
A VISUAL REFERENCE ·  Bash

Bash,
one change at a time
From a first command to small, reliable shell programs. Complete source. A small change. Its actual result. 

The Org file is the canonical source. Read the HTML guide beside your work, or download its PDF and source for offline reading. 

Last changes: 2026-10-19. Added a searchable HTML gallery with code-and-output previews, labelled Zsh comparisons and links to complete examples
and back. Every tour now links to tours.emaix.org. Unified tour–chapter–example IDs, numbered chapter anchors and updated direct links, downloads and
comparisons. Added nine worked examples for here-strings, variable-name expansion and ERR traps, with an expanded quick reference and a Devhints
cheatsheet link. Reader pages now omit publishing instructions and highlight PDF downloads. 

152
worked examples

21
topic families

1
canonical Org source
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READING THE TOUR

Three ways to see a change

Program

Read a complete script with its own input and
an explicit interpreter. 

Captured result

Compare standard output, standard error and
exit status with the code. 

One change

Follow stable identifiers and focused
explanations without an accumulating shell
session. 

Bash is the main interpreter. Amber Zsh difference notes are optional comparisons. They are explicitly labelled; a Bash block requires Bash even
when your interactive terminal normally starts Zsh. 

Read from the beginning or jump to a stable example ID. Each example includes its complete input and captured result. Copy link preserves the
address of the guide you are reading, including its current domain and path. 
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Bash quick reference

Use these reminders to find a complete program and its captured result. Each example link opens the corresponding section of this tour, including

offline. For another compact reference, see the Devhints Bash scripting cheatsheet. 

Topic Reminder Worked example

Quoting Keep a scalar together with "$value". BSH-02-003

Defaults Use ${value:-fallback} for an unset or empty value. BSH-03-001

Path suffixes Remove a matching suffix with ${file%.*}. BSH-03-004

Substrings Extract a slice with ${text:offset:length}. BSH-17-001

Script arguments Preserve argument boundaries with "$@". BSH-07-004

Arrays Keep elements separate with "${items[@]}". BSH-08-003

Reading lines Use IFS= read -r line to preserve spaces and backslashes. BSH-07-002

Pipeline failures Enable set -o pipefail to expose an earlier failure. BSH-06-008

Function status Test success explicitly with if task; then. BSH-21-005

Process substitution Read command output through <(command). BSH-09-005

Regular expressions Read captures from BASH_REMATCH after a successful match. BSH-17-006

Short options Parse flags and their values with getopts. BSH-12-002

Here-strings Feed a string to standard input with <<< "$text". BSH-05-012

Variable names Discover names with "${!tour_demo_@}". BSH-19-007

Error traps Report an unchecked failure with trap 'handler' ERR. BSH-16-007

The reminders describe Bash. Follow the labelled Zsh comparisons in the worked examples when using Zsh; array indexing and expansion rules can

differ. 
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Read this first

This is a Bash reference, not an exercise book. The main examples use Bash; amber Zsh difference notes are optional comparisons, not required

steps. Read each small program together with its actual output. Stable BSH-CC-NNN identifiers survive changes to titles and page order. Each

example includes its own input data and runs independently. 

The Org source contains each complete program. Read its captured stdout, stderr and exit status beside the code. Bash is the main interpreter;

explicitly marked Zsh difference notes show alternative syntax or behavior. 

Execution profile: noninteractive Bash --noprofile --norc, or native Zsh -f; LC_ALL=C; fresh temporary HOME. Zsh may still read a system zshenv.

Interactive configuration and plugins are outside the test profile. The examples use shell builtins and common Unix utilities. External tool behavior

can differ on macOS/BSD; tested versions are recorded in the build report. A Bash block always requires Bash even if your terminal normally starts

Zsh. 

The build isolates working files but is not a security sandbox. Review code before executing it. In Emacs, load ob-shell (M-x load-library RET ob-

shell), then use C-c C-c on a bash or zsh block. Run file-writing blocks in a disposable directory: unlike the supplied builder, plain Babel execution

does not create an isolated directory automatically. :results output captures stdout; the custom builder additionally records stderr and exit status. 
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Interactive companion

These actions require a real terminal and are not part of the executable tests. Tab requests completion; Ctrl-R searches history in common Emacs-

style keymaps; Ctrl-A and Ctrl-E move to the start and end of the editing line. Bindings depend on Readline (Bash), ZLE (Zsh), vi/emacs mode and

personal configuration. 

Use type printf to inspect command resolution. Use bash --version or zsh --version to check the actual interpreter; $SHELL usually describes the

login shell, not necessarily the running interpreter. Use bash script.sh or zsh script.zsh explicitly. For an executable script, add #!/usr/bin/env bash

or #!/usr/bin/env zsh as its first line, then chmod +x script.sh and run ./script.sh. A shebang is ignored when you explicitly invoke a different

interpreter. 

Bash interactive configuration commonly belongs in ~/.bashrc; interactive Zsh configuration in ~/.zshrc. Login startup differs. Do not put tour

experiments into startup files. Completion setup and prompt themes are outside this scripting tour. 
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Sources and scope

The explanations were checked against the official Bash Reference Manual (quoting, expansions, arrays, pipelines), the official Zsh manual

(expansion, parameters and options) and the Org Babel shell documentation. Output panels are generated by running the supplied code, not copied

from those sources. 

GNU Bash Reference Manual

Zsh manual

Org Babel shell documentation

Devhints Bash scripting cheatsheet (additional quick reference)

Do not treat set -e as universal error handling: its behavior depends on command context. Prefer explicit validation and deliberate status handling;

pipefail helps expose pipeline failures. Never parse ls output to obtain filenames. Arrays and quoted expansions preserve argument boundaries. This

expanded tour covers scripting fundamentals and selected advanced patterns. Interactive job control, completion systems and terminal styling

remain outside the executable reference. 

First commands and formatted output

• 

• 

• 

• 
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BSH-01-001

Print a line

printf is a shell builtin. %s inserts a string; \n ends the line. Keep the format string constant.

Code

printf '%s\n' 'Hello, shell!'

Actual output

bash · exit 0

Hello, shell!

zsh · exit 0

Hello, shell!
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BSH-01-002

One argument, one line

Change: supply two arguments. printf reuses the format for remaining arguments.

Code

printf '%s\n' 'alpha' 'beta'

Actual output

bash · exit 0

alpha

beta

zsh · exit 0

alpha

beta
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BSH-01-003

Keep words together

Change: spaces inside quotes remain part of one argument. Angle brackets expose argument boundaries.

Code

printf '<%s>\n' 'alpha beta' gamma

Actual output

bash · exit 0

<alpha beta>

<gamma>

zsh · exit 0

<alpha beta>

<gamma>
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BSH-01-004

Align columns

%8s right-aligns in eight characters; %-8s left-aligns. %04d pads an integer with zeros.

Code

printf '%-8s %04d\n' apples 7 pears 12

Actual output

bash · exit 0

apples   0007

pears    0012

zsh · exit 0

apples   0007

pears    0012
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BSH-01-005

Choose decimal precision

%.2f prints two digits after the decimal point. Locale is fixed to C throughout this tour.

Code

printf 'mean = %.2f\n' 3.14159

Actual output

bash · exit 0

mean = 3.14

zsh · exit 0

mean = 3.14
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BSH-01-006

Comments and continuation

A backslash immediately before a newline continues a command. Do not put spaces after it.

Code

# Two physical lines, one command

printf '%s\n' \

'continued command'

Actual output

bash · exit 0

continued command

zsh · exit 0

continued command

Variables and quoting
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BSH-02-001

Assign and expand

No spaces around = in an assignment. Double quotes expand the variable while preserving one argument.

Code

label='sample A'

printf '<%s>\n' "$label"

Actual output

bash · exit 0

<sample A>

zsh · exit 0

<sample A>
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BSH-02-002

Single versus double quotes

Change: single quotes preserve the dollar sign literally; double quotes expand the variable.

Code

label='sample A'

printf '%s\n' '$label' "$label"

Actual output

bash · exit 0

$label

sample A

zsh · exit 0

$label

sample A
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BSH-02-003

Bash splits an unquoted scalar

Change: remove double quotes. Default Bash splits on IFS whitespace. Use quoted expansions for filenames.

Code

label='sample A'

printf '<%s>\n' $label

Actual output

bash · exit 0

<sample>

<A>

15



BSH-02-004 · Zsh difference

Zsh difference: keeps an unquoted scalar

Same code, different shell: native Zsh does not normally split scalar expansions. Quoting is still a good shared convention.

Code

label='sample A'

printf '<%s>\n' $label

Actual output

zsh · exit 0

<sample A>
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BSH-02-005 · Zsh difference

Zsh difference: Explicit Zsh splitting

Change: ${=label} explicitly requests word splitting in Zsh.

Code

label='sample A'

printf '<%s>\n' ${=label}

Actual output

zsh · exit 0

<sample>

<A>
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BSH-02-006

Protect a variable boundary

Braces delimit the name. Without braces, $label_final would name a different variable.

Code

label=sample

printf '%s\n' "${label}_final"

Actual output

bash · exit 0

sample_final

zsh · exit 0

sample_final

Parameter expansion and arithmetic
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BSH-03-001

A fallback value

${x:-word} uses word when x is unset or empty. It does not assign x.

Code

unset label

printf '%s\n' "${label:-untitled}"

Actual output

bash · exit 0

untitled

zsh · exit 0

untitled
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BSH-03-002

Unset versus empty

Change: remove the colon. ${x-word} substitutes only when x is unset, not when it is an empty string.

Code

label=''

printf 'colon=<%s> plain=<%s>\n' "${label:-fallback}" "${label-fallback}"

Actual output

bash · exit 0

colon=<fallback> plain=<>

zsh · exit 0

colon=<fallback> plain=<>
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BSH-03-003

Assign the fallback

Change: := also assigns the default. Later uses see the assigned value.

Code

unset label

printf '%s\n' "${label:=untitled}" "$label"

Actual output

bash · exit 0

untitled

untitled

zsh · exit 0

untitled

untitled
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BSH-03-004

Remove a suffix

% removes the shortest matching suffix. Here .csv is a literal suffix.

Code

file='sample.raw.csv'

printf '%s\n' "${file%.csv}"

Actual output

bash · exit 0

sample.raw

zsh · exit 0

sample.raw
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BSH-03-005

Shortest versus longest match

% removes the shortest matching suffix; %% removes the longest. * is a shell pattern here.

Code

file='sample.raw.csv'

printf '%s\n' "${file%.*}" "${file%%.*}"

Actual output

bash · exit 0

sample.raw

sample

zsh · exit 0

sample.raw

sample
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BSH-03-006

Remove a path prefix

## removes the longest matching prefix. This is a string operation, not a filesystem lookup.

Code

file='data/raw/sample.csv'

printf '%s\n' "${file##*/}"

Actual output

bash · exit 0

sample.csv

zsh · exit 0

sample.csv
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BSH-03-007

Replace matching text

/ replaces the first match; // replaces all matches. These are patterns, not regular expressions.

Code

label='a-b-c'

printf '%s\n' "${label/-/_}" "${label//-/_}"

Actual output

bash · exit 0

a_b-c

a_b_c

zsh · exit 0

a_b-c

a_b_c
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BSH-03-008

Integer arithmetic

$((...)) expands an integer result. Integer division truncates toward zero.

Code

n=7

printf '%s\n' "$((n + 2))" "$((n / 2))" "$((n % 2))"

Actual output

bash · exit 0

9

3

1

zsh · exit 0

9

3

1

Files and filename patterns
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BSH-04-001

Create, copy and read

mkdir creates a directory; cp copies a file; cat writes its contents. All files are local to the example sandbox.

Code

mkdir data

printf '%s\n' alpha > data/input.txt

cp data/input.txt data/copy.txt

cat data/copy.txt

Actual output

bash · exit 0

alpha

zsh · exit 0

alpha
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BSH-04-002

Select a filename suffix

The unquoted *.txt is expanded by the shell before printf runs. Results use C-locale ordering.

Code

touch a.txt b.txt c.csv

printf '%s\n' *.txt

Actual output

bash · exit 0

a.txt

b.txt

zsh · exit 0

a.txt

b.txt
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BSH-04-003

A quoted pattern stays literal

Change: quote the pattern. The shell now passes a literal asterisk.

Code

touch a.txt b.txt c.csv

printf '%s\n' '*.txt'

Actual output

bash · exit 0

*.txt

zsh · exit 0

*.txt
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BSH-04-004

Exactly one character

? matches one character; [ab] matches one character from a set.

Code

touch a1.txt a2.txt b1.txt aa1.txt

printf '%s\n' [ab]?.txt

Actual output

bash · exit 0

a1.txt

a2.txt

b1.txt

zsh · exit 0

a1.txt

a2.txt

b1.txt
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BSH-04-005

Brace expansion does not find files

Braces generate words even if no matching files exist. This feature is shared by Bash and Zsh, not all sh implementations.

Code

printf '%s\n' sample_{A,B}.csv

Actual output

bash · exit 0

sample_A.csv

sample_B.csv

zsh · exit 0

sample_A.csv

sample_B.csv
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BSH-04-006

Bash unmatched glob

Default Bash retains an unmatched pattern as literal text.

Code

printf '<%s>\n' missing*.csv

Actual output

bash · exit 0

<missing*.csv>
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BSH-04-007 · Zsh difference

Zsh difference: unmatched glob

Default native Zsh reports an error and does not run printf. This example intentionally exits nonzero.

Code

printf '<%s>\n' missing*.csv

Actual output

zsh · exit 1

(no stdout)

Standard error

zsh:1: no matches found: missing*.csv
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BSH-04-008

Bash: collect zero matches

nullglob removes unmatched patterns. An array then accurately contains zero filenames.

Code

shopt -s nullglob

files=(missing*.csv)

printf 'files=%s\n' "${#files[@]}"

Actual output

bash · exit 0

files=0
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BSH-04-009 · Zsh difference

Zsh difference: collect zero matches

The (N) glob qualifier removes this pattern when it has no matches; it does not change all future globs.

Code

files=(missing*.csv(N))

printf 'files=%s\n' "${#files[@]}"

Actual output

zsh · exit 0

files=0

Streams, redirection and pipes
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BSH-05-001

Write a file

> redirects stdout and replaces existing contents. cat then displays the file.

Code

printf '%s\n' alpha > notes.txt

cat notes.txt

Actual output

bash · exit 0

alpha

zsh · exit 0

alpha
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BSH-05-002

Append instead

Change: >> appends rather than replacing.

Code

printf '%s\n' alpha > notes.txt

printf '%s\n' beta >> notes.txt

cat notes.txt

Actual output

bash · exit 0

alpha

beta

zsh · exit 0

alpha

beta
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BSH-05-003

Read standard input

< connects a file to stdin. tr replaces lowercase letters with uppercase letters.

Code

printf '%s\n' alpha > notes.txt

tr 'a-z' 'A-Z' < notes.txt

Actual output

bash · exit 0

ALPHA

zsh · exit 0

ALPHA
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BSH-05-004

Connect two commands

| connects stdout of the left command to stdin of the right command. It does not pipe stderr by default. |

Code

printf '%s\n' alpha beta | tr 'a-z' 'A-Z'

Actual output

bash · exit 0

ALPHA

BETA

zsh · exit 0

ALPHA

BETA

39



BSH-05-005

Sort and count repeats

sort groups equal adjacent lines; uniq -c counts each group. Both are external utilities.

Code

printf '%s\n' pear apple pear | sort | uniq -c

Actual output

bash · exit 0

   1 apple

   2 pear

zsh · exit 0

   1 apple

   2 pear
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BSH-05-006

Separate stdout and stderr

File descriptor 1 is stdout; 2 is stderr. >&2 sends this printf to stderr.

Code

printf '%s\n' result

printf '%s\n' diagnostic >&2

Actual output

bash · exit 0

result

Standard error

diagnostic

zsh · exit 0

result

Standard error

diagnostic
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BSH-05-007

Capture both streams

> captures stdout, then 2>&1 points stderr at that destination. The braces group commands in the current shell.

Code

{ printf 'result\n'; printf 'diagnostic\n' >&2; } > log.txt 2>&1

cat log.txt

Actual output

bash · exit 0

result

diagnostic

zsh · exit 0

result

diagnostic
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BSH-05-008

Redirection order matters

Change: reverse the redirections. stderr keeps the original stdout destination while stdout goes to the file.

Code

{ printf 'result\n'; printf 'diagnostic\n' >&2; } 2>&1 > log.txt

printf 'FILE:\n'

cat log.txt

Actual output

bash · exit 0

diagnostic

FILE:

result

zsh · exit 0

diagnostic

FILE:

result
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BSH-05-009

A literal here-document

Quoting the delimiter prevents expansion in the document. The closing delimiter starts at column one.

Code

label=sample

cat <<'TEXT'

$label is literal here.

TEXT

Actual output

bash · exit 0

$label is literal here.

zsh · exit 0

$label is literal here.
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BSH-05-010

An expanding here-document

Change: leave the delimiter unquoted. Variable and command substitutions are now expanded.

Code

label=sample

cat <<TEXT

$label is expanded here.

TEXT

Actual output

bash · exit 0

sample is expanded here.

zsh · exit 0

sample is expanded here.
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BSH-05-011

Save and continue a stream

tee writes a copy to a file and passes the same stream onward. The second command reads the saved copy.

Code

printf 'alpha\n' | tee copy.txt | tr 'a-z' 'A-Z'

cat copy.txt

Actual output

bash · exit 0

ALPHA

alpha

zsh · exit 0

ALPHA

alpha
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BSH-05-012

Feed a variable through a here-string

<<< sends one expanded string to standard input and appends a newline. Double quotes make the intended input clear; no temporary file or

producer pipeline is needed.

Code

text='alpha beta'

tr '[:lower:]' '[:upper:]' <<< "$text"

Actual output

bash · exit 0

ALPHA BETA
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BSH-05-013

An empty here-string still supplies a line

Change: use an empty string. The here-string still supplies its appended newline, so read succeeds with an empty line. printf without a newline

supplies no bytes, so the second read reaches EOF and returns 1. The group prints that status without treating EOF as a successful read.

Code

text=''

IFS= read -r line <<< "$text"

printf 'here-string: status=%s length=%s\n' "$?" "${#line}"

printf '%s' "$text" | {

IFS= read -r line

printf 'printf: status=%s length=%s\n' "$?" "${#line}"

}

Actual output

bash · exit 0

here-string: status=0 length=0

printf: status=1 length=0

Exit status and decisions
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BSH-06-001

Read the exit status

$? is the most recent command status. Zero means success; nonzero has command-specific meaning.

Code

false

printf 'status=%s\n' "$?"

Actual output

bash · exit 0

status=1

zsh · exit 0

status=1
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BSH-06-002

Run only after success

&& runs its right-hand command only if the left-hand command succeeds.

Code

true && printf 'runs\n'

false && printf 'skipped\n'

printf 'done\n'

Actual output

bash · exit 0

runs

done

zsh · exit 0

runs

done
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BSH-06-003

Recover after failure

| | runs its right-hand command only if the left-hand command fails. |

Code

false || printf 'fallback\n'

Actual output

bash · exit 0

fallback

zsh · exit 0

fallback
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BSH-06-004

Branch on a number

[[...]] is a Bash/Zsh conditional construct; -gt means numerically greater than.

Code

n=7

if [[ "$n" -gt 5 ]]; then

printf 'large\n'

else

printf 'small\n'

fi

Actual output

bash · exit 0

large

zsh · exit 0

large
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BSH-06-005

Match a string pattern

An unquoted pattern on the right of == performs pattern matching inside [[...]].

Code

file='sample.csv'

if [[ "$file" == *.csv ]]; then

printf 'CSV input\n'

fi

Actual output

bash · exit 0

CSV input

zsh · exit 0

CSV input

53



BSH-06-006

Several alternatives with case

Patterns before ) select a branch; ;; ends a branch; * provides a catch-all.

Code

file='sample.tsv'

case "$file" in

*.csv) printf 'comma\n' ;;

*.tsv) printf 'tab\n' ;;

*) printf 'unknown\n' ;;

esac

Actual output

bash · exit 0

tab

zsh · exit 0

tab
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BSH-06-007

Default pipeline status

Without pipefail, the final command determines the pipeline status.

Code

false | cat

printf 'pipeline=%s\n' "$?"

Actual output

bash · exit 0

pipeline=0

zsh · exit 0

pipeline=0
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BSH-06-008

Enable pipefail

Change: pipefail makes the rightmost failing command determine status, or zero when all succeed.

Code

set -o pipefail

false | cat

printf 'pipeline=%s\n' "$?"

Actual output

bash · exit 0

pipeline=1

zsh · exit 0

pipeline=1

Loops, arguments and functions
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BSH-07-001

Loop over explicit arguments

for assigns each argument to item, then runs the body. Quoted words remain single items.

Code

for item in alpha 'beta gamma'; do

printf '<%s>\n' "$item"

done

Actual output

bash · exit 0

<alpha>

<beta gamma>

zsh · exit 0

<alpha>

<beta gamma>
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BSH-07-002

Read complete lines

IFS= avoids trimming; read -r preserves backslashes. Input redirection avoids a pipeline subshell.

