program attempted to represent a floating-point number as an integer.
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42. The two code segments below are each intended to display the average of the numbers in the list numList.
Assume that numList contains more than one value.

Program I: Program II:
l sum =-— 0 l sum -e— O
FOR EACH num IN numList FOR EACH num IN numList

[sum -— Sum + num ) [( )]
SUmM -«— Sum + num
(avg -— sum / LENGTHlnumList U
avg -— sum / LENGTH |numList|]

(DISPLAY ] DISPLAY [avg J

Which of the following best describes the two code segments?

(A) Code segment I displays the correct average, but code segment II does not.
(B) Code segment II displays the correct average, but code segment I does not.

(C) Both code segments display the correct average, but code segment I requires more arithmetic operations
than code segment II.

(D) Both code segments display the correct average, but code segment II requires more arithmetic operations
than code segment L.
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43. A snack bar has a frequent customer program in which every 10th purchase is free. Customers are enrolled in
the program when they make their first purchase. A programmer is writing a program to implement the frequent
customer program. In one code segment, cost is set to 0 for every 10th purchase by a given customer. The
programmer will use the procedure GetCount (customerID), which returns the total number of
purchases a customer has made since enrolling in the frequent customer program, including his or her first
purchase.

Which of the following code segments will set cost to 0 for every 10th purchase a customer makes after
enrolling in the frequent customer program?

(A) count <« GetCount (customerID)
IF (count / 10 = 0)
{
cost <« O
}

(B) count <« GetCount (customerID)
IF (NOT (count / 10 = 0))
{
cost «— O
}

(C) count <« GetCount (customerID)
IF (count MOD 10 = 0)
{
cost « O

}

(D) count <« GetCount (customerID)
IF (NOT (count MOD 10 = 0))
{
cost « O
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44. Which of the following explains a benefit of using open standards and protocols for Internet communication?

(A) Open standards and protocols allow different manufacturers and developers to build hardware and software
that can communicate with hardware and software on the rest of the network.

(B) Open standards and protocols provide ways for users to eliminate the latency of messages they send on the
Internet.

(C) Open standards and protocols allow users to freely share or reuse material found on the Internet for
noncommercial purposes.

(D) Open standards and protocols prevent developers from releasing software that contains errors.
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Questions 45-46 refer to the information below.

Grades in a computer science course are based on total points earned on a midterm exam and a final exam. The teacher
provides a way for students to improve their course grades if they receive high scores on the final exam: if a student’s
final exam score is greater than the student’s midterm exam score, the final exam score replaces the midterm exam
score in the calculation of total points.

The table below shows two students’ scores on the midterm and final exams and the calculated total points each student
earns.

Student Name | Midterm Exam Score | Final Exam Score | Total Points Calculation
Khalil 90 80 90 + 80 = 170
Josefina 70 90 90 + 90 = 180

* Khalil does better on the midterm exam than on the final exam, so his original midterm and
final exam scores are added to compute his total points.

¢ Josefina does better on the final exam than on the midterm exam, so her final exam score
replaces her midterm exam score in the total points calculation.
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45. The teacher has data representing the scores of thousands of students. For each student, the data contain the
student name, the midterm exam score, the final exam score, and the result of the total points calculation. Which
of the following could be determined from the data?

I. The average total points earned per student
II. The average increase in total points per student as a result of the score replacement policy

III. The proportion of students who improved their total points as a result of the score replacement policy

(A) III only

(B) Iand II only
(C) TandIII only
(D) L II, and III

46. A programmer is writing a procedure to calculate a student’s final grade in the course using the score
replacement policy described. The student’s exam scores are stored in the variables midtermExam and
finalExam. The procedure Max (a, b) returns the larger of a and b.

Which of the following could be used in the procedure to calculate a student’s total points earned in the course
and store the result in the variable adjustedTotal?

(A) adjustedTotal ¢« Max (midtermExam, finalExam)

(B) adjustedTotal ¢« Max (midtermExam, finalExam) + finalExam

(C) adjustedTotal « Max (midtermExam, finalExam) + midtermExam
«—

(D) adjustedTotal 2 * Max (midtermExam, filnalExam)
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47. Internet protocol version 4 (IPv4) represents each IP address as a 32-bit binary number. Internet protocol
version 6 (IPv6) represents each IP address as a 128-bit binary number. Which of the following best describes
the result of using 128-bit addresses instead of 32-bit addresses?

(A) 4 times as many addresses are available.

(B) 96 times as many addresses are available.
©) 2% times as many addresses are available.

(D) 2% times as many addresses are available.

48. An online retailer uses an algorithm to sort a list of n items by price. The table below shows the approximate
number of steps the algorithm takes to sort lists of different sizes.

Number of Items | Number of Steps
10 100
20 400
30 900
40 1,600
50 2,500
60 3,600

Based on the values in the table, which of the following best characterizes the algorithm for very large values
ofn?

(A) The algorithm runs in reasonable time.
(B) The algorithm runs, but not in reasonable time.
(C) The algorithm attempts to solve an undecidable problem.

(D) The algorithm attempts to find an approximate solution whenever it fails to find an exact solution.
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49.

A computer program uses 4 bits to represent nonnegative integers. Which of the following statements describe a
possible result when the program uses this number representation?

I. The operation 4 + 8 will result in an overflow error.
II. The operation 7 + 10 will result in an overflow error.
III. The operation 12 + 3 will result in an overflow error.
(A) Tonly
(B) IIonly
(C) II and III only
(D) LII, and III

L, uado woIj papeoumo
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50.

A NAND gate is a type of logic gate that produces an output of false only when both of its two inputs
are true. Otherwise, the gate produces an output of true. Which of the following Boolean expressions
correctly models a NAND gate with inputs P and Q ?

(A) (NOT P) AND (NOT Q)
(B) (NOT P) AND Q

(C) NOT (P AND Q)

(D) NOT (P OR Q)
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51. A student wants to create an algorithm that can determine, given any program and program input, whether or not
the program will go into an infinite loop for that input.

The problem the student is attempting to solve is considered an undecidable problem. Which of the following is
true?

(A) Itis possible to create an algorithm that will solve the problem for all programs and inputs, but the
algorithm can only be implemented in a low-level programming language.

(B) Itis possible to create an algorithm that will solve the problem for all programs and inputs, but the
algorithm requires simultaneous execution on multiple CPUs.

(C) TItis possible to create an algorithm that will solve the problem for all programs and inputs, but the
algorithm will not run in reasonable time.

(D) Itis not possible to create an algorithm that will solve the problem for all programs and inputs.

52. In public key cryptography, the sender uses the recipient’s public key to encrypt a message. Which of the
following is needed to decrypt the message?

(A) The sender’s public key
(B) The sender’s private key
(C) The recipient’s public key
(D) The recipient’s private key
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53.

In a certain science experiment, 75 percent of trials are expected to be successful and 25 percent of trials are
expected to be unsuccessful. The program below is intended to simulate the results of repeated trials of the
experiment.

successful « 0
unsuccessful « 0
REPEAT 1000 TIMES

{
IF (<MISSING CODE>) )
{ o
=
successful <« successful + 1 S
Pk
} o
[
ELSE ([@N
(@]
{ o
unsuccessful <« unsuccessful + 1 =
) =
}
o
DISPLAY (successful) o]
DISPLAY ("trials were successful,")
DISPLAY (unsuccessful)
DISPLAY ("trials were unsuccessful.")

Which of the following can be used to replace <MISSING CODE> so that the simulation works as intended?

(A) RANDOM (1, 100) = 25
(B) RANDOM (1, 100) < 25
(C) RANDOM (1, 100) = 75
(D) RANDOM (1, 100) < 75
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54. The code segment below is intended to display all multiples of 5 between the values start and end,
inclusive. For example, if start has the value 35 and end has the value 50, the code segment should
display the values 35, 40, 45, and 50. Assume that start and end are multiples of 5 and
that start is less than end.

Line 1: 1 <« start

Line 2: REPEAT <MISSING EXPRESSION> TIMES
Line 3: {

Line 4: DISPLAY (1)

Line 5: i« 1+ 5

Line 6: }

papeojumo(

Which of the following could replace <MISSING EXPRESSION> in line 2 so that the code segment works a
intended?

(A) end - start + 1

(B) end - start + 6

(C) ((end - start) / 5) + 1
(D) 5 * (end - start) + 1
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55.

The procedure below searches for the value target in 1ist. It returns true if target is found and
returns false otherwise.

(PROCEDURE Contains [1ist, targetP
( )
FOR EACH element IN list
IF @lement = target) U
{[RETURN J] %’
\ =
Q
(rerom [faree ] ) ) 2
- J o
ol
Which of the following are true statements about the procedure? 5’
I. It implements a binary search. =
II. It implements a linear search. »-%
II. It only works as intended when 1ist is sorted. =]
~
(A) Ionly o
(B) II only §
(C) Tand I e
(D) I and III %
2
=
o
[
o
Y
c
»n
a
=]
o
=
)
=1
=
o
=.
N
a
ol
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56. Which of the following is an example of symmetric encryption?

(A) Evy buys a locked box that operates using two different codes. When the first code is entered, a slot opens
that allows a message to be put in the box. When the second code is entered, the door to the box opens.
Evy gives the first code to her friends so they can leave messages for her and keeps the second code to
herself so that she is the only one who can retrieve the messages.

(B) Finn and Gwen develop a system that maps each letter of the alphabet to a unique symbol using a secret
key. Finn uses the key to write a message to Gwen where each letter is replaced with the corresponding
symbol. Gwen uses the key to map each symbol back to the original letter.

(C) Hannah writes a message to send to Isabel and hides the message under a rock behind the soccer field.
Hannah gives Isabel the exact location of the rock so that only Isabel can find the message.

BO[UMO(T

(D) Juan writes a message to send to Kelly and slides the message through a slot in the front of Kelly’s locker.&,
Juan knows that Kelly has not shared her locker combination with anyone, so no one other than Kelly will®
be able to read the message.

