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A Note on This Edition
This edition corrects the worked pseudocode throughout the book. In the first

printing, most pseudocode blocks were placeholder text rather than the real

logic of the named algorithm. Every pseudocode block has been rewritten with

correct, runnable-style logic for its concept (or, for a small number of purely

conceptual sections, with a concrete illustrative example). A handful of

reflection prompts in Part V that referred to “memory” and “growth” in ways

that did not fit non-algorithmic topics have also been reworded to fit their

subject.
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How to Read This Book
How to Read This Book You do not need to know programming or advanced

mathematics. Begin with the pictures and analogies. Read the plain-language

explanation. Then trace the pseudocode as if it were a set of stage directions.

The pseudocode is intentionally Python-like, but it is designed to be read rather

than executed. Each concept occupies a two-page learning spread. The first

page builds the mental model; the second turns the idea into a visual lab. Color

is functional: blue marks structure, teal marks transformation, gold marks

choice or priority, and coral marks risk or error. A useful reading rule Do not

ask “Do I understand every line?” Ask “Can I explain what information the

method keeps, what repeated action it takes, and why it stops?” A note on AI

The AI portion is deliberately extensive. It begins with data and evaluation,

proceeds through classical machine learning and neural networks, then

develops vision, language, transformers, generative AI, retrieval,

recommendations, speech, reinforcement learning, agents, and responsible

deployment. Everyday systems are treated as pipelines rather than mysterious

single models.
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PART I

Thinking in Structures
Before an algorithm can act, information needs a shape.
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CHAPTER 1

Algorithms Without the
Intimidation
In this chapter

1.1 A recipe for decisions. An algorithm is a finite, unambiguous sequence of

choices and actions.

1.2 Inputs, outputs, and state. Inputs are what the procedure receives;

outputs are what it produces; state is what changes along the way.

1.3 Correctness before cleverness. A useful procedure must solve the

promised problem for every allowed input, not merely for a friendly example.

1.4 Efficiency as a growth story. Efficiency asks how work grows as the input

grows, without requiring advanced mathematics.

Chapter compass

While reading Algorithms Without the Intimidation, compare the four ideas in

this chapter: A recipe for decisions, Inputs, outputs, and state, Correctness

before cleverness, Efficiency as a growth story. Treat each pseudocode block

as a map of decisions, not as a programming test.
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1.1 A recipe for decisions

A recipe for decisions
An algorithm is a finite, unambiguous sequence of choices and actions.

Figure 1.1. A visual rhythm for the idea: input, relationship, change, and result.

An intuitive starting point. Begin with following a breakfast recipe. In that

scene, notice what can move, what acts as a boundary, and what counts as

success. Those same questions reveal the working idea of a recipe for

decisions: An algorithm is a finite, unambiguous sequence of choices and

actions.

The machine's view. A computer receives neither the metaphor nor its common

sense. It receives a structured description chosen for this task. In a recipe for

decisions, that description has to support the operation implied by the

definition; in turning an unclear goal into small checkable steps, it must also

reflect units, missing values, and the meaning of each connection.

The invariant to watch. During a recipe for decisions, some fact must remain

dependable even while other information changes. That fact might be an

ordered region, a visited set, a best-known score, or a boundary around

unresolved work. Naming it makes both the procedure and its stopping

condition easier to trust.
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UNDER THE HOOD | A recipe for decisions

Inside a real system. A recipe for decisions contributes to turning an unclear

goal into small checkable steps, but it is only one stage. A deployed use of a

recipe for decisions also gathers and checks inputs, enforces policy, handles

failures, presents results, and observes what happens afterward. The

surrounding stages often determine whether a correct algorithm becomes a

useful experience.

What deserves suspicion. A tidy example can hide cost, ambiguity, or a fragile

assumption. For a recipe for decisions, inspect the worst-shaped input and any

tie or boundary condition. In turning an unclear goal into small checkable

steps, also ask whose errors are most consequential and what recovery path

exists.

Everyday translation

Think of following a breakfast recipe. Use that image to remember the rule, then

return to the exact definition when details matter.

Python-like pseudocode

a l g o r i t h m  m a k e _ t e a ( w a t e r ,  t e a _ b a g ) :

h e a t  w a t e r  u n t i l  b o i l i n g

p l a c e  t e a _ b a g  i n  c u p

p o u r  i n  w a t e r

w a i t  3  m i n u t e s

r e m o v e  t e a _ b a g

r e t u r n  c u p
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VISUAL LAB | A recipe for decisions

1. Translate the analogy

Sketch following a breakfast recipe. Label the objects that stand for stored data,

relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of a recipe for decisions. Annotate what was

read, what changed, and which promise became true.

3. Examine growth

Imagine the following a breakfast recipe example growing until it no longer fits in

memory. Decide what could be processed in pieces.

4. Challenge an assumption

Create a counterexample that makes a naive use of a recipe for decisions slow,

ambiguous, or misleading.

5. Locate the human choices

In a system involving turning an unclear goal into small checkable steps, identify

one automated decision, one design or policy choice, and one result a person

should be able to question.

Explain it without jargon

A recipe for decisions can be understood this way: An algorithm is a finite,

unambiguous sequence of choices and actions.

Quick check

1. In your own words, what promise does a recipe for decisions make?

2. Which detail in “following a breakfast recipe” matches the changing state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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1.2 Inputs, outputs, and state

Inputs, outputs, and state
Inputs are what the procedure receives; outputs are what it produces; state

is what changes along the way.

Figure 1.2. A visual rhythm for the idea: input, relationship, change, and result.

See the rule before the notation. The image of a vending machine

remembering your credit gives inputs, outputs, and state a physical shape.

Inputs are what the procedure receives; outputs are what it produces; state is

what changes along the way. We will keep the useful structure of the

comparison while discarding details that do not belong to the algorithm.

Choosing what to store. An implementation of inputs, outputs, and state works

with a deliberate model of the situation. The best model is not the most

detailed one; it is the simplest representation that preserves the decisions the

method must make. This is especially important in separating what comes in,

what is remembered, and what comes out, where irrelevant detail can add cost

or noise.

Following one complete pass. Start from a valid initial state, apply the defining

action of inputs, outputs, and state, and record what the action establishes.

The next step should use that new knowledge rather than restart blindly.

Progress becomes visible when the unresolved portion shrinks, the frontier

advances, or the estimate improves.
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UNDER THE HOOD | Inputs, outputs, and state

Why this idea travels well. The same structural promise makes inputs, outputs,

and state useful in separating what comes in, what is remembered, and what

comes out. The names of the objects may change, yet the operation remains

recognizable. This transfer—from one surface story to another—is a sign that

we have learned the algorithm rather than memorized an example.

Tradeoffs, not magic. Inputs, outputs, and state gains something—speed,

structure, adaptability, or a useful estimate—by relying on particular

assumptions. When those assumptions fail, the result may be slow or

misleading in separating what comes in, what is remembered, and what comes

out. A robust implementation detects unsupported cases rather than silently

inventing confidence.

Everyday translation

Think of a vending machine remembering your credit. Use that image to

remember the rule, then return to the exact definition when details matter.

