Net wor k Wor ki ng G oup A. Costello
Request for Comments: 3492 Univ. of California, Berkeley
Cat egory: Standards Track March 2003

Punycode: A Bootstring encodi ng of Uni code
for Internationalized Domain Names in Applications (IDNA)

Status of this Meno

Thi s document specifies an Internet standards track protocol for the
Internet community, and requests discussion and suggestions for

i mprovenents. Please refer to the current edition of the "Internet
Oficial Protocol Standards" (STD 1) for the standardi zation state
and status of this protocol. Distribution of this neno is unlimted.

Copyri ght Notice
Copyright (C) The Internet Society (2003). All R ghts Reserved.
Abst r act

Punycode is a sinple and efficient transfer encodi ng syntax designed
for use with Internationalized Domain Nanes in Applications (1DNA)

It uniquely and reversibly transfornms a Unicode string into an ASCl |
string. ASCI| characters in the Unicode string are represented
literally, and non-ASCI| characters are represented by ASClI
characters that are allowed in host nane |abels (letters, digits, and
hyphens). This docunent defines a general algorithmcalled
Bootstring that allows a string of basic code points to uniquely
represent any string of code points drawn froma |arger set.
Punycode is an instance of Bootstring that uses particul ar paraneter
val ues specified by this docunent, appropriate for |DNA
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1. Introduction

[1 DNA] describes an architecture for supporting internationalized
domai n nanes. Labels containing non-ASCI| characters can be
represented by ACE | abels, which begin with a special ACE prefix and
contain only ASCI|I characters. The renmainder of the |abel after the
prefix is a Punycode encoding of a Unicode string satisfying certain
constraints. For the details of the prefix and constraints, see

[ 1 DNA] and [ NAMEPREP] .

Punycode is an instance of a nore general algorithmcalled
Bootstring, which allows strings conposed froma small set of "basic"
code points to uniquely represent any string of code points drawn
froma larger set. Punycode is Bootstring with particul ar paraneter
val ues appropriate for |DNA

1.1 Features

Boot string has been designed to have the foll ow ng features:

* Conpl eteness: Every extended string (sequence of arbitrary code
poi nts) can be represented by a basic string (sequence of basic
code points). Restrictions on what strings are allowed, and on
| ength, can be inposed by higher |ayers.

i gueness: ere is at nbst one basic strin at represents a
* Uniq Th t t b t g that p t
gi ven extended string.

* Reversibility: Any extended string mapped to a basic string can
be recovered fromthat basic string.
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* FEfficient encoding: The ratio of basic string length to extended
string length is small. This is inmportant in the context of
domai n nanes because RFC 1034 [RFC1034] restricts the length of a
domain | abel to 63 characters.

* Sinplicity: The encoding and decoding algorithns are reasonably
sinmple to inplement. The goals of efficiency and sinplicity are
at odds; Bootstring ains at a good bal ance between them

* Readability: Basic code points appearing in the extended string
are represented as thenselves in the basic string (although the
mai n purpose is to inprove efficiency, not readability).

Punycode can al so support an additional feature that is not used by
the ToASCI|I and ToUni code operations of [IDNA]. When extended
strings are case-folded prior to encoding, the basic string can use
m xed case to tell how to convert the folded string into a m xed-case
string. See appendix A "M xed-case annotation"

1.2 Interaction of protocol parts

Punycode is used by the IDNA protocol [IDNA] for converting domain
| abels into ASCIl; it is not designed for any other purpose. It is
explicitly not designed for processing arbitrary free text.

2. Term nol ogy

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119

[ RFC2119] .

A code point is an integral value associated with a character in a
coded character set.

As in the Unicode Standard [ UNI CODE], Unicode code points are denoted
by "W" followed by four to six hexadecimal digits, while a range of

code points is denoted by two hexadeci mal numbers separated by "..",
with no prefixes.

The operators div and nod performinteger division; (x div y) is the
quotient of x divided by y, discarding the renmainder, and (x nod y)
is the remainder, so (x divy) *y + (x nod y) == x. Bootstring uses
these operators only with nonnegative operands, so the quotient and
remai nder are al ways nonnegati ve.

The break statenment junps out of the innernost loop (as in Q).
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An overflow is an attenpt to conpute a value that exceeds the maxi mum
val ue of an integer variable.