I3 p
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57. A programmer is developing a word game. The programmer wants to create an algorithm that will take a list of
words and return a list containing the first letter of all words that are palindromes (words that read the same
backward or forward). The returned list should be in alphabetical order. For example, if the list contains the
words ["banana", "kayak", "mom", "apple", "level"], the returned list would contain

["k", "1", "m"] (because "kayak", "level", and "mom" are palindromes).

The programmer knows that the following steps are necessary for the algorithm but is not sure in which order
they should be executed.

Step Explanation
Shorten Takes a list of words and returns a new list that contains only the
first letter of each word from the input list
Keep Takes a list of words and returns a list that contains only the
palindromes palindromes from the input list
Sort Takes a list of words and returns a copy of the list in alphabetical
order

Executing which of the following sequences of steps will enable the algorithm to work as intended?
I. First shorten, then keep palindromes, then sort
II. First keep palindromes, then shorten, then sort
III. First sort, then keep palindromes, then shorten
(A) Tonly
(B) IIonly
(C) TandIII
(D) Iand Il

58.  Which of the following best describes the purpose of machine learning programs?
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(A) To analyze large data sets, recognize patterns, and make predictions based on data
(B) To automatically translate algorithms from natural language to machine language
(C) To determine whether an algorithm can be constructed to answer “yes” or “no” for all possible inputs

(D) To find approximate solutions to problems that would otherwise require an unreasonably long amount of

E ne to solve
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59. A programmer notices the following two procedures in a library. The procedures do similar, but not identical,
things.
e Procedure Square (n) returns the value n2.
e Procedure Cube (n) returns the value n3.

Which of the following procedures is a generalization of the procedures described above?
(A) Procedure Add (n, m), which returns the value n + m

(B) Procedure Fourth (n), which returns the value n*

(C) Procedure Polynomial (n), which returns the value n> +n®

(D) Procedure Power (n, m), which returns the value n"

60. A student wrote the procedure below, which is intended to ask whether a user wants to keep playing a game.
The procedure does not work as intended.

PROCEDURE KeepPlaying ()

PaZLIOYINE J0U SN [eIdIoWWO)) "tur ¢/ / 'uado WoIJ papeofumo(

{
DISPLAY ("Do you want to continue playing (y/n)?")
response <« INPUT ()
IF ((response = "y") AND (response = "yes"))
{
RETURN (true)
}
ELSE
{
RETURN (false)
}
}

Which of the following best describes the result of running the procedure?

(A) The procedure returns true when the user inputs the value "y" and returns false otherwise.
1e procedure returns true when the user inputs the value "n" and returns false otherwise.
1e procedure returns true no matter what the input value is.

1e procedure returns £alse no matter what the input value is.

omni XYyZ AP GO ON TO THE NEXT PAGE.
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61. Which of the following describes a benefit of using hexadecimal numbers instead of binary numbers to
represent data?

(A) Hexadecimal can be used to represent fractional values, but binary can only represent integers.

(B) Hexadecimal can be used to represent a wider variety of data types than binary can, including color and
geolocation data.

(C) Hexadecimal is easier for a computer to understand than binary is.

(D) A hexadecimal representation of a value generally requires fewer digits than a binary representation of theg
same value.

62. Consider the following program.

REPEAT 10 TIMES

[sum -— sSum + count)

[count - count + 2 ]

\
[DISPLAY ]

Which of the following describes the result of executing the program?

J

(A) The program displays the sum of the even integers from O to 10.

(B) The program displays the sum of the even integers from 0 to 20.
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(C) The program displays the sum of the odd integers from 1 to 9.
(D) The program displays the sum of the odd integers from 1 to 19.
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63. Which of the following describes how a distributed denial-of-service (DDoS) attack is most likely to
compromise an online store’s Web site?

(A) By causing incorrect information about services to be displayed
(B) By making it difficult for the site to safeguard customer login information
(C) By preventing customers from placing orders

(D) By preventing the store from filling previously placed orders

)
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64. A program contains the following procedures for string manipulation. g
Procedure Call Explanation 13

Concat (strl, str2) Returns a single string consisting of strl followed by str2. For (j
example, Concat ("key", "board") returns "keyboard". L.

Substring (str, start, length) |Returns a substring of consecutive characters from str, starting with

M
M
the character at position start and containing 1ength characters. ‘D
The first character of str is located at position 1. For example, ©
Substring ("delivery", 3, 4) returns "live". ;3
=t
Q]
S
Which of the following expressions can be used to generate the string "Happy" ? <)
Y
(A) Concat (Substring ("Harp", 1, 1), Substring ("Puppy", 2, 4)) %
(@)
(B) Concat (Substring ("Harp", 1, 2), Substring ("Puppy", 3, 3)) =
Q
(C) Concat (Substring ("Harp", 1, 2), Substring ("Puppy", 4, 2)) g
(D) Concat (Substring ("Harp", 2, 2), Substring ("Puppy", 4, 2)) CE
o
=.
N
(€]
ol
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65.

Which of the following are true statements about how the Internet enables crowdsourcing?

I. The Internet can provide crowdsourcing participants access to useful tools, information, and
professional knowledge.

II. The speed and reach of the Internet can lower geographic barriers, allowing individuals from different
locations to contribute to projects.

III. Using the Internet to distribute solutions across many users allows all computational problems to be
solved in reasonable time, even for very large input sizes.

(A) TandII only
(B) Iand II only
(C) II and III only
(D) LII and III

66.

A media librarian at a movie studio is planning to save digital video files for archival purposes. The movie
studio would like to be able to access full-quality videos if they are needed for future projects. Which of the
following actions is LEAST likely to support the studio’s goal?

(A) Using video file formats that conform to published standards and are supported across many different
devices

(B) Using lossy compression software to reduce the size requirements of the data being stored
(C) Using storage media that can be expanded for additional data capacity

(D) Using a system that incorporates redundancy to handle disk failure
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Directions: For each of the questions or incomplete statements below, two of the suggested answers are correct.
For each of these questions, you must select both correct choices to earn credit. No partial credit will be earned
if only one correct choice is selected. Select the two that are best in each case and then fill in the corresponding
circles that begin with number 131 on the answer sheet.

131.  Which of the following statements accurately describe the hierarchy of the Web pages example.org and
about .example.org ?

Select two answers.

(A) The Web page about .example.org is a subdomain of about . org.
(B) The Web page about .example.org is a subdomain of example.org.
(C) The Web page example.org is a domain under the top-level domain . org.

(D) The Web page example.org is a domain under the top-level domain example.

132.  Which of the following are ways in which a programmer can use abstraction to manage the complexity of a
program?

Select two answers.

(A) Replacing each instance of repeated code with a call to a procedure
(B) Replacing longer variable names with shorter variable names to reduce typing errors
(C) Replacing several lines of documentation with a single line of documentation

(D) Replacing the string variables namel, name2, name3, and name4 with a list of strings
called names
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http:example.org
http:example.org
http:example.org
http:about.example.org
http:about.org
http:about.example.org
http:about.example.org
http:example.org

133. Two different schools maintain data sets about their currently enrolled students. No individual student is
enrolled at both schools. Each line of data contains information, separated by commas, about one student.

East High School stores the data in the following format.

Data format School Name, Last Name, First Name, Age, ZIP Code, Days Absent
Sample line of data| East H.S., Ableson, Carlton, 16, 98987, 8

West High School stores the data in the following format.

Data format Student ID, First Name, Last Name, Age, Days Absent
Sample line of data| 87667721, Kendra, Angelos, 14, 12

The two schools would like to combine their data to make a single data set. Which of the following can be don
with the combined data?

Select two answers.

(A) The schools can create a single list of student names, sorted by last name.
(B) The schools can determine the average number of days students are absent.
(C) The schools can determine which ZIP code is represented by the most students.

(D) The schools can determine the student ID of the student with the greatest number of absences.

134. A free online encyclopedia contains articles that can be written and edited by any user. Which of the following
are advantages the online encyclopedia has over a traditional paper-based encyclopedia?

Select two answers.

(A) The ability to easily check that the encyclopedia is free of copyrighted content
(B) The ability to ensure that encyclopedia content is the same every time it is accessed

(C) The ability to have a larger number of perspectives reflected in the encyclopedia content

pazuoyIne jou 9sn ferorowro)) ‘wir ¢/ / uado woly papedumo

(D) The ability to quickly update encyclopedia content as new information becomes available
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135. The program below is intended to count the number of prime numbers in a list called numbers and display
the result. The program uses the procedure isPrime (n), which returns true if n is a prime number
and false otherwise.

The program does not work as intended.

Line 1 count <« 0

Line 2 FOR EACH value IN numbers
Line 3 {

Line 4 count <« 0

Line 5 IF (isPrime (value))
Line 6: {

Line 7 count <« count + 1
Line 8 }

Line 9: count <« count + 1
Line 10: }

Line 11: DISPLAY (count)

Which two lines of code should be removed so that the program will work as intended?
Select two answers.

(A) Line 1

(B) Line 4

(C) Line 7

(D) Line 9

136.  Which of the following statements describe how cloud computing has affected Internet communication?
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Select two answers.

(A) Cloud computing has eliminated the need to provide redundancy in Internet routing.
(B) Cloud computing has helped enhance collaboration.
(C) Cloud computing has introduced new data-security concerns.

'oud computing has reduced concerns about intellectual property rights.
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137. A program is created to perform arithmetic operations on positive and negative integers. The program contains
the following incorrect procedure, which is intended to return the product of the integers x and vy.

PROCEDURE Multiply (x, V)
{
count « 0
result <« 0
REPEAT UNTIL (count = v)
{

result <« result

o+
X

count <« count +

}
RETURN (result)

}

A programmer suspects that an error in the program is caused by this procedure. Under which of the following
conditions will the procedure NOT return the correct product?

Select two answers.

(A) When the values of x and y are both positive.

(B) When the value of x is positive and the value of y is negative.
(C) When the value of x is negative and the value of y is positive.

(D) When the values of x and y are both negative.
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138. The procedure Smallest is intended to return the least value in the list numbers. The procedure does not
work as intended.