Python-like pseudocode

f u n c t i o n  r u n n i n g _ t o t a l ( r e a d i n g s ) :

    t o t a l  =  0

    f o r  v a l u e  i n  r e a d i n g s :

        t o t a l  =  t o t a l  +  v a l u e

    r e t u r n  t o t a l

#  i n p u t :  r e a d i n g s  ( w h a t  t h e  p r o c e d u r e  r e c e i v e s )

#  s t a t e :  t o t a l  ( w h a t  c h a n g e s  a l o n g  t h e  w a y )

#  o u t p u t :  t h e  f i n a l  t o t a l  ( w h a t  i t  p r o d u c e s )
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VISUAL LAB | Inputs, outputs, and state

1. Translate the analogy

Sketch a vending machine remembering your credit. Label the objects that stand

for stored data, relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of inputs, outputs, and state. Annotate what

was read, what changed, and which promise became true.

3. Examine growth

Contrast a nearly solved inputs, outputs, and state case with a deliberately

awkward one. Explain why their running behavior may differ.

4. Challenge an assumption

Test inputs, outputs, and state with an empty case, a single case, ties, and one

malformed value. Write the safest response for each.

5. Locate the human choices

In a system involving separating what comes in, what is remembered, and what

comes out, identify one automated decision, one design or policy choice, and one

result a person should be able to question.

Explain it without jargon

Inputs, outputs, and state can be understood this way: Inputs are what the

procedure receives; outputs are what it produces; state is what changes along

the way.

Quick check

1. In your own words, what promise does inputs, outputs, and state make?

2. Which detail in “a vending machine remembering your credit” matches the

changing state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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1.3 Correctness before cleverness

Correctness before cleverness
A useful procedure must solve the promised problem for every allowed

input, not merely for a friendly example.

Figure 1.3. A visual rhythm for the idea: input, relationship, change, and result.

A concrete way in. Think about testing directions on a road that is closed. It

offers a memorable route into this definition: A useful procedure must solve

the promised problem for every allowed input, not merely for a friendly

example. Once that central promise is clear, the pseudocode becomes a

description of familiar actions rather than a wall of symbols.

Representing this problem. For correctness before cleverness, the input must

preserve the distinctions needed to carry out the rule. Depending on the

application, that may mean ordered positions, linked neighbors, measured

features, labels, or weighted connections. The representation used for writing

examples, edge cases, and a stopping condition should omit decorative detail

but retain every fact that could change the answer.

Progress and stopping. Each step of correctness before cleverness should

move the process toward a condition that can be tested. A useful trace labels

the current state, the decision just made, and the remaining work. If none of

those changes, the procedure may be stuck or its stopping rule may be

incomplete.
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UNDER THE HOOD | Correctness before cleverness

From classroom example to product. In writing examples, edge cases, and a

stopping condition, engineers combine correctness before cleverness with

storage, validation, monitoring, and interface decisions. Scale may require

approximation or batching, while human consequences may require

explanations, overrides, and conservative thresholds.

A practical quality test. Vary the size, order, and cleanliness of the input.

Check not only whether correctness before cleverness returns an answer, but

whether the answer remains meaningful for writing examples, edge cases, and

a stopping condition. Measure memory, delay, and different kinds of error

instead of reducing quality to a single success count.

Everyday translation

Think of testing directions on a road that is closed. Use that image to remember

the rule, then return to the exact definition when details matter.

Python-like pseudocode

f u n c t i o n  f i n d _ m a x i m u m ( n u m b e r s ) :

    i f  l e n g t h ( n u m b e r s )  = =  0 :

        r e p o r t  a n  u n s u p p o r t e d  c a s e

    b e s t  =  n u m b e r s [ 0 ]

    f o r  v a l u e  i n  n u m b e r s [ 1 : ] :

        i f  v a l u e  >  b e s t :

            b e s t  =  v a l u e

    r e t u r n  b e s t

#  c h e c k :  w o r k s  f o r  o n e  i t e m ,  t i e s ,  n e g a t i v e  n u m b e r s ,  a n d  r e j e c t s  e m p t y  i n p u t

#  i n s t e a d  o f  o n l y  t h e  f r i e n d l y  e x a m p l e  y o u  f i r s t  i m a g i n e d
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VISUAL LAB | Correctness before cleverness

1. Translate the analogy

Sketch testing directions on a road that is closed. Label the objects that stand for

stored data, relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of correctness before cleverness. Annotate

what was read, what changed, and which promise became true.

3. Examine growth

Compare a hand-sized example of correctness before cleverness with one a million

times larger. Mark which action becomes the bottleneck.

4. Challenge an assumption

Remove one assumption from the definition of correctness before

cleverness—order, connectivity, nonnegative cost, or representative data—and

predict the failure.

5. Locate the human choices

In a system involving writing examples, edge cases, and a stopping condition,

identify one automated decision, one design or policy choice, and one result a

person should be able to question.

Explain it without jargon

Correctness before cleverness can be understood this way: A useful procedure

must solve the promised problem for every allowed input, not merely for a

friendly example.

Quick check

1. In your own words, what promise does correctness before cleverness make?

2. Which detail in “testing directions on a road that is closed” matches the changing

state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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1.4 Efficiency as a growth story

Efficiency as a growth story
Efficiency asks how work grows as the input grows, without requiring

advanced mathematics.

Figure 1.4. A visual rhythm for the idea: input, relationship, change, and result.

Build the mental picture. Picture serving ten guests versus ten thousand.

Efficiency asks how work grows as the input grows, without requiring

advanced mathematics. The comparison highlights the role of order and

change without pretending that the real mechanism is literally the everyday

scene.

From the real world to data. The scene “serving ten guests versus ten

thousand” has more detail than a program needs. A designer selects the parts

relevant to efficiency as a growth story and encodes them as values and

relationships. If a crucial distinction is lost during that translation, no later

cleverness can reconstruct it reliably.

Tracing the mechanism. Work through a tiny efficiency as a growth story

example and pause after every operation. Ask which promise from the

definition is now true and which cases remain possible. This disciplined trace is

the easiest way to discover skipped cases, incorrect updates, and loops that

never finish.
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UNDER THE HOOD | Efficiency as a growth story

Where you may meet it. Applications involving comparing repeated scans with

divide-and-conquer use this idea because the underlying information has the

shape described above. Production versions must also contend with delay,

imperfect measurements, changing behavior, and goals that compete with one

another.

Boundaries and failure modes. Test efficiency as a growth story with no items,

one item, equal items, malformed input, and a case much larger than expected.

Then ask whether the representation itself is fair and faithful. Correct steps

cannot compensate for data that describes the wrong problem.

Everyday translation

Think of serving ten guests versus ten thousand. Use that image to remember the

rule, then return to the exact definition when details matter.

Python-like pseudocode

f u n c t i o n  c o n t a i n s _ s l o w ( i t e m s ,  t a r g e t ) :      #  c h e c k s  e v e r y  i t e m

    f o r  v a l u e  i n  i t e m s :

        i f  v a l u e  = =  t a r g e t :

            r e t u r n  t r u e

    r e t u r n  f a l s e                             #  w o r k  g r o w s  w i t h  l e n g t h ( i t e m s )

 

f u n c t i o n  c o n t a i n s _ f a s t ( s o r t e d _ i t e m s ,  t a r g e t ) :   #  b i n a r y  s e a r c h

    l o w ,  h i g h  =  0 ,  l e n g t h ( s o r t e d _ i t e m s )  -  1

    w h i l e  l o w  < =  h i g h :

        m i d  =  ( l o w  +  h i g h )  / /  2

        i f  s o r t e d _ i t e m s [ m i d ]  = =  t a r g e t :

            r e t u r n  t r u e

        i f  s o r t e d _ i t e m s [ m i d ]  <  t a r g e t :

            l o w  =  m i d  +  1

        e l s e :

            h i g h  =  m i d  -  1

    r e t u r n  f a l s e                             #  w o r k  g r o w s  w i t h  l o g ( l e n g t h ( i t e m s ) )
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VISUAL LAB | Efficiency as a growth story

1. Translate the analogy

Sketch serving ten guests versus ten thousand. Label the objects that stand for

stored data, relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of efficiency as a growth story. Annotate what

was read, what changed, and which promise became true.