Code

printf '%s\n' '  alpha' 'a\b' > lines.txt

while IFS= read -r line; do

printf '<%s>\n' "$line"

done < lines.txt

Actual output

bash · exit 0

<  alpha>

<a\b>

zsh · exit 0

<  alpha>

<a\b>
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BSH-07-003

Repeat while a condition holds

-lt means less than. Assignment with arithmetic expansion increments the counter.

Code

n=0

while [[ "$n" -lt 3 ]]; do

printf '%s\n' "$n"

n=$((n + 1))

done

Actual output

bash · exit 0

0

1

2

zsh · exit 0

0

1

2
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BSH-07-004

Preserve positional arguments

set -- sets this shell's arguments. "$@" preserves each argument, including spaces.

Code

set -- alpha 'beta gamma'

printf 'count=%s\n' "$#"

printf '<%s>\n' "$@"

Actual output

bash · exit 0

count=2

<alpha>

<beta gamma>

zsh · exit 0

count=2

<alpha>

<beta gamma>
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BSH-07-005

Join positional arguments

Change: "$*" forms one argument, joined by the first character of IFS (normally a space).

Code

set -- alpha 'beta gamma'

printf '<%s>\n' "$*"

Actual output

bash · exit 0

<alpha beta gamma>

zsh · exit 0

<alpha beta gamma>
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BSH-07-006

A function with an argument

Functions receive their own positional arguments. "$1" is the first; local limits a variable to function scope.

Code

greet() {

local person="$1"

printf 'Hello, %s!\n' "$person"

}

greet 'Ada Lovelace'

Actual output

bash · exit 0

Hello, Ada Lovelace!

zsh · exit 0

Hello, Ada Lovelace!
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BSH-07-007

Capture a command result

$(...) captures stdout and removes trailing newlines. Quote the result when expanding it.

Code

greet() { printf 'Hello, %s!\n' "$1"; }

message=$(greet Ada)

printf '<%s>\n' "$message"

Actual output

bash · exit 0

<Hello, Ada!>

zsh · exit 0

<Hello, Ada!>
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BSH-07-008

Return a status from a function

return sets an exit status, not a text value. Use stdout for data and status for success/failure.

Code

is_csv() { [[ "$1" == *.csv ]]; }

if is_csv sample.csv; then printf 'accepted\n'; fi

Actual output

bash · exit 0

accepted

zsh · exit 0

accepted

Arrays and mappings
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BSH-08-001

Bash starts at index zero

Indexed Bash arrays normally start at 0. Use braces around indexed expansions.

Code

items=(alpha 'beta gamma')

printf '%s\n' "${items[0]}" "${items[1]}"

Actual output

bash · exit 0

alpha

beta gamma
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BSH-08-002 · Zsh difference

Zsh difference: starts at index one

Native Zsh arrays normally start at 1. This assumes KSH_ARRAYS is not enabled.

Code

items=(alpha 'beta gamma')

printf '%s\n' "${items[1]}" "${items[2]}"

Actual output

zsh · exit 0

alpha

beta gamma
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BSH-08-003

Preserve array elements

"${items[@]}" passes each element separately in both shells, including elements containing spaces.

Code

items=(alpha 'beta gamma')

printf 'count=%s\n' "${#items[@]}"

printf '<%s>\n' "${items[@]}"

Actual output

bash · exit 0

count=2

<alpha>

<beta gamma>

zsh · exit 0

count=2

<alpha>

<beta gamma>
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BSH-08-004

Append an array element

+= appends elements to an indexed array.

Code

items=(alpha)

items+=('beta gamma')

printf '<%s>\n' "${items[@]}"

Actual output

bash · exit 0

<alpha>

<beta gamma>

zsh · exit 0

<alpha>

<beta gamma>
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BSH-08-005

Bash associative array

declare -A requires Bash 4 or newer. A system Bash 3.2 cannot run this example.

Code

declare -A units

units[mass]=kg

units[time]=s

printf '%s\n' "${units[mass]}"

Actual output

bash · exit 0

kg
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BSH-08-006 · Zsh difference

Zsh difference: associative array

Change: declare the mapping with typeset -A in Zsh.

Code

typeset -A units

units[mass]=kg

units[time]=s

printf '%s\n' "${units[mass]}"

Actual output

zsh · exit 0

kg
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BSH-08-007 · Zsh difference

Zsh difference: split and join flags

(s:,:) splits on a comma; (j: / :) joins the resulting array with a chosen separator.

Code

text='alpha,beta,gamma'

items=("${(@s:,:)text}")

printf '%s\n' "${(j: / :)items}"

Actual output

zsh · exit 0

alpha / beta / gamma
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BSH-08-008 · Zsh difference

Zsh difference: path modifiers

:t selects the tail (basename); :h the directory; :r removes the final extension. No external basename command is needed.

Code

file='data/sample.csv'

printf '%s\n' "${file:t}" "${file:h}" "${file:r}"

Actual output

zsh · exit 0

sample.csv

data

data/sample

Processes, isolation and robust scripts
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BSH-09-001

A subshell isolates assignments

(...) runs in a subshell environment. Changes to n do not propagate back.

Code

n=1

(n=2; printf 'inside=%s\n' "$n")

printf 'outside=%s\n' "$n"

Actual output

bash · exit 0

inside=2

outside=1

zsh · exit 0

inside=2

outside=1
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BSH-09-002

A group shares assignments

Change: {...;} groups commands in the current shell; the assignment persists.

Code

n=1

{ n=2; printf 'inside=%s\n' "$n"; }

printf 'outside=%s\n' "$n"

Actual output

bash · exit 0

inside=2

outside=2

zsh · exit 0

inside=2

outside=2
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BSH-09-003

Export to a child process

export adds a variable to the environment of future child processes. The child here is explicitly Bash.

Code

export TOUR_LABEL=sample

bash --noprofile --norc -c 'printf "%s\n" "$TOUR_LABEL"'

Actual output

bash · exit 0

sample

zsh · exit 0

sample
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BSH-09-004

Wait for a background job

& starts a job asynchronously. $! identifies the last background job; wait retrieves its exit status.

Code

(exit 7) &

job_pid=$!

wait "$job_pid"

printf 'job status=%s\n' "$?"

Actual output

bash · exit 0

job status=7

zsh · exit 0

job status=7

Standard error

zsh:1: nice(5) failed: operation not permitted
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BSH-09-005

Process substitution

<(...) supplies a path from which a command can read generated output. diff compares the two sorted streams.

Code

diff <(printf 'b\na\n' | sort) <(printf 'a\nb\n')

printf 'diff status=%s\n' "$?"

Actual output

bash · exit 0

diff status=0

zsh · exit 0

diff status=0
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BSH-09-006

Unset variables become errors

set -u rejects an unset variable expansion. This example intentionally fails; it does not demonstrate all errexit rules.

Code

set -u

unset missing

printf '%s\n' "$missing"

Actual output

bash · exit 127

(no stdout)

Standard error

bash: line 3: missing: unbound variable

zsh · exit 1

(no stdout)

Standard error

zsh:3: missing: parameter not set

78



BSH-09-007

A fallback works with nounset

Change: supply a default for the potentially unset variable.

Code

set -u

unset missing

printf '%s\n' "${missing:-fallback}"

Actual output

bash · exit 0

fallback

zsh · exit 0

fallback
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BSH-09-008

Cleanup on shell exit

trap registers an exit action. Only the file created by this example is removed.

Code

printf 'temporary\n' > scratch.txt

trap 'rm -f scratch.txt; printf "cleaned up\n"' EXIT

cat scratch.txt

Actual output

bash · exit 0

temporary

cleaned up

zsh · exit 0

temporary

cleaned up

A small reproducible report
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BSH-10-001

Stage a tiny dataset

A quoted here-document creates a predictable input file. This is TSV data with actual tab characters.

Code

cat > measurements.tsv <<'DATA'

sample value

A 3

B 7

C 5

DATA

cat measurements.tsv

Actual output

bash · exit 0

sample value

A 3

B 7

C 5

zsh · exit 0

sample value

A 3

B 7

C 5
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BSH-10-002

Validate before processing

A readable nonempty file passes -r and -s. Explicit checks give a meaningful failure message.

Code

printf 'sample\tvalue\nA\t3\n' > measurements.tsv

if [[ ! -r measurements.tsv || ! -s measurements.tsv ]]; then

printf 'missing input\n' >&2

exit 1

fi

printf 'input accepted\n'

Actual output

bash · exit 0

input accepted

zsh · exit 0

input accepted
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BSH-10-003

Compute and write a report

awk is an external tool: NR>1 skips the header; sum/count yields the mean. Every fixture is repeated so this example stands alone.

Code

printf 'sample\tvalue\nA\t3\nB\t7\nC\t5\n' > measurements.tsv

awk 'NR>1 {sum+=$2; n++}

     END {printf "samples=%d\nmean=%.2f\n", n, sum/n}' \

measurements.tsv > report.txt

cat report.txt

Actual output

bash · exit 0

samples=3

mean=5.00

zsh · exit 0

samples=3

mean=5.00

Filename-safe processing
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BSH-11-001

Keep a space inside a filename

An array stores filenames as separate elements. Quoting the array expansion preserves spaces without parsing directory listings.

Code

touch 'sample A.txt' 'sample B.txt'

files=(*.txt)

for file in "${files[@]}"; do

printf '<%s>\n' "$file"

done

Actual output

bash · exit 0

<sample A.txt>

<sample B.txt>

zsh · exit 0

<sample A.txt>

<sample B.txt>
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BSH-11-002

A leading dash is still a filename

Prefixing a relative name with ./ prevents cat from treating -n as an option. This convention also works with utilities that lack --.

Code

printf 'contents\n' > ./-n

cat ./-n

Actual output

bash · exit 0

contents

zsh · exit 0

contents
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BSH-11-003

Read NUL-separated records

read -d sets the delimiter; an empty delimiter means NUL here. NUL can separate names containing spaces or newlines. Shell variables cannot

store NUL bytes.

Code

printf '%s\0' 'sample A.txt' 'sample B.txt' > names.bin

while IFS= read -r -d '' file; do

printf '<%s>\n' "$file"

done < names.bin

Actual output

bash · exit 0

<sample A.txt>

<sample B.txt>

zsh · exit 0

<sample A.txt>

<sample B.txt>

86



BSH-11-004

Process the last unterminated line

Change: the || test retains the final nonempty record even when read reaches EOF without a newline.

Code

printf 'alpha\nbeta' > lines.txt

while IFS= read -r line || [[ -n "$line" ]]; do

printf '<%s>\n' "$line"

done < lines.txt

Actual output

bash · exit 0

<alpha>

<beta>

zsh · exit 0

<alpha>

<beta>
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BSH-11-005

Read two fields

IFS=: splits a simple colon-delimited line. The last variable receives the remaining fields. This is not a general CSV parser.

Code

printf 'sample:7:kg\n' > data.txt

while IFS=: read -r name rest; do

printf 'name=%s rest=%s\n' "$name" "$rest"

done < data.txt

Actual output

bash · exit 0

name=sample rest=7:kg

zsh · exit 0

name=sample rest=7:kg
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BSH-11-006

Skip a file deliberately

continue skips the rest of the current iteration. The pattern is a shell pattern, not a regular expression.

Code

for file in a.csv notes.txt b.csv; do

[[ "$file" == *.csv ]] || continue

printf 'process %s\n' "$file"

done

Actual output

bash · exit 0

process a.csv

process b.csv

zsh · exit 0

process a.csv

process b.csv

Script options one step at a time
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BSH-12-001

Consume one argument

shift removes the first positional argument and renumbers the rest. Check the argument count before shifting in real scripts.

Code

set -- alpha beta gamma

printf 'before=%s\n' "$1"

shift

printf 'after=%s count=%s\n' "$1" "$#"

Actual output

bash · exit 0

before=alpha

after=beta count=2

zsh · exit 0

before=alpha

after=beta count=2
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BSH-12-002

Parse a short flag

getopts scans short options; opt receives the option letter. OPTIND=1 starts a fresh scan. The leading colon selects silent error reporting.

Code

set -- -v

OPTIND=1

verbose=no

while getopts ':v' opt; do

case "$opt" in v) verbose=yes ;; esac

done

printf 'verbose=%s\n' "$verbose"

Actual output

bash · exit 0

verbose=yes

zsh · exit 0

verbose=yes
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BSH-12-003

An option with a value

Change: n: means -n requires an argument. OPTARG receives it; quotes preserve spaces.

Code

set -- -n 'sample A'

OPTIND=1

while getopts ':n:' opt; do

case "$opt" in n) printf 'name=%s\n' "$OPTARG" ;; esac

done

Actual output

bash · exit 0

name=sample A

zsh · exit 0

name=sample A
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BSH-12-004

Keep the remaining filenames

After option parsing, shift by OPTIND-1 removes consumed arguments. -- marks the end of options.

Code

set -- -n demo -- 'sample A.csv' b.csv

OPTIND=1

while getopts ':n:' opt; do

case "$opt" in n) printf 'name=%s\n' "$OPTARG" ;; esac

done

shift "$((OPTIND - 1))"

printf 'file=<%s>\n' "$@"

Actual output

bash · exit 0

name=demo

file=<sample A.csv>

file=<b.csv>

zsh · exit 0

name=demo

file=<sample A.csv>

file=<b.csv>
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BSH-12-005

Report a missing option value

With a leading colon in optstring, a missing value produces opt=: and OPTARG containing the option letter. The script chooses status 2.

Code

set -- -n

OPTIND=1

while getopts ':n:' opt; do

case "$opt" in

:) printf 'missing value: -%s\n' "$OPTARG" >&2; exit 2 ;;

esac

done

Actual output

bash · exit 2

(no stdout)

Standard error

missing value: -n

zsh · exit 2

(no stdout)

Standard error

missing value: -n
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BSH-12-006

Report an unknown option

With silent reporting, an unknown option produces opt=? and OPTARG contains its letter. Quote ? in case so it is literal.

Code

set -- -x

OPTIND=1

while getopts ':n:' opt; do

case "$opt" in

'?') printf 'unknown option: -%s\n' "$OPTARG" >&2; exit 2 ;;

esac

done

Actual output

bash · exit 2

(no stdout)

Standard error

unknown option: -x

zsh · exit 2

(no stdout)

Standard error

unknown option: -x

Pipeline scope and status details
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BSH-13-001

Bash: pipeline assignment disappears

Default Bash runs pipeline components in subshells. The assignment made by read does not reach the parent shell. lastpipe is not enabled.

Code

value=before

printf 'after\n' | read -r value

printf '%s\n' "$value"

Actual output

bash · exit 0

before
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BSH-13-002 · Zsh difference

Zsh difference: final pipeline assignment persists

Native Zsh runs this final builtin in the current shell. The same source therefore changes value.

Code

value=before

printf 'after\n' | read -r value

printf '%s\n' "$value"

Actual output

zsh · exit 0

after
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BSH-13-003

Use redirection to preserve state

Feed read with process substitution instead of placing it in a pipeline. The builtin then runs in the current shell in both interpreters.

Code

value=before

read -r value < <(printf 'after\n')

printf '%s\n' "$value"

Actual output

bash · exit 0

after

zsh · exit 0

after
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BSH-13-004

Bash: inspect every pipeline status

PIPESTATUS is an indexed array of statuses from the latest foreground pipeline. Copy it immediately: the next command replaces it.

Code

false | true | false

codes=("${PIPESTATUS[@]}")

printf '%s\n' "${codes[@]}"

Actual output

bash · exit 0

1

0

1
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BSH-13-005 · Zsh difference

Zsh difference: inspect every pipeline status

The corresponding native Zsh array is pipestatus, in lowercase. Copy it before another command changes it.

Code

false | true | false

codes=("${pipestatus[@]}")

printf '%s\n' "${codes[@]}"

Actual output

zsh · exit 0

1

0

1
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BSH-13-006

A command substitution trims newlines

Command substitution removes all trailing newlines, not just the final one. Internal newlines remain.

Code

value=$(printf 'alpha\n\n')

printf '<%s> length=%s\n' "$value" "${#value}"

Actual output

bash · exit 0

<alpha> length=5

zsh · exit 0

<alpha> length=5

More patterns and array operations
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BSH-14-001

Include hidden files in Bash

dotglob makes * include dotfiles, except . and ..; nullglob removes unmatched patterns. Both settings affect later expansions in this shell.

Code

touch visible.txt .hidden.txt

shopt -s dotglob nullglob

files=(*.txt)

printf '%s\n' "${files[@]}"

Actual output

bash · exit 0

.hidden.txt

visible.txt
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BSH-14-002 · Zsh difference

Zsh difference: Include hidden files in Zsh

Change: the D glob qualifier includes dotfiles for this one pattern; N removes an unmatched pattern.

Code

touch visible.txt .hidden.txt

files=(*.txt(DN))

printf '%s\n' "${files[@]}"

Actual output

zsh · exit 0

.hidden.txt

visible.txt
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BSH-14-003 · Zsh difference

Zsh difference: regular files only

(.) selects regular files; (/) selects directories. N makes either selection empty instead of raising a no-match error.

Code

mkdir data

touch a.txt

printf 'file=%s\n' *(N.)

printf 'dir=%s\n' *(N/)

Actual output

zsh · exit 0

file=a.txt

dir=data
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BSH-14-004 · Zsh difference

Zsh difference: recurse through directories

**/ searches zero or more directory levels. This example matches both the top-level file and a nested file; N allows no matches.

Code

mkdir -p data/raw

touch top.csv data/raw/sample.csv

printf '%s\n' **/*.csv(N)

Actual output

zsh · exit 0

data/raw/sample.csv

top.csv
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BSH-14-005

Bash: recursive globbing

globstar enables ** to match directory levels; nullglob handles no matches. Requires Bash 4 or newer.

Code

mkdir -p data/raw

touch top.csv data/raw/sample.csv

shopt -s globstar nullglob

printf '%s\n' **/*.csv

Actual output

bash · exit 0

data/raw/sample.csv

top.csv
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BSH-14-006

Bash: load lines into an array

mapfile -t reads lines and removes their trailing delimiter. It requires Bash 4 or newer. Empty lines become empty array elements.

Code

printf 'alpha\n\nbeta gamma\n' > lines.txt

mapfile -t items < lines.txt

printf 'count=%s\n' "${#items[@]}"

printf '<%s>\n' "${items[@]}"

Actual output

bash · exit 0

count=3

<alpha>

<>

<beta gamma>
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BSH-14-007 · Zsh difference

Zsh difference: uppercase a scalar

The (U) expansion flag transforms the result to uppercase without assigning back to the variable.

Code

label='Sample A'

printf '%s\n' "${(U)label}" "$label"

Actual output

zsh · exit 0

SAMPLE A

Sample A
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BSH-14-008

Bash: uppercase a scalar

The ^^ expansion transforms all lowercase characters. Requires Bash 4 or newer; the original variable is unchanged.

Code

label='Sample A'

printf '%s\n' "${label^^}" "$label"

Actual output

bash · exit 0

SAMPLE A

Sample A

Debugging and controlled failures
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BSH-15-001

Trace expanded commands in Bash

set -x traces commands to stderr after expansion; PS4 sets the trace prefix. set +x stops tracing. Avoid tracing secrets.

Code

PS4='+ trace: '

set -x

label=sample

printf '%s\n' "$label"

set +x

Actual output

bash · exit 0

sample

Standard error

+ trace: label=sample

+ trace: printf '%s\n' sample

+ trace: set +x
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BSH-15-002 · Zsh difference

Zsh difference: Trace expanded commands in Zsh

Native Zsh also supports set -x and PS4. Formatting can differ; this example is tested independently.

Code

PS4='+ trace: '

set -x

label=sample

printf '%s\n' "$label"

set +x

Actual output

zsh · exit 0

sample

Standard error

+ trace: label=sample 

+ trace: printf '%s\n' sample

+ trace: set +x
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BSH-15-003

A plain failure under errexit

set -e exits on this unhandled failure. The final printf is never reached. This is only one context of errexit behavior.

Code

set -e

printf 'before\n'

false

printf 'unreachable\n'

Actual output

bash · exit 1

before

zsh · exit 1

before
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BSH-15-004

A checked failure under errexit

Change: put false in an if condition. The shell expects a status to test and does not exit.

Code

set -e

if false; then

printf 'unreachable\n'

else

printf 'handled\n'

fi

printf 'continues\n'

Actual output

bash · exit 0

handled

continues

zsh · exit 0

handled

continues
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BSH-15-005

Capture status before logging

Save $? immediately. Logging with printf would otherwise replace the status you intend to report.

Code

false

exit_code=$?

printf 'command failed\n' >&2

printf 'saved=%s now=%s\n' "$exit_code" "$?"

Actual output

bash · exit 0

saved=1 now=0

Standard error

command failed

zsh · exit 0

saved=1 now=0

Standard error

command failed
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BSH-15-006

Negation changes the observed status

! inverts success/failure. Inside this branch $? belongs to the negated condition; it is not the original failing status.

Code

if ! false; then

printf 'negated status=%s\n' "$?"

fi

Actual output

bash · exit 0

negated status=0

zsh · exit 0

negated status=0

Traps, file descriptors and reusable commands
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BSH-16-001

Keep a stream on another descriptor

exec 3> opens descriptor 3 in the current shell. >&3 writes to it; exec 3>&- closes it. No new process replaces the shell here.