PROCEDURE Smallest (numbers)
{
min < numbers([1]
FOR EACH number IN numbers
{

IF (number < min)

{
RETURN (number)

}
RETURN (min)
}

For which of the following values of theList will Smallest (theList) NOT return the intended
value?

Select two answers.

(A) theList « [10, 20, 30, 40]

(B) theList « [20, 10, 30, 40]

(C) theList « [30, 40, 20, 10]
«

(D) theList [40, 30, 20, 10]
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STOP

IF YOU FINISH BEFORE TIME IS CALLED, YOU MAY
CHECK YOUR WORK ON THIS TEST.
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Notes on the AP Computer Science
Principles Practice Exam

Introduction

This section provides a description of how the questions in the AP Practice
Exam correspond to the components of the course framework included in the
AP Computer Science Principles Course and Exam Description. For each question
in the AP Practice Exam, the enduring understandings, learning objectives,
computational thinking practices, and essential knowledge statements from the
course framework are indicated. In addition, the correct response is provided
along with a justification for why it is correct. There are additional explanations
that address why the other responses are incorrect.

The AP Computer Science Principles End-of-Course Exam is 2 hours long
and includes 74 multiple-choice questions. There are two types of multiple-
choice questions:

« Single-select multiple-choice questions: Students select one answer from
among four options.

« Multiple-select multiple-choice questions: Students select two answers from
among four options.

Multiple-choice questions on the exam are classified according to learning
objectives within each big idea in the AP Computer Science Principles
curriculum framework. The questions on the end-of-course exam may assess
achievement of multiple learning objectives. They may also address content
from more than one essential knowledge statement. Exam questions may be
accompanied by nontextual stimulus material such as diagrams, charts, or other
graphical illustrations.
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Multiple-Choice Questions

The multiple-choice questions on this exam are designed to elicit evidence of
student achievement of the course learning objectives. This includes the application
of computational thinking practices and course content as specified in the essential

knowledge statements.

Course Framework Alignment and Rationales

Question 1
Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
4.1 Algorithms are precise |4.1.2 Expressan | P5 4.1.2A
sequences of instructions | algorithm in a Communicating | 4.1.2B
for processes that can be language.
executed by a computer
and are implemented using
programming languages.
(A) This option is incorrect. The code segment assigns the initial value of

changed from its initial value.

first to temp, then assigns the initial value of second to first.
The initial value of second, which has been stored in first, is
then assigned to second. Therefore, the value of second has not

(B) This option is correct. The code segment assigns the initial value of
first to temp, then assigns the initial value of second to first.
The initial value of first, which has been stored in temp, is then
assigned to second. Therefore, the initial values of first and
second have been interchanged.

(©) This option is incorrect. The code segment never changes the value of
second.

(D) This option is incorrect. The code segment never changes the value of
second.

omni_xyz
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Question 2

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge

Practice

6.3 Cybersecurity is an 6.3.1 Identity P1 6.3.1C
important concern for the | existing Connecting 6.3.1D
Internet and the systems cybersecurity computing 6.3.1F
built on it. concerns and

potential options

that address these

issues with the

Internet and the

systems built on it.

(A) This option is incorrect. Contacting the bank at its official phone
number would help verify whether or not the e-mail was legitimate.

(B) This option is correct. Providing personal information to a person
using an unverified phone number is a privacy risk.

(©) This option is incorrect. Checking the domain name of the sender’s
email address would help verify whether or not the e-mail was
legitimate.

(D) This option is incorrect. Performing a Web search would help indicate

whether the message is a common phishing scam.

Question 3

PAZLIOYINE JOU SN [RIDISWIWO)) "W ¢/ / 'Uudd0 WOIJ papeo[umo(

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

7.1 Computing enhances | 7.1.2 Explain how | P4 Analyzing 7.1.2A

communication, people participate | problems and 7.1.2B

interaction, and cognition. |in a problem- artifacts
solving process
that scales.

(A) This option is incorrect. If the participants must all be in the same
location, there would be no need to use a distributed approach.

(B) This option is incorrect. Requiring expensive equipment may prevent
most members of the general public from participating in the
experiment.

(©) This option is correct. If data measurements need to be taken from

many locations, it would be beneficial to have participants from
around the world collect the data.

is option is incorrect. Requiring specialized knowledge an
(D) This option is i Requiring specialized knowledge and
training may prevent most members of the general public from
participating in the experiment.
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Question 4

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

2.3 Models and 2.3.1 Use models | P3 Abstracting |2.1.3A

simulations use and simulations 2.1.3B

abstraction to generate to represent

new understanding and phenomena.

knowledge.

(A) This option is correct. There are only two possible results of a coin

flip, which can be stored in a Boolean variableas true or false.

(B) This option is incorrect. There are six possible results of rolling a die,
which is more than can be stored in a Boolean variable.

(©) This option is incorrect. There are many possible temperature values,
which would require each temperature to be stored as a numerical
value instead of a Boolean value.

(D) This option is incorrect. Traffic patterns are too complicated to be
stored as a Boolean value.

Question 5
Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
4.1 Algorithms are precise | 4.1.1 Develop P2 Creating 4.1.1A
sequences of instructions | an algorithm for | computational | 4.1.1B
for processes that can be implementation in | artifacts 4.1.1C
executed by a a program.
computer and are
implemented using
programming languages.
(A) This option is incorrect. This code segment will set ticketPrice

to 17 for all 3-D movies, regardless of the age of the purchaser.

(B) This option is incorrect. This code segment will set ticketPrice
to 17 for all purchasers between the ages of 12 and 60, regardless of
whether or not the movie is 3-D.

(© This option is correct. This code segment initially sets
ticketPrice to 12, and then changes the priceto 9 only for
children and seniors. The code segment then increases
ticketPrice by 5 for 3-D movies.
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(D) This option is incorrect. This code segment will set ticketPrice
to 17 for all purchasers between the ages of 12 and 60, regardless of

whether or not the movie is 3-D.
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Question 6

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
6.1 The Internet is a 6.1.1 Explain the | P3 Abstracting | 6.1.11
network of autonomous abstractions in
systems. the Internet and
how the Internet
functions.
(A) This option is correct. The IETF develops and oversees standards such

as hypertext transfer protocol (HTTP), Internet protocol (IP), and
simple mail transfer protocol (SMTP).

(B) This option is incorrect. The IETF does not prevent copyrighted
materials from being distributed online.

(@) This option is incorrect. The IETF does not prevent malware from
being distributed online.

(D) This option is incorrect. The ownership of encrypted keys is verified
by certificate authorities, not the IETF.

Question 7
Enduring Learning Computational | Essential
Understanding Objective Thinking Knowledge
Practice
5.2 People write programs | 5.2.1 Explain P3 Abstracting | 5.2.1B
to execute algorithms. how programs 5.2.1C
implement
algorithms.
(A) This option is incorrect. The values 1 and 3 are the original values
of start and current, not the final values.
(B) This option is incorrect. The value 3 is the final value of start, but
not the final value of current.
(© This option is correct. The code segment initially sets start to

1, end to 20,and current to 3.Next, the code segment sets
start tothevalue of current,whichis 3.Then current is
increased from 3 to 4.The final valuesof start and current
are 3 and 4, respectively.
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(D) This option is incorrect. The value 4 is the final value of
current, but not the final value of start.

omni_xyz AP

AP Computer Science Principles Practice Exam 73



Question 8

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

2.2 Multiple levels of 2.2.3 Identify P3 Abstracting | 2.2.3A

abstraction are used to multiple levels of 2.2.3B

write programs or to create | abstractions being

other computational used when writing

artifacts. programes.

(A) This option is incorrect. Hardware logic gates are low-level abstractions
but are not part of high-level programming languages.

(B) This option is incorrect. Machine languages (in which instructions
correspond directly to machine instructions) are not high-level
programming languages.

(@) This option is incorrect. A language that is hard for a human to
understand would be considered a low-level language. High-level
languages are generally easier for humans to understand.

(D) This option is correct. High-level languages provide abstractions
that make it easy for humans to read and write programs without
needing to understand the low-level details of how programming
instructions are processed by a computer.

om
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Question 9

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
3.2 Computing facilitates | 3.2.1 Extract P1 Connecting | 3.2.1A
exploration and the information from | computing 3.2.1B
discovery of connections in | data to discover 3.2.1C
information. and explain 3.2.1H
connections or
trends.
(A) This option is incorrect. The name of the person who took a photo is

not captured in the photo data.

(B) This option is correct. The number of photos taken at a particular
geographic location can be determined from the geographic data
stored with each photo. The number of photos taken in the last year
can be determined from the data and time data stored with each photo.
The name of the person who took a photo is not captured in the photo
data.

© This option is incorrect. The number of photos taken at a particular
geographic location can be determined, but the name of the person
who took the most recent photo cannot be determined.

(D) This option is incorrect. The number of photos taken at a particular
geographic location and the number of photos that were taken in the
last year can be determined, but the name of the person who took the
most recent photo cannot be determined.

Question 10

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

5.1 Programs can be 5.1.2 Develop a P2 Creating 5.1.2A

developed for creative correct program to | computational | 5.1.2B

expression, to satisfy solve problems. artifacts 5.1.2C

personal curiosity, to create 5.1.2]

new knowledge, or to solve

problems (to help people,

organizations or society).
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(A) This option is incorrect. Unsolvable problems cannot be solved with an
algorithm.
(B) This option is incorrect. Programs that were developed with an

iterative and incremental process still typically require testing.

(©) This option is incorrect. The use of low-level abstractions is unrelated
to the development process used.

(D) This option is correct. Incrementally adding code segments to
correct, working programs can help programmers identify new
errors that are introduced.
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Question 11

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

4.1 Algorithms are precise | 4.1.1 Develop P2 Creating 41.1A

sequences of instructions an algorithm for | computational | 4.1.1B

for processes that can be implementation in | artifacts 4.1.1D

executed by a a program. 4.1.1E

computer and are 4.1.1F

implemented using

programming languages.