3. Examine growth

Double the amount of information used by efficiency as a growth story. Predict

which work doubles, which may grow faster, and which stays fixed.

4. Challenge an assumption

Introduce missing information into the serving ten guests versus ten thousand

example. Decide whether to reject, repair, ignore, or explicitly represent it.

5. Locate the human choices

In a system involving comparing repeated scans with divide-and-conquer, identify

one automated decision, one design or policy choice, and one result a person

should be able to question.

Explain it without jargon

Efficiency as a growth story can be understood this way: Efficiency asks how

work grows as the input grows, without requiring advanced mathematics.

Quick check

1. In your own words, what promise does efficiency as a growth story make?

2. Which detail in “serving ten guests versus ten thousand” matches the changing

state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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Chapter 1 Review
Teach-back prompts

Teach the central ideas of algorithms Without the Intimidation to someone who

has never programmed. Use the chapter's analogies, but also name the exact

information stored by a recipe for decisions and contrast it with efficiency as a

growth story. Finish by explaining how each process knows when to stop.

Connection map

Concept Connects to Ask yourself

A recipe for decisions turning an unclear goal into small

checkable steps

What changes as

the input grows?

Inputs, outputs, and

state

separating what comes in, what is

remembered, and what comes out

What changes as

the input grows?

Correctness before

cleverness

writing examples, edge cases, and a

stopping condition

What changes as

the input grows?

Efficiency as a growth

story

comparing repeated scans with

divide-and-conquer

What changes as

the input grows?

Try it on paper

Choose five everyday objects that fit the idea of a recipe for decisions. Draw the

representation, perform one operation by hand, and annotate only the

information that changed. Then explain why the unchanged information still

satisfies the chapter's central promise.
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CHAPTER 2

Data: Values, Records, and
References
In this chapter

2.1 Values and types. A type describes what a value means and which

operations make sense for it.

2.2 Records. A record keeps several related fields together so they travel as one

meaningful unit.

2.3 References. A reference is a route to another value rather than a copy of

that value.

2.4 Identity and equality. Two records can contain equal information while still

being different objects.

Chapter compass

While reading Data: Values, Records, and References, compare the four ideas

in this chapter: Values and types, Records, References, Identity and equality.

Treat each pseudocode block as a map of decisions, not as a programming test.
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2.1 Values and types

Values and types
A type describes what a value means and which operations make sense for

it.

Figure 2.1. A visual rhythm for the idea: input, relationship, change, and result.

An intuitive starting point. Begin with not adding a street address to a

temperature. In that scene, notice what can move, what acts as a boundary,

and what counts as success. Those same questions reveal the working idea of

values and types: A type describes what a value means and which operations

make sense for it.

The machine's view. A computer receives neither the metaphor nor its common

sense. It receives a structured description chosen for this task. In values and

types, that description has to support the operation implied by the definition;

in distinguishing labels, measurements, truth values, and collections, it must

also reflect units, missing values, and the meaning of each connection.

The invariant to watch. During values and types, some fact must remain

dependable even while other information changes. That fact might be an

ordered region, a visited set, a best-known score, or a boundary around

unresolved work. Naming it makes both the procedure and its stopping

condition easier to trust.
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UNDER THE HOOD | Values and types

Inside a real system. Values and types contributes to distinguishing labels,

measurements, truth values, and collections, but it is only one stage. A

deployed use of values and types also gathers and checks inputs, enforces

policy, handles failures, presents results, and observes what happens

afterward. The surrounding stages often determine whether a correct

algorithm becomes a useful experience.

What deserves suspicion. A tidy example can hide cost, ambiguity, or a fragile

assumption. For values and types, inspect the worst-shaped input and any tie

or boundary condition. In distinguishing labels, measurements, truth values,

and collections, also ask whose errors are most consequential and what

recovery path exists.

Everyday translation

Think of not adding a street address to a temperature. Use that image to

remember the rule, then return to the exact definition when details matter.

Python-like pseudocode

f u n c t i o n  s a f e _ a d d ( a ,  b ) :

    i f  t y p e _ o f ( a )  ! =  t y p e _ o f ( b ) :

        r e p o r t  a n  u n s u p p o r t e d  c a s e       #  e . g .  a d d i n g  a  s t r e e t  a d d r e s s  t o  a  t e m p e r a

t u r e

    r e t u r n  a  +  b

 

i s _ n u m b e r ( 3 7 )      - >  t r u e

i s _ t e x t ( " 3 7 " )      - >  t r u e

i s _ b o o l e a n ( t r u e )   - >  t r u e
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VISUAL LAB | Values and types

1. Translate the analogy

Sketch not adding a street address to a temperature. Label the objects that stand

for stored data, relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of values and types. Annotate what was read,

what changed, and which promise became true.

3. Examine growth

Imagine the not adding a street address to a temperature example growing until it

no longer fits in memory. Decide what could be processed in pieces.

4. Challenge an assumption

Create a counterexample that makes a naive use of values and types slow,

ambiguous, or misleading.

5. Locate the human choices

In a system involving distinguishing labels, measurements, truth values, and

collections, identify one automated decision, one design or policy choice, and one

result a person should be able to question.

Explain it without jargon

Values and types can be understood this way: A type describes what a value

means and which operations make sense for it.

Quick check

1. In your own words, what promise does values and types make?

2. Which detail in “not adding a street address to a temperature” matches the

changing state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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2.2 Records

Records
A record keeps several related fields together so they travel as one

meaningful unit.

Figure 2.2. A visual rhythm for the idea: input, relationship, change, and result.

See the rule before the notation. The image of a library card catalog entry

gives records a physical shape. A record keeps several related fields together

so they travel as one meaningful unit. We will keep the useful structure of the

comparison while discarding details that do not belong to the algorithm.

Choosing what to store. An implementation of records works with a deliberate

model of the situation. The best model is not the most detailed one; it is the

simplest representation that preserves the decisions the method must make.

This is especially important in modeling a contact, product, or appointment,

where irrelevant detail can add cost or noise.

Following one complete pass. Start from a valid initial state, apply the defining

action of records, and record what the action establishes. The next step should

use that new knowledge rather than restart blindly. Progress becomes visible

when the unresolved portion shrinks, the frontier advances, or the estimate

improves.
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UNDER THE HOOD | Records

Why this idea travels well. The same structural promise makes records useful

in modeling a contact, product, or appointment. The names of the objects may

change, yet the operation remains recognizable. This transfer—from one

surface story to another—is a sign that we have learned the algorithm rather

than memorized an example.

Tradeoffs, not magic. Records gains something—speed, structure, adaptability,

or a useful estimate—by relying on particular assumptions. When those

assumptions fail, the result may be slow or misleading in modeling a contact,

product, or appointment. A robust implementation detects unsupported cases

rather than silently inventing confidence.

Everyday translation

Think of a library card catalog entry. Use that image to remember the rule, then

return to the exact definition when details matter.