3. Bootstring description

Bootstring represents an arbitrary sequence of code points (the
"extended string") as a sequence of basic code points (the "basic
string"). This section describes the representation. Section 6
"Bootstring algorithnms" presents the algorithns as pseudocode.
Sections 7.1 "Decoding traces" and 7.2 "Encoding traces" trace the
al gorithms for sanple inputs.

The foll owi ng sections describe the four techniques used in

Bootstring. "Basic code point segregation" is a very sinmple and
efficient encoding for basic code points occurring in the extended
string: they are sinply copied all at once. "lnsertion unsort

codi ng" encodes the non-basic code points as deltas, and processes
the code points in nunerical order rather than in order of
appearance, which typically results in snaller deltas. The deltas
are represented as "generalized variable-length integers", which use
basi c code points to represent nonnegative integers. The paraneters
of this integer representation are dynam cally adjusted using "bias
adaptation", to inprove efficiency when consecutive deltas have
sim | ar magnitudes.

3.1 Basic code point segregation

Al'l basic code points appearing in the extended string are
represented literally at the beginning of the basic string, in their
original order, followed by a delimter if (and only if) the nunber
of basic code points is nonzero. The delinmter is a particular basic
code point, which never appears in the remainder of the basic string.
The decoder can therefore find the end of the literal portion (if
there is one) by scanning for the last delimter

3.2 Insertion unsort coding

The remai nder of the basic string (after the last delinmter if there
is one) represents a sequence of nonnegative integral deltas as
generalized variable-length integers, described in section 3.3. The
meani ng of the deltas is best understood in terns of the decoder

The decoder builds the extended string increnmentally. Initially, the
extended string is a copy of the literal portion of the basic string
(excluding the last delimter). The decoder inserts non-basic code
poi nts, one for each delta, into the extended string, ultimately
arriving at the final decoded string.
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At the heart of this process is a state nachine with two state
variables: an index i and a counter n. The index i refers to a
position in the extended string; it ranges fromO (the first
position) to the current length of the extended string (which refers
to a potential position beyond the current end). |If the current
state is <n,i>, the next state is <n,i+1> if i is less than the
length of the extended string, or <n+1,0> if i equals the length of
the extended string. |In other words, each state change causes i to
increment, wapping around to zero if necessary, and n counts the
nunber of wrap-arounds.

Notice that the state al ways advances nonotonically (there is no way
for the decoder to return to an earlier state). At each state, an
insertion is either performed or not performed. At nobst one
insertion is performed in a given state. An insertion inserts the
value of n at position i in the extended string. The deltas are a
run-1length encodi ng of this sequence of events: they are the |engths
of the runs of non-insertion states preceeding the insertion states.
Hence, for each delta, the decoder performs delta state changes, then
an insertion, and then one nore state change. (An inplenentation
need not perform each state change individually, but can instead use
di vision and remai nder calculations to conpute the next insertion
state directly.) It is an error if the inserted code point is a
basi ¢ code point (because basic code points were supposed to be
segregated as described in section 3.1).

The encoder’s main task is to derive the sequence of deltas that wll
cause the decoder to construct the desired string. It can do this by
repeatedly scanning the extended string for the next code point that
the decoder would need to insert, and counting the nunber of state
changes the decoder would need to perform mindful of the fact that
the decoder’s extended string will include only those code points
that have al ready been inserted. Section 6.3 "Encoding procedure”
gives a precise algorithm

3.3 Generalized variable-length integers

In a conventional integer representation the base is the number of
distinct synbols for digits, whose values are O through base-1. Let
digit O denote the least significant digit, digit_1 the next |east
significant, and so on. The value represented is the sumover j of
digit_j * w(j), where w(j) = base?j is the weight (scale factor) for
position j. For exanple, in the base 8 integer 437, the digits are
7, 3, and 4, and the weights are 1, 8, and 64, so the value is 7 +
3*8 + 4*64 = 287. This representation has two di sadvantages: First,
there are multiple encodings of each val ue (because there can be
extra zeros in the nost significant positions), which is inconvenient
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when uni que encodi ngs are needed. Second, the integer is not self-
delimting, so if multiple integers are concatenated the boundaries
bet ween them are | ost.