(A) This option is incorrect. The code segment draws a circle centered at

the coordinates (3, 6), then moves to the right and up, drawing circles
centered at (5, 8) and (7, 10).

(B) This option is correct. The code segment draws a circle centered at the
coordinates (3, 6), then moves to the right and down, drawing circles
centered at (5, 4) and (7, 2).

(©) This option is incorrect. The code segment draws a circle centered at
the coordinates (7, 2), then moves to the right and up, drawing circles
centered at (9, 4) and (11, 6).

(D) This option is incorrect. The code segment draws a circle centered
at the coordinates (7, 2), then moves to the right and down, drawing
circles centered at (9, 0) and (11, -2).

Question 12

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

2.3 Models and simulations | 2.3.1 Use models | P3 Abstracting |2.3.1B
use abstraction to generate | and simulations

new understanding and to represent
knowledge. phenomena.
(A) This option is incorrect. The code segment simulates a spinner in

which selecting each of three sections is equally likely.

(B) This option is incorrect. The code segment simulates a spinner in
which selecting each of three sections is equally likely.

(©) This option is incorrect. The code segment selects "Red" one-
sixth of the time, "Yellow" one-sixth of the time,and "Blue"
the remaining two-thirds of the time.
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(D) This option is correct. The code segment selects "Yellow" one-
sixth of the time, "Blue" one-sixth of the time, and "Red" the
remaining two-thirds of the time.

omni_xyz AP

76 AP Computer Science Principles Practice Exam



Question 13

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
3.1 People use computer 3.1.1 Find P4 Analyzing 3.1.1D
programs to process patterns and test | problems and 3.1.1E
information to gain insight | hypotheses about | artifacts
and knowledge. digitally processed
information to
gain insight and
knowledge.
(A) This option is incorrect. The approximation 30.6 million would be a
better estimate for year 11.
(B) This option is correct. The total number of registered users appears to
be increasing by about 0.5 million each year, so in year 12, the number
of users can be approximated at 31.2 million (30.2 + 0.5 + 0.5).
(©) This option is incorrect. The approximation 31.8 million would be a
better estimate for year 13.
(D) This option is incorrect. The approximation 32.4 million would be a

better estimate for year 14.

Question 14

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
3.1 People use computer 3.1.1 Find P4 Analyzing 3.1.1D
programs to process patterns and test | problems and 3.1.1E
information to gain insight | hypotheses about | artifacts
and knowledge. digitally processed
information to
gain insight and
knowledge.

(A) This option is incorrect. The average number of daily messages sent
per user appears to increase after the mobile app was released.

(B) This option is incorrect. The number of registered users continued to
increase after the mobile app was released.

(©) This option is incorrect. The average number of active daily users
appears to increase after the mobile app was released.

(D) This option is correct. The average number of characters per

message appears to decrease after the mobile app was released.
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Question 15

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
5.2 People write programs | 5.2.1 Explain P3 Abstracting | 5.2.1B
to execute algorithms. how programs 5.2.1C
implement
algorithms.
(A) This option is incorrect. The programs display different values.
(B) This option is incorrect. The programs display different values.
© This option is correct. The programs each display ten values,
but each value displayed by program B is one greater than the
corresponding value from program A. Program A displays
123456 7 8 9 10andprogram B displays
2345678910 11.
(D) This option is incorrect. Both programs display ten values.

Question 16

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
6.1 The Internet is a 6.1.1 Explain the | P3 Abstracting |6.1.1C
network of autonomous abstractions in 6.1.1E
systems. the Internet and 6.1.1F
how the Internet
functions.
(A) This option is incorrect. Devices running different operating systems
can communicate over the Internet.
(B) This option is incorrect. Digital certificates are used to verify encrypted
keys. They are not assigned to every device connected to the Internet.
(9) This option is correct. Connecting new devices to the Internet is
enabled by assignment of an IP address.
(D) This option is incorrect. Redundant routing on the Internet is not

dependent on the bandwidth of a connection.
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Question 17

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

7.3 Computing has global | 7.3.1 Analyze the | P4 Analyzing 7.3.1G

effects—both beneficial and | beneficial and problems and 7.3.1H

harmful-on people and harmful effects of | artifacts 7.3.1M

society. computing. 7.3.1P

(A) This option is incorrect. Details of a user’s browsing history can

be stored in cookies, which could be used to deliver targeted
advertisements on another Web site.

(B) This option is incorrect. Geolocation data can be accessed by the Web
site, which can use this information to provide album reviews from
nearby users.

(©) This option is incorrect. The user’s download history can be used to
recommend similar artists based on aggregated data from many users.

(D) This option is correct. If the album was purchased and downloaded

through a licensed music store, the user will not be in violation of the
DMCA.

Question 18

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
7.4 Computing 7.4.1 Explain P1 Connecting | 7.4.1A
innovations influence the connections computing 7.4.1B
and are influenced by the | between 7.4.1C
economic, social, and computing 7.4.1D

cultural contexts in which | and real-world
they are designed and used. | contexts, including
economic, social,
and cultural
contexts.

(A) This option is incorrect. A lack of access to devices contributes to the
digital divide. This issue could be addressed by providing free or low-
cost devices. Providing networks and infrastructure would address a

lack of access to networks which also contributes to the digital divide.
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(B) This option is incorrect. A lack of access to networks contributes
to the digital divide. This issue could be addressed by providing
networks and infrastructure.

(©) This option is incorrect. Free education and training would address
digital literacy and would reduce the digital divide.

(D) This option is correct. Free education and training would address
digital literacy. Providing free or low-cost devices would address
a lack of access to devices. Providing networks and infrastructure

would addrgs\s a lack:of access to networks. A DR
|GJR RN )\)’L /\r
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Question 19

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

2.3 Models and simulations | 2.3.1 Use models | P3 Abstracting |2.3.1A

use abstraction to generate | and simulations 2.3.1C

new understanding and to represent

knowledge. phenomena.

(A) This option is incorrect. Gathering additional data may help the
simulation to provide a more accurate prediction.

(B) This option is incorrect. Refining the model used in the simulation
may help provide a more accurate prediction.

(©) This option is correct. Removing details from the model may help it
run quickly, but is unlikely to provide more accurate results.

(D) This option is incorrect. Gathering additional data may help the

simulation provide a more accurate prediction.

Question 20

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
3.2 Computing facilitates | 3.2.1 Extract P1 Connecting |3.2.1G
exploration and the information from | computing 3.2.1H
discovery of connections in | data to discover 3.2.11
information. and explain
connections or
trends.

(A)

This option is correct. Metadata for an e-book would typically be used
to provide descriptive information about the book. Previous versions
of the e-book would likely be considered data, not metadata.

(B)

This option is incorrect. The author and title of an e-book are examples
of descriptive metadata that would help support the search feature.

©

This option is incorrect. The date an e-book was published is an
example of descriptive metadata that would help support the search
feature.

(D)

This option is incorrect. The genre of an e-book is an examples of
descriptive metadata that would help support the search feature.
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Question 21

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
5.3 Programming is 5.3.1 Use P3 Abstracting | 5.3.1A
facilitated by appropriate abstraction 5.3.1B
abstractions. to manage 5.3.1C
complexity in 5.3.1D
programs. 5.3.1E
5.3.1G
5.3.1M
5.3.1N
5.3.10
(A) This option is correct. This expression will first determine the

maximum of a and b and then determine the maximum of the
resulting value and c. This will result in the maximum of all three

values.

(B) This option is incorrect. This expression produces the difference
between the maximum of a and b and the maximum of b
and c.

(©) This option is incorrect. This expression produces the maximum of a

and c subtracted from the sum of the maximum of a and b and
the maximumof b and c.

(D) This option is incorrect. This expression produces the average of the
maximum of a and b and the maximum of b and c.
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Question 22

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
5.3 Programming is 5.3.1 Use P3 Abstracting | 5.3.1A
facilitated by appropriate abstraction 5.3.1B
abstractions. to manage 5.3.1C
complexity in 5.3.1D
programs. 5.3.1E
53.1F
5.3.1G
(A) This option is incorrect. This code segment moves the robot forward

two squares, rotates it right one time so that the robot faces the bottom
of the grid, and then moves the robot forward three squares.

(B)

This option is correct. This code segment moves the robot forward
two squares, rotates it right three times so that the robot faces the top
of the grid, and then moves the robot forward three squares to the gray
square.

(©

This option is incorrect. This code segment moves the robot forward
three squares, rotates it right one time so that the robot faces the
bottom of the grid, and then moves the robot forward three squares.

(D)

This option is incorrect. This code segment moves the robot forward
three squares, rotates it right three times so that the robot faces the
top of the grid, and then moves the robot forward three squares.
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Question 23

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
5.5 Programming uses 5.5.1 Employ P1 Connecting |5.3.1A
mathematical and logical | appropriate computing 5.3.1B
concepts. mathematical and 5.3.1C
logical concepts in 5.3.1D
programming. 5.3.1E
53.1F
5.3.1G
(A) This option is incorrect. This Boolean expression evaluates to true

when counter (the number of temperatures greater than or equal
to 90) is less than 50% of total (the number of entries in the list).

(B) This option is correct. This Boolean expression evaluates to true
when counter (the number of temperatures greater than or equal
to 90) is greater than 50% of total (the number of entries in the
list).

(© This option is incorrect. This Boolean expression will never evaluate to
true because total (the number of temperatures in the list) will
never be less than 50% of counter (the number of temperatures
greater than or equal to 90).

(D) This option is incorrect. This Boolean expression will always evaluate
to true because total (thenumber of temperatures in the
list) will always be greater than 50% of counter (the number of
temperatures greater than or equal to 90).

Question 24
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Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
6.2 Characteristics of the 6.2.1 Explain P5 6.2.1A
Internet influence the characteristics of | Communicating | 6.2.1D
systems built on it. the Internet and
the systems built
on it.
(A) This option is incorrect. There are multiple paths from P to S (for
example, Pto Rto Sand Pto Qto S).
(B) This option is correct. Redundant routing is impossible if there is

only one possible path from one device to another. There is only one
possible path from P to S (P to Rto Q to S).