Python-like pseudocode

r e c o r d  C o n t a c t :

    n a m e :  t e x t

    p h o n e :  t e x t

    e m a i l :  t e x t

 

f u n c t i o n  m a k e _ c o n t a c t ( n a m e ,  p h o n e ,  e m a i l ) :

    r e t u r n  C o n t a c t ( n a m e = n a m e ,  p h o n e = p h o n e ,  e m a i l = e m a i l )

 

c o n t a c t  =  m a k e _ c o n t a c t ( " A i s h a " ,  " 5 5 5 - 0 1 0 0 " ,  " a i s h a @ e x a m p l e . c o m " )

c o n t a c t . p h o n e       #  f i e l d  a c c e s s ,  n o t  a  s e a r c h
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VISUAL LAB | Records

1. Translate the analogy

Sketch a library card catalog entry. Label the objects that stand for stored data,

relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of records. Annotate what was read, what

changed, and which promise became true.

3. Examine growth

Contrast a nearly solved records case with a deliberately awkward one. Explain

why their running behavior may differ.

4. Challenge an assumption

Test records with an empty case, a single case, ties, and one malformed value.

Write the safest response for each.

5. Locate the human choices

In a system involving modeling a contact, product, or appointment, identify one

automated decision, one design or policy choice, and one result a person should be

able to question.

Explain it without jargon

Records can be understood this way: A record keeps several related fields

together so they travel as one meaningful unit.

Quick check

1. In your own words, what promise does records make?

2. Which detail in “a library card catalog entry” matches the changing state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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2.3 References

References
A reference is a route to another value rather than a copy of that value.

Figure 2.3. A visual rhythm for the idea: input, relationship, change, and result.

A concrete way in. Think about a claim ticket for a coat. It offers a memorable

route into this definition: A reference is a route to another value rather than a

copy of that value. Once that central promise is clear, the pseudocode becomes

a description of familiar actions rather than a wall of symbols.

Representing this problem. For references, the input must preserve the

distinctions needed to carry out the rule. Depending on the application, that

may mean ordered positions, linked neighbors, measured features, labels, or

weighted connections. The representation used for sharing and linking

information without duplicating it should omit decorative detail but retain

every fact that could change the answer.

Progress and stopping. Each step of references should move the process

toward a condition that can be tested. A useful trace labels the current state,

the decision just made, and the remaining work. If none of those changes, the

procedure may be stuck or its stopping rule may be incomplete.
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From classroom example to product. In sharing and linking information

without duplicating it, engineers combine references with storage, validation,

monitoring, and interface decisions. Scale may require approximation or

batching, while human consequences may require explanations, overrides, and

conservative thresholds.

A practical quality test. Vary the size, order, and cleanliness of the input.

Check not only whether references returns an answer, but whether the answer

remains meaningful for sharing and linking information without duplicating it.

Measure memory, delay, and different kinds of error instead of reducing

quality to a single success count.

Everyday translation

Think of a claim ticket for a coat. Use that image to remember the rule, then

return to the exact definition when details matter.

Python-like pseudocode

l o c k e r _ a  =  C o n t a c t ( " A i s h a " ,  " 5 5 5 - 0 1 0 0 " )

l o c k e r _ b  =  l o c k e r _ a           #  l o c k e r _ b  n o w  r e f e r s  t o  t h e  s a m e  r e c o r d

l o c k e r _ b . p h o n e  =  " 5 5 5 - 0 1 9 9 "

 

p r i n t ( l o c k e r _ a . p h o n e )          #  " 5 5 5 - 0 1 9 9 "  - -  b o t h  n a m e s  p o i n t  t o  o n e  r e c o r d

#  a  c o p y  w o u l d  h a v e  l e f t  l o c k e r _ a . p h o n e  u n c h a n g e d
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1. Translate the analogy

Sketch a claim ticket for a coat. Label the objects that stand for stored data,

relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of references. Annotate what was read, what

changed, and which promise became true.

3. Examine growth

Compare a hand-sized example of references with one a million times larger. Mark

which action becomes the bottleneck.

4. Challenge an assumption

Remove one assumption from the definition of references—order, connectivity,

nonnegative cost, or representative data—and predict the failure.

5. Locate the human choices

In a system involving sharing and linking information without duplicating it,

identify one automated decision, one design or policy choice, and one result a

person should be able to question.

Explain it without jargon

References can be understood this way: A reference is a route to another value

rather than a copy of that value.

Quick check

1. In your own words, what promise does references make?

2. Which detail in “a claim ticket for a coat” matches the changing state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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2.4 Identity and equality

Identity and equality
Two records can contain equal information while still being different

objects.

Figure 2.4. A visual rhythm for the idea: input, relationship, change, and result.

Build the mental picture. Picture two identical keys cut from one pattern. Two

records can contain equal information while still being different objects. The

comparison highlights the role of order and change without pretending that

the real mechanism is literally the everyday scene.

From the real world to data. The scene “two identical keys cut from one

pattern” has more detail than a program needs. A designer selects the parts

relevant to identity and equality and encodes them as values and relationships.

If a crucial distinction is lost during that translation, no later cleverness can

reconstruct it reliably.

Tracing the mechanism. Work through a tiny identity and equality example and

pause after every operation. Ask which promise from the definition is now true

and which cases remain possible. This disciplined trace is the easiest way to

discover skipped cases, incorrect updates, and loops that never finish.
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Where you may meet it. Applications involving reasoning about copies, aliases,

and changes use this idea because the underlying information has the shape

described above. Production versions must also contend with delay, imperfect

measurements, changing behavior, and goals that compete with one another.

Boundaries and failure modes. Test identity and equality with no items, one

item, equal items, malformed input, and a case much larger than expected.

Then ask whether the representation itself is fair and faithful. Correct steps

cannot compensate for data that describes the wrong problem.

Everyday translation

Think of two identical keys cut from one pattern. Use that image to remember the

rule, then return to the exact definition when details matter.

Python-like pseudocode

a  =  C o n t a c t ( " A i s h a " ,  " 5 5 5 - 0 1 0 0 " )

b  =  C o n t a c t ( " A i s h a " ,  " 5 5 5 - 0 1 0 0 " )

c  =  a

 

a  = =  b         #  t r u e   - -  e q u a l  c o n t e n t s

a  i s  b         #  f a l s e  - -  t w o  d i s t i n c t  r e c o r d s

a  i s  c         #  t r u e   - -  t h e  s a m e  r e c o r d ,  r e a c h e d  t w o  w a y s
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VISUAL LAB | Identity and equality

1. Translate the analogy

Sketch two identical keys cut from one pattern. Label the objects that stand for

stored data, relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of identity and equality. Annotate what was

read, what changed, and which promise became true.

3. Examine growth

Double the amount of information used by identity and equality. Predict which

work doubles, which may grow faster, and which stays fixed.

4. Challenge an assumption

Introduce missing information into the two identical keys cut from one pattern

example. Decide whether to reject, repair, ignore, or explicitly represent it.

5. Locate the human choices

In a system involving reasoning about copies, aliases, and changes, identify one

automated decision, one design or policy choice, and one result a person should be

able to question.

Explain it without jargon

Identity and equality can be understood this way: Two records can contain

equal information while still being different objects.

Quick check

1. In your own words, what promise does identity and equality make?

2. Which detail in “two identical keys cut from one pattern” matches the changing

state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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Chapter 2 Review
Teach-back prompts

Teach the central ideas of data: Values, Records, and References to someone

who has never programmed. Use the chapter's analogies, but also name the

exact information stored by values and types and contrast it with identity and

equality. Finish by explaining how each process knows when to stop.