Code

exec 3> log.txt

printf 'log entry\n' >&3

printf 'terminal entry\n'

exec 3>&-

cat log.txt

Actual output

bash · exit 0

terminal entry

log entry

zsh · exit 0

terminal entry

log entry
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BSH-16-002

Preserve failure during cleanup

The EXIT handler records the incoming status, performs cleanup, then returns that same status. The shell retains its explicit exit status of 3.

Code

cleanup() {

local exit_code=$?

printf 'cleanup after status=%s\n' "$exit_code"

return "$exit_code"

}

trap 'cleanup' EXIT

exit 3

Actual output

bash · exit 3

cleanup after status=3

zsh · exit 3

cleanup after status=3
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BSH-16-003

Cancel an exit trap

trap - EXIT removes the exit handler. The message registered with the old handler is never printed.

Code

trap 'printf "old handler\n"' EXIT

trap - EXIT

printf 'done\n'

Actual output

bash · exit 0

done

zsh · exit 0

done
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BSH-16-004

Store a command as an array

An array preserves the command and each argument. Execute it with "${cmd[@]}". A string plus eval would reparse data as shell syntax.

Code

cmd=(printf '<%s>\n' 'sample A' 'sample B')

"${cmd[@]}"

Actual output

bash · exit 0

<sample A>

<sample B>

zsh · exit 0

<sample A>

<sample B>

119



BSH-16-005

Source a small function library

The dot builtin evaluates a file in the current shell. Its function definition remains available; source is an equivalent Bash/Zsh spelling.

Code

cat > helpers.sh <<'LIB'

greet() { printf 'Hello, %s!\n' "$1"; }

LIB

. ./helpers.sh

greet Ada

Actual output

bash · exit 0

Hello, Ada!

zsh · exit 0

Hello, Ada!
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BSH-16-006 · Zsh difference

Zsh difference: Scope options in a Zsh function

emulate -L zsh sets a known option baseline and localizes option changes to the function. Here null_glob does not persist afterward.

Code

collect() {

emulate -L zsh

setopt null_glob

local files=(missing*.csv)

printf 'files=%s\n' "${#files[@]}"

}

collect

[[ -o null_glob ]] || printf 'option restored\n'

Actual output

zsh · exit 0

files=0

option restored
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BSH-16-007

Report a failed command with ERR

An ERR trap runs after an unhandled failing command. Save $? as the first action in the handler. The trap reports the status; without errexit, the

script continues.

Code

trap 'status=$?; printf "ERR: status=%s\n" "$status"' ERR

false

printf 'script continues\n'

Actual output

bash · exit 0

ERR: status=1

script continues
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BSH-16-008

A checked failure does not trigger ERR

Change: test false in an if condition. The else branch handles its status, so the ERR trap does not run. A trap cannot replace explicit checks in these

contexts.

Code

trap 'status=$?; printf "ERR: status=%s\n" "$status"' ERR

if false; then

printf 'unexpected success\n'

else

printf 'failure handled\n'

fi

Actual output

bash · exit 0

failure handled
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BSH-16-009

Keep ERR traps outside a function

set +E disables ERR-trap inheritance. The failure inside the function is followed by a successful printf, so the function itself returns zero and no outer

ERR trap fires.

Code

set +E

trap 'status=$?; printf "ERR: status=%s\n" "$status"' ERR

run_step() {

false

printf 'function continues\n'

}

run_step

printf 'caller continues\n'

Actual output

bash · exit 0

function continues

caller continues
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BSH-16-010

Inherit ERR traps inside a function

Change only +E to -E. Error tracing inherits the ERR trap inside the function, so its unchecked false is reported. This option enables inheritance, not

automatic exit.

Code

set -E

trap 'status=$?; printf "ERR: status=%s\n" "$status"' ERR

run_step() {

false

printf 'function continues\n'

}

run_step

printf 'caller continues\n'

Actual output

bash · exit 0

ERR: status=1

function continues

caller continues
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BSH-16-011

Combine an ERR report with errexit

set -e exits after this unchecked false. The ERR handler reports status 1 to stderr before exit; the final printf is never reached. The example

intentionally exits 1. Checked conditions still follow the exception illustrated in BSH-16-008.

Code

set -e

trap 'status=$?; printf "ERR: status=%s\n" "$status" >&2' ERR

printf 'before failure\n'

false

printf 'unreachable\n'

Actual output

bash · exit 1

before failure

Standard error

ERR: status=1

Strings, formats and regular expressions
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BSH-17-001

Take a substring

${text:offset:length} extracts length characters starting at zero-based offset. It does not change text.

Zsh difference: Scalar substring offsets are also zero-based in Zsh; this differs from native Zsh array indexing.

Code

text='sample-2026.csv'

printf '%s\n' "${text:7:4}"

Actual output

bash · exit 0

2026
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BSH-17-002

Count from the end

A negative offset counts from the end. Keep a space before -4 to distinguish this from the :- default-value operator.

Code

text='sample-2026.csv'

printf '%s\n' "${text: -4}"

Actual output

bash · exit 0

.csv
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BSH-17-003

Format directly into a variable

Bash printf -v assigns its formatted output without a command substitution. %03d pads to at least three digits.

Code

printf -v sample 'sample-%03d' 7

printf '%s\n' "$sample"

Actual output

bash · exit 0

sample-007
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BSH-17-004

Show an argument as reusable shell syntax

printf %q produces a representation that can be read as one Bash argument. This is shell quoting, not JSON or URL encoding.

Zsh difference: Zsh also offers quoting facilities, but printed quoting styles can differ. Do not use a %q representation as a cross-language

serialization format.

Code

file='sample A.csv'

printf '%q\n' "$file"

Actual output

bash · exit 0

sample\ A.csv
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BSH-17-005

Match an extended regular expression

=~ uses an extended regular expression. ^ and $ anchor the whole string; + requires one or more digits. Leave the regex variable unquoted on the

right.

Code

value='123'

pattern='^[0-9]+$'

if [[ "$value" =~ $pattern ]]; then

printf 'integer text\n'

fi

Actual output

bash · exit 0

integer text
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BSH-17-006

Capture groups from a regex

BASH_REMATCH[0] is the entire match; [1] and [2] contain parenthesized groups. Read captures only after a successful match.

Zsh difference: Native Zsh normally uses MATCH for the full match and match[1], match[2], ... for captures. BASH_REMATCH is not its default

capture interface.

Code

file='sample-042.csv'

pattern='^([a-z]+)-([0-9]+)\.csv$'

if [[ "$file" =~ $pattern ]]; then

printf 'label=%s number=%s\n' \

"${BASH_REMATCH[1]}" "${BASH_REMATCH[2]}"

fi

Actual output

bash · exit 0

label=sample number=042
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BSH-17-007

Quote a regex to match it literally

Change: quote the expanded pattern on the right of =~. Its metacharacters lose their regex meaning.

Code

value='123'

pattern='^[0-9]+$'

if [[ "$value" =~ "$pattern" ]]; then

printf 'literal match\n'

else

printf 'no literal match\n'

fi

Actual output

bash · exit 0

no literal match

Arithmetic and loop control
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BSH-18-001

Arithmetic commands return a status

((expression)) succeeds when the value is nonzero. Zero produces status 1. This can interact unexpectedly with set -e.

Code

(( 2 + 3 ))

printf 'nonzero status=%s\n' "$?"

(( 2 - 2 ))

printf 'zero status=%s\n' "$?"

Actual output

bash · exit 0

nonzero status=0

zero status=1
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BSH-18-002

Postincrement versus preincrement

n++ evaluates to the old value, whereas ++n evaluates to the new value. Both increment n, but their exit statuses can differ.

Code

n=0

((n++))

printf 'post: n=%s status=%s\n' "$n" "$?"

n=0

((++n))

printf 'pre: n=%s status=%s\n' "$n" "$?"

Actual output

bash · exit 0

post: n=1 status=1

pre: n=1 status=0
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BSH-18-003

Read a zero-padded decimal integer

10# forces base ten. Without an explicit base, a leading zero denotes octal in Bash arithmetic. Validate input before arithmetic evaluation.

Code

value=008

printf '%s\n' "$((10#$value + 1))"

Actual output

bash · exit 0

9
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BSH-18-004

Use an arithmetic for loop

The three clauses initialize, test and advance the counter. This loop prints 0, 1 and 2.

Code

for ((i=0; i<3; i++)); do

printf '%s\n' "$i"

done

Actual output

bash · exit 0

0

1

2
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BSH-18-005

Stop at the first match

break leaves the nearest enclosing loop. Here the final iteration is never reached.

Code

for value in 3 7 9; do

if ((value > 5)); then

printf 'first=%s\n' "$value"

break

fi

done

Actual output

bash · exit 0

first=7
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BSH-18-006

Compute a decimal result with a utility

Bash arithmetic is integer arithmetic. Use a numeric tool for decimal work; awk is used here with C-locale output.

Zsh difference: Zsh supports floating-point arithmetic natively, for example $((7.0 / 2)). Bash does not accept that expression.

Code

awk 'BEGIN {printf "%.2f\n", 7 / 2}'

Actual output

bash · exit 0

3.50

Arrays, indirection and references
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BSH-19-001

Array indices need not be contiguous

Assigning index 5 does not create indices 0-4. ${#items[@]} counts assigned elements, not the largest index plus one.

Zsh difference: Native Zsh arrays use different indexing and gap semantics. Do not translate sparse Bash arrays by simply adding one to each

index.

Code

items=()

items[2]=alpha

items[5]=beta

printf 'count=%s\n' "${#items[@]}"

printf 'index=%s\n' "${!items[@]}"

Actual output

bash · exit 0

count=2

index=2

index=5
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BSH-19-002

Unset one array element

Quote the unset argument so the brackets are not treated as filename syntax. Remaining Bash array indices are not renumbered.

Zsh difference: Native Zsh array element deletion and indexing differ; the sparse-array behavior shown here is Bash-specific.

Code

items=(alpha beta gamma)

unset 'items[1]'

printf 'index=%s\n' "${!items[@]}"

printf 'value=%s\n' "${items[@]}"

Actual output

bash · exit 0

index=0

index=2

value=alpha

value=gamma
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BSH-19-003

Slice several array elements

${items[@]:offset:length} selects length elements. Quotes keep each selected element separate.

Zsh difference: Zsh native array subscript ranges are inclusive and normally one-based, for example "${items[2,3]}". Do not confuse them with

Bash offset/length notation.

Code

items=(alpha 'beta gamma' delta epsilon)

printf '<%s>\n' "${items[@]:1:2}"

Actual output

bash · exit 0

<beta gamma>

<delta>
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BSH-19-004

Look up a variable by name

${!name} reads the variable whose name is stored in name. Use known variable names; this is not a reason to use eval.

Zsh difference: Zsh uses the (P) parameter expansion flag for this form of indirection, for example "${(P)name}".

Code

label=sample

name=label

printf '%s\n' "${!name}"

Actual output

bash · exit 0

sample
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BSH-19-005

Update through a nameref

declare -n creates a reference to another variable. Writing through ref updates label. Requires Bash 4.3 or newer.

Zsh difference: Do not assume Bash declare -n is available in Zsh; this syntax is not supported by the Zsh 5.9 comparison environment.

Code

label=before

declare -n ref=label

ref=after

printf '%s\n' "$label"

Actual output

bash · exit 0

after
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BSH-19-006

Return an array through a function argument

A local nameref lets a function populate the caller-supplied array without flattening it into text. Requires Bash 4.3+. Use a reference name that

cannot collide with the target.

Zsh difference: This uses Bash namerefs; it is not a portable Zsh function interface.

Code

make_items() {

local -n output_ref="$1"

output_ref=(alpha 'beta gamma')

}

items=()

make_items items

printf '<%s>\n' "${items[@]}"

Actual output

bash · exit 0

<alpha>

<beta gamma>
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BSH-19-007

List variable names by prefix

${!tour_demo_@} expands to variable names beginning with tour_demo_, rather than their values. Quoted @ expansion keeps each name

separate. sort makes the display order explicit.

Code

tour_demo_alpha=12

tour_demo_beta=7

printf '%s\n' "${!tour_demo_@}" | sort

Actual output

bash · exit 0

tour_demo_alpha

tour_demo_beta
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BSH-19-008

Read values through discovered names

Change: iterate over the discovered names and use ${!variable} to read each value. The names come from local variables with the chosen prefix;

no eval or command-string construction is needed. sort fixes the presentation order.

Code

tour_demo_alpha=12

tour_demo_beta=7

for variable in "${!tour_demo_@}"; do

printf '%s=%s\n' "$variable" "${!variable}"

done | sort

Actual output

bash · exit 0

tour_demo_alpha=12

tour_demo_beta=7

Options and controlled file output
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BSH-20-001

Protect an existing output file

set -C enables noclobber: > refuses to overwrite an existing regular file. Catch the status explicitly. Error text is suppressed here so the intentional

outcome is clear.

Code

printf 'original\n' > report.txt

set -C

if { printf 'replacement\n' > report.txt; } 2>/dev/null; then

printf 'written\n'

else

printf 'overwrite refused\n'

fi

cat report.txt

Actual output

bash · exit 0

overwrite refused

original
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BSH-20-002

Override noclobber deliberately

Change: >| permits this overwrite even when noclobber is enabled. It is a deliberate exception for this redirection.

Code

printf 'original\n' > report.txt

set -C

printf 'replacement\n' >| report.txt

cat report.txt

Actual output

bash · exit 0

replacement
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BSH-20-003

Scope a Bash option with a subshell

Set nullglob inside (...) to keep the option change local. The parent retains its previous value.

Zsh difference: Zsh uses setopt rather than shopt; its emulate -L zsh idiom localizes options inside a function.

Code

shopt -u nullglob

(

shopt -s nullglob

files=(missing*.csv)

printf 'inside=%s\n' "${#files[@]}"

)

shopt -q nullglob || printf 'parent unchanged\n'

Actual output

bash · exit 0

inside=0

parent unchanged
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BSH-20-004

Match case-insensitively

nocasematch affects [[...]] and case matching. It is distinct from nocaseglob, which changes filename expansion.

Zsh difference: The equivalent native Zsh option is NO_CASE_MATCH, set with setopt nocasematch.

Code

shopt -s nocasematch

file='SAMPLE.CSV'

if [[ "$file" == *.csv ]]; then printf 'matched\n'; fi

Actual output

bash · exit 0

matched
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BSH-20-005

Keep the last pipeline builtin in Bash

lastpipe lets the last foreground pipeline command run in the current shell when job control is disabled. Requires Bash 4.2+.

Zsh difference: Native Zsh already runs this final builtin in the current shell. It does not require Bash lastpipe.

Code

set +m

shopt -s lastpipe

value=before

printf 'after\n' | read -r value

printf '%s\n' "$value"

Actual output

bash · exit 0

after
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BSH-20-006

Disable filename expansion

set -f disables globbing. The literal asterisk reaches printf even though matching files exist. set +f enables globbing again.

Code

touch a.txt b.txt

set -f

printf '%s\n' *.txt

set +f

printf '%s\n' *.txt

Actual output

bash · exit 0

*.txt

a.txt

b.txt

Reusable script patterns
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BSH-21-001

Check a dependency before using it

command -v tests whether a command is available. Redirect both streams when only its status matters.

Code

if command -v awk >/dev/null 2>&1; then

printf 'awk available\n'

else

printf 'awk missing\n' >&2

exit 1

fi

Actual output

bash · exit 0

awk available
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BSH-21-002

Validate an argument count

Use $# before accessing required arguments. A function can return a usage-error status without exiting its caller.

Code

require_one() {

if (( $# != 1 )); then

printf 'expected one argument\n' >&2

return 2

fi

printf 'input=%s\n' "$1"

}

require_one 'sample A'

require_one

printf 'validation status=%s\n' "$?"

Actual output

bash · exit 0

input=sample A

validation status=2

Standard error

expected one argument
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BSH-21-003

Separate data from diagnostic messages

stdout remains suitable for further processing; diagnostics go to stderr. Capture each stream independently.

Code

produce() {

printf 'processing sample\n' >&2

printf '7\n'

}

produce > values.txt 2> progress.log

printf 'DATA: '; cat values.txt

printf 'LOG: '; cat progress.log

Actual output

bash · exit 0

DATA: 7

LOG: processing sample
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BSH-21-004

A dry-run wrapper preserves arguments

The wrapper shows the argument boundaries using %q, then optionally executes the original array of arguments. It does not reparse the printed

representation.

Code

run() {

if [[ "$dry_run" == yes ]]; then

printf 'would run:'

printf ' %q' "$@"

printf '\n'

else

"$@"

fi

}

dry_run=yes

run printf '%s\n' 'sample A'

Actual output

bash · exit 0

would run: printf %s\\n sample\ A
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BSH-21-005

Test a function result explicitly

A small assertion compares the computed value with an independently stated expected result. On failure the script would exit nonzero.

Code

stem() { printf '%s\n' "${1%.csv}"; }

actual=$(stem sample.csv)

if [[ "$actual" != sample ]]; then

printf 'FAIL: stem\n' >&2

exit 1

fi

printf 'PASS: stem\n'

Actual output

bash · exit 0

PASS: stem
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#+TITLE: Bash - One change at a time
#+SUBTITLE: An executable reference tour
#+LANGUAGE: en
#+OPTIONS: toc:2 num:nil
#+PROPERTY: header-args :results output verbatim :exports both :session none :eval never-export

* A visual reference
:PROPERTIES:
:CUSTOM_ID: BSH-00-001
:GUIDE_ROLE: cover
:END:
From a first command to small, reliable shell programs.
Complete source. A small change. Its actual result.

The Org file is the canonical source. Read the HTML guide beside your work,
or download its PDF and source for offline reading.

#+begin_last-changes
*Last changes: 2026-10-19.* Added a searchable HTML gallery with code-and-output previews, labelled Zsh comparisons and links to complete examples and back. Every tour now links to tours.emaix.org. Unified tour–chapter–example IDs, numbered chapter anchors and updated direct links, downloads and comparisons. Added nine worked examples for here-strings, variable-name expansion and ERR traps, with an expanded quick reference and a Devhints cheatsheet link. Reader pages now omit publishing instructions and highlight PDF downloads.
#+end_last-changes

* Reading the tour
:PROPERTIES:
:CUSTOM_ID: BSH-00-002
:GUIDE_ROLE: reading
:GUIDE_TITLE: Three ways to see a change
:END:
#+begin_flow
#+begin_way
*Program*

Read a complete script with its own input and an explicit interpreter.
#+end_way

#+begin_way
*Captured result*

Compare standard output, standard error and exit status with the code.
#+end_way

#+begin_way
*One change*

Follow stable identifiers and focused explanations without an accumulating shell session.
#+end_way
#+end_flow

Bash is the main interpreter. Amber Zsh difference notes are optional
comparisons. They are explicitly labelled; a Bash block requires Bash even
when your interactive terminal normally starts Zsh.

Read from the beginning or jump to a stable example ID. Each example includes
its complete input and captured result. Copy link preserves the address of the
guide you are reading, including its current domain and path.


* Bash quick reference
:PROPERTIES:
:CUSTOM_ID: BSH-00-003
:END:
Use these reminders to find a complete program and its captured result. Each
example link opens the corresponding section of this tour, including offline.
For another compact reference, see the [[https://devhints.io/bash][Devhints Bash scripting cheatsheet]].

| Topic | Reminder | Worked example |
|-------+----------+----------------|
| Quoting | Keep a scalar together with ~"$value"~. | [[#BSH-02-003][BSH-02-003]] |
| Defaults | Use ~${value:-fallback}~ for an unset or empty value. | [[#BSH-03-001][BSH-03-001]] |
| Path suffixes | Remove a matching suffix with ~${file%.*}~. | [[#BSH-03-004][BSH-03-004]] |
| Substrings | Extract a slice with ~${text:offset:length}~. | [[#BSH-17-001][BSH-17-001]] |
| Script arguments | Preserve argument boundaries with ~"$@"~. | [[#BSH-07-004][BSH-07-004]] |
| Arrays | Keep elements separate with ~"${items[@]}"~. | [[#BSH-08-003][BSH-08-003]] |
| Reading lines | Use ~IFS= read -r line~ to preserve spaces and backslashes. | [[#BSH-07-002][BSH-07-002]] |
| Pipeline failures | Enable ~set -o pipefail~ to expose an earlier failure. | [[#BSH-06-008][BSH-06-008]] |
| Function status | Test success explicitly with ~if task; then~. | [[#BSH-21-005][BSH-21-005]] |
| Process substitution | Read command output through ~<(command)~. | [[#BSH-09-005][BSH-09-005]] |
| Regular expressions | Read captures from ~BASH_REMATCH~ after a successful match. | [[#BSH-17-006][BSH-17-006]] |
| Short options | Parse flags and their values with ~getopts~. | [[#BSH-12-002][BSH-12-002]] |
| Here-strings | Feed a string to standard input with ~<<< "$text"~. | [[#BSH-05-012][BSH-05-012]] |
| Variable names | Discover names with ~"${!tour_demo_@}"~. | [[#BSH-19-007][BSH-19-007]] |
| Error traps | Report an unchecked failure with ~trap 'handler' ERR~. | [[#BSH-16-007][BSH-16-007]] |

The reminders describe Bash. Follow the labelled Zsh comparisons in the worked
examples when using Zsh; array indexing and expansion rules can differ.