(@) This option is incorrect. There are multiple paths from P to S (for
example, P to Sand P to Q to S).
(D) This option is incorrect. There are multiple paths from P to S (for
example, PtoRtoS,PtoQto S,PtoRto Qto S,and Pto Qto R
to S). e A
omni_Xyz AP
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Question 2b

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
3.3 There are trade- 3.3.1 Analyze P4 Analyzing 33.1A
offs when representing how data problems and 3.3.1C
information as digital data. | representation, artifacts 3.3.1D
storage, security, 3.3.1E
and transmission
of data involve
computational
manipulation of
information.

(A)

This option is incorrect. While some of the characters of the original
string do not appear in the encoded string, this transformation is not
lossy because the original version can be restored.

(B)

This option is incorrect. While some pairs of characters of the original
string are replaced in the encoded string with a single character,

this transformation is not lossy because the original version can be
restored.

©

This option is correct. The transformation is lossless because an
encoded string can be restored to its original version. For example,
"$# # SE BEST W#H" can be restored to

"THIS IS THE BEST WISH" by replacing all instances of "%"
with "TH" and by replacing all instances of "#" with "IS".

(D)

This option is incorrect. Whether a transformation is lossy or
lossless is not related to whether or not it can be used in secure
communications.
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Question 26

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
3.3 There are trade- 3.3.1 Analyze P4 Analyzing 33.1A
offs when representing how data problems and 33.1C
information as digital data. | representation, artifacts 3.3.1D
storage, security, 3.3.1E

and transmission
of data involve
computational
manipulation of
information.

(A) This option is incorrect. This string can be shortened using byte pair
encoding. For example, "BANANA" can be shortenedto "B**A"
by replacing each instance of "AN" with "*".

(B) This option is correct. It is not possible to use byte pair encoding in
the string "LEVEL UP" because no pair of characters appears in
the string more than once.

© This option is incorrect. This string can be shortened using byte pair
encoding. For example, "MEET ME LATER" can be shortened to
"*ET * LATER" byreplacing each instance of "ME" with "*".
(D) This option is incorrect. This string can be shortened using byte pair
encoding. For example, "NEITHER HERE NOR THERE" can
be shortened to "NEIT*R_*& NOR T*&" by replacing each
instance of "HE" with "*" and each instance of "RE" with
e,
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Question 27

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

4.1 Algorithms are precise | 4.1.1 Develop P2 Creating 41.1A

sequences of instructions | an algorithm for | computational | 4.1.1B

for processes that can be implementation in | artifacts 4.1.1C

executed by a a program. 4.1.1D

computer and are

implemented using

programming languages.

(A) This option is correct. This code segment rotates right whenever there

is an open square to the right. The robot will move forward from its
initial location to the upper-left corner of the grid, then rotate right,
then move forward to the upper-right corner of the grid, then rotate
right, then move down two squares, then rotate right, then move
forward to the gray square.

(B) This option is incorrect. This code segment does not move the robot at
all. The robot cannot move right from its initial position, so the body
ofthe IF statement is never executed.

(@) This option is incorrect. This code segment moves the robot up and
down between its initial location and the square above its initial
location.

(D) This option is incorrect. This code segment moves the robot one

square forward from its initial location and then rotates the robot
right. From there, the robot cannot move forward and the body of the
IF statement is never executed again.
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Question 28

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
6.1 The Internet is a 6.1.1 Explain the | P3 Abstracting |6.1.1G
network of autonomous abstractions in
systems. the Internet and
how the Internet
functions.
(A) This option is incorrect. Digital certificates are used to verify the
ownership of encrypted keys.
(B) This option is correct. The domain name system translates names to
IP addresses.
© This option is incorrect. The hypertext transfer protocol is a set of rules
for transferring files on the Web.
(D) This option is incorrect. The simple mail transfer protocol is a set of

rules for transmitting e-mail.

Question 29

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
7.2 Computing enables 7.2.1 Explain P1 Connecting |7.2.1F
innovation in nearly every | how computing computing
field. has impacted
innovations in
other fields.

(A) This option is incorrect. The efficiency of algorithms is independent of
the hardware used to run the algorithms.

(B) This option is incorrect. The ability of software developers is
independent of the hardware used to run the software.

© This option is correct. Moore’s law assumes that computing power will
increase over time.

(D) This option is incorrect. Cybersecurity concerns are not related to

Moore’s law.
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Question 30

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

5.4 Programs are 5.4.1 Evaluate the | P4 Analyzing 5.4.1E

developed, maintained, and | correctness of a problems and 54.1F

used by people for different | program. artifacts 5.4.11

purposes.

(A) This option is incorrect. Inserting win — true between line 6 and

line 7 will cause the loop to terminate regardless of whether the guess
is correct.

(B)

This option is correct. Inserting win — true between line 9 and
line 10 will cause the loop to terminate when the guess is correct.

(©

This option is incorrect. Inserting win — true between line 20
and line 21 will cause the loop to terminate when the guess is incorrect.

D)

This option is incorrect. Inserting win — true between line 21
and line 22 will cause the loop to terminate after checking the first
guess, regardless of whether the guess is correct.

Question 31

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
2.1 A variety of abstractions | 2.1.1 Describe P3 Abstracting |2.1.1B
built upon binary the variety of 2.1.1C
sequences can be used to abstractions used 2.1.1D
represent all digital data. to represent data. 2.1.1E
2.1.1G

(A) This option is incorrect. Using 4 bits will only allow for up to

16 characters (24 = 16).
(B) This option is incorrect. Using 6 bits will only allow for up to

64 characters (26 = 64).
(@) This option is incorrect. Using 7 bits will only allow for up to

128 characters (27 = 128).
(D) This option is correct. Using 8 bits will allow for up to

256 characters (28 = 256).
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Question 32

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

2.2 Multiple levels of 2.2.3 Identify P3 Abstracting | 2.2.3E

abstraction are used to multiple levels of 2.2.3F

write programs or to create | abstractions being

other computational used when writing

artifacts. programes.

(A) This option is correct. With these inputs, the AND gate will produce

anoutput of false andthefirst OR gate will produce an output of
false. Since both inputs to the second OR gate willbe false,the
circuit will have an output of false.

(B) This option is incorrect. With these inputs, the AND gate will produce
an output of true and the first OR gate will produce an output

of false.Thesecond OR gate will have one true inputand one
false input, causing the circuit to have an output of true.

© This option is incorrect. With these inputs, the AND gate will produce
an output of false andthefirst OR gate will produce an output
of true.Thesecond OR gate will have one false inputand one
true input, causing the circuit to have an output of true.

(D) This option is incorrect. With these inputs, the AND gate will produce
anoutput of false andthefirst OR gate will produce an output
of true. Thesecond OR gate will have one false inputand one

true input, causing the circuit to have an output of true.
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Question 33

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
4.2 Algorithms can 4.2.4 Evaluate P4 Analyzing 42.4A
solve many, but not all, algorithms problems and 424G
computational problems. analytically artifacts

and empirically
for efficiency,
correctness, and
clarity.

(A)

This option is incorrect. This approximation assumes that the
Analysis procedure is called only once.

(B)

This option is incorrect. This approximation assumes that the
Analysis procedure is called only twice.

(©

This option is incorrect. This approximation assumes that the
Analysis procedure is called only four times.

(D)

This option is correct. Each call to the Analysis procedure
requires one hour of program execution time. The procedure is called
once before the loop, and then four times inside the loop (once for
each of the four entries in genreList). Therefore, the program
will take approximately 5 hours to execute.

Question 34

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

5.4 Programs are 5.4.1 Evaluate the | P4 Analyzing 5.4.1E

developed, maintained, and | correctness of a problems and 5.4.1F

used by people for different | program. artifacts 5.4.1G

purposes. 5.4.11
54.1K

(A) This option is incorrect. Program II also correctly moves the robot to

the gray square by moving the robot forward to the upper-right corner
of the grid, rotating left, and moving forward to the upper-left corner
of the grid.

(B)

This option is incorrect. Program I also correctly moves the robot to
the gray square by repeatedly moving the robot forward, rotating left,
moving forward, and rotating right.

©

This option is correct. Program I correctly moves the robot to the gray
square by repeatedly moving the robot forward, rotating left, moving
forward, and rotating right. Program II correctly moves the robot to
the gray square by moving the robot forward to the upper-right corner
of the grid, rotating left, and moving forward to the upper-left corner
of the grid.

(D)

This option is incorrect. Both programs correctly move the robot to

the gray square, .

1 e An
omni_XyZ Ar

90 AP Computer Science Principles Practice Exam

PAZLIOYINE JOU SN [RIDISWIWO)) "W ¢/ / 'Uudd0 WOIJ papeo[umo(



Question 3b

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

2.1 A variety of abstractions | 2.1.1 Describe P3 Abstracting | 2.1.1B

built upon binary the variety of 2.1.1C
sequences can be used to abstractions used 2.1.1D
represent all digital data. to represent data. 2.1.1F

(A) This option is incorrect. Of the four numbers listed, 0099A1 has the

second greatest amount of blue in it.
(B) This option is incorrect. Of the four numbers listed, A10099 has the

third greatest amount of blue in it.

(9) This option is correct. The amount of blue in a color is determined
by the last two digits in the hexadecimal number. Of the four numbers
listed, A100BO represents the color with the greatest amount of blue
because in hexadecimal, B0 is greater than A1, 99, and 00.

(D) This option is incorrect. Of the four numbers listed, FFA100 has the
least amount of blue in it.

Question 36

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
3.1 People use computer 3.1.1 Find P4 Analyzing 3.1.1D
programs to process patterns and test | problems and 3.1.1E
information to gain insight | hypotheses about | artifacts
and knowledge. digitally processed
information to
gain insight
and knowledge.
(A) This option is correct. The xs, indicating participants who are

interested in the application, are clustered toward the top of the graph.
This indicates that participants who read more were generally more
likely to say they are interested in the application.