Connection map

Concept Connects to Ask yourself

Values and types distinguishing labels, measurements,

truth values, and collections

What changes as

the input grows?

Records modeling a contact, product, or

appointment

What changes as

the input grows?

References sharing and linking information

without duplicating it

What changes as

the input grows?

Identity and equality reasoning about copies, aliases, and

changes

What changes as

the input grows?

Try it on paper

Choose five everyday objects that fit the idea of records. Draw the

representation, perform one operation by hand, and annotate only the

information that changed. Then explain why the unchanged information still

satisfies the chapter's central promise.
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CHAPTER 3

Arrays and Dynamic Lists
In this chapter

3.1 A row of numbered lockers. An array stores items in order and gives each

position an index.

3.2 Insertion and deletion. Making room in the middle may require shifting

every later item.

3.3 Growing beyond capacity. A dynamic array occasionally moves into a larger

space so most appends remain cheap.

3.4 Slices and views. A slice describes a contiguous region; some systems copy

it while others share the original storage.

Chapter compass

While reading Arrays and Dynamic Lists, compare the four ideas in this

chapter: A row of numbered lockers, Insertion and deletion, Growing beyond

capacity, Slices and views. Treat each pseudocode block as a map of decisions,

not as a programming test.
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3.1 A row of numbered lockers

A row of numbered lockers
An array stores items in order and gives each position an index.

Figure 3.1. A visual rhythm for the idea: input, relationship, change, and result.

An intuitive starting point. Begin with a row of numbered lockers. In that

scene, notice what can move, what acts as a boundary, and what counts as

success. Those same questions reveal the working idea of a row of numbered

lockers: An array stores items in order and gives each position an index.

The machine's view. A computer receives neither the metaphor nor its common

sense. It receives a structured description chosen for this task. In a row of

numbered lockers, that description has to support the operation implied by the

definition; in fast direct access and compact storage, it must also reflect units,

missing values, and the meaning of each connection.

The invariant to watch. During a row of numbered lockers, some fact must

remain dependable even while other information changes. That fact might be

an ordered region, a visited set, a best-known score, or a boundary around

unresolved work. Naming it makes both the procedure and its stopping

condition easier to trust.
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Inside a real system. A row of numbered lockers contributes to fast direct

access and compact storage, but it is only one stage. A deployed use of a row of

numbered lockers also gathers and checks inputs, enforces policy, handles

failures, presents results, and observes what happens afterward. The

surrounding stages often determine whether a correct algorithm becomes a

useful experience.

What deserves suspicion. A tidy example can hide cost, ambiguity, or a fragile

assumption. For a row of numbered lockers, inspect the worst-shaped input

and any tie or boundary condition. In fast direct access and compact storage,

also ask whose errors are most consequential and what recovery path exists.

Everyday translation

Think of a row of numbered lockers. Use that image to remember the rule, then

return to the exact definition when details matter.

Python-like pseudocode

l o c k e r  =  [ " t e a " ,  " c u p s " ,  " k e t t l e " ,  " n a p k i n s " ]

 

l o c k e r [ 0 ]           #  " t e a "       - -  d i r e c t  a c c e s s  b y  i n d e x ,  O ( 1 )

l o c k e r [ 2 ]  =  " p o t "   #  r e p l a c e  i n  p l a c e ,  O ( 1 )

l e n g t h ( l o c k e r )      #  4
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VISUAL LAB | A row of numbered lockers

1. Translate the analogy

Sketch a row of numbered lockers. Label the objects that stand for stored data,

relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of a row of numbered lockers. Annotate what

was read, what changed, and which promise became true.

3. Examine growth

Imagine the a row of numbered lockers example growing until it no longer fits in

memory. Decide what could be processed in pieces.

4. Challenge an assumption

Create a counterexample that makes a naive use of a row of numbered lockers

slow, ambiguous, or misleading.

5. Locate the human choices

In a system involving fast direct access and compact storage, identify one

automated decision, one design or policy choice, and one result a person should be

able to question.

Explain it without jargon

A row of numbered lockers can be understood this way: An array stores items

in order and gives each position an index.

Quick check

1. In your own words, what promise does a row of numbered lockers make?

2. Which detail in “a row of numbered lockers” matches the changing state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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3.2 Insertion and deletion

Insertion and deletion
Making room in the middle may require shifting every later item.

Figure 3.2. A visual rhythm for the idea: input, relationship, change, and result.

See the rule before the notation. The image of adding a person halfway into a

theater row gives insertion and deletion a physical shape. Making room in the

middle may require shifting every later item. We will keep the useful structure

of the comparison while discarding details that do not belong to the algorithm.

Choosing what to store. An implementation of insertion and deletion works

with a deliberate model of the situation. The best model is not the most

detailed one; it is the simplest representation that preserves the decisions the

method must make. This is especially important in understanding why position

changes can be costly, where irrelevant detail can add cost or noise.

Following one complete pass. Start from a valid initial state, apply the defining

action of insertion and deletion, and record what the action establishes. The

next step should use that new knowledge rather than restart blindly. Progress

becomes visible when the unresolved portion shrinks, the frontier advances, or

the estimate improves.
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Why this idea travels well. The same structural promise makes insertion and

deletion useful in understanding why position changes can be costly. The

names of the objects may change, yet the operation remains recognizable. This

transfer—from one surface story to another—is a sign that we have learned the

algorithm rather than memorized an example.

Tradeoffs, not magic. Insertion and deletion gains something—speed,

structure, adaptability, or a useful estimate—by relying on particular

assumptions. When those assumptions fail, the result may be slow or

misleading in understanding why position changes can be costly. A robust

implementation detects unsupported cases rather than silently inventing

confidence.

Everyday translation

Think of adding a person halfway into a theater row. Use that image to remember

the rule, then return to the exact definition when details matter.

Python-like pseudocode

f u n c t i o n  i n s e r t _ a t ( i t e m s ,  i n d e x ,  v a l u e ) :

    i t e m s . a p p e n d ( p l a c e h o l d e r )

    f o r  i  f r o m  l e n g t h ( i t e m s )  -  1  d o w n  t o  i n d e x  +  1 :

        i t e m s [ i ]  =  i t e m s [ i  -  1 ]       #  s h i f t  r i g h t  t o  m a k e  r o o m

    i t e m s [ i n d e x ]  =  v a l u e

    r e t u r n  i t e m s                       #  O ( n )  i n  t h e  w o r s t  c a s e

 

f u n c t i o n  d e l e t e _ a t ( i t e m s ,  i n d e x ) :

    f o r  i  f r o m  i n d e x  t o  l e n g t h ( i t e m s )  -  2 :

        i t e m s [ i ]  =  i t e m s [ i  +  1 ]       #  s h i f t  l e f t  t o  c l o s e  t h e  g a p

    i t e m s . r e m o v e _ l a s t ( )

    r e t u r n  i t e m s                       #  O ( n )  i n  t h e  w o r s t  c a s e
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1. Translate the analogy

Sketch adding a person halfway into a theater row. Label the objects that stand for

stored data, relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of insertion and deletion. Annotate what was

read, what changed, and which promise became true.

3. Examine growth

Contrast a nearly solved insertion and deletion case with a deliberately awkward

one. Explain why their running behavior may differ.

4. Challenge an assumption

Test insertion and deletion with an empty case, a single case, ties, and one

malformed value. Write the safest response for each.

5. Locate the human choices

In a system involving understanding why position changes can be costly, identify

one automated decision, one design or policy choice, and one result a person

should be able to question.