* Read this first
This is a Bash reference, not an exercise book. The main examples use Bash; amber Zsh difference notes are optional comparisons, not required steps. Read each small program together with its actual output. Stable BSH-CC-NNN identifiers survive changes to titles and page order. Each example includes its own input data and runs independently.

The Org source contains each complete program. Read its captured stdout, stderr and exit status beside the code. Bash is the main interpreter; explicitly marked Zsh difference notes show alternative syntax or behavior.

Execution profile: noninteractive Bash --noprofile --norc, or native Zsh -f; LC_ALL=C; fresh temporary HOME. Zsh may still read a system zshenv. Interactive configuration and plugins are outside the test profile. The examples use shell builtins and common Unix utilities. External tool behavior can differ on macOS/BSD; tested versions are recorded in the build report. A Bash block always requires Bash even if your terminal normally starts Zsh.

The build isolates working files but is not a security sandbox. Review code before executing it. In Emacs, load ob-shell (M-x load-library RET ob-shell), then use C-c C-c on a bash or zsh block. Run file-writing blocks in a disposable directory: unlike the supplied builder, plain Babel execution does not create an isolated directory automatically. :results output captures stdout; the custom builder additionally records stderr and exit status.

* Interactive companion
These actions require a real terminal and are not part of the executable tests. Tab requests completion; Ctrl-R searches history in common Emacs-style keymaps; Ctrl-A and Ctrl-E move to the start and end of the editing line. Bindings depend on Readline (Bash), ZLE (Zsh), vi/emacs mode and personal configuration.

Use type printf to inspect command resolution. Use bash --version or zsh --version to check the actual interpreter; $SHELL usually describes the login shell, not necessarily the running interpreter. Use bash script.sh or zsh script.zsh explicitly. For an executable script, add #!/usr/bin/env bash or #!/usr/bin/env zsh as its first line, then chmod +x script.sh and run ./script.sh. A shebang is ignored when you explicitly invoke a different interpreter.

Bash interactive configuration commonly belongs in ~/.bashrc; interactive Zsh configuration in ~/.zshrc. Login startup differs. Do not put tour experiments into startup files. Completion setup and prompt themes are outside this scripting tour.

* Build and extend
:PROPERTIES:
:GUIDE_ROLE: maintainer
:END:
Run python3 build.py from this directory. Requirements: Python 3, reportlab, Bash, Zsh and standard Unix tools (cat, cp, mkdir, touch, tr, sort, uniq, tee, diff, rm, awk). The wrapper renders prepared results into build/. To execute reviewed examples, use make prepare TOUR=bash in ../67.00_export-tourguide. Expected failures remain visible rather than being hidden.

To add an example, copy an existing second-level heading, assign a new stable CUSTOM_ID, set SHELLS to both/bash/zsh, and include exactly one bash source block (zsh only for a marked comparison note). EXPECT_EXIT is zero unless the example intentionally fails; EXPECT_EXIT_ZSH overrides a shell-specific status. Keep explanations short and inputs local. For shared examples, the displayed Bash block is also executed unchanged by Zsh.


* First commands and formatted output
:PROPERTIES:
:CUSTOM_ID: BSH-01-000
:CHAPTER: 01
:END:

** Print a line
:PROPERTIES:
:CUSTOM_ID: BSH-01-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
printf is a shell builtin. %s inserts a string; \n ends the line. Keep the format string constant.

#+name: BSH-01-001
#+begin_src bash
printf '%s\n' 'Hello, shell!'
#+end_src

#+RESULTS: BSH-01-001
: Hello, shell!


** One argument, one line
:PROPERTIES:
:CUSTOM_ID: BSH-01-002
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: supply two arguments. printf reuses the format for remaining arguments.

#+name: BSH-01-002
#+begin_src bash
printf '%s\n' 'alpha' 'beta'
#+end_src

#+RESULTS: BSH-01-002
: alpha
: beta


** Keep words together
:PROPERTIES:
:CUSTOM_ID: BSH-01-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: spaces inside quotes remain part of one argument. Angle brackets expose argument boundaries.

#+name: BSH-01-003
#+begin_src bash
printf '<%s>\n' 'alpha beta' gamma
#+end_src

#+RESULTS: BSH-01-003
: <alpha beta>
: <gamma>


** Align columns
:PROPERTIES:
:CUSTOM_ID: BSH-01-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
%8s right-aligns in eight characters; %-8s left-aligns. %04d pads an integer with zeros.

#+name: BSH-01-004
#+begin_src bash
printf '%-8s %04d\n' apples 7 pears 12
#+end_src

#+RESULTS: BSH-01-004
: apples   0007
: pears    0012


** Choose decimal precision
:PROPERTIES:
:CUSTOM_ID: BSH-01-005
:SHELLS: both
:EXPECT_EXIT: 0
:END:
%.2f prints two digits after the decimal point. Locale is fixed to C throughout this tour.

#+name: BSH-01-005
#+begin_src bash
printf 'mean = %.2f\n' 3.14159
#+end_src

#+RESULTS: BSH-01-005
: mean = 3.14


** Comments and continuation
:PROPERTIES:
:CUSTOM_ID: BSH-01-006
:SHELLS: both
:EXPECT_EXIT: 0
:END:
A backslash immediately before a newline continues a command. Do not put spaces after it.

#+name: BSH-01-006
#+begin_src bash
# Two physical lines, one command
printf '%s\n' \
  'continued command'
#+end_src

#+RESULTS: BSH-01-006
: continued command


* Variables and quoting
:PROPERTIES:
:CUSTOM_ID: BSH-02-000
:CHAPTER: 02
:END:

** Assign and expand
:PROPERTIES:
:CUSTOM_ID: BSH-02-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
No spaces around = in an assignment. Double quotes expand the variable while preserving one argument.

#+name: BSH-02-001
#+begin_src bash
label='sample A'
printf '<%s>\n' "$label"
#+end_src

#+RESULTS: BSH-02-001
: <sample A>


** Single versus double quotes
:PROPERTIES:
:CUSTOM_ID: BSH-02-002
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: single quotes preserve the dollar sign literally; double quotes expand the variable.

#+name: BSH-02-002
#+begin_src bash
label='sample A'
printf '%s\n' '$label' "$label"
#+end_src

#+RESULTS: BSH-02-002
: $label
: sample A


** Bash splits an unquoted scalar
:PROPERTIES:
:CUSTOM_ID: BSH-02-003
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Change: remove double quotes. Default Bash splits on IFS whitespace. Use quoted expansions for filenames.

#+name: BSH-02-003
#+begin_src bash
label='sample A'
printf '<%s>\n' $label
#+end_src

#+RESULTS: BSH-02-003
: <sample>
: <A>


** Zsh difference: keeps an unquoted scalar
:PROPERTIES:
:CUSTOM_ID: BSH-02-004
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
Same code, different shell: native Zsh does not normally split scalar expansions. Quoting is still a good shared convention.

#+name: BSH-02-004
#+begin_src zsh
label='sample A'
printf '<%s>\n' $label
#+end_src

#+RESULTS: BSH-02-004
: <sample A>


** Zsh difference: Explicit Zsh splitting
:PROPERTIES:
:CUSTOM_ID: BSH-02-005
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
Change: ${=label} explicitly requests word splitting in Zsh.

#+name: BSH-02-005
#+begin_src zsh
label='sample A'
printf '<%s>\n' ${=label}
#+end_src

#+RESULTS: BSH-02-005
: <sample>
: <A>


** Protect a variable boundary
:PROPERTIES:
:CUSTOM_ID: BSH-02-006
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Braces delimit the name. Without braces, $label_final would name a different variable.

#+name: BSH-02-006
#+begin_src bash
label=sample
printf '%s\n' "${label}_final"
#+end_src

#+RESULTS: BSH-02-006
: sample_final


* Parameter expansion and arithmetic
:PROPERTIES:
:CUSTOM_ID: BSH-03-000
:CHAPTER: 03
:END:

** A fallback value
:PROPERTIES:
:CUSTOM_ID: BSH-03-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
${x:-word} uses word when x is unset or empty. It does not assign x.

#+name: BSH-03-001
#+begin_src bash
unset label
printf '%s\n' "${label:-untitled}"
#+end_src

#+RESULTS: BSH-03-001
: untitled


** Unset versus empty
:PROPERTIES:
:CUSTOM_ID: BSH-03-002
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: remove the colon. ${x-word} substitutes only when x is unset, not when it is an empty string.

#+name: BSH-03-002
#+begin_src bash
label=''
printf 'colon=<%s> plain=<%s>\n' "${label:-fallback}" "${label-fallback}"
#+end_src

#+RESULTS: BSH-03-002
: colon=<fallback> plain=<>


** Assign the fallback
:PROPERTIES:
:CUSTOM_ID: BSH-03-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: := also assigns the default. Later uses see the assigned value.

#+name: BSH-03-003
#+begin_src bash
unset label
printf '%s\n' "${label:=untitled}" "$label"
#+end_src

#+RESULTS: BSH-03-003
: untitled
: untitled


** Remove a suffix
:PROPERTIES:
:CUSTOM_ID: BSH-03-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
% removes the shortest matching suffix. Here .csv is a literal suffix.

#+name: BSH-03-004
#+begin_src bash
file='sample.raw.csv'
printf '%s\n' "${file%.csv}"
#+end_src

#+RESULTS: BSH-03-004
: sample.raw


** Shortest versus longest match
:PROPERTIES:
:CUSTOM_ID: BSH-03-005
:SHELLS: both
:EXPECT_EXIT: 0
:END:
% removes the shortest matching suffix; %% removes the longest. * is a shell pattern here.

#+name: BSH-03-005
#+begin_src bash
file='sample.raw.csv'
printf '%s\n' "${file%.*}" "${file%%.*}"
#+end_src

#+RESULTS: BSH-03-005
: sample.raw
: sample


** Remove a path prefix
:PROPERTIES:
:CUSTOM_ID: BSH-03-006
:SHELLS: both
:EXPECT_EXIT: 0
:END:
## removes the longest matching prefix. This is a string operation, not a filesystem lookup.

#+name: BSH-03-006
#+begin_src bash
file='data/raw/sample.csv'
printf '%s\n' "${file##*/}"
#+end_src

#+RESULTS: BSH-03-006
: sample.csv


** Replace matching text
:PROPERTIES:
:CUSTOM_ID: BSH-03-007
:SHELLS: both
:EXPECT_EXIT: 0
:END:
/ replaces the first match; // replaces all matches. These are patterns, not regular expressions.

#+name: BSH-03-007
#+begin_src bash
label='a-b-c'
printf '%s\n' "${label/-/_}" "${label//-/_}"
#+end_src

#+RESULTS: BSH-03-007
: a_b-c
: a_b_c


** Integer arithmetic
:PROPERTIES:
:CUSTOM_ID: BSH-03-008
:SHELLS: both
:EXPECT_EXIT: 0
:END:
$((...)) expands an integer result. Integer division truncates toward zero.

#+name: BSH-03-008
#+begin_src bash
n=7
printf '%s\n' "$((n + 2))" "$((n / 2))" "$((n % 2))"
#+end_src

#+RESULTS: BSH-03-008
: 9
: 3
: 1


* Files and filename patterns
:PROPERTIES:
:CUSTOM_ID: BSH-04-000
:CHAPTER: 04
:END:

** Create, copy and read
:PROPERTIES:
:CUSTOM_ID: BSH-04-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
mkdir creates a directory; cp copies a file; cat writes its contents. All files are local to the example sandbox.

#+name: BSH-04-001
#+begin_src bash
mkdir data
printf '%s\n' alpha > data/input.txt
cp data/input.txt data/copy.txt
cat data/copy.txt
#+end_src

#+RESULTS: BSH-04-001
: alpha


** Select a filename suffix
:PROPERTIES:
:CUSTOM_ID: BSH-04-002
:SHELLS: both
:EXPECT_EXIT: 0
:END:
The unquoted *.txt is expanded by the shell before printf runs. Results use C-locale ordering.

#+name: BSH-04-002
#+begin_src bash
touch a.txt b.txt c.csv
printf '%s\n' *.txt
#+end_src

#+RESULTS: BSH-04-002
: a.txt
: b.txt


** A quoted pattern stays literal
:PROPERTIES:
:CUSTOM_ID: BSH-04-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: quote the pattern. The shell now passes a literal asterisk.

#+name: BSH-04-003
#+begin_src bash
touch a.txt b.txt c.csv
printf '%s\n' '*.txt'
#+end_src

#+RESULTS: BSH-04-003
: *.txt


** Exactly one character
:PROPERTIES:
:CUSTOM_ID: BSH-04-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
? matches one character; [ab] matches one character from a set.

#+name: BSH-04-004
#+begin_src bash
touch a1.txt a2.txt b1.txt aa1.txt
printf '%s\n' [ab]?.txt
#+end_src

#+RESULTS: BSH-04-004
: a1.txt
: a2.txt
: b1.txt


** Brace expansion does not find files
:PROPERTIES:
:CUSTOM_ID: BSH-04-005
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Braces generate words even if no matching files exist. This feature is shared by Bash and Zsh, not all sh implementations.

#+name: BSH-04-005
#+begin_src bash
printf '%s\n' sample_{A,B}.csv
#+end_src

#+RESULTS: BSH-04-005
: sample_A.csv
: sample_B.csv


** Bash unmatched glob
:PROPERTIES:
:CUSTOM_ID: BSH-04-006
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Default Bash retains an unmatched pattern as literal text.

#+name: BSH-04-006
#+begin_src bash
printf '<%s>\n' missing*.csv
#+end_src

#+RESULTS: BSH-04-006
: <missing*.csv>


** Zsh difference: unmatched glob
:PROPERTIES:
:CUSTOM_ID: BSH-04-007
:SHELLS: zsh
:EXPECT_EXIT: 1
:END:
Default native Zsh reports an error and does not run printf. This example intentionally exits nonzero.

#+name: BSH-04-007
#+begin_src zsh
printf '<%s>\n' missing*.csv
#+end_src

#+RESULTS: BSH-04-007


** Bash: collect zero matches
:PROPERTIES:
:CUSTOM_ID: BSH-04-008
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
nullglob removes unmatched patterns. An array then accurately contains zero filenames.

#+name: BSH-04-008
#+begin_src bash
shopt -s nullglob
files=(missing*.csv)
printf 'files=%s\n' "${#files[@]}"
#+end_src

#+RESULTS: BSH-04-008
: files=0


** Zsh difference: collect zero matches
:PROPERTIES:
:CUSTOM_ID: BSH-04-009
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
The (N) glob qualifier removes this pattern when it has no matches; it does not change all future globs.

#+name: BSH-04-009
#+begin_src zsh
files=(missing*.csv(N))
printf 'files=%s\n' "${#files[@]}"
#+end_src

#+RESULTS: BSH-04-009
: files=0


* Streams, redirection and pipes
:PROPERTIES:
:CUSTOM_ID: BSH-05-000
:CHAPTER: 05
:END:

** Write a file
:PROPERTIES:
:CUSTOM_ID: BSH-05-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
> redirects stdout and replaces existing contents. cat then displays the file.

#+name: BSH-05-001
#+begin_src bash
printf '%s\n' alpha > notes.txt
cat notes.txt
#+end_src

#+RESULTS: BSH-05-001
: alpha


** Append instead
:PROPERTIES:
:CUSTOM_ID: BSH-05-002
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: >> appends rather than replacing.

#+name: BSH-05-002
#+begin_src bash
printf '%s\n' alpha > notes.txt
printf '%s\n' beta >> notes.txt
cat notes.txt
#+end_src

#+RESULTS: BSH-05-002
: alpha
: beta


** Read standard input
:PROPERTIES:
:CUSTOM_ID: BSH-05-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
< connects a file to stdin. tr replaces lowercase letters with uppercase letters.

#+name: BSH-05-003
#+begin_src bash
printf '%s\n' alpha > notes.txt
tr 'a-z' 'A-Z' < notes.txt
#+end_src

#+RESULTS: BSH-05-003
: ALPHA


** Connect two commands
:PROPERTIES:
:CUSTOM_ID: BSH-05-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
| connects stdout of the left command to stdin of the right command. It does not pipe stderr by default. |

#+name: BSH-05-004
#+begin_src bash
printf '%s\n' alpha beta | tr 'a-z' 'A-Z'
#+end_src

#+RESULTS: BSH-05-004
: ALPHA
: BETA


** Sort and count repeats
:PROPERTIES:
:CUSTOM_ID: BSH-05-005
:SHELLS: both
:EXPECT_EXIT: 0
:END:
sort groups equal adjacent lines; uniq -c counts each group. Both are external utilities.

#+name: BSH-05-005
#+begin_src bash
printf '%s\n' pear apple pear | sort | uniq -c
#+end_src

#+RESULTS: BSH-05-005
:       1 apple
:       2 pear


** Separate stdout and stderr
:PROPERTIES:
:CUSTOM_ID: BSH-05-006
:SHELLS: both
:EXPECT_EXIT: 0
:END:
File descriptor 1 is stdout; 2 is stderr. >&2 sends this printf to stderr.

#+name: BSH-05-006
#+begin_src bash
printf '%s\n' result
printf '%s\n' diagnostic >&2
#+end_src

#+RESULTS: BSH-05-006
: result


** Capture both streams
:PROPERTIES:
:CUSTOM_ID: BSH-05-007
:SHELLS: both
:EXPECT_EXIT: 0
:END:
> captures stdout, then 2>&1 points stderr at that destination. The braces group commands in the current shell.

#+name: BSH-05-007
#+begin_src bash
{ printf 'result\n'; printf 'diagnostic\n' >&2; } > log.txt 2>&1
cat log.txt
#+end_src

#+RESULTS: BSH-05-007
: result
: diagnostic


** Redirection order matters
:PROPERTIES:
:CUSTOM_ID: BSH-05-008
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: reverse the redirections. stderr keeps the original stdout destination while stdout goes to the file.

#+name: BSH-05-008
#+begin_src bash
{ printf 'result\n'; printf 'diagnostic\n' >&2; } 2>&1 > log.txt
printf 'FILE:\n'
cat log.txt
#+end_src

#+RESULTS: BSH-05-008
: diagnostic
: FILE:
: result


** A literal here-document
:PROPERTIES:
:CUSTOM_ID: BSH-05-009
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Quoting the delimiter prevents expansion in the document. The closing delimiter starts at column one.

#+name: BSH-05-009
#+begin_src bash
label=sample
cat <<'TEXT'
$label is literal here.
TEXT
#+end_src

#+RESULTS: BSH-05-009
: $label is literal here.


** An expanding here-document
:PROPERTIES:
:CUSTOM_ID: BSH-05-010
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: leave the delimiter unquoted. Variable and command substitutions are now expanded.

#+name: BSH-05-010
#+begin_src bash
label=sample
cat <<TEXT
$label is expanded here.
TEXT
#+end_src

#+RESULTS: BSH-05-010
: sample is expanded here.


** Save and continue a stream
:PROPERTIES:
:CUSTOM_ID: BSH-05-011
:SHELLS: both
:EXPECT_EXIT: 0
:END:
tee writes a copy to a file and passes the same stream onward. The second command reads the saved copy.

#+name: BSH-05-011
#+begin_src bash
printf 'alpha\n' | tee copy.txt | tr 'a-z' 'A-Z'
cat copy.txt
#+end_src

#+RESULTS: BSH-05-011
: ALPHA
: alpha


** Feed a variable through a here-string
:PROPERTIES:
:CUSTOM_ID: BSH-05-012
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
<<< sends one expanded string to standard input and appends a newline. Double quotes make the intended input clear; no temporary file or producer pipeline is needed.

#+name: BSH-05-012
#+begin_src bash
text='alpha beta'
tr '[:lower:]' '[:upper:]' <<< "$text"
#+end_src

#+RESULTS: BSH-05-012
: ALPHA BETA


** An empty here-string still supplies a line
:PROPERTIES:
:CUSTOM_ID: BSH-05-013
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Change: use an empty string. The here-string still supplies its appended newline, so read succeeds with an empty line. printf without a newline supplies no bytes, so the second read reaches EOF and returns 1. The group prints that status without treating EOF as a successful read.

#+name: BSH-05-013
#+begin_src bash
text=''
IFS= read -r line <<< "$text"
printf 'here-string: status=%s length=%s\n' "$?" "${#line}"
printf '%s' "$text" | {
  IFS= read -r line
  printf 'printf: status=%s length=%s\n' "$?" "${#line}"
}
#+end_src

#+RESULTS: BSH-05-013
: here-string: status=0 length=0
: printf: status=1 length=0


* Exit status and decisions
:PROPERTIES:
:CUSTOM_ID: BSH-06-000
:CHAPTER: 06
:END:

** Read the exit status
:PROPERTIES:
:CUSTOM_ID: BSH-06-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
$? is the most recent command status. Zero means success; nonzero has command-specific meaning.