(B) This option is incorrect. Participants who read more are more likely,
not less likely, to say they are interested in the application.

(©) This option is incorrect. There does not appear to be any correlation
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between number of hours spent using a smartphone and number of
hours spent reading.

(D) This option is incorrect. There does not appear to be any correlation
between number of hours spent using a smartphone and number of

hours spent reading.
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Question 37

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge

Practice

4.1 Algorithms are precise | 4.1.1 Develop P2 4.1.1A

sequences of instructions | an algorithm for | Creating 4.1.1B

for processes that can be implementation in | computational | 4.1.1C

executed by a a program. artifacts

computer and are

implemented using

programming languages.

(A) This option is correct. The flowchart sets include to true

whenever floor isgreaterthan 10 or bedrooms equals 3,
and sets include to false otherwise. Therefore, the
algorithm is equivalent to

include « (floor > 10) OR (bedrooms = 3).

(B) This option is incorrect. This expression would be used for a flowchart
toset include to true whenever floor isgreater than 10
and bedrooms equals 3. This does not correctly set include to
true in cases where only one of the two conditions is true.

(©) This option is incorrect. This expression would be used for a flowchart
toset include to true whenever floor islessthan or equal
to 10 or bedrooms equals 3.

(D) This option is incorrect. This expression would be used for a flowchart
toset include to true whenever floor islessthan or equal to
10 and bedrooms equals 3.

Question 38

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

2.3 Models and simulations | 2.3.2 Use models | P3 Abstracting |2.3.2E
use abstraction to generate | and simulations

new understanding and to formulate,
knowledge. refine, and test
hypotheses.
(A) This option is incorrect. The number of mice changes each day as

determined by the NextDayPopulation procedure.
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(B) This option is incorrect. The number of mice changes each day as
determined by the NextDayPopulation procedure.

(@) This option is incorrect. The number of predators is initialized at the
beginning of the program but is never updated.

(D) This option is correct. The number of predators is initialized at the
beginning of the program but is never updated.
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Question 39

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
6.2 Characteristics of the | 6.2.2 Explain how | P4 Analyzing 6.2.2K
Internet influence the the characteristics | problems and
systems built on it. of the Internet artifacts
influence the
systems built on it.

(A) This option is incorrect. Bits per byte is not a measure of time.

(B) This option is incorrect. Bits per second is not a measure of time.

(C) This option is incorrect. Bytes are not a measure of time.

(D) This option is correct. Latency is a measure of the time elapsed
between the transmission and the receipt of a request. Milliseconds are
a unit of time that can be used to measure latency.

Question 40

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

7.2 Computing enables 7.2.1 Explain P1 Connecting | 7.2.1D

innovation in nearly every | how computing computing

field. has impacted
innovations in
other fields.

(A) This option is incorrect. Using samples from a music-streaming Web

site could put the musician at risk of violating copyright laws.

(B) This option is incorrect. Using samples found on a peer-to-peer
network could put the musician at risk of violating copyright laws.

(©) This option is incorrect. Using samples from nondigital sound sources
could put the musician at risk of violating copyright laws.

(D) This option is correct. Creative Commons licenses can be used by
creators of digital music to specify how the samples can be used by
others. A no-rights-reserved license allows others to freely make use
of the samples.
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Question 41

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

2.1 A variety of abstractions | 2.1.2 Explain how | P5 2.12A

built upon binary binary sequences | Communicating | 2.1.2C

sequences can be used to are used to

represent all digital data. represent digital
data.

(A) This option is incorrect. Overflow errors occur when an arithmetic

operation results in a value outside the range of numbers that can be
represented by a certain number of bits.

(B) This option is correct. The fixed number of bits used to represent real
numbers (as floating-point numbers) limits the range of floating-point
values.

(©) This option is incorrect. If the operation was performed with the

arguments in reverse order, the result would be 1.5.

(D) This option is incorrect. If the fraction 2 / 3 were to be
represented as an integer, it would be rounded or truncated to an
integer value.

Question 42

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
4.2 Algorithms can 4.2.4 Evaluate P4 Analyzing 4.2.4A
solve many, but not all, algorithms problems and 4.2.4C
computational problems. analytically artifacts 4.2.4D
and empirically 424G
for efficiency,
correctness, and
clarity.
(A) This option is incorrect. Code segment II also displays the correct
average.
(B) This option is incorrect. Code segment I also displays the correct
average.
© This option is correct. Both code segments display the correct average.

Code segment I requires more arithmetic operations because it
performs the operation sum / LENGTH (numList) within the
loop, while code segment II performs the same operation only once.
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(D) This option is incorrect. Both code segments display the correct
average. Code segment I requires more arithmetic operations
because it performs the operation sum / LENGTH (numList)
within the loop, while code segment II performs the same operation

only once.
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Question 43

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
5.5 Programming uses 5.5.1 Employ P1 Connecting |5.5.1A
mathematical and logical | appropriate computing 5.5.1B
concepts. mathematical and 5.5.1D
logical concepts in
programming.
(A) This option is incorrect. The expression count / 10 = 0 does

not evaluate to true when count isamultipleof 10, so this
code segment does not set cost to 0 appropriately.

(B) This option is incorrect. The expression

NOT (count / 10 = 0) doesnotevaluateto true when
count isa multiple of 10, so this code segment does not set
cost to O appropriately.

(© This option is correct. The expression count MOD 10 = 0
evaluatesto true when count isamultipleof 10, and so this
code segment sets cost to O under the appropriate conditions.

(D) This option is incorrect. The expression

NOT (count MOD 10 = 0) doesnotevaluateto true

when count isa multiple of 10, so this code segment does not set
cost to O appropriately.

Question 44

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
6.2 Characteristics of the 6.2.2 Explain how | P4 Analyzing 6.2.2D
Internet influence the the characteristics | problems and 6.2.2E
systems built on it. of the Internet artifacts
influence the
systems built on it.

(A) This option is correct. Open standards and protocols are used to

P p p
prescribe the format of data sent over the Internet. This allows all
connected hardware and software to communicate in a standard way.

(B) This option is incorrect. Standards and protocols cannot be used to
completely eliminate the latency of messages sent on the Internet.
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(©) This option is incorrect. Open standards and protocols cannot be used
to allow copyrighted materials to be shared freely.

(D) This option is incorrect. Open standards and protocols cannot
prevent the release of software containing errors.
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Question 45

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
3.2 Computing facilitates 3.2.1 Extract P1 Connecting | 3.2.1A
exploration and the information from | computing 3.2.1B
discovery of connections in | data to discover
information. and explain
connections or
trends.

(A)

This option is incorrect. The average total points earned per student
can also be determined using the result of the total points calculation
for each student. The average increase in total points per student

as a result of the score replacement policy can also be determined by
calculating the differences between each student score before and after
the replacement policy was applied.

(B)

This option is incorrect. The proportion of students who improved

their total points as a result of the score replacement policy can also
be determined by comparing the midterm and final scores for each
student with the result of the total points calculation.

(©

This option is incorrect. The average increase in total points per
student as a result of the score replacement policy can also be
determined by calculating the differences between each student score
before and after the replacement policy was applied.

(D)

This option is correct. The average total points earned per student
can be determined using the result of the total points calculation

for each student. The average increase in total points per student

as a result of the score replacement policy can be determined by
calculating the differences between each student score before and
after the replacement policy was applied. The proportion of students
who improved their total points as a result of the score replacement
policy can be determined by comparing the midterm and final scores
for each student with the result of the total points calculation.
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Question 46

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
5.5 Programming uses 5.5.1 Employ P1 Connecting |5.5.1A
mathematical and logical | appropriate computing 5.5.1D
concepts. mathematical and
logical concepts in
programming.
(A) This option is incorrect. This expression assigns only one score to
adjustedTotal.
(B) This option is correct. This expression uses the Max procedure

to replace the midterm score with the higher of the two scores. The
selected value is then added to the final exam score and assigned to

adjustedTotal.

(@) This option is incorrect. This expression replaces the final exam score
(rather than the midterm exam score) with the higher of the two
scores.

(D) This option is incorrect. This expression doubles the higher of the

two scores. This produces the same adjustedTotal value for
Josefina’s scores, but not for Khalil’s scores.

Question 47
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Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

2.1 A variety of abstractions | 2.1.1 Describe P3 Abstracting | 2.1.1A

built upon binary the variety of 2.1.1B

sequences can be used to abstractions used 2.1.1E

represent all digital data. to represent data.

(A) This option is incorrect. IPv6 has 2% times as many possible addresses
as IPv4.

(B) This option is incorrect. IPv6 has 2% times as many possible addresses
as IPv4.

(©) This option is incorrect. IPv6 has 2° times as many possible
addresses as IPv4.

(D) This option is correct. With 32-bit addressing, IPv4 has 2** possible
addresses. With 128-bit addressing, IPv6 has 2'*® possible addresses.
Since 2%2x 2% = 2! [Pv6 has 2°° times as many possible addresses as
IPv4.
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Question 48

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
4.2 Algorithms can 4.2.1 Explain the | P1 Connecting |4.2.1A
solve many, but not all, difference between | computing 42.1B
computational problems. algorithms that 42.1C

run in a reasonable
time and those
that do not run in

a reasonable time.

(A) This option is correct. The pattern in the table appears to indicate that
there are n? steps for a list containing # items. This number of steps is a
polynomial and therefore the algorithm runs in reasonable time.

(B) This option is incorrect. The number of steps of the algorithm is a
polynomial, so the algorithm runs in reasonable time.

(©) This option is incorrect. Sorting a list is not considered an undecidable
problem.

(D) This option is incorrect. There is no indication that the algorithm is

finding approximate solutions.

Question 49

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

2.1 A variety of abstractions | 2.1.2 Explain how | P5 2.12A

built upon binary binary sequences | Communicating | 2.1.2B

sequences can be used to are used to

represent all digital data. represent digital
data.

(A) This option is incorrect. The operation 4 + 8 does not produce a

result large enough to cause an overflow error.