Explain it without jargon

Insertion and deletion can be understood this way: Making room in the middle

may require shifting every later item.

Quick check

1. In your own words, what promise does insertion and deletion make?

2. Which detail in “adding a person halfway into a theater row” matches the changing

state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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3.3 Growing beyond capacity

Growing beyond capacity
A dynamic array occasionally moves into a larger space so most appends

remain cheap.

Figure 3.3. A visual rhythm for the idea: input, relationship, change, and result.

A concrete way in. Think about moving to a larger bookshelf before every shelf

is full. It offers a memorable route into this definition: A dynamic array

occasionally moves into a larger space so most appends remain cheap. Once

that central promise is clear, the pseudocode becomes a description of familiar

actions rather than a wall of symbols.

Representing this problem. For growing beyond capacity, the input must

preserve the distinctions needed to carry out the rule. Depending on the

application, that may mean ordered positions, linked neighbors, measured

features, labels, or weighted connections. The representation used for

balancing spare room against copying should omit decorative detail but retain

every fact that could change the answer.

Progress and stopping. Each step of growing beyond capacity should move the

process toward a condition that can be tested. A useful trace labels the current

state, the decision just made, and the remaining work. If none of those

changes, the procedure may be stuck or its stopping rule may be incomplete.
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From classroom example to product. In balancing spare room against copying,

engineers combine growing beyond capacity with storage, validation,

monitoring, and interface decisions. Scale may require approximation or

batching, while human consequences may require explanations, overrides, and

conservative thresholds.

A practical quality test. Vary the size, order, and cleanliness of the input.

Check not only whether growing beyond capacity returns an answer, but

whether the answer remains meaningful for balancing spare room against

copying. Measure memory, delay, and different kinds of error instead of

reducing quality to a single success count.

Everyday translation

Think of moving to a larger bookshelf before every shelf is full. Use that image to

remember the rule, then return to the exact definition when details matter.

Python-like pseudocode

f u n c t i o n  a p p e n d ( d y n a m i c _ a r r a y ,  v a l u e ) :

    i f  d y n a m i c _ a r r a y . c o u n t  = =  d y n a m i c _ a r r a y . c a p a c i t y :

        n e w _ c a p a c i t y  =  d y n a m i c _ a r r a y . c a p a c i t y  *  2       #  d o u b l e ,  d o n ' t  a d d  o n e

        n e w _ s t o r a g e  =  a l l o c a t e ( n e w _ c a p a c i t y )

        c o p y  d y n a m i c _ a r r a y . s t o r a g e  i n t o  n e w _ s t o r a g e

        d y n a m i c _ a r r a y . s t o r a g e  =  n e w _ s t o r a g e

        d y n a m i c _ a r r a y . c a p a c i t y  =  n e w _ c a p a c i t y

    d y n a m i c _ a r r a y . s t o r a g e [ d y n a m i c _ a r r a y . c o u n t ]  =  v a l u e

    d y n a m i c _ a r r a y . c o u n t  + =  1

#  o c c a s i o n a l  O ( n )  c o p i e s ,  b u t  a p p e n d s  a r e  O ( 1 )  o n  a v e r a g e
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1. Translate the analogy

Sketch moving to a larger bookshelf before every shelf is full. Label the objects

that stand for stored data, relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of growing beyond capacity. Annotate what

was read, what changed, and which promise became true.

3. Examine growth

Compare a hand-sized example of growing beyond capacity with one a million

times larger. Mark which action becomes the bottleneck.

4. Challenge an assumption

Remove one assumption from the definition of growing beyond capacity—order,

connectivity, nonnegative cost, or representative data—and predict the failure.

5. Locate the human choices

In a system involving balancing spare room against copying, identify one

automated decision, one design or policy choice, and one result a person should be

able to question.

Explain it without jargon

Growing beyond capacity can be understood this way: A dynamic array

occasionally moves into a larger space so most appends remain cheap.

Quick check

1. In your own words, what promise does growing beyond capacity make?

2. Which detail in “moving to a larger bookshelf before every shelf is full” matches the

changing state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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3.4 Slices and views

Slices and views
A slice describes a contiguous region; some systems copy it while others

share the original storage.

Figure 3.4. A visual rhythm for the idea: input, relationship, change, and result.

Build the mental picture. Picture looking through a window onto part of a

mural. A slice describes a contiguous region; some systems copy it while others

share the original storage. The comparison highlights the role of order and

change without pretending that the real mechanism is literally the everyday

scene.

From the real world to data. The scene “looking through a window onto part of

a mural” has more detail than a program needs. A designer selects the parts

relevant to slices and views and encodes them as values and relationships. If a

crucial distinction is lost during that translation, no later cleverness can

reconstruct it reliably.

Tracing the mechanism. Work through a tiny slices and views example and

pause after every operation. Ask which promise from the definition is now true

and which cases remain possible. This disciplined trace is the easiest way to

discover skipped cases, incorrect updates, and loops that never finish.
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Where you may meet it. Applications involving avoiding surprising shared

changes use this idea because the underlying information has the shape

described above. Production versions must also contend with delay, imperfect

measurements, changing behavior, and goals that compete with one another.

Boundaries and failure modes. Test slices and views with no items, one item,

equal items, malformed input, and a case much larger than expected. Then ask

whether the representation itself is fair and faithful. Correct steps cannot

compensate for data that describes the wrong problem.

Everyday translation

Think of looking through a window onto part of a mural. Use that image to

remember the rule, then return to the exact definition when details matter.

Python-like pseudocode

i t e m s  =  [ 1 0 ,  2 0 ,  3 0 ,  4 0 ,  5 0 ]

 

i t e m s [ 1 : 4 ]         #  [ 2 0 ,  3 0 ,  4 0 ]  - -  a  n e w  l i s t ,  i n d i c e s  1  u p  t o  ( n o t  i n c l u d i n g )  4

i t e m s [ : 2 ]          #  [ 1 0 ,  2 0 ]

i t e m s [ - 1 ]          #  5 0  - -  l a s t  e l e m e n t

#  a  v i e w  c a n  r e f e r e n c e  t h e  s a m e  s t o r a g e  i n s t e a d  o f  c o p y i n g ;

#  c h e c k  w h i c h  b e h a v i o r  a  l a n g u a g e  g i v e s  y o u  b e f o r e  m u t a t i n g  o n e  s i d e
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1. Translate the analogy

Sketch looking through a window onto part of a mural. Label the objects that

stand for stored data, relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of slices and views. Annotate what was read,

what changed, and which promise became true.

3. Examine growth

Double the amount of information used by slices and views. Predict which work

doubles, which may grow faster, and which stays fixed.

4. Challenge an assumption

Introduce missing information into the looking through a window onto part of a

mural example. Decide whether to reject, repair, ignore, or explicitly represent it.

5. Locate the human choices

In a system involving avoiding surprising shared changes, identify one automated

decision, one design or policy choice, and one result a person should be able to

question.

Explain it without jargon

Slices and views can be understood this way: A slice describes a contiguous

region; some systems copy it while others share the original storage.

Quick check

1. In your own words, what promise does slices and views make?

2. Which detail in “looking through a window onto part of a mural” matches the

changing state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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Chapter 3 Review
Teach-back prompts

Teach the central ideas of arrays and Dynamic Lists to someone who has never

programmed. Use the chapter's analogies, but also name the exact information

stored by a row of numbered lockers and contrast it with slices and views. Finish

by explaining how each process knows when to stop.