#+name: BSH-06-001
#+begin_src bash
false
printf 'status=%s\n' "$?"
#+end_src

#+RESULTS: BSH-06-001
: status=1


** Run only after success
:PROPERTIES:
:CUSTOM_ID: BSH-06-002
:SHELLS: both
:EXPECT_EXIT: 0
:END:
&& runs its right-hand command only if the left-hand command succeeds.

#+name: BSH-06-002
#+begin_src bash
true && printf 'runs\n'
false && printf 'skipped\n'
printf 'done\n'
#+end_src

#+RESULTS: BSH-06-002
: runs
: done


** Recover after failure
:PROPERTIES:
:CUSTOM_ID: BSH-06-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
|   | runs its right-hand command only if the left-hand command fails. |

#+name: BSH-06-003
#+begin_src bash
false || printf 'fallback\n'
#+end_src

#+RESULTS: BSH-06-003
: fallback


** Branch on a number
:PROPERTIES:
:CUSTOM_ID: BSH-06-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
[[...]] is a Bash/Zsh conditional construct; -gt means numerically greater than.

#+name: BSH-06-004
#+begin_src bash
n=7
if [[ "$n" -gt 5 ]]; then
  printf 'large\n'
else
  printf 'small\n'
fi
#+end_src

#+RESULTS: BSH-06-004
: large


** Match a string pattern
:PROPERTIES:
:CUSTOM_ID: BSH-06-005
:SHELLS: both
:EXPECT_EXIT: 0
:END:
An unquoted pattern on the right of == performs pattern matching inside [[...]].

#+name: BSH-06-005
#+begin_src bash
file='sample.csv'
if [[ "$file" == *.csv ]]; then
  printf 'CSV input\n'
fi
#+end_src

#+RESULTS: BSH-06-005
: CSV input


** Several alternatives with case
:PROPERTIES:
:CUSTOM_ID: BSH-06-006
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Patterns before ) select a branch; ;; ends a branch; * provides a catch-all.

#+name: BSH-06-006
#+begin_src bash
file='sample.tsv'
case "$file" in
  *.csv) printf 'comma\n' ;;
  *.tsv) printf 'tab\n' ;;
  *) printf 'unknown\n' ;;
esac
#+end_src

#+RESULTS: BSH-06-006
: tab


** Default pipeline status
:PROPERTIES:
:CUSTOM_ID: BSH-06-007
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Without pipefail, the final command determines the pipeline status.

#+name: BSH-06-007
#+begin_src bash
false | cat
printf 'pipeline=%s\n' "$?"
#+end_src

#+RESULTS: BSH-06-007
: pipeline=0


** Enable pipefail
:PROPERTIES:
:CUSTOM_ID: BSH-06-008
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: pipefail makes the rightmost failing command determine status, or zero when all succeed.

#+name: BSH-06-008
#+begin_src bash
set -o pipefail
false | cat
printf 'pipeline=%s\n' "$?"
#+end_src

#+RESULTS: BSH-06-008
: pipeline=1


* Loops, arguments and functions
:PROPERTIES:
:CUSTOM_ID: BSH-07-000
:CHAPTER: 07
:END:

** Loop over explicit arguments
:PROPERTIES:
:CUSTOM_ID: BSH-07-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
for assigns each argument to item, then runs the body. Quoted words remain single items.

#+name: BSH-07-001
#+begin_src bash
for item in alpha 'beta gamma'; do
  printf '<%s>\n' "$item"
done
#+end_src

#+RESULTS: BSH-07-001
: <alpha>
: <beta gamma>


** Read complete lines
:PROPERTIES:
:CUSTOM_ID: BSH-07-002
:SHELLS: both
:EXPECT_EXIT: 0
:END:
IFS= avoids trimming; read -r preserves backslashes. Input redirection avoids a pipeline subshell.

#+name: BSH-07-002
#+begin_src bash
printf '%s\n' '  alpha' 'a\b' > lines.txt
while IFS= read -r line; do
  printf '<%s>\n' "$line"
done < lines.txt
#+end_src

#+RESULTS: BSH-07-002
: <  alpha>
: <a\b>


** Repeat while a condition holds
:PROPERTIES:
:CUSTOM_ID: BSH-07-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
-lt means less than. Assignment with arithmetic expansion increments the counter.

#+name: BSH-07-003
#+begin_src bash
n=0
while [[ "$n" -lt 3 ]]; do
  printf '%s\n' "$n"
  n=$((n + 1))
done
#+end_src

#+RESULTS: BSH-07-003
: 0
: 1
: 2


** Preserve positional arguments
:PROPERTIES:
:CUSTOM_ID: BSH-07-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
set -- sets this shell's arguments. "$@" preserves each argument, including spaces.

#+name: BSH-07-004
#+begin_src bash
set -- alpha 'beta gamma'
printf 'count=%s\n' "$#"
printf '<%s>\n' "$@"
#+end_src

#+RESULTS: BSH-07-004
: count=2
: <alpha>
: <beta gamma>


** Join positional arguments
:PROPERTIES:
:CUSTOM_ID: BSH-07-005
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: "$*" forms one argument, joined by the first character of IFS (normally a space).

#+name: BSH-07-005
#+begin_src bash
set -- alpha 'beta gamma'
printf '<%s>\n' "$*"
#+end_src

#+RESULTS: BSH-07-005
: <alpha beta gamma>


** A function with an argument
:PROPERTIES:
:CUSTOM_ID: BSH-07-006
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Functions receive their own positional arguments. "$1" is the first; local limits a variable to function scope.

#+name: BSH-07-006
#+begin_src bash
greet() {
  local person="$1"
  printf 'Hello, %s!\n' "$person"
}
greet 'Ada Lovelace'
#+end_src

#+RESULTS: BSH-07-006
: Hello, Ada Lovelace!


** Capture a command result
:PROPERTIES:
:CUSTOM_ID: BSH-07-007
:SHELLS: both
:EXPECT_EXIT: 0
:END:
$(...) captures stdout and removes trailing newlines. Quote the result when expanding it.

#+name: BSH-07-007
#+begin_src bash
greet() { printf 'Hello, %s!\n' "$1"; }
message=$(greet Ada)
printf '<%s>\n' "$message"
#+end_src

#+RESULTS: BSH-07-007
: <Hello, Ada!>


** Return a status from a function
:PROPERTIES:
:CUSTOM_ID: BSH-07-008
:SHELLS: both
:EXPECT_EXIT: 0
:END:
return sets an exit status, not a text value. Use stdout for data and status for success/failure.

#+name: BSH-07-008
#+begin_src bash
is_csv() { [[ "$1" == *.csv ]]; }
if is_csv sample.csv; then printf 'accepted\n'; fi
#+end_src

#+RESULTS: BSH-07-008
: accepted


* Arrays and mappings
:PROPERTIES:
:CUSTOM_ID: BSH-08-000
:CHAPTER: 08
:END:

** Bash starts at index zero
:PROPERTIES:
:CUSTOM_ID: BSH-08-001
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Indexed Bash arrays normally start at 0. Use braces around indexed expansions.

#+name: BSH-08-001
#+begin_src bash
items=(alpha 'beta gamma')
printf '%s\n' "${items[0]}" "${items[1]}"
#+end_src

#+RESULTS: BSH-08-001
: alpha
: beta gamma


** Zsh difference: starts at index one
:PROPERTIES:
:CUSTOM_ID: BSH-08-002
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
Native Zsh arrays normally start at 1. This assumes KSH_ARRAYS is not enabled.

#+name: BSH-08-002
#+begin_src zsh
items=(alpha 'beta gamma')
printf '%s\n' "${items[1]}" "${items[2]}"
#+end_src

#+RESULTS: BSH-08-002
: alpha
: beta gamma


** Preserve array elements
:PROPERTIES:
:CUSTOM_ID: BSH-08-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
"${items[@]}" passes each element separately in both shells, including elements containing spaces.

#+name: BSH-08-003
#+begin_src bash
items=(alpha 'beta gamma')
printf 'count=%s\n' "${#items[@]}"
printf '<%s>\n' "${items[@]}"
#+end_src

#+RESULTS: BSH-08-003
: count=2
: <alpha>
: <beta gamma>


** Append an array element
:PROPERTIES:
:CUSTOM_ID: BSH-08-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
+= appends elements to an indexed array.

#+name: BSH-08-004
#+begin_src bash
items=(alpha)
items+=('beta gamma')
printf '<%s>\n' "${items[@]}"
#+end_src

#+RESULTS: BSH-08-004
: <alpha>
: <beta gamma>


** Bash associative array
:PROPERTIES:
:CUSTOM_ID: BSH-08-005
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
declare -A requires Bash 4 or newer. A system Bash 3.2 cannot run this example.

#+name: BSH-08-005
#+begin_src bash
declare -A units
units[mass]=kg
units[time]=s
printf '%s\n' "${units[mass]}"
#+end_src

#+RESULTS: BSH-08-005
: kg


** Zsh difference: associative array
:PROPERTIES:
:CUSTOM_ID: BSH-08-006
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
Change: declare the mapping with typeset -A in Zsh.

#+name: BSH-08-006
#+begin_src zsh
typeset -A units
units[mass]=kg
units[time]=s
printf '%s\n' "${units[mass]}"
#+end_src

#+RESULTS: BSH-08-006
: kg


** Zsh difference: split and join flags
:PROPERTIES:
:CUSTOM_ID: BSH-08-007
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
(s:,:) splits on a comma; (j: / :) joins the resulting array with a chosen separator.

#+name: BSH-08-007
#+begin_src zsh
text='alpha,beta,gamma'
items=("${(@s:,:)text}")
printf '%s\n' "${(j: / :)items}"
#+end_src

#+RESULTS: BSH-08-007
: alpha / beta / gamma


** Zsh difference: path modifiers
:PROPERTIES:
:CUSTOM_ID: BSH-08-008
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
:t selects the tail (basename); :h the directory; :r removes the final extension. No external basename command is needed.

#+name: BSH-08-008
#+begin_src zsh
file='data/sample.csv'
printf '%s\n' "${file:t}" "${file:h}" "${file:r}"
#+end_src

#+RESULTS: BSH-08-008
: sample.csv
: data
: data/sample


* Processes, isolation and robust scripts
:PROPERTIES:
:CUSTOM_ID: BSH-09-000
:CHAPTER: 09
:END:

** A subshell isolates assignments
:PROPERTIES:
:CUSTOM_ID: BSH-09-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
(...) runs in a subshell environment. Changes to n do not propagate back.

#+name: BSH-09-001
#+begin_src bash
n=1
(n=2; printf 'inside=%s\n' "$n")
printf 'outside=%s\n' "$n"
#+end_src

#+RESULTS: BSH-09-001
: inside=2
: outside=1


** A group shares assignments
:PROPERTIES:
:CUSTOM_ID: BSH-09-002
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: {...;} groups commands in the current shell; the assignment persists.

#+name: BSH-09-002
#+begin_src bash
n=1
{ n=2; printf 'inside=%s\n' "$n"; }
printf 'outside=%s\n' "$n"
#+end_src

#+RESULTS: BSH-09-002
: inside=2
: outside=2


** Export to a child process
:PROPERTIES:
:CUSTOM_ID: BSH-09-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
export adds a variable to the environment of future child processes. The child here is explicitly Bash.

#+name: BSH-09-003
#+begin_src bash
export TOUR_LABEL=sample
bash --noprofile --norc -c 'printf "%s\n" "$TOUR_LABEL"'
#+end_src

#+RESULTS: BSH-09-003
: sample


** Wait for a background job
:PROPERTIES:
:CUSTOM_ID: BSH-09-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
& starts a job asynchronously. $! identifies the last background job; wait retrieves its exit status.

#+name: BSH-09-004
#+begin_src bash
(exit 7) &
job_pid=$!
wait "$job_pid"
printf 'job status=%s\n' "$?"
#+end_src

#+RESULTS: BSH-09-004
: job status=7


** Process substitution
:PROPERTIES:
:CUSTOM_ID: BSH-09-005
:SHELLS: both
:EXPECT_EXIT: 0
:END:
<(...) supplies a path from which a command can read generated output. diff compares the two sorted streams.

#+name: BSH-09-005
#+begin_src bash
diff <(printf 'b\na\n' | sort) <(printf 'a\nb\n')
printf 'diff status=%s\n' "$?"
#+end_src

#+RESULTS: BSH-09-005
: diff status=0


** Unset variables become errors
:PROPERTIES:
:CUSTOM_ID: BSH-09-006
:SHELLS: both
:EXPECT_EXIT: 127
:EXPECT_EXIT_ZSH: 1
:END:
set -u rejects an unset variable expansion. This example intentionally fails; it does not demonstrate all errexit rules.

#+name: BSH-09-006
#+begin_src bash
set -u
unset missing
printf '%s\n' "$missing"
#+end_src

#+RESULTS: BSH-09-006


** A fallback works with nounset
:PROPERTIES:
:CUSTOM_ID: BSH-09-007
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: supply a default for the potentially unset variable.

#+name: BSH-09-007
#+begin_src bash
set -u
unset missing
printf '%s\n' "${missing:-fallback}"
#+end_src

#+RESULTS: BSH-09-007
: fallback


** Cleanup on shell exit
:PROPERTIES:
:CUSTOM_ID: BSH-09-008
:SHELLS: both
:EXPECT_EXIT: 0
:END:
trap registers an exit action. Only the file created by this example is removed.

#+name: BSH-09-008
#+begin_src bash
printf 'temporary\n' > scratch.txt
trap 'rm -f scratch.txt; printf "cleaned up\n"' EXIT
cat scratch.txt
#+end_src

#+RESULTS: BSH-09-008
: temporary
: cleaned up


* A small reproducible report
:PROPERTIES:
:CUSTOM_ID: BSH-10-000
:CHAPTER: 10
:END:

** Stage a tiny dataset
:PROPERTIES:
:CUSTOM_ID: BSH-10-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
A quoted here-document creates a predictable input file. This is TSV data with actual tab characters.

#+name: BSH-10-001
#+begin_src bash
cat > measurements.tsv <<'DATA'
sample	value
A	3
B	7
C	5
DATA
cat measurements.tsv
#+end_src

#+RESULTS: BSH-10-001
: sample	value
: A	3
: B	7
: C	5


** Validate before processing
:PROPERTIES:
:CUSTOM_ID: BSH-10-002
:SHELLS: both
:EXPECT_EXIT: 0
:END:
A readable nonempty file passes -r and -s. Explicit checks give a meaningful failure message.

#+name: BSH-10-002
#+begin_src bash
printf 'sample\tvalue\nA\t3\n' > measurements.tsv
if [[ ! -r measurements.tsv || ! -s measurements.tsv ]]; then
  printf 'missing input\n' >&2
  exit 1
fi
printf 'input accepted\n'
#+end_src

#+RESULTS: BSH-10-002
: input accepted


** Compute and write a report
:PROPERTIES:
:CUSTOM_ID: BSH-10-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
awk is an external tool: NR>1 skips the header; sum/count yields the mean. Every fixture is repeated so this example stands alone.

#+name: BSH-10-003
#+begin_src bash
printf 'sample\tvalue\nA\t3\nB\t7\nC\t5\n' > measurements.tsv
awk 'NR>1 {sum+=$2; n++}
     END {printf "samples=%d\nmean=%.2f\n", n, sum/n}' \
  measurements.tsv > report.txt
cat report.txt
#+end_src

#+RESULTS: BSH-10-003
: samples=3
: mean=5.00


* Filename-safe processing
:PROPERTIES:
:CUSTOM_ID: BSH-11-000
:CHAPTER: 11
:END:

** Keep a space inside a filename
:PROPERTIES:
:CUSTOM_ID: BSH-11-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
An array stores filenames as separate elements. Quoting the array expansion preserves spaces without parsing directory listings.

#+name: BSH-11-001
#+begin_src bash
touch 'sample A.txt' 'sample B.txt'
files=(*.txt)
for file in "${files[@]}"; do
  printf '<%s>\n' "$file"
done
#+end_src

#+RESULTS: BSH-11-001
: <sample A.txt>
: <sample B.txt>


** A leading dash is still a filename
:PROPERTIES:
:CUSTOM_ID: BSH-11-002
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Prefixing a relative name with ./ prevents cat from treating -n as an option. This convention also works with utilities that lack --.

#+name: BSH-11-002
#+begin_src bash
printf 'contents\n' > ./-n
cat ./-n
#+end_src

#+RESULTS: BSH-11-002
: contents


** Read NUL-separated records
:PROPERTIES:
:CUSTOM_ID: BSH-11-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
read -d sets the delimiter; an empty delimiter means NUL here. NUL can separate names containing spaces or newlines. Shell variables cannot store NUL bytes.

#+name: BSH-11-003
#+begin_src bash
printf '%s\0' 'sample A.txt' 'sample B.txt' > names.bin
while IFS= read -r -d '' file; do
  printf '<%s>\n' "$file"
done < names.bin
#+end_src

#+RESULTS: BSH-11-003
: <sample A.txt>
: <sample B.txt>


** Process the last unterminated line
:PROPERTIES:
:CUSTOM_ID: BSH-11-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: the || test retains the final nonempty record even when read reaches EOF without a newline.

#+name: BSH-11-004
#+begin_src bash
printf 'alpha\nbeta' > lines.txt
while IFS= read -r line || [[ -n "$line" ]]; do
  printf '<%s>\n' "$line"
done < lines.txt
#+end_src

#+RESULTS: BSH-11-004
: <alpha>
: <beta>


** Read two fields
:PROPERTIES:
:CUSTOM_ID: BSH-11-005
:SHELLS: both
:EXPECT_EXIT: 0
:END:
IFS=: splits a simple colon-delimited line. The last variable receives the remaining fields. This is not a general CSV parser.

#+name: BSH-11-005
#+begin_src bash
printf 'sample:7:kg\n' > data.txt
while IFS=: read -r name rest; do
  printf 'name=%s rest=%s\n' "$name" "$rest"
done < data.txt
#+end_src

#+RESULTS: BSH-11-005
: name=sample rest=7:kg


** Skip a file deliberately
:PROPERTIES:
:CUSTOM_ID: BSH-11-006
:SHELLS: both
:EXPECT_EXIT: 0
:END:
continue skips the rest of the current iteration. The pattern is a shell pattern, not a regular expression.

#+name: BSH-11-006
#+begin_src bash
for file in a.csv notes.txt b.csv; do
  [[ "$file" == *.csv ]] || continue
  printf 'process %s\n' "$file"
done
#+end_src

#+RESULTS: BSH-11-006
: process a.csv
: process b.csv


* Script options one step at a time
:PROPERTIES:
:CUSTOM_ID: BSH-12-000
:CHAPTER: 12
:END:

** Consume one argument
:PROPERTIES:
:CUSTOM_ID: BSH-12-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
shift removes the first positional argument and renumbers the rest. Check the argument count before shifting in real scripts.

#+name: BSH-12-001
#+begin_src bash
set -- alpha beta gamma
printf 'before=%s\n' "$1"
shift
printf 'after=%s count=%s\n' "$1" "$#"
#+end_src

#+RESULTS: BSH-12-001
: before=alpha
: after=beta count=2


** Parse a short flag
:PROPERTIES:
:CUSTOM_ID: BSH-12-002
:SHELLS: both
:EXPECT_EXIT: 0
:END:
getopts scans short options; opt receives the option letter. OPTIND=1 starts a fresh scan. The leading colon selects silent error reporting.

#+name: BSH-12-002
#+begin_src bash
set -- -v
OPTIND=1
verbose=no
while getopts ':v' opt; do
  case "$opt" in v) verbose=yes ;; esac
done
printf 'verbose=%s\n' "$verbose"
#+end_src

#+RESULTS: BSH-12-002
: verbose=yes


** An option with a value
:PROPERTIES:
:CUSTOM_ID: BSH-12-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: n: means -n requires an argument. OPTARG receives it; quotes preserve spaces.

#+name: BSH-12-003
#+begin_src bash
set -- -n 'sample A'
OPTIND=1
while getopts ':n:' opt; do
  case "$opt" in n) printf 'name=%s\n' "$OPTARG" ;; esac
done
#+end_src

#+RESULTS: BSH-12-003
: name=sample A


** Keep the remaining filenames
:PROPERTIES:
:CUSTOM_ID: BSH-12-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
After option parsing, shift by OPTIND-1 removes consumed arguments. -- marks the end of options.

#+name: BSH-12-004
#+begin_src bash
set -- -n demo -- 'sample A.csv' b.csv
OPTIND=1
while getopts ':n:' opt; do
  case "$opt" in n) printf 'name=%s\n' "$OPTARG" ;; esac
done
shift "$((OPTIND - 1))"
printf 'file=<%s>\n' "$@"
#+end_src

#+RESULTS: BSH-12-004
: name=demo
: file=<sample A.csv>
: file=<b.csv>


** Report a missing option value
:PROPERTIES:
:CUSTOM_ID: BSH-12-005
:SHELLS: both
:EXPECT_EXIT: 2
:END:
With a leading colon in optstring, a missing value produces opt=: and OPTARG containing the option letter. The script chooses status 2.