(B) This option is correct. With a 4-bit integer representation, 2* values
can be represented, which allows for the values between 0 to 15,
inclusive. If an operation results in a value greater than 15, an
overflow error will occur. Of the operations given in the options, only
10 + 7 givesaresultlarger than 15.
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(© This option is incorrect. The operation 10 + 7 causes an overflow
error,but 12 + 3 does not produce a result large enough to cause
an overflow error.

(D) This option is incorrect. The operation 10 + 7 causes an overflow
error, but the operations 4 + 8 and 12 + 3 do not produce
results large enough to cause an overflow error.
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Question 50

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
2.2 Multiple levels of 2.2.1 Developan | P3 Abstracting |2.2.1A
abstraction are used to abstraction when 22.1C
write programs or to writing a program
create other computational | or creating other
artifacts. computational
artifacts
(A) This option is incorrect. The expression (NOT P) AND (NOT Q)

evaluatesto false when P and Q differ in value. A NAND gate
should only evaluate to false when bothinputsare true.

(B) This option is incorrect. The expression (NOT P) AND Q
evaluatesto false when P is false and Q is true.A
NAND gate should only evaluate to false when both inputs are
true.

©) This option is correct. The expression P AND Q evaluates to

true whenboth P and Q are true,andevaluatesto false
otherwise. Therefore, the expression NOT (P AND Q) evaluates to
false whenboth P and Q are true,andevaluatesto true
otherwise.

(D) This option is incorrect. The expression NOT (P or Q)
evaluatesto false when P and Q differ in value. A NAND gate
should only evaluate to false when both inputsare true.

Question b1

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
4.2 Algorithms can 4.2.3 Explain P1 Connecting | 4.2.3A
solve many, but not all, the existence computing 42.3C
computational problems. of undecidable
problems in
computer science.

(A) This option is incorrect. It is not possible to create an algorithm to
solve an undecidable problem for all programs and inputs.
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(B) This option is incorrect. It is not possible to create an algorithm to
solve an undecidable problem for all programs and inputs.

(©) This option is incorrect. It is not possible to create an algorithm to
solve an undecidable problem for all programs and inputs.

(D) This option is correct. An undecidable problem is one in which no
algorithm can be constructed that always leads to a correct yes-or-no

answer.
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Question 52

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
6.3 Cybersecurity is an 6.3.1 Identify P1 Connecting | 6.3.1H
important concern for the | existing computing 6.3.11
Internet and the systems cybersecurity 6.3.1L
built on it. concerns and
potential options
that address these
issues
with the Internet
and the systems
built on it.
(A) This option is incorrect. The sender’s public key cannot be used to
decrypt the message.
(B) This option is incorrect. The sender’s private key cannot be used to
decrypt the message.
(©) This option is incorrect. The recipient’s public key cannot be used to
decrypt the message.
(D) This option is correct. In public cryptography, a message is
encrypted with a recipient’s public key and decrypted with the
recipient’s private key.

Question 53

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

2.3 Models and simulations | 2.3.1 Use models | P3 Abstracting |2.3.1A

use abstraction to generate | and simulations 2.3.1B

new understanding and to represent

knowledge. phenomena.

(A) This option is incorrect. This option causes the experiment to be
successful when RANDOM (1, 100) resultsinexactly 25,0r 1%
of the time.

(B) This option is incorrect. This option causes the experiment to be

successful when RANDOM (1, 100) producesaresultfrom 1 to
25, or 25% of the time.

(©) This option is incorrect. This option causes the experiment to be
successful when RANDOM (1, 100) resultsinexactly 75, o0r 1%
of the time.

(D) This option is correct. This option causes the experiment to be

successful when RANDOM (1, 100) producesa result from 1 to
75, or 75% of the time.
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Question 54

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

4.1 Algorithms are precise | 4.1.1 Develop P2 Creating 4.1.1A

sequences of instructions | an algorithm for computational | 4.1.1B

for processes that can be implementation in | artifacts 41.1D

executed by a computer a program.

and are implemented using

programming languages.

(A) This option is incorrect. For the example given,

end - start + 1 evaluatesto 16. The loop should iterate
4 times, not 16 times.

(B) This option is incorrect. For the example given,
end - start + 6 evaluatesto 21.Theloop should iterate
4 times, not 21 times.

© This option is correct. The loop should iterate once for each multiple
of 5from start to end.The number of multiples of 5 from
start to end isgiven by ((end - start) / 5) + 1.

For the example given, ( (end - start) / 5) + 1 evaluates
to 4.
(D) This option is incorrect. For the example given,

5 * (end - start) + 1 evaluatesto 76. Theloop should
iterate 4 times, not 76 times.

Question bb

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
4.2 Algorithms can 4.2.4 Evaluate P4 Analyzing 424H
solve many, but not all, algorithms problems and
computational problems. | analytically artifacts

and empirically
for efficiency,
correctness, and

PAZLIOYINE JOU SN [RIDISWIWO)) "W ¢/ / 'Uudd0 WOIJ papeo[umo(

clarity.
(A) This option is incorrect. The procedure does not implement a
binary search.
(B) This option is correct. The procedure implements a linear search,

which sequentially compares each element of the list with the target
value. The list does not need to be sorted because the procedure checks
list elements until either the target is found or it reaches the end of

the list.

(©) This option is incorrect. The procedure does not implement a
binary search and does not need to be in sorted order to implement a
linear search.

(D) This option is incorrect. The procedure implements a linear search,

but the list dIds¥ddttheeXYode sorted.
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Question 56

hides them in a secret location.

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

6.3 Cybersecurity is an 6.3.1 Identify P1 Connecting | 6.3.1K

important concern for the | existing computing

Internet and the systems cybersecurity

built on it. concerns and

potential options
that address these
issues with the
Internet and the
systems built on it.

(A) This option is incorrect. This is an example of an asymmetric system
because different codes are used to send and receive messages.

(B) This option is correct. This is an example of symmetric encryption
because the secret key is used for both encryption and decryption of
messages.

©) This option is incorrect. This system does not encrypt messages, it only

(D) This option is incorrect. This is an example of an asymmetric system
because only Kelly knows the key used to receive messages.

Question 57

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
4.1 Algorithms are precise | 4.1.1 Develop P2 Creating 4.1.1A
sequences of instructions | an algorithm for | computational | 4.1.1B
for processes that can be implementation in | artifacts
executed by a computer a program.
and are implemented using
programming languages.
(A) This option is incorrect. Option I does not work because it performs
the "shorten" step before the "keep palindromes" step.
(B) This option is incorrect. Option II works correctly, but option III works
as well.
© This option is incorrect. Option III works correctly, but option I does

not. Option I does not work because it performs the "shorten” step
before the "keep palindromes" step.

(D) This option is correct. Options II and III perform the steps in a
correct order. In order to generate the desired list, the algorithm
must perform the "shorten” step after the "keep palindromes”
step, otherwise the "keep palindromes" step would not be able to
determine whether the original word was a palindrome.
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Question b8

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
7.2 Computing enables 7.2.1 Explain P1 Connecting |7.2.1A
innovation in nearly every | how computing computing
field. has impacted
innovations in
other fields.
(A) This option is correct. Machine learning is the process of a computer

analyzing data in order to make predictions and decisions based on
trends in the data.

(B) This option is incorrect. This option describes the process of using a
computer to translate an algorithm to machine code.

(© This option is incorrect. This option describes the process of
determining whether an algorithm is decidable.

(D) This option is incorrect. This option describes the process of using a
heuristic to find approximate solutions to a problem.

Question 59

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
2.2 Multiple levels of 2.2.1 Developan | P2 Creating 22.1A
abstraction are used to abstraction when | computational |2.2.1B
write programs or to writing a program | artifacts 2.2.1C
create other computational | or creating other
artifacts. computational
artifacts.
(A) This option is incorrect. The Add procedure does not generalize
the Square and Cube procedures, which are used to calculate a
power of n.
(B) This option is incorrect. The Fourth procedure calculates a power

of n (similartothe square and cube procedures), but it does
not generalize this functionality to calculate any power of n.

© This option is incorrect. The Polynomial procedure calculates the
sum of the Square and Cube procedures, but does not generalize
their functionality to calculate any power of n.
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(D) This option is correct. The procedures square and cube are each
used to determine a power of n. A generalization of this procedure

is Power (n, m),which calculates n raised tothe m power.
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Question 60

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
4.2 Algorithms can 4.2.4 Evaluate P4 Analyzing 4.2.4C
solve many, but not all, algorithms problems and
computational problems. analytically artifacts

and empirically
for efficiency,
correctness, and

clarity.

(A) This option is incorrect. The procedure always returns false.

(B) This option is incorrect. The procedure always returns false.

(©) This option is incorrect. The procedure always returns false.

(D) This option is correct. The expression ( (response = "y")
AND (response = "yes")) alwaysevaluatesto false
because it is not possible for the variable response to be equal
toboth "y" and "yes".Therefore, the procedure will always
return false.

Question 61

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

2.1 A variety of abstractions | 2.1.1 Describe P3 Abstracting | 2.1.1D

built upon binary the variety of 2.1.1F

sequences can be used to abstractions used

represent all digital data. to represent data.

(A) This option is incorrect. Both binary and hexadecimal numbers can be

used to represent fractional values.

(B) This option is incorrect. Both binary and hexadecimal numbers can be
used to represent any type of digital data.

(@) This option is incorrect. At the lowest level of abstraction, computers
use binary numbers to represent digital data.

(D) This option is correct. Each hexadecimal digit can be used to
represent up to four bits of data, so hexadecimal representations
generally require fewer digits than binary representations.
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Question 62

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
5.2 People write programs | 5.2.1 Explain P4 Analyzing 5.2.1A
to execute algorithms. how programs problems and 5.2.1B
implement artifacts 5.2.1C
algorithms. 5.2.1D

(A) This option is incorrect. The program counts odd integers, not even
integers.

(B) This option is incorrect. The program counts odd integers, not even
integers.

(@) This option is incorrect. The program counts up to 19, not 9.