Connection map

Concept Connects to Ask yourself

A row of numbered

lockers

fast direct access and compact storage What changes as

the input grows?

Insertion and deletion understanding why position changes

can be costly

What changes as

the input grows?

Growing beyond

capacity

balancing spare room against copying What changes as

the input grows?

Slices and views avoiding surprising shared changes What changes as

the input grows?

Try it on paper

Choose five everyday objects that fit the idea of growing beyond capacity. Draw

the representation, perform one operation by hand, and annotate only the

information that changed. Then explain why the unchanged information still

satisfies the chapter's central promise.
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CHAPTER 4

Linked Lists
In this chapter

4.1 Following the next arrow. Each node stores a value and a link to the next

node.

4.2 Singly and doubly linked. A second backward link makes reverse travel

and removal easier at the cost of extra space.

4.3 Why random access is slow. To reach the hundredth node, a linked list

follows the first ninety-nine links.

4.4 Sentinels. A dummy boundary node removes awkward special cases at the

beginning or end.

Chapter compass

While reading Linked Lists, compare the four ideas in this chapter: Following

the next arrow, Singly and doubly linked, Why random access is slow,

Sentinels. Treat each pseudocode block as a map of decisions, not as a

programming test.
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4.1 Following the next arrow

Following the next arrow
Each node stores a value and a link to the next node.

Figure 4.1. A visual rhythm for the idea: input, relationship, change, and result.

An intuitive starting point. Begin with a treasure hunt made of clues. In that

scene, notice what can move, what acts as a boundary, and what counts as

success. Those same questions reveal the working idea of following the next

arrow: Each node stores a value and a link to the next node.

The machine's view. A computer receives neither the metaphor nor its common

sense. It receives a structured description chosen for this task. In following the

next arrow, that description has to support the operation implied by the

definition; in cheap insertion when the location is already known, it must also

reflect units, missing values, and the meaning of each connection.

The invariant to watch. During following the next arrow, some fact must

remain dependable even while other information changes. That fact might be

an ordered region, a visited set, a best-known score, or a boundary around

unresolved work. Naming it makes both the procedure and its stopping

condition easier to trust.
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UNDER THE HOOD | Following the next arrow

Inside a real system. Following the next arrow contributes to cheap insertion

when the location is already known, but it is only one stage. A deployed use of

following the next arrow also gathers and checks inputs, enforces policy,

handles failures, presents results, and observes what happens afterward. The

surrounding stages often determine whether a correct algorithm becomes a

useful experience.

What deserves suspicion. A tidy example can hide cost, ambiguity, or a fragile

assumption. For following the next arrow, inspect the worst-shaped input and

any tie or boundary condition. In cheap insertion when the location is already

known, also ask whose errors are most consequential and what recovery path

exists.

Everyday translation

Think of a treasure hunt made of clues. Use that image to remember the rule,

then return to the exact definition when details matter.

Python-like pseudocode

f u n c t i o n  t r a v e r s e ( h e a d ) :

    n o d e  =  h e a d

    w h i l e  n o d e  i s  n o t  n u l l :

        v i s i t ( n o d e . v a l u e )

        n o d e  =  n o d e . n e x t         #  f o l l o w  t h e  a r r o w ,  o n e  h o p  a t  a  t i m e

#  n o  i n d e x  a r i t h m e t i c  - -  j u s t  " i s  t h e r e  a  n e x t  n o d e ? "
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VISUAL LAB | Following the next arrow

1. Translate the analogy

Sketch a treasure hunt made of clues. Label the objects that stand for stored data,

relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of following the next arrow. Annotate what

was read, what changed, and which promise became true.

3. Examine growth

Imagine the a treasure hunt made of clues example growing until it no longer fits

in memory. Decide what could be processed in pieces.

4. Challenge an assumption

Create a counterexample that makes a naive use of following the next arrow slow,

ambiguous, or misleading.

5. Locate the human choices

In a system involving cheap insertion when the location is already known, identify

one automated decision, one design or policy choice, and one result a person

should be able to question.

Explain it without jargon

Following the next arrow can be understood this way: Each node stores a value

and a link to the next node.

Quick check

1. In your own words, what promise does following the next arrow make?

2. Which detail in “a treasure hunt made of clues” matches the changing state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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4.2 Singly and doubly linked

Singly and doubly linked
A second backward link makes reverse travel and removal easier at the cost

of extra space.

Figure 4.2. A visual rhythm for the idea: input, relationship, change, and result.

See the rule before the notation. The image of train cars coupled in one or both

directions gives singly and doubly linked a physical shape. A second backward

link makes reverse travel and removal easier at the cost of extra space. We will

keep the useful structure of the comparison while discarding details that do

not belong to the algorithm.

Choosing what to store. An implementation of singly and doubly linked works

with a deliberate model of the situation. The best model is not the most

detailed one; it is the simplest representation that preserves the decisions the

method must make. This is especially important in choosing navigation

flexibility, where irrelevant detail can add cost or noise.

Following one complete pass. Start from a valid initial state, apply the defining

action of singly and doubly linked, and record what the action establishes. The

next step should use that new knowledge rather than restart blindly. Progress

becomes visible when the unresolved portion shrinks, the frontier advances, or

the estimate improves.
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UNDER THE HOOD | Singly and doubly linked

Why this idea travels well. The same structural promise makes singly and

doubly linked useful in choosing navigation flexibility. The names of the objects

may change, yet the operation remains recognizable. This transfer—from one

surface story to another—is a sign that we have learned the algorithm rather

than memorized an example.

Tradeoffs, not magic. Singly and doubly linked gains something—speed,

structure, adaptability, or a useful estimate—by relying on particular

assumptions. When those assumptions fail, the result may be slow or

misleading in choosing navigation flexibility. A robust implementation detects

unsupported cases rather than silently inventing confidence.

Everyday translation

Think of train cars coupled in one or both directions. Use that image to remember

the rule, then return to the exact definition when details matter.

Python-like pseudocode

f u n c t i o n  i n s e r t _ a f t e r ( n o d e ,  v a l u e ) :         #  s i n g l y  l i n k e d

    n e w _ n o d e  =  N o d e ( v a l u e )

    n e w _ n o d e . n e x t  =  n o d e . n e x t

    n o d e . n e x t  =  n e w _ n o d e                     #  O ( 1 )  o n c e  y o u  h o l d  t h e  n o d e

 

f u n c t i o n  i n s e r t _ a f t e r _ d o u b l y ( n o d e ,  v a l u e ) :   #  d o u b l y  l i n k e d

    n e w _ n o d e  =  N o d e ( v a l u e )

    n e w _ n o d e . n e x t  =  n o d e . n e x t

    n e w _ n o d e . p r e v  =  n o d e

    i f  n o d e . n e x t  i s  n o t  n u l l :

        n o d e . n e x t . p r e v  =  n e w _ n o d e

    n o d e . n e x t  =  n e w _ n o d e                     #  c a n  a l s o  w a l k  b a c k w a r d  v i a  . p r e v
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VISUAL LAB | Singly and doubly linked

1. Translate the analogy

Sketch train cars coupled in one or both directions. Label the objects that stand

for stored data, relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of singly and doubly linked. Annotate what

was read, what changed, and which promise became true.

3. Examine growth

Contrast a nearly solved singly and doubly linked case with a deliberately

awkward one. Explain why their running behavior may differ.

4. Challenge an assumption

Test singly and doubly linked with an empty case, a single case, ties, and one

malformed value. Write the safest response for each.