#+name: BSH-12-005
#+begin_src bash
set -- -n
OPTIND=1
while getopts ':n:' opt; do
  case "$opt" in
    :) printf 'missing value: -%s\n' "$OPTARG" >&2; exit 2 ;;
  esac
done
#+end_src

#+RESULTS: BSH-12-005


** Report an unknown option
:PROPERTIES:
:CUSTOM_ID: BSH-12-006
:SHELLS: both
:EXPECT_EXIT: 2
:END:
With silent reporting, an unknown option produces opt=? and OPTARG contains its letter. Quote ? in case so it is literal.

#+name: BSH-12-006
#+begin_src bash
set -- -x
OPTIND=1
while getopts ':n:' opt; do
  case "$opt" in
    '?') printf 'unknown option: -%s\n' "$OPTARG" >&2; exit 2 ;;
  esac
done
#+end_src

#+RESULTS: BSH-12-006


* Pipeline scope and status details
:PROPERTIES:
:CUSTOM_ID: BSH-13-000
:CHAPTER: 13
:END:

** Bash: pipeline assignment disappears
:PROPERTIES:
:CUSTOM_ID: BSH-13-001
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Default Bash runs pipeline components in subshells. The assignment made by read does not reach the parent shell. lastpipe is not enabled.

#+name: BSH-13-001
#+begin_src bash
value=before
printf 'after\n' | read -r value
printf '%s\n' "$value"
#+end_src

#+RESULTS: BSH-13-001
: before


** Zsh difference: final pipeline assignment persists
:PROPERTIES:
:CUSTOM_ID: BSH-13-002
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
Native Zsh runs this final builtin in the current shell. The same source therefore changes value.

#+name: BSH-13-002
#+begin_src zsh
value=before
printf 'after\n' | read -r value
printf '%s\n' "$value"
#+end_src

#+RESULTS: BSH-13-002
: after


** Use redirection to preserve state
:PROPERTIES:
:CUSTOM_ID: BSH-13-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Feed read with process substitution instead of placing it in a pipeline. The builtin then runs in the current shell in both interpreters.

#+name: BSH-13-003
#+begin_src bash
value=before
read -r value < <(printf 'after\n')
printf '%s\n' "$value"
#+end_src

#+RESULTS: BSH-13-003
: after


** Bash: inspect every pipeline status
:PROPERTIES:
:CUSTOM_ID: BSH-13-004
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
PIPESTATUS is an indexed array of statuses from the latest foreground pipeline. Copy it immediately: the next command replaces it.

#+name: BSH-13-004
#+begin_src bash
false | true | false
codes=("${PIPESTATUS[@]}")
printf '%s\n' "${codes[@]}"
#+end_src

#+RESULTS: BSH-13-004
: 1
: 0
: 1


** Zsh difference: inspect every pipeline status
:PROPERTIES:
:CUSTOM_ID: BSH-13-005
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
The corresponding native Zsh array is pipestatus, in lowercase. Copy it before another command changes it.

#+name: BSH-13-005
#+begin_src zsh
false | true | false
codes=("${pipestatus[@]}")
printf '%s\n' "${codes[@]}"
#+end_src

#+RESULTS: BSH-13-005
: 1
: 0
: 1


** A command substitution trims newlines
:PROPERTIES:
:CUSTOM_ID: BSH-13-006
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Command substitution removes all trailing newlines, not just the final one. Internal newlines remain.

#+name: BSH-13-006
#+begin_src bash
value=$(printf 'alpha\n\n')
printf '<%s> length=%s\n' "$value" "${#value}"
#+end_src

#+RESULTS: BSH-13-006
: <alpha> length=5


* More patterns and array operations
:PROPERTIES:
:CUSTOM_ID: BSH-14-000
:CHAPTER: 14
:END:

** Include hidden files in Bash
:PROPERTIES:
:CUSTOM_ID: BSH-14-001
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
dotglob makes * include dotfiles, except . and ..; nullglob removes unmatched patterns. Both settings affect later expansions in this shell.

#+name: BSH-14-001
#+begin_src bash
touch visible.txt .hidden.txt
shopt -s dotglob nullglob
files=(*.txt)
printf '%s\n' "${files[@]}"
#+end_src

#+RESULTS: BSH-14-001
: .hidden.txt
: visible.txt


** Zsh difference: Include hidden files in Zsh
:PROPERTIES:
:CUSTOM_ID: BSH-14-002
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
Change: the D glob qualifier includes dotfiles for this one pattern; N removes an unmatched pattern.

#+name: BSH-14-002
#+begin_src zsh
touch visible.txt .hidden.txt
files=(*.txt(DN))
printf '%s\n' "${files[@]}"
#+end_src

#+RESULTS: BSH-14-002
: .hidden.txt
: visible.txt


** Zsh difference: regular files only
:PROPERTIES:
:CUSTOM_ID: BSH-14-003
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
(.) selects regular files; (/) selects directories. N makes either selection empty instead of raising a no-match error.

#+name: BSH-14-003
#+begin_src zsh
mkdir data
 touch a.txt
printf 'file=%s\n' *(N.)
printf 'dir=%s\n' *(N/)
#+end_src

#+RESULTS: BSH-14-003
: file=a.txt
: dir=data


** Zsh difference: recurse through directories
:PROPERTIES:
:CUSTOM_ID: BSH-14-004
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
**/ searches zero or more directory levels. This example matches both the top-level file and a nested file; N allows no matches.

#+name: BSH-14-004
#+begin_src zsh
mkdir -p data/raw
touch top.csv data/raw/sample.csv
printf '%s\n' **/*.csv(N)
#+end_src

#+RESULTS: BSH-14-004
: data/raw/sample.csv
: top.csv


** Bash: recursive globbing
:PROPERTIES:
:CUSTOM_ID: BSH-14-005
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
globstar enables ** to match directory levels; nullglob handles no matches. Requires Bash 4 or newer.

#+name: BSH-14-005
#+begin_src bash
mkdir -p data/raw
touch top.csv data/raw/sample.csv
shopt -s globstar nullglob
printf '%s\n' **/*.csv
#+end_src

#+RESULTS: BSH-14-005
: data/raw/sample.csv
: top.csv


** Bash: load lines into an array
:PROPERTIES:
:CUSTOM_ID: BSH-14-006
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
mapfile -t reads lines and removes their trailing delimiter. It requires Bash 4 or newer. Empty lines become empty array elements.

#+name: BSH-14-006
#+begin_src bash
printf 'alpha\n\nbeta gamma\n' > lines.txt
mapfile -t items < lines.txt
printf 'count=%s\n' "${#items[@]}"
printf '<%s>\n' "${items[@]}"
#+end_src

#+RESULTS: BSH-14-006
: count=3
: <alpha>
: <>
: <beta gamma>


** Zsh difference: uppercase a scalar
:PROPERTIES:
:CUSTOM_ID: BSH-14-007
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
The (U) expansion flag transforms the result to uppercase without assigning back to the variable.

#+name: BSH-14-007
#+begin_src zsh
label='Sample A'
printf '%s\n' "${(U)label}" "$label"
#+end_src

#+RESULTS: BSH-14-007
: SAMPLE A
: Sample A


** Bash: uppercase a scalar
:PROPERTIES:
:CUSTOM_ID: BSH-14-008
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
The ^^ expansion transforms all lowercase characters. Requires Bash 4 or newer; the original variable is unchanged.

#+name: BSH-14-008
#+begin_src bash
label='Sample A'
printf '%s\n' "${label^^}" "$label"
#+end_src

#+RESULTS: BSH-14-008
: SAMPLE A
: Sample A


* Debugging and controlled failures
:PROPERTIES:
:CUSTOM_ID: BSH-15-000
:CHAPTER: 15
:END:

** Trace expanded commands in Bash
:PROPERTIES:
:CUSTOM_ID: BSH-15-001
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
set -x traces commands to stderr after expansion; PS4 sets the trace prefix. set +x stops tracing. Avoid tracing secrets.

#+name: BSH-15-001
#+begin_src bash
PS4='+ trace: '
set -x
label=sample
printf '%s\n' "$label"
set +x
#+end_src

#+RESULTS: BSH-15-001
: sample


** Zsh difference: Trace expanded commands in Zsh
:PROPERTIES:
:CUSTOM_ID: BSH-15-002
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
Native Zsh also supports set -x and PS4. Formatting can differ; this example is tested independently.

#+name: BSH-15-002
#+begin_src zsh
PS4='+ trace: '
set -x
label=sample
printf '%s\n' "$label"
set +x
#+end_src

#+RESULTS: BSH-15-002
: sample


** A plain failure under errexit
:PROPERTIES:
:CUSTOM_ID: BSH-15-003
:SHELLS: both
:EXPECT_EXIT: 1
:END:
set -e exits on this unhandled failure. The final printf is never reached. This is only one context of errexit behavior.

#+name: BSH-15-003
#+begin_src bash
set -e
printf 'before\n'
false
printf 'unreachable\n'
#+end_src

#+RESULTS: BSH-15-003
: before


** A checked failure under errexit
:PROPERTIES:
:CUSTOM_ID: BSH-15-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Change: put false in an if condition. The shell expects a status to test and does not exit.

#+name: BSH-15-004
#+begin_src bash
set -e
if false; then
  printf 'unreachable\n'
else
  printf 'handled\n'
fi
printf 'continues\n'
#+end_src

#+RESULTS: BSH-15-004
: handled
: continues


** Capture status before logging
:PROPERTIES:
:CUSTOM_ID: BSH-15-005
:SHELLS: both
:EXPECT_EXIT: 0
:END:
Save $? immediately. Logging with printf would otherwise replace the status you intend to report.

#+name: BSH-15-005
#+begin_src bash
false
exit_code=$?
printf 'command failed\n' >&2
printf 'saved=%s now=%s\n' "$exit_code" "$?"
#+end_src

#+RESULTS: BSH-15-005
: saved=1 now=0


** Negation changes the observed status
:PROPERTIES:
:CUSTOM_ID: BSH-15-006
:SHELLS: both
:EXPECT_EXIT: 0
:END:
! inverts success/failure. Inside this branch $? belongs to the negated condition; it is not the original failing status.

#+name: BSH-15-006
#+begin_src bash
if ! false; then
  printf 'negated status=%s\n' "$?"
fi
#+end_src

#+RESULTS: BSH-15-006
: negated status=0


* Traps, file descriptors and reusable commands
:PROPERTIES:
:CUSTOM_ID: BSH-16-000
:CHAPTER: 16
:END:

** Keep a stream on another descriptor
:PROPERTIES:
:CUSTOM_ID: BSH-16-001
:SHELLS: both
:EXPECT_EXIT: 0
:END:
exec 3> opens descriptor 3 in the current shell. >&3 writes to it; exec 3>&- closes it. No new process replaces the shell here.

#+name: BSH-16-001
#+begin_src bash
exec 3> log.txt
printf 'log entry\n' >&3
printf 'terminal entry\n'
exec 3>&-
cat log.txt
#+end_src

#+RESULTS: BSH-16-001
: terminal entry
: log entry


** Preserve failure during cleanup
:PROPERTIES:
:CUSTOM_ID: BSH-16-002
:SHELLS: both
:EXPECT_EXIT: 3
:END:
The EXIT handler records the incoming status, performs cleanup, then returns that same status. The shell retains its explicit exit status of 3.

#+name: BSH-16-002
#+begin_src bash
cleanup() {
  local exit_code=$?
  printf 'cleanup after status=%s\n' "$exit_code"
  return "$exit_code"
}
trap 'cleanup' EXIT
exit 3
#+end_src

#+RESULTS: BSH-16-002
: cleanup after status=3


** Cancel an exit trap
:PROPERTIES:
:CUSTOM_ID: BSH-16-003
:SHELLS: both
:EXPECT_EXIT: 0
:END:
trap - EXIT removes the exit handler. The message registered with the old handler is never printed.

#+name: BSH-16-003
#+begin_src bash
trap 'printf "old handler\n"' EXIT
trap - EXIT
printf 'done\n'
#+end_src

#+RESULTS: BSH-16-003
: done


** Store a command as an array
:PROPERTIES:
:CUSTOM_ID: BSH-16-004
:SHELLS: both
:EXPECT_EXIT: 0
:END:
An array preserves the command and each argument. Execute it with "${cmd[@]}". A string plus eval would reparse data as shell syntax.

#+name: BSH-16-004
#+begin_src bash
cmd=(printf '<%s>\n' 'sample A' 'sample B')
"${cmd[@]}"
#+end_src

#+RESULTS: BSH-16-004
: <sample A>
: <sample B>


** Source a small function library
:PROPERTIES:
:CUSTOM_ID: BSH-16-005
:SHELLS: both
:EXPECT_EXIT: 0
:END:
The dot builtin evaluates a file in the current shell. Its function definition remains available; source is an equivalent Bash/Zsh spelling.

#+name: BSH-16-005
#+begin_src bash
cat > helpers.sh <<'LIB'
greet() { printf 'Hello, %s!\n' "$1"; }
LIB
. ./helpers.sh
greet Ada
#+end_src

#+RESULTS: BSH-16-005
: Hello, Ada!


** Zsh difference: Scope options in a Zsh function
:PROPERTIES:
:CUSTOM_ID: BSH-16-006
:SHELLS: zsh
:EXPECT_EXIT: 0
:END:
emulate -L zsh sets a known option baseline and localizes option changes to the function. Here null_glob does not persist afterward.

#+name: BSH-16-006
#+begin_src zsh
collect() {
  emulate -L zsh
  setopt null_glob
  local files=(missing*.csv)
  printf 'files=%s\n' "${#files[@]}"
}
collect
[[ -o null_glob ]] || printf 'option restored\n'
#+end_src

#+RESULTS: BSH-16-006
: files=0
: option restored


** Report a failed command with ERR
:PROPERTIES:
:CUSTOM_ID: BSH-16-007
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
An ERR trap runs after an unhandled failing command. Save $? as the first action in the handler. The trap reports the status; without errexit, the script continues.

#+name: BSH-16-007
#+begin_src bash
trap 'status=$?; printf "ERR: status=%s\n" "$status"' ERR
false
printf 'script continues\n'
#+end_src

#+RESULTS: BSH-16-007
: ERR: status=1
: script continues


** A checked failure does not trigger ERR
:PROPERTIES:
:CUSTOM_ID: BSH-16-008
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Change: test false in an if condition. The else branch handles its status, so the ERR trap does not run. A trap cannot replace explicit checks in these contexts.

#+name: BSH-16-008
#+begin_src bash
trap 'status=$?; printf "ERR: status=%s\n" "$status"' ERR
if false; then
  printf 'unexpected success\n'
else
  printf 'failure handled\n'
fi
#+end_src

#+RESULTS: BSH-16-008
: failure handled


** Keep ERR traps outside a function
:PROPERTIES:
:CUSTOM_ID: BSH-16-009
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
set +E disables ERR-trap inheritance. The failure inside the function is followed by a successful printf, so the function itself returns zero and no outer ERR trap fires.

#+name: BSH-16-009
#+begin_src bash
set +E
trap 'status=$?; printf "ERR: status=%s\n" "$status"' ERR
run_step() {
  false
  printf 'function continues\n'
}
run_step
printf 'caller continues\n'
#+end_src

#+RESULTS: BSH-16-009
: function continues
: caller continues


** Inherit ERR traps inside a function
:PROPERTIES:
:CUSTOM_ID: BSH-16-010
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Change only +E to -E. Error tracing inherits the ERR trap inside the function, so its unchecked false is reported. This option enables inheritance, not automatic exit.

#+name: BSH-16-010
#+begin_src bash
set -E
trap 'status=$?; printf "ERR: status=%s\n" "$status"' ERR
run_step() {
  false
  printf 'function continues\n'
}
run_step
printf 'caller continues\n'
#+end_src

#+RESULTS: BSH-16-010
: ERR: status=1
: function continues
: caller continues


** Combine an ERR report with errexit
:PROPERTIES:
:CUSTOM_ID: BSH-16-011
:SHELLS: bash
:EXPECT_EXIT: 1
:END:
set -e exits after this unchecked false. The ERR handler reports status 1 to stderr before exit; the final printf is never reached. The example intentionally exits 1. Checked conditions still follow the exception illustrated in BSH-16-008.

#+name: BSH-16-011
#+begin_src bash
set -e
trap 'status=$?; printf "ERR: status=%s\n" "$status" >&2' ERR
printf 'before failure\n'
false
printf 'unreachable\n'
#+end_src

#+RESULTS: BSH-16-011
: before failure


* Strings, formats and regular expressions
:PROPERTIES:
:CUSTOM_ID: BSH-17-000
:CHAPTER: 17
:END:

** Take a substring
:PROPERTIES:
:CUSTOM_ID: BSH-17-001
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
${text:offset:length} extracts length characters starting at zero-based offset. It does not change text.

Zsh difference: Scalar substring offsets are also zero-based in Zsh; this differs from native Zsh array indexing.

#+name: BSH-17-001
#+begin_src bash
text='sample-2026.csv'
printf '%s\n' "${text:7:4}"
#+end_src

#+RESULTS: BSH-17-001
: 2026


** Count from the end
:PROPERTIES:
:CUSTOM_ID: BSH-17-002
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
A negative offset counts from the end. Keep a space before -4 to distinguish this from the :- default-value operator.

#+name: BSH-17-002
#+begin_src bash
text='sample-2026.csv'
printf '%s\n' "${text: -4}"
#+end_src

#+RESULTS: BSH-17-002
: .csv


** Format directly into a variable
:PROPERTIES:
:CUSTOM_ID: BSH-17-003
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Bash printf -v assigns its formatted output without a command substitution. %03d pads to at least three digits.

#+name: BSH-17-003
#+begin_src bash
printf -v sample 'sample-%03d' 7
printf '%s\n' "$sample"
#+end_src

#+RESULTS: BSH-17-003
: sample-007


** Show an argument as reusable shell syntax
:PROPERTIES:
:CUSTOM_ID: BSH-17-004
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
printf %q produces a representation that can be read as one Bash argument. This is shell quoting, not JSON or URL encoding.

Zsh difference: Zsh also offers quoting facilities, but printed quoting styles can differ. Do not use a %q representation as a cross-language serialization format.

#+name: BSH-17-004
#+begin_src bash
file='sample A.csv'
printf '%q\n' "$file"
#+end_src

#+RESULTS: BSH-17-004
: sample\ A.csv


** Match an extended regular expression
:PROPERTIES:
:CUSTOM_ID: BSH-17-005
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
=~ uses an extended regular expression. ^ and $ anchor the whole string; + requires one or more digits. Leave the regex variable unquoted on the right.

#+name: BSH-17-005
#+begin_src bash
value='123'
pattern='^[0-9]+$'
if [[ "$value" =~ $pattern ]]; then
  printf 'integer text\n'
fi
#+end_src

#+RESULTS: BSH-17-005
: integer text


** Capture groups from a regex
:PROPERTIES:
:CUSTOM_ID: BSH-17-006
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
BASH_REMATCH[0] is the entire match; [1] and [2] contain parenthesized groups. Read captures only after a successful match.

Zsh difference: Native Zsh normally uses MATCH for the full match and match[1], match[2], ... for captures. BASH_REMATCH is not its default capture interface.

#+name: BSH-17-006
#+begin_src bash
file='sample-042.csv'
pattern='^([a-z]+)-([0-9]+)\.csv$'
if [[ "$file" =~ $pattern ]]; then
  printf 'label=%s number=%s\n' \
    "${BASH_REMATCH[1]}" "${BASH_REMATCH[2]}"
fi
#+end_src

#+RESULTS: BSH-17-006
: label=sample number=042


** Quote a regex to match it literally
:PROPERTIES:
:CUSTOM_ID: BSH-17-007
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Change: quote the expanded pattern on the right of =~. Its metacharacters lose their regex meaning.

#+name: BSH-17-007
#+begin_src bash
value='123'
pattern='^[0-9]+$'
if [[ "$value" =~ "$pattern" ]]; then
  printf 'literal match\n'
else
  printf 'no literal match\n'
fi
#+end_src

#+RESULTS: BSH-17-007
: no literal match


* Arithmetic and loop control
:PROPERTIES:
:CUSTOM_ID: BSH-18-000
:CHAPTER: 18
:END:

** Arithmetic commands return a status
:PROPERTIES:
:CUSTOM_ID: BSH-18-001
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
((expression)) succeeds when the value is nonzero. Zero produces status 1. This can interact unexpectedly with set -e.

#+name: BSH-18-001
#+begin_src bash
(( 2 + 3 ))
printf 'nonzero status=%s\n' "$?"
(( 2 - 2 ))
printf 'zero status=%s\n' "$?"
#+end_src

#+RESULTS: BSH-18-001
: nonzero status=0
: zero status=1


** Postincrement versus preincrement
:PROPERTIES:
:CUSTOM_ID: BSH-18-002
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
n++ evaluates to the old value, whereas ++n evaluates to the new value. Both increment n, but their exit statuses can differ.

#+name: BSH-18-002
#+begin_src bash
n=0
((n++))
printf 'post: n=%s status=%s\n' "$n" "$?"
n=0
((++n))
printf 'pre: n=%s status=%s\n' "$n" "$?"
#+end_src

#+RESULTS: BSH-18-002
: post: n=1 status=1
: pre: n=1 status=0


** Read a zero-padded decimal integer
:PROPERTIES:
:CUSTOM_ID: BSH-18-003
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
10# forces base ten. Without an explicit base, a leading zero denotes octal in Bash arithmetic. Validate input before arithmetic evaluation.