(D) This option is correct. The value of count startsat 1 and
increases by twos, so it counts odd integers. The loop iterates 10
times, adding each intermediate value of count each time. Therefore,
the program displays the sum of the odd integers starting at 1 and
ending at 19.

Question 63

online store to change.

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge

Practice

6.3 Cybersecurity is an 6.3.1 Identify P1 Connecting | 6.3.1A
important concern for the | existing computing 6.3.1C
Internet and the systems cybersecurity 6.3.1E
built on it. concerns and

potential options

that address these

issues

with the Internet

and the systems

built on it.
(A) This option is incorrect. A successful DDoS attack would make the

online store unavailable to users, but wouldn’t cause the content of the

(B) This option is incorrect. A successful DDoS attack would make the

online store unavailable to users, but wouldn’t allow the attacker access
to customer login information.

(© This option is correct. DDo§ attacks compromise a target by flooding
it with requests from multiple systems. A likely result of a DDoS attack
on an online store would be that the online store would be unavailable
to customers, preventing them from placing orders.

(D) This option is incorrect. A successful DDoS§ attack would make the

online store unavailable to users, but the online store could still fill
previous orders while the site was down.
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Question 64

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
5.3 Programming is 5.3.1 Use P3 Abstracting | 5.3.11
facilitated by appropriate abstraction
abstractions. to manage
complexity in
programs.
(A) This option is incorrect. This expression returns the string "Huppy".
(B) This option is correct. This expression concatenates the first two
letters of "Harp" with the last three letters of "puppy", resulting
in "Happy".
(©) This option is incorrect. This expression returns the string "Hapy".
(D) This option is incorrect. This expression returns the string "arpy".

Question 65

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
7.1 Computing enhances 7.1.2 Explain how | P4 Analyzing 7.1.2A
communication, people participate | problems and 7.1.2C
interaction, and cognition. | in a problem- artifacts 7.1.2D
solving process 7.1.2E
that scales. 7.1.2F
(A) This option is correct. The Internet can provide tools, information,

and knowledge to crowdsourcing participants and can lower
geographic barriers to potential participants. However, there exist
problems that cannot be solved in reasonable time, even with a
distributed approach.

(B) This option is incorrect. The Internet can provide tools, information,
and knowledge to crowdsourcing participants. However, there exist
problems that cannot be solved in reasonable time, even with a
distributed approach.

©) This option is incorrect. The Internet can lower geographic barriers to
potential participants. However, there exist problems that cannot be
solved in reasonable time, even with a distributed approach.
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(D) This option is incorrect. Only statements I and II are correct.
Option III is incorrect because there are some problems that
cannot be solved in reasonable time.
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Question 66

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
3.3 There are trade-offs 3.3.1 Analyze P4 Analyzing 33.1A
when representing how data problems and 33.1C
information as digital data. | representation, artifacts 3.3.1E
storage, security, 331G
and transmission 3.3.1H
of data involve
computational
manipulation of
information.
(A) This option is incorrect. Using standard video formats would help

ensure that the videos are accessible in the future.

(B) This option is correct. Using lossy compression will provide only an
approximation of the original video data. The full-quality original
versions of the videos will be lost if lossy compression is used.

(©) This option is incorrect. Using media that allows for additional
storage capacity will help ensure that all of the full-quality videos can
be archived.

(D) This option is incorrect. Using redundancy will help ensure that
video files are not lost if a storage device fails.
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The following questions require the selection of two correct answer choices.

Question 131

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
6.2 Characteristics of the 6.2.1 Explain P5 6.2.1A
Internet influence the characteristics of | Communicating | 6.2.1B
systems built on it. the Internet and
the systems built
on it.
(A) This option is incorrect. In the domain name hierarchy;,

about.example.orqg isnotrelatedto about.org.

(B) This option is correct. In the domain name hierarchy,
about.example.org isasubdomainof example.org.

(9) This option is correct. In the domain name hierarchy,
example.org isunder the top-level domain .org.

(D) This option is incorrect. The top-level domain associated with

example.org is .org.

Question 132

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
5.3 Programming is 5.3.1 Use P3 Abstracting | 5.3.1C
facilitated by appropriate abstraction 5.3.1E
abstractions. to manage 5.3.1L
complexity in
programs.
(A) This option is correct. Placing repeated code with procedure calls is

an example of a procedural abstraction that may make it easier for a
programmer to manage the complexity of a program.

(B) This option is incorrect. Using shorter variable names would not help
a programmer to manage the complexity of a program. In general,
meaningful variable names help programmers better understand
programs.

(©) This option is incorrect. Placing all documentation in a single line does
not help a programmer to manage the complexity of a program.
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(D) This option is correct. Creating a list of names is an example of a
data abstraction that may make it easier for a programmer to manage

the complexity of a program.
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Question 133

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
3.2 Computing facilitates | 3.2.1 Extract P1 Connecting |3.2.1A
exploration and the information from | computing 3.2.1B
discovery of connections in | data to discover 3.2.1C
information. and explain
connections or
trends.
(A) This option is correct. It is possible to create a single list of student

names, sorted by last name. Both data formats provide the first and last
names of each student.

(B) This option is correct. It is possible to determine the average number
of days students are absent. Both data formats provide the number of
absences for each student.

(© This option is incorrect. East High School provides the ZIP code of
each student, but West High School does not.
(D) This option is incorrect. West High School provides a student ID for

each student, but East High School does not.

Question 134

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

7.1 Computing enhances 7.1.2 Explain how | P4 Analyzing 7.1.2D
communication, people participate | problems and 7.1.2E
interaction, and cognition. | in a problem- artifacts
solving process
that scales.

(A) This option is incorrect. As users from around the world add content
to the online encyclopedia, it may become difficult to determine
whether any of the new content is copyrighted.
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(B) This option is incorrect. As articles can be edited by any user, an article
may contain different content when it is accessed at different times.

(O) This option is correct. As any user has the ability to edit articles, there
will be many opportunities for people with different perspectives to
contribute.

(D) This option is correct. The online encyclopedia can be edited at

any time, so it is easy to create or update articles as new information
becomes available.
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Question 135

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

5.4 Programs are 5.4.1 Evaluate the | P4 Analyzing 5.4.1E
developed, maintained, and | correctness of a problems and 54.1F

used by people for different | program. artifacts 54.1G
purposes.

(A) This option is incorrect. The variable count should besetto 0

before the loop so that it starts counting at 1.

(B) This option is correct. If count issetto O repeatedly inside the
loop, it will not provide an accurate count of the number of prime
numbers in the list.

(©) This option is incorrect. The variable count should be incremented
within the IF statement so that it only increases whenever value
is prime.

(D) This option is correct. If count isincremented outside the IF

statement, it will increase for all entries in the list instead of just the
prime entries.

Question 136

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice

7.3 Computing has global | 7.3.1 Analyze the | P4 Analyzing 7.3.1A
effects—both beneficial and | beneficial and problems and 7.3.1G
harmful-on people and harmful effects of | artifacts 7.3.IN
society. computing.

(A) This option is incorrect. Redundant routing provides fault tolerance,

which enables a cloud storage site to continue to operate if some part
of a network fails.

(B) This option is correct. Cloud computing fosters new ways to
communicate and collaborate, allowing users to share files and tools
easily.

(© This option is correct. Cloud computing sites must consider security

concerns in order to protect their users’ private data.

(D) This option is incorrect. Cloud storage sites allow users to share files
easily, which could lead to increased concerns about copyrighted
materials being illegally distributed online.
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Question 137

Enduring Understanding | Learning Computational | Essential

Objective Thinking Knowledge
Practice

5.4 Programs are 5.4.1 Evaluate the | P4 Analyzing 54.1G

developed, maintained, and | correctness of a problems and 5.4.11

used by people for different | program. artifacts

purposes.

(A) This option is incorrect. If x and y are both positive, the procedure

will correctly calculate the product by adding x toitself y times.

(B) This option is correct. If v is negative, then the condition
count = y will never be metsince count beginsat 0 and
repeatedly increases.

(@) This option is incorrect. If x is negative and y is positive, the
procedure will correctly calculate the product by adding x to itself
y times.

(D) This option is correct. If v is negative, then the condition

count = y will never be metsince count beginsat 0 and
repeatedly increases.

Question 138

Enduring Understanding | Learning Computational | Essential
Objective Thinking Knowledge
Practice
4.2 Algorithms can 4.2.4 Evaluate P4 Analyzing 42.4B
solve many, but not all, algorithms problems and 4.2.4C
computational problems. analytically artifacts

and empirically
for efficiency,
correctness, and
clarity.

(A) This option is incorrect. For thelist [10, 20, 30, 4017, thereare
no values less than the first number in the list, so the procedure returns
the correct value 10.

(B) This option is incorrect. For thelist [20, 10, 30, 40], 10 is
the first value smaller than the first number in the list, so the procedure
returns the correct value 10.
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(©) This option is correct. The procedure returns the first number it
encounters that is less than the first number in the list. For the list
[30, 40, 20, 10],the procedure returns 20, which is not the
least value in the list.

(D) This option is correct. The procedure returns the first number it
encounters that is less than the first number in the list. For the list
[40, 30, 20, 10],the procedure returns 30, which is not the
least value in the list.
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Answers to Multiple-Choice Questions
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New York Office

250 Vesey Street

New York, NY 10281
212-713-8000
212-713-8277/55 (fax)

AP Services for Educators

P.O. Box 6671

Princeton, NJ 08541-6671

877-274-6474 (toll free in the United States and Canada)
212-632-1781

610-290-8979 (fax)

Email: apexams@info.collegeboard.org

Call Center Hours
M-F, 8 am. to 8 pm. ET
April 23 to June 1, 2018, M-F, 7 am. to 9 p.m. ET

AP Canada Office

2950 Douglas Street, Suite 550
Victoria, BC, Canada V8T 4N4
250-472-8561

800-667-4548 (toll free in Canada only)
Email: gewonus@ap.ca

College Board International

Serving all countries outside the U.S. and Canada
250 Vesey Street

New York, NY 10281

212-373-8738

Email: international@collegeboard.org
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