5. Locate the human choices

In a system involving choosing navigation flexibility, identify one automated

decision, one design or policy choice, and one result a person should be able to

question.

Explain it without jargon

Singly and doubly linked can be understood this way: A second backward link

makes reverse travel and removal easier at the cost of extra space.

Quick check

1. In your own words, what promise does singly and doubly linked make?

2. Which detail in “train cars coupled in one or both directions” matches the changing

state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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4.3 Why random access is slow

Why random access is slow
To reach the hundredth node, a linked list follows the first ninety-nine links.

Figure 4.3. A visual rhythm for the idea: input, relationship, change, and result.

A concrete way in. Think about walking door to door without house numbers. It

offers a memorable route into this definition: To reach the hundredth node, a

linked list follows the first ninety-nine links. Once that central promise is clear,

the pseudocode becomes a description of familiar actions rather than a wall of

symbols.

Representing this problem. For why random access is slow, the input must

preserve the distinctions needed to carry out the rule. Depending on the

application, that may mean ordered positions, linked neighbors, measured

features, labels, or weighted connections. The representation used for

recognizing the tradeoff between access and editing should omit decorative

detail but retain every fact that could change the answer.

Progress and stopping. Each step of why random access is slow should move

the process toward a condition that can be tested. A useful trace labels the

current state, the decision just made, and the remaining work. If none of those

changes, the procedure may be stuck or its stopping rule may be incomplete.
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UNDER THE HOOD | Why random access is slow

From classroom example to product. In recognizing the tradeoff between

access and editing, engineers combine why random access is slow with

storage, validation, monitoring, and interface decisions. Scale may require

approximation or batching, while human consequences may require

explanations, overrides, and conservative thresholds.

A practical quality test. Vary the size, order, and cleanliness of the input.

Check not only whether why random access is slow returns an answer, but

whether the answer remains meaningful for recognizing the tradeoff between

access and editing. Measure memory, delay, and different kinds of error

instead of reducing quality to a single success count.

Everyday translation

Think of walking door to door without house numbers. Use that image to

remember the rule, then return to the exact definition when details matter.

Python-like pseudocode

f u n c t i o n  g e t _ a t ( h e a d ,  i n d e x ) :

    n o d e  =  h e a d

    s t e p s  =  0

    w h i l e  s t e p s  <  i n d e x :

        n o d e  =  n o d e . n e x t         #  m u s t  h o p  n o d e  b y  n o d e

        s t e p s  + =  1

    r e t u r n  n o d e . v a l u e             #  O ( i n d e x )  - -  u n l i k e  a r r a y [ i n d e x ] ,  w h i c h  i s  O ( 1 )
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VISUAL LAB | Why random access is slow

1. Translate the analogy

Sketch walking door to door without house numbers. Label the objects that stand

for stored data, relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of why random access is slow. Annotate what

was read, what changed, and which promise became true.

3. Examine growth

Compare a hand-sized example of why random access is slow with one a million

times larger. Mark which action becomes the bottleneck.

4. Challenge an assumption

Remove one assumption from the definition of why random access is slow—order,

connectivity, nonnegative cost, or representative data—and predict the failure.

5. Locate the human choices

In a system involving recognizing the tradeoff between access and editing, identify

one automated decision, one design or policy choice, and one result a person

should be able to question.

Explain it without jargon

Why random access is slow can be understood this way: To reach the

hundredth node, a linked list follows the first ninety-nine links.

Quick check

1. In your own words, what promise does why random access is slow make?

2. Which detail in “walking door to door without house numbers” matches the

changing state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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4.4 Sentinels

Sentinels
A dummy boundary node removes awkward special cases at the beginning

or end.

Figure 4.4. A visual rhythm for the idea: input, relationship, change, and result.

Build the mental picture. Picture a bookend that is not a book. A dummy

boundary node removes awkward special cases at the beginning or end. The

comparison highlights the role of order and change without pretending that

the real mechanism is literally the everyday scene.

From the real world to data. The scene “a bookend that is not a book” has more

detail than a program needs. A designer selects the parts relevant to sentinels

and encodes them as values and relationships. If a crucial distinction is lost

during that translation, no later cleverness can reconstruct it reliably.

Tracing the mechanism. Work through a tiny sentinels example and pause after

every operation. Ask which promise from the definition is now true and which

cases remain possible. This disciplined trace is the easiest way to discover

skipped cases, incorrect updates, and loops that never finish.
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UNDER THE HOOD | Sentinels

Where you may meet it. Applications involving simplifying otherwise fragile

code use this idea because the underlying information has the shape described

above. Production versions must also contend with delay, imperfect

measurements, changing behavior, and goals that compete with one another.

Boundaries and failure modes. Test sentinels with no items, one item, equal

items, malformed input, and a case much larger than expected. Then ask

whether the representation itself is fair and faithful. Correct steps cannot

compensate for data that describes the wrong problem.

Everyday translation

Think of a bookend that is not a book. Use that image to remember the rule, then

return to the exact definition when details matter.

Python-like pseudocode

s e n t i n e l  =  N o d e ( v a l u e = N o n e )       #  a  d u m m y  n o d e  t h a t  i s  n e v e r  r e a l  d a t a

s e n t i n e l . n e x t  =  s e n t i n e l          #  e m p t y  l i s t  p o i n t s  t o  i t s e l f

 

f u n c t i o n  i s _ e m p t y ( l i s t ) :

    r e t u r n  l i s t . s e n t i n e l . n e x t  i s  l i s t . s e n t i n e l

#  i n s e r t / d e l e t e  c o d e  n o  l o n g e r  n e e d s  a  s p e c i a l  c a s e  f o r  " t h e  l i s t  i s  e m p t y "
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VISUAL LAB | Sentinels

1. Translate the analogy

Sketch a bookend that is not a book. Label the objects that stand for stored data,

relationships, working state, and the final result.

2. Trace a decisive step

Carry out one meaningful operation of sentinels. Annotate what was read, what

changed, and which promise became true.

3. Examine growth

Double the amount of information used by sentinels. Predict which work doubles,

which may grow faster, and which stays fixed.

4. Challenge an assumption

Introduce missing information into the a bookend that is not a book example.

Decide whether to reject, repair, ignore, or explicitly represent it.

5. Locate the human choices

In a system involving simplifying otherwise fragile code, identify one automated

decision, one design or policy choice, and one result a person should be able to

question.

Explain it without jargon

Sentinels can be understood this way: A dummy boundary node removes

awkward special cases at the beginning or end.

Quick check

1. In your own words, what promise does sentinels make?

2. Which detail in “a bookend that is not a book” matches the changing state?

3. Give one situation in which this method would be a poor fit.

4. What evidence would convince you that an implementation is working?
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Chapter 4 Review
Teach-back prompts

Teach the central ideas of linked Lists to someone who has never programmed.

Use the chapter's analogies, but also name the exact information stored by

following the next arrow and contrast it with sentinels. Finish by explaining how

each process knows when to stop.

Connection map

Concept Connects to Ask yourself

Following the next arrow cheap insertion when the location is

already known

What changes as

the input grows?

Singly and doubly linked choosing navigation flexibility What changes as

the input grows?

Why random access is

slow

recognizing the tradeoff between

access and editing

What changes as

the input grows?

Sentinels simplifying otherwise fragile code What changes as

the input grows?

Try it on paper

Choose five everyday objects that fit the idea of sentinels. Draw the

representation, perform one operation by hand, and annotate only the

information that changed. Then explain why the unchanged information still

satisfies the chapter's central promise.