#+name: BSH-18-003
#+begin_src bash
value=008
printf '%s\n' "$((10#$value + 1))"
#+end_src

#+RESULTS: BSH-18-003
: 9


** Use an arithmetic for loop
:PROPERTIES:
:CUSTOM_ID: BSH-18-004
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
The three clauses initialize, test and advance the counter. This loop prints 0, 1 and 2.

#+name: BSH-18-004
#+begin_src bash
for ((i=0; i<3; i++)); do
  printf '%s\n' "$i"
done
#+end_src

#+RESULTS: BSH-18-004
: 0
: 1
: 2


** Stop at the first match
:PROPERTIES:
:CUSTOM_ID: BSH-18-005
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
break leaves the nearest enclosing loop. Here the final iteration is never reached.

#+name: BSH-18-005
#+begin_src bash
for value in 3 7 9; do
  if ((value > 5)); then
    printf 'first=%s\n' "$value"
    break
  fi
done
#+end_src

#+RESULTS: BSH-18-005
: first=7


** Compute a decimal result with a utility
:PROPERTIES:
:CUSTOM_ID: BSH-18-006
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Bash arithmetic is integer arithmetic. Use a numeric tool for decimal work; awk is used here with C-locale output.

Zsh difference: Zsh supports floating-point arithmetic natively, for example $((7.0 / 2)). Bash does not accept that expression.

#+name: BSH-18-006
#+begin_src bash
awk 'BEGIN {printf "%.2f\n", 7 / 2}'
#+end_src

#+RESULTS: BSH-18-006
: 3.50


* Arrays, indirection and references
:PROPERTIES:
:CUSTOM_ID: BSH-19-000
:CHAPTER: 19
:END:

** Array indices need not be contiguous
:PROPERTIES:
:CUSTOM_ID: BSH-19-001
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Assigning index 5 does not create indices 0-4. ${#items[@]} counts assigned elements, not the largest index plus one.

Zsh difference: Native Zsh arrays use different indexing and gap semantics. Do not translate sparse Bash arrays by simply adding one to each index.

#+name: BSH-19-001
#+begin_src bash
items=()
items[2]=alpha
items[5]=beta
printf 'count=%s\n' "${#items[@]}"
printf 'index=%s\n' "${!items[@]}"
#+end_src

#+RESULTS: BSH-19-001
: count=2
: index=2
: index=5


** Unset one array element
:PROPERTIES:
:CUSTOM_ID: BSH-19-002
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Quote the unset argument so the brackets are not treated as filename syntax. Remaining Bash array indices are not renumbered.

Zsh difference: Native Zsh array element deletion and indexing differ; the sparse-array behavior shown here is Bash-specific.

#+name: BSH-19-002
#+begin_src bash
items=(alpha beta gamma)
unset 'items[1]'
printf 'index=%s\n' "${!items[@]}"
printf 'value=%s\n' "${items[@]}"
#+end_src

#+RESULTS: BSH-19-002
: index=0
: index=2
: value=alpha
: value=gamma


** Slice several array elements
:PROPERTIES:
:CUSTOM_ID: BSH-19-003
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
${items[@]:offset:length} selects length elements. Quotes keep each selected element separate.

Zsh difference: Zsh native array subscript ranges are inclusive and normally one-based, for example "${items[2,3]}". Do not confuse them with Bash offset/length notation.

#+name: BSH-19-003
#+begin_src bash
items=(alpha 'beta gamma' delta epsilon)
printf '<%s>\n' "${items[@]:1:2}"
#+end_src

#+RESULTS: BSH-19-003
: <beta gamma>
: <delta>


** Look up a variable by name
:PROPERTIES:
:CUSTOM_ID: BSH-19-004
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
${!name} reads the variable whose name is stored in name. Use known variable names; this is not a reason to use eval.

Zsh difference: Zsh uses the (P) parameter expansion flag for this form of indirection, for example "${(P)name}".

#+name: BSH-19-004
#+begin_src bash
label=sample
name=label
printf '%s\n' "${!name}"
#+end_src

#+RESULTS: BSH-19-004
: sample


** Update through a nameref
:PROPERTIES:
:CUSTOM_ID: BSH-19-005
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
declare -n creates a reference to another variable. Writing through ref updates label. Requires Bash 4.3 or newer.

Zsh difference: Do not assume Bash declare -n is available in Zsh; this syntax is not supported by the Zsh 5.9 comparison environment.

#+name: BSH-19-005
#+begin_src bash
label=before
declare -n ref=label
ref=after
printf '%s\n' "$label"
#+end_src

#+RESULTS: BSH-19-005
: after


** Return an array through a function argument
:PROPERTIES:
:CUSTOM_ID: BSH-19-006
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
A local nameref lets a function populate the caller-supplied array without flattening it into text. Requires Bash 4.3+. Use a reference name that cannot collide with the target.

Zsh difference: This uses Bash namerefs; it is not a portable Zsh function interface.

#+name: BSH-19-006
#+begin_src bash
make_items() {
  local -n output_ref="$1"
  output_ref=(alpha 'beta gamma')
}
items=()
make_items items
printf '<%s>\n' "${items[@]}"
#+end_src

#+RESULTS: BSH-19-006
: <alpha>
: <beta gamma>


** List variable names by prefix
:PROPERTIES:
:CUSTOM_ID: BSH-19-007
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
${!tour_demo_@} expands to variable names beginning with tour_demo_, rather than their values. Quoted @ expansion keeps each name separate. sort makes the display order explicit.

#+name: BSH-19-007
#+begin_src bash
tour_demo_alpha=12
tour_demo_beta=7
printf '%s\n' "${!tour_demo_@}" | sort
#+end_src

#+RESULTS: BSH-19-007
: tour_demo_alpha
: tour_demo_beta


** Read values through discovered names
:PROPERTIES:
:CUSTOM_ID: BSH-19-008
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Change: iterate over the discovered names and use ${!variable} to read each value. The names come from local variables with the chosen prefix; no eval or command-string construction is needed. sort fixes the presentation order.

#+name: BSH-19-008
#+begin_src bash
tour_demo_alpha=12
tour_demo_beta=7
for variable in "${!tour_demo_@}"; do
  printf '%s=%s\n' "$variable" "${!variable}"
done | sort
#+end_src

#+RESULTS: BSH-19-008
: tour_demo_alpha=12
: tour_demo_beta=7


* Options and controlled file output
:PROPERTIES:
:CUSTOM_ID: BSH-20-000
:CHAPTER: 20
:END:

** Protect an existing output file
:PROPERTIES:
:CUSTOM_ID: BSH-20-001
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
set -C enables noclobber: > refuses to overwrite an existing regular file. Catch the status explicitly. Error text is suppressed here so the intentional outcome is clear.

#+name: BSH-20-001
#+begin_src bash
printf 'original\n' > report.txt
set -C
if { printf 'replacement\n' > report.txt; } 2>/dev/null; then
  printf 'written\n'
else
  printf 'overwrite refused\n'
fi
cat report.txt
#+end_src

#+RESULTS: BSH-20-001
: overwrite refused
: original


** Override noclobber deliberately
:PROPERTIES:
:CUSTOM_ID: BSH-20-002
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Change: >| permits this overwrite even when noclobber is enabled. It is a deliberate exception for this redirection.

#+name: BSH-20-002
#+begin_src bash
printf 'original\n' > report.txt
set -C
printf 'replacement\n' >| report.txt
cat report.txt
#+end_src

#+RESULTS: BSH-20-002
: replacement


** Scope a Bash option with a subshell
:PROPERTIES:
:CUSTOM_ID: BSH-20-003
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Set nullglob inside (...) to keep the option change local. The parent retains its previous value.

Zsh difference: Zsh uses setopt rather than shopt; its emulate -L zsh idiom localizes options inside a function.

#+name: BSH-20-003
#+begin_src bash
shopt -u nullglob
(
  shopt -s nullglob
  files=(missing*.csv)
  printf 'inside=%s\n' "${#files[@]}"
)
shopt -q nullglob || printf 'parent unchanged\n'
#+end_src

#+RESULTS: BSH-20-003
: inside=0
: parent unchanged


** Match case-insensitively
:PROPERTIES:
:CUSTOM_ID: BSH-20-004
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
nocasematch affects [[...]] and case matching. It is distinct from nocaseglob, which changes filename expansion.

Zsh difference: The equivalent native Zsh option is NO_CASE_MATCH, set with setopt nocasematch.

#+name: BSH-20-004
#+begin_src bash
shopt -s nocasematch
file='SAMPLE.CSV'
if [[ "$file" == *.csv ]]; then printf 'matched\n'; fi
#+end_src

#+RESULTS: BSH-20-004
: matched


** Keep the last pipeline builtin in Bash
:PROPERTIES:
:CUSTOM_ID: BSH-20-005
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
lastpipe lets the last foreground pipeline command run in the current shell when job control is disabled. Requires Bash 4.2+.

Zsh difference: Native Zsh already runs this final builtin in the current shell. It does not require Bash lastpipe.

#+name: BSH-20-005
#+begin_src bash
set +m
shopt -s lastpipe
value=before
printf 'after\n' | read -r value
printf '%s\n' "$value"
#+end_src

#+RESULTS: BSH-20-005
: after


** Disable filename expansion
:PROPERTIES:
:CUSTOM_ID: BSH-20-006
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
set -f disables globbing. The literal asterisk reaches printf even though matching files exist. set +f enables globbing again.

#+name: BSH-20-006
#+begin_src bash
touch a.txt b.txt
set -f
printf '%s\n' *.txt
set +f
printf '%s\n' *.txt
#+end_src

#+RESULTS: BSH-20-006
: *.txt
: a.txt
: b.txt


* Reusable script patterns
:PROPERTIES:
:CUSTOM_ID: BSH-21-000
:CHAPTER: 21
:END:

** Check a dependency before using it
:PROPERTIES:
:CUSTOM_ID: BSH-21-001
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
command -v tests whether a command is available. Redirect both streams when only its status matters.

#+name: BSH-21-001
#+begin_src bash
if command -v awk >/dev/null 2>&1; then
  printf 'awk available\n'
else
  printf 'awk missing\n' >&2
  exit 1
fi
#+end_src

#+RESULTS: BSH-21-001
: awk available


** Validate an argument count
:PROPERTIES:
:CUSTOM_ID: BSH-21-002
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
Use $# before accessing required arguments. A function can return a usage-error status without exiting its caller.

#+name: BSH-21-002
#+begin_src bash
require_one() {
  if (( $# != 1 )); then
    printf 'expected one argument\n' >&2
    return 2
  fi
  printf 'input=%s\n' "$1"
}
require_one 'sample A'
require_one
printf 'validation status=%s\n' "$?"
#+end_src

#+RESULTS: BSH-21-002
: input=sample A
: validation status=2


** Separate data from diagnostic messages
:PROPERTIES:
:CUSTOM_ID: BSH-21-003
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
stdout remains suitable for further processing; diagnostics go to stderr. Capture each stream independently.

#+name: BSH-21-003
#+begin_src bash
produce() {
  printf 'processing sample\n' >&2
  printf '7\n'
}
produce > values.txt 2> progress.log
printf 'DATA: '; cat values.txt
printf 'LOG: '; cat progress.log
#+end_src

#+RESULTS: BSH-21-003
: DATA: 7
: LOG: processing sample


** A dry-run wrapper preserves arguments
:PROPERTIES:
:CUSTOM_ID: BSH-21-004
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
The wrapper shows the argument boundaries using %q, then optionally executes the original array of arguments. It does not reparse the printed representation.

#+name: BSH-21-004
#+begin_src bash
run() {
  if [[ "$dry_run" == yes ]]; then
    printf 'would run:'
    printf ' %q' "$@"
    printf '\n'
  else
    "$@"
  fi
}
dry_run=yes
run printf '%s\n' 'sample A'
#+end_src

#+RESULTS: BSH-21-004
: would run: printf %s\\n sample\ A


** Test a function result explicitly
:PROPERTIES:
:CUSTOM_ID: BSH-21-005
:SHELLS: bash
:EXPECT_EXIT: 0
:END:
A small assertion compares the computed value with an independently stated expected result. On failure the script would exit nonzero.

#+name: BSH-21-005
#+begin_src bash
stem() { printf '%s\n' "${1%.csv}"; }
actual=$(stem sample.csv)
if [[ "$actual" != sample ]]; then
  printf 'FAIL: stem\n' >&2
  exit 1
fi
printf 'PASS: stem\n'
#+end_src

#+RESULTS: BSH-21-005
: PASS: stem


* Sources and scope
The explanations were checked against the official Bash Reference Manual (quoting, expansions, arrays, pipelines), the official Zsh manual (expansion, parameters and options) and the Org Babel shell documentation. Output panels are generated by running the supplied code, not copied from those sources.

- [[https://www.gnu.org/software/bash/manual/bash.html][GNU Bash Reference Manual]]
- [[https://zsh.sourceforge.io/Doc/Release/index.html][Zsh manual]]
- [[https://orgmode.org/worg/org-contrib/babel/languages/ob-doc-shell.html][Org Babel shell documentation]]
- [[https://devhints.io/bash][Devhints Bash scripting cheatsheet]] (additional quick reference)

Do not treat set -e as universal error handling: its behavior depends on command context. Prefer explicit validation and deliberate status handling; pipefail helps expose pipeline failures. Never parse ls output to obtain filenames. Arrays and quoted expansions preserve argument boundaries. This expanded tour covers scripting fundamentals and selected advanced patterns. Interactive job control, completion systems and terminal styling remain outside the executable reference.

* Publishing this tour
:PROPERTIES:
:GUIDE_ROLE: maintainer
:END:
Ordinary rendering reads prepared results without executing examples.
Use =make full= to prepare reviewed examples and render both formats, and
=make check= to validate the outputs. See README.md for the complete workflow.
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    "title": "Show an argument as reusable shell syntax"
  },
  {
    "id": "BSH-17-005",
    "title": "Match an extended regular expression"
  },
  {
    "id": "BSH-17-006",
    "title": "Capture groups from a regex"
  },
  {
    "id": "BSH-17-007",
    "title": "Quote a regex to match it literally"
  },
  {
    "id": "BSH-18-001",
    "title": "Arithmetic commands return a status"
  },
  {
    "id": "BSH-18-002",
    "title": "Postincrement versus preincrement"
  },
  {
    "id": "BSH-18-003",
    "title": "Read a zero-padded decimal integer"
  },
  {
    "id": "BSH-18-004",
    "title": "Use an arithmetic for loop"
  },
  {
    "id": "BSH-18-005",
    "title": "Stop at the first match"
  },
  {
    "id": "BSH-18-006",
    "title": "Compute a decimal result with a utility"
  },
  {
    "id": "BSH-19-001",
    "title": "Array indices need not be contiguous"
  },
  {
    "id": "BSH-19-002",
    "title": "Unset one array element"
  },
  {
    "id": "BSH-19-003",
    "title": "Slice several array elements"
  },
  {
    "id": "BSH-19-004",
    "title": "Look up a variable by name"
  },
  {
    "id": "BSH-19-005",
    "title": "Update through a nameref"
  },
  {
    "id": "BSH-19-006",
    "title": "Return an array through a function argument"
  },
  {
    "id": "BSH-19-007",
    "title": "List variable names by prefix"
  },
  {
    "id": "BSH-19-008",
    "title": "Read values through discovered names"
  },
  {
    "id": "BSH-20-001",
    "title": "Protect an existing output file"
  },
  {
    "id": "BSH-20-002",
    "title": "Override noclobber deliberately"
  },
  {
    "id": "BSH-20-003",
    "title": "Scope a Bash option with a subshell"
  },
  {
    "id": "BSH-20-004",
    "title": "Match case-insensitively"
  },
  {
    "id": "BSH-20-005",
    "title": "Keep the last pipeline builtin in Bash"
  },
  {
    "id": "BSH-20-006",
    "title": "Disable filename expansion"
  },
  {
    "id": "BSH-21-001",
    "title": "Check a dependency before using it"
  },
  {
    "id": "BSH-21-002",
    "title": "Validate an argument count"
  },
  {
    "id": "BSH-21-003",
    "title": "Separate data from diagnostic messages"
  },
  {
    "id": "BSH-21-004",
    "title": "A dry-run wrapper preserves arguments"
  },
  {
    "id": "BSH-21-005",
    "title": "Test a function result explicitly"
  }
]



# Licensing

These terms apply to original material by Lukas C. Bossert in this repository,
including its published HTML/PDF guides and downloadable packages.
The two licenses cover different parts of the project.

## Content — CC0 1.0 Universal

Tutorial prose, documentation text, individual example code, input fixtures,
example results, plots, illustrations and repository artwork are dedicated to
the public domain under [CC0 1.0 Universal](https://creativecommons.org/publicdomain/zero/1.0/).
You may reuse this content without attribution. Full legal text:
[LICENSES/CC0-1.0.txt](LICENSES/CC0-1.0.txt).

## Structure — CC BY 4.0 International

The original, copyrightable selection and arrangement of the tours, page design,
layouts, templates and the publishing/build framework implementation are licensed
under [Creative Commons Attribution 4.0 International](https://creativecommons.org/licenses/by/4.0/).
This includes publisher, rendering, navigation and build code; tutorial example
code remains CC0. Copyright in this structural material: Lukas C. Bossert.
Full legal text: [LICENSES/CC-BY-4.0.txt](LICENSES/CC-BY-4.0.txt).

When sharing this structural material or adaptations, give appropriate credit,
retain supplied notices, link to CC BY 4.0 and the source where reasonably
practicable, and indicate changes. A suitable credit is:

> Tour guides structure and publishing framework by Lukas C. Bossert,
> licensed under CC BY 4.0. Source: https://codeberg.org/lukascbossert/tourguides.
> Changes: describe your changes, if any.

Repository source: https://codeberg.org/lukascbossert/bash-tour

Abstract ideas, methods and facts are not subject to these copyright conditions.
Credit for inspiration from the tour concept is appreciated as a courtesy.
See [Creative Commons' explanation of ideas and database structure](https://creativecommons.org/faq/#what-components-of-a-database-are-protected-by-copyright).

## Third-party material

Existing third-party material, fonts, dependencies, quoted material and their
license/attribution notices retain their respective terms. The terms above apply
only to rights held by Lukas C. Bossert; they do not relicense third-party work.
The supplied font notice is [fonts/LICENSE.txt](fonts/LICENSE.txt); its exact
text accompanies published files and is attached to the PDF.
Both Creative Commons legal tools include their own warranty disclaimers.



Attribution 4.0 International

=======================================================================
Creative Commons Corporation ("Creative Commons") is not a law firm and
does not provide legal services or legal advice. Distribution of
Creative Commons public licenses does not create a lawyer-client or
other relationship. Creative Commons makes its licenses and related
information available on an "as-is" basis. Creative Commons gives no
warranties regarding its licenses, any material licensed under their
terms and conditions, or any related information. Creative Commons
disclaims all liability for damages resulting from their use to the
fullest extent possible.
Using Creative Commons Public Licenses

Creative Commons public licenses provide a standard set of terms and
conditions that creators and other rights holders may use to share
original works of authorship and other material subject to copyright
and certain other rights specified in the public license below. The
following considerations are for informational purposes only, are not
exhaustive, and do not form part of our licenses.
     Considerations for licensors: Our public licenses are
     intended for use by those authorized to give the public
     permission to use material in ways otherwise restricted by
     copyright and certain other rights. Our licenses are
     irrevocable. Licensors should read and understand the terms
     and conditions of the license they choose before applying it.
     Licensors should also secure all rights necessary before
     applying our licenses so that the public can reuse the
     material as expected. Licensors should clearly mark any
     material not subject to the license. This includes other CC-
     licensed material, or material used under an exception or
     limitation to copyright. More considerations for licensors:
    wiki.creativecommons.org/Considerations_for_licensors
     Considerations for the public: By using one of our public
     licenses, a licensor grants the public permission to use the
     licensed material under specified terms and conditions. If
     the licensor's permission is not necessary for any reason--for
     example, because of any applicable exception or limitation to
     copyright--then that use is not regulated by the license. Our
     licenses grant only permissions under copyright and certain
     other rights that a licensor has authority to grant. Use of
     the licensed material may still be restricted for other
     reasons, including because others have copyright or other
     rights in the material. A licensor may make special requests,
     such as asking that all changes be marked or described.
     Although not required by our licenses, you are encouraged to
     respect those requests where reasonable. More considerations
     for the public:
    wiki.creativecommons.org/Considerations_for_licensees
=======================================================================

Creative Commons Attribution 4.0 International Public License
By exercising the Licensed Rights (defined below), You accept and agree
to be bound by the terms and conditions of this Creative Commons
Attribution 4.0 International Public License ("Public License"). To the
extent this Public License may be interpreted as a contract, You are
granted the Licensed Rights in consideration of Your acceptance of
these terms and conditions, and the Licensor grants You such rights in
consideration of benefits the Licensor receives from making the
Licensed Material available under these terms and conditions.

Section 1 -- Definitions.
  a. Adapted Material means material subject to Copyright and Similar
     Rights that is derived from or based upon the Licensed Material
     and in which the Licensed Material is translated, altered,
     arranged, transformed, or otherwise modified in a manner requiring
     permission under the Copyright and Similar Rights held by the
     Licensor. For purposes of this Public License, where the Licensed
     Material is a musical work, performance, or sound recording,
     Adapted Material is always produced where the Licensed Material is
     synched in timed relation with a moving image.
  b. Adapter's License means the license You apply to Your Copyright
     and Similar Rights in Your contributions to Adapted Material in
     accordance with the terms and conditions of this Public License.
  c. Copyright and Similar Rights means copyright and/or similar rights
     closely related to copyright including, without limitation,
     performance, broadcast, sound recording, and Sui Generis Database
     Rights, without regard to how the rights are labeled or
     categorized. For purposes of this Public License, the rights
     specified in Section 2(b)(1)-(2) are not Copyright and Similar
     Rights.
  d. Effective Technological Measures means those measures that, in the
     absence of proper authority, may not be circumvented under laws
     fulfilling obligations under Article 11 of the WIPO Copyright
     Treaty adopted on December 20, 1996, and/or similar international
     agreements.

  e. Exceptions and Limitations means fair use, fair dealing, and/or
     any other exception or limitation to Copyright and Similar Rights
     that applies to Your use of the Licensed Material.
  f. Licensed Material means the artistic or literary work, database,
     or other material to which the Licensor applied this Public
     License.

  g. Licensed Rights means the rights granted to You subject to the
     terms and conditions of this Public License, which are limited to
     all Copyright and Similar Rights that apply to Your use of the
     Licensed Material and that the Licensor has authority to license.
  h. Licensor means the individual(s) or entity(ies) granting rights
     under this Public License.
  i. Share means to provide material to the public by any means or
     process that requires permission under the Licensed Rights, such
     as reproduction, public display, public performance, distribution,
     dissemination, communication, or importation, and to make material
     available to the public including in ways that members of the
     public may access the material from a place and at a time
     individually chosen by them.
  j. Sui Generis Database Rights means rights other than copyright
     resulting from Directive 96/9/EC of the European Parliament and of
     the Council of 11 March 1996 on the legal protection of databases,
     as amended and/or succeeded, as well as other essentially
     equivalent rights anywhere in the world.

  k. You means the individual or entity exercising the Licensed Rights
     under this Public License. Your has a corresponding meaning.


Section 2 -- Scope.

  a. License grant.
       1. Subject to the terms and conditions of this Public License,
          the Licensor hereby grants You a worldwide, royalty-free,
          non-sublicensable, non-exclusive, irrevocable license to
          exercise the Licensed Rights in the Licensed Material to:

            a. reproduce and Share the Licensed Material, in whole or
               in part; and

            b. produce, reproduce, and Share Adapted Material.
       2. Exceptions and Limitations. For the avoidance of doubt, where
          Exceptions and Limitations apply to Your use, this Public
          License does not apply, and You do not need to comply with
          its terms and conditions.

       3. Term. The term of this Public License is specified in Section
          6(a).
       4. Media and formats; technical modifications allowed. The
          Licensor authorizes You to exercise the Licensed Rights in
          all media and formats whether now known or hereafter created,
          and to make technical modifications necessary to do so. The
          Licensor waives and/or agrees not to assert any right or
          authority to forbid You from making technical modifications
          necessary to exercise the Licensed Rights, including
          technical modifications necessary to circumvent Effective
          Technological Measures. For purposes of this Public License,
          simply making modifications authorized by this Section 2(a)
          (4) never produces Adapted Material.
       5. Downstream recipients.

            a. Offer from the Licensor -- Licensed Material. Every
               recipient of the Licensed Material automatically
               receives an offer from the Licensor to exercise the
               Licensed Rights under the terms and conditions of this
               Public License.
            b. No downstream restrictions. You may not offer or impose
               any additional or different terms or conditions on, or
               apply any Effective Technological Measures to, the
               Licensed Material if doing so restricts exercise of the
               Licensed Rights by any recipient of the Licensed
               Material.
       6. No endorsement. Nothing in this Public License constitutes or
          may be construed as permission to assert or imply that You
          are, or that Your use of the Licensed Material is, connected
          with, or sponsored, endorsed, or granted official status by,
          the Licensor or others designated to receive attribution as
          provided in Section 3(a)(1)(A)(i).

  b. Other rights.
       1. Moral rights, such as the right of integrity, are not
          licensed under this Public License, nor are publicity,
          privacy, and/or other similar personality rights; however, to
          the extent possible, the Licensor waives and/or agrees not to
          assert any such rights held by the Licensor to the limited
          extent necessary to allow You to exercise the Licensed
          Rights, but not otherwise.
       2. Patent and trademark rights are not licensed under this
          Public License.

       3. To the extent possible, the Licensor waives any right to
          collect royalties from You for the exercise of the Licensed
          Rights, whether directly or through a collecting society
          under any voluntary or waivable statutory or compulsory
          licensing scheme. In all other cases the Licensor expressly
          reserves any right to collect such royalties.

Section 3 -- License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the
following conditions.

  a. Attribution.

       1. If You Share the Licensed Material (including in modified
          form), You must:

            a. retain the following if it is supplied by the Licensor
               with the Licensed Material:
                 i. identification of the creator(s) of the Licensed
                    Material and any others designated to receive
                    attribution, in any reasonable manner requested by
                    the Licensor (including by pseudonym if
                    designated);

                ii. a copyright notice;

               iii. a notice that refers to this Public License;

                iv. a notice that refers to the disclaimer of
                    warranties;
                 v. a URI or hyperlink to the Licensed Material to the
                    extent reasonably practicable;

            b. indicate if You modified the Licensed Material and
               retain an indication of any previous modifications; and

            c. indicate the Licensed Material is licensed under this
               Public License, and include the text of, or the URI or
               hyperlink to, this Public License.
       2. You may satisfy the conditions in Section 3(a)(1) in any
          reasonable manner based on the medium, means, and context in
          which You Share the Licensed Material. For example, it may be
          reasonable to satisfy the conditions by providing a URI or
          hyperlink to a resource that includes the required
          information.
       3. If requested by the Licensor, You must remove any of the
          information required by Section 3(a)(1)(A) to the extent
          reasonably practicable.

       4. If You Share Adapted Material You produce, the Adapter's
          License You apply must not prevent recipients of the Adapted
          Material from complying with this Public License.


Section 4 -- Sui Generis Database Rights.
Where the Licensed Rights include Sui Generis Database Rights that
apply to Your use of the Licensed Material:

  a. for the avoidance of doubt, Section 2(a)(1) grants You the right
     to extract, reuse, reproduce, and Share all or a substantial
     portion of the contents of the database;
  b. if You include all or a substantial portion of the database
     contents in a database in which You have Sui Generis Database
     Rights, then the database in which You have Sui Generis Database
     Rights (but not its individual contents) is Adapted Material; and

  c. You must comply with the conditions in Section 3(a) if You Share
     all or a substantial portion of the contents of the database.
For the avoidance of doubt, this Section 4 supplements and does not
replace Your obligations under this Public License where the Licensed
Rights include other Copyright and Similar Rights.


Section 5 -- Disclaimer of Warranties and Limitation of Liability.
  a. UNLESS OTHERWISE SEPARATELY UNDERTAKEN BY THE LICENSOR, TO THE
     EXTENT POSSIBLE, THE LICENSOR OFFERS THE LICENSED MATERIAL AS-IS
     AND AS-AVAILABLE, AND MAKES NO REPRESENTATIONS OR WARRANTIES OF
     ANY KIND CONCERNING THE LICENSED MATERIAL, WHETHER EXPRESS,
     IMPLIED, STATUTORY, OR OTHER. THIS INCLUDES, WITHOUT LIMITATION,
     WARRANTIES OF TITLE, MERCHANTABILITY, FITNESS FOR A PARTICULAR
     PURPOSE, NON-INFRINGEMENT, ABSENCE OF LATENT OR OTHER DEFECTS,
     ACCURACY, OR THE PRESENCE OR ABSENCE OF ERRORS, WHETHER OR NOT
     KNOWN OR DISCOVERABLE. WHERE DISCLAIMERS OF WARRANTIES ARE NOT
     ALLOWED IN FULL OR IN PART, THIS DISCLAIMER MAY NOT APPLY TO YOU.
  b. TO THE EXTENT POSSIBLE, IN NO EVENT WILL THE LICENSOR BE LIABLE
     TO YOU ON ANY LEGAL THEORY (INCLUDING, WITHOUT LIMITATION,
     NEGLIGENCE) OR OTHERWISE FOR ANY DIRECT, SPECIAL, INDIRECT,
     INCIDENTAL, CONSEQUENTIAL, PUNITIVE, EXEMPLARY, OR OTHER LOSSES,
     COSTS, EXPENSES, OR DAMAGES ARISING OUT OF THIS PUBLIC LICENSE OR
     USE OF THE LICENSED MATERIAL, EVEN IF THE LICENSOR HAS BEEN
     ADVISED OF THE POSSIBILITY OF SUCH LOSSES, COSTS, EXPENSES, OR
     DAMAGES. WHERE A LIMITATION OF LIABILITY IS NOT ALLOWED IN FULL OR
     IN PART, THIS LIMITATION MAY NOT APPLY TO YOU.
  c. The disclaimer of warranties and limitation of liability provided
     above shall be interpreted in a manner that, to the extent
     possible, most closely approximates an absolute disclaimer and
     waiver of all liability.


Section 6 -- Term and Termination.

  a. This Public License applies for the term of the Copyright and
     Similar Rights licensed here. However, if You fail to comply with
     this Public License, then Your rights under this Public License
     terminate automatically.
  b. Where Your right to use the Licensed Material has terminated under
     Section 6(a), it reinstates:

       1. automatically as of the date the violation is cured, provided
          it is cured within 30 days of Your discovery of the
          violation; or

       2. upon express reinstatement by the Licensor.

     For the avoidance of doubt, this Section 6(b) does not affect any
     right the Licensor may have to seek remedies for Your violations
     of this Public License.
  c. For the avoidance of doubt, the Licensor may also offer the
     Licensed Material under separate terms or conditions or stop
     distributing the Licensed Material at any time; however, doing so
     will not terminate this Public License.

  d. Sections 1, 5, 6, 7, and 8 survive termination of this Public
     License.


Section 7 -- Other Terms and Conditions.

  a. The Licensor shall not be bound by any additional or different
     terms or conditions communicated by You unless expressly agreed.
  b. Any arrangements, understandings, or agreements regarding the
     Licensed Material not stated herein are separate from and
     independent of the terms and conditions of this Public License.


Section 8 -- Interpretation.

  a. For the avoidance of doubt, this Public License does not, and
     shall not be interpreted to, reduce, limit, restrict, or impose
     conditions on any use of the Licensed Material that could lawfully
     be made without permission under this Public License.
  b. To the extent possible, if any provision of this Public License is
     deemed unenforceable, it shall be automatically reformed to the
     minimum extent necessary to make it enforceable. If the provision
     cannot be reformed, it shall be severed from this Public License
     without affecting the enforceability of the remaining terms and
     conditions.
  c. No term or condition of this Public License will be waived and no
     failure to comply consented to unless expressly agreed to by the
     Licensor.

  d. Nothing in this Public License constitutes or may be interpreted
     as a limitation upon, or waiver of, any privileges and immunities
     that apply to the Licensor or You, including from the legal
     processes of any jurisdiction or authority.


=======================================================================
Creative Commons is not a party to its public
licenses. Notwithstanding, Creative Commons may elect to apply one of
its public licenses to material it publishes and in those instances
will be considered the â��Licensor.â�� The text of the Creative Commons
public licenses is dedicated to the public domain under the CC0 Public
Domain Dedication. Except for the limited purpose of indicating that
material is shared under a Creative Commons public license or as
otherwise permitted by the Creative Commons policies published at
creativecommons.org/policies, Creative Commons does not authorize the
use of the trademark "Creative Commons" or any other trademark or logo
of Creative Commons without its prior written consent including,
without limitation, in connection with any unauthorized modifications
to any of its public licenses or any other arrangements,
understandings, or agreements concerning use of licensed material. For
the avoidance of doubt, this paragraph does not form part of the
public licenses.
Creative Commons may be contacted at creativecommons.org.



Creative Commons Legal Code

CC0 1.0 Universal
    CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM AND DOES NOT PROVIDE
    LEGAL SERVICES. DISTRIBUTION OF THIS DOCUMENT DOES NOT CREATE AN
    ATTORNEY-CLIENT RELATIONSHIP. CREATIVE COMMONS PROVIDES THIS
    INFORMATION ON AN "AS-IS" BASIS. CREATIVE COMMONS MAKES NO WARRANTIES
    REGARDING THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS
    PROVIDED HEREUNDER, AND DISCLAIMS LIABILITY FOR DAMAGES RESULTING FROM
    THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS PROVIDED
    HEREUNDER.
Statement of Purpose

The laws of most jurisdictions throughout the world automatically confer
exclusive Copyright and Related Rights (defined below) upon the creator
and subsequent owner(s) (each and all, an "owner") of an original work of
authorship and/or a database (each, a "Work").
Certain owners wish to permanently relinquish those rights to a Work for
the purpose of contributing to a commons of creative, cultural and
scientific works ("Commons") that the public can reliably and without fear
of later claims of infringement build upon, modify, incorporate in other
works, reuse and redistribute as freely as possible in any form whatsoever
and for any purposes, including without limitation commercial purposes.
These owners may contribute to the Commons to promote the ideal of a free
culture and the further production of creative, cultural and scientific
works, or to gain reputation or greater distribution for their Work in
part through the use and efforts of others.
For these and/or other purposes and motivations, and without any
expectation of additional consideration or compensation, the person
associating CC0 with a Work (the "Affirmer"), to the extent that he or she
is an owner of Copyright and Related Rights in the Work, voluntarily
elects to apply CC0 to the Work and publicly distribute the Work under its
terms, with knowledge of his or her Copyright and Related Rights in the
Work and the meaning and intended legal effect of CC0 on those rights.
1. Copyright and Related Rights. A Work made available under CC0 may be
protected by copyright and related or neighboring rights ("Copyright and
Related Rights"). Copyright and Related Rights include, but are not
limited to, the following:
  i. the right to reproduce, adapt, distribute, perform, display,
     communicate, and translate a Work;
 ii. moral rights retained by the original author(s) and/or performer(s);
iii. publicity and privacy rights pertaining to a person's image or
     likeness depicted in a Work;
 iv. rights protecting against unfair competition in regards to a Work,
     subject to the limitations in paragraph 4(a), below;
  v. rights protecting the extraction, dissemination, use and reuse of data
     in a Work;
 vi. database rights (such as those arising under Directive 96/9/EC of the
     European Parliament and of the Council of 11 March 1996 on the legal
     protection of databases, and under any national implementation
     thereof, including any amended or successor version of such
     directive); and
vii. other similar, equivalent or corresponding rights throughout the
     world based on applicable law or treaty, and any national
     implementations thereof.
2. Waiver. To the greatest extent permitted by, but not in contravention
of, applicable law, Affirmer hereby overtly, fully, permanently,
irrevocably and unconditionally waives, abandons, and surrenders all of
Affirmer's Copyright and Related Rights and associated claims and causes
of action, whether now known or unknown (including existing as well as
future claims and causes of action), in the Work (i) in all territories
worldwide, (ii) for the maximum duration provided by applicable law or
treaty (including future time extensions), (iii) in any current or future
medium and for any number of copies, and (iv) for any purpose whatsoever,
including without limitation commercial, advertising or promotional
purposes (the "Waiver"). Affirmer makes the Waiver for the benefit of each
member of the public at large and to the detriment of Affirmer's heirs and
successors, fully intending that such Waiver shall not be subject to
revocation, rescission, cancellation, termination, or any other legal or
equitable action to disrupt the quiet enjoyment of the Work by the public
as contemplated by Affirmer's express Statement of Purpose.
3. Public License Fallback. Should any part of the Waiver for any reason
be judged legally invalid or ineffective under applicable law, then the
Waiver shall be preserved to the maximum extent permitted taking into
account Affirmer's express Statement of Purpose. In addition, to the
extent the Waiver is so judged Affirmer hereby grants to each affected
person a royalty-free, non transferable, non sublicensable, non exclusive,
irrevocable and unconditional license to exercise Affirmer's Copyright and
Related Rights in the Work (i) in all territories worldwide, (ii) for the
maximum duration provided by applicable law or treaty (including future
time extensions), (iii) in any current or future medium and for any number
of copies, and (iv) for any purpose whatsoever, including without
limitation commercial, advertising or promotional purposes (the
"License"). The License shall be deemed effective as of the date CC0 was
applied by Affirmer to the Work. Should any part of the License for any
reason be judged legally invalid or ineffective under applicable law, such
partial invalidity or ineffectiveness shall not invalidate the remainder
of the License, and in such case Affirmer hereby affirms that he or she
will not (i) exercise any of his or her remaining Copyright and Related
Rights in the Work or (ii) assert any associated claims and causes of
action with respect to the Work, in either case contrary to Affirmer's
express Statement of Purpose.
4. Limitations and Disclaimers.
 a. No trademark or patent rights held by Affirmer are waived, abandoned,
    surrendered, licensed or otherwise affected by this document.
 b. Affirmer offers the Work as-is and makes no representations or
    warranties of any kind concerning the Work, express, implied,
    statutory or otherwise, including without limitation warranties of
    title, merchantability, fitness for a particular purpose, non
    infringement, or the absence of latent or other defects, accuracy, or
    the present or absence of errors, whether or not discoverable, all to
    the greatest extent permissible under applicable law.
 c. Affirmer disclaims responsibility for clearing rights of other persons
    that may apply to the Work or any use thereof, including without
    limitation any person's Copyright and Related Rights in the Work.
    Further, Affirmer disclaims responsibility for obtaining any necessary
    consents, permissions or other rights required for any use of the
    Work.
 d. Affirmer understands and acknowledges that Creative Commons is not a
    party to this document and has no duty or obligation with respect to
    this CC0 or use of the Work.



Format: https://www.debian.org/doc/packaging-manuals/copyright-format/1.0/
Upstream-Name: DejaVu fonts
Upstream-Author: Stepan Roh <src@users.sourceforge.net> (original author),
                  see /usr/share/doc/fonts-dejavu-core/AUTHORS for full list
Source: https://dejavu-fonts.github.io/

Files: *
Copyright: Copyright (c) 2003 by Bitstream, Inc. All Rights Reserved. 
 Bitstream Vera is a trademark of Bitstream, Inc.
 DejaVu changes are in public domain.
License: bitstream-vera
 Permission is hereby granted, free of charge, to any person obtaining a copy
 of the fonts accompanying this license ("Fonts") and associated
 documentation files (the "Font Software"), to reproduce and distribute the
 Font Software, including without limitation the rights to use, copy, merge,
 publish, distribute, and/or sell copies of the Font Software, and to permit
 persons to whom the Font Software is furnished to do so, subject to the
 following conditions:
 .
 The above copyright and trademark notices and this permission notice shall
 be included in all copies of one or more of the Font Software typefaces.
 .
 The Font Software may be modified, altered, or added to, and in particular
 the designs of glyphs or characters in the Fonts may be modified and
 additional glyphs or characters may be added to the Fonts, only if the fonts
 are renamed to names not containing either the words "Bitstream" or the word
 "Vera".
 .
 This License becomes null and void to the extent applicable to Fonts or Font
 Software that has been modified and is distributed under the "Bitstream
 Vera" names.
 .
 The Font Software may be sold as part of a larger software package but no
 copy of one or more of the Font Software typefaces may be sold by itself.
 .
 THE FONT SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS
 OR IMPLIED, INCLUDING BUT NOT LIMITED TO ANY WARRANTIES OF MERCHANTABILITY,
 FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT OF COPYRIGHT, PATENT,
 TRADEMARK, OR OTHER RIGHT. IN NO EVENT SHALL BITSTREAM OR THE GNOME
 FOUNDATION BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, INCLUDING
 ANY GENERAL, SPECIAL, INDIRECT, INCIDENTAL, OR CONSEQUENTIAL DAMAGES,
 WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF
 THE USE OR INABILITY TO USE THE FONT SOFTWARE OR FROM OTHER DEALINGS IN THE
 FONT SOFTWARE.
 .
 Except as contained in this notice, the names of Gnome, the Gnome
 Foundation, and Bitstream Inc., shall not be used in advertising or
 otherwise to promote the sale, use or other dealings in this Font Software
 without prior written authorization from the Gnome Foundation or Bitstream
 Inc., respectively. For further information, contact: fonts at gnome dot
 org.
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License: GPL-2+
 This program is free software; you can redistribute it
 and/or modify it under the terms of the GNU General Public
 License as published by the Free Software Foundation; either
 version 2 of the License, or (at your option) any later
 version.
 .
 This program is distributed in the hope that it will be
 useful, but WITHOUT ANY WARRANTY; without even the implied
 warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR
 PURPOSE.  See the GNU General Public License for more
 details.
 .
 You should have received a copy of the GNU General Public
 License along with this package; if not, write to the Free
 Software Foundation, Inc., 51 Franklin St, Fifth Floor,
 Boston, MA  02110-1301 USA
 .
 On Debian systems, the full text of the GNU General Public
 License version 2 can be found in the file
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