The generalized variabl e-1ength representation solves these two
problenms. The digit values are still O through base-1, but now the
integer is self-delimting by neans of thresholds t(j), each of which
is in the range 0 through base-1. Exactly one digit, the nost
significant, satisfies digit_j < t(j). Therefore, if severa

integers are concatenated, it is easy to separate them starting with
the first if they are little-endian (least significant digit first),
or starting with the last if they are big-endian (nost significant
digit first). As before, the value is the sumover j of digit_j *
wW(j), but the weights are different:

wo) =1

Wj) =wj-1) * (base - t(j-1)) for j >0
For exanple, consider the little-endian sequence of base 8 digits
734251... Suppose the thresholds are 2, 3, 5, 5, 5, 5... This

inplies that the weights are 1, 1*(8-2) = 6, 6*(8-3) = 30, 30*(8-5) =
90, 90*(8-5) = 270, and so on. 7 is not less than 2, and 3 is not
less than 3, but 4 is less than 5, so 4 is the last digit. The val ue
of 734 is 7*1 + 3*6 + 4*30 = 145. The next integer is 251, with
value 2*1 + 5*6 + 1*30 = 62. Decoding this representation is very
simlar to decoding a conventional integer: Start with a current
value of N =0 and a weight w= 1. Fetch the next digit d and
increase Nby d * w |If dis less than the current threshold (t)
then stop, otherw se increase w by a factor of (base - t), update t
for the next position, and repeat.

Encoding this representation is sinmlar to encoding a conventiona
integer: If N <t then output one digit for N and stop, otherw se
output the digit for t + ((N- t) nod (base - t)), then replace N
with (N- t) div (base - t), update t for the next position, and
repeat.

For any particular set of values of t(j), there is exactly one
general i zed vari abl e-length representati on of each nonnegative
i ntegral val ue.

Bootstring uses little-endian ordering so that the deltas can be
separated starting with the first. The t(j) values are defined in
terns of the constants base, tmn, and tmax, and a state variable
call ed bi as:

t(j) = base * (j + 1) - bias,
clanped to the range tmn through tnmax
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The clanmping nmeans that if the formula yields a value less than tmin
or greater than tmax, then t(j) = tmn or tmax, respectively. (In
the pseudocode in section 6 "Bootstring algorithns”, the expression
base * (j + 1) is denoted by k for perfornmance reasons.) These t(j)
val ues cause the representation to favor integers within a particul ar
range determined by the bias.

3.4 Bias adaptation

After each delta is encoded or decoded, bias is set for the next
delta as foll ows:

1. Delta is scaled in order to avoid overflow in the next step
let delta = delta div 2
But when this is the very first delta, the divisor is not 2, but
instead a constant called danp. This conpensates for the fact

that the second delta is usually much smaller than the first.

2. Delta is increased to conpensate for the fact that the next delta
will be inserting into a | onger string:

let delta = delta + (delta div nunpoints)
nunpoints is the total nunber of code points encoded/ decoded so

far (including the one corresponding to this delta itself, and
i ncluding the basic code points).

3. Delta is repeatedly divided until it falls within a threshold, to
predi ct the m ni mum nunber of digits needed to represent the next
del ta:

while delta > ((base - tmn) * tnax) div 2
do let delta = delta div (base - tnin)

4. The bias is set:

|l et bias =
(base * the nunmber of divisions perforned in step 3) +
(((base - tmin + 1) * delta) div (delta + skew))

The notivation for this procedure is that the current delta
provides a hint about the likely size of the next delta, and so
t(j) is set to tmax for the nore significant digits starting with
the one expected to be last, tmn for the less significant digits
up through the one expected to be third-last, and sonewhere
between tmin and tnmax for the digit expected to be second-| ast
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(bal anci ng the hope of the expected-last digit being unnecessary
agai nst the danger of it being insufficient).

4. Bootstring paraneters

G ven a set of basic code points, one needs to be designated as the
delinmter. The base cannot be greater than the number of

di stingui shabl e basic code points remaining. The digit-values in the
range 0 through base-1 need to be associated with distinct non-
delimter basic code points. 1In sone cases nmultiple code points need
to have the same digit-value; for exanple, uppercase and | owercase
versions of the sanme letter need to be equivalent if basic strings
are case-insensitive.

The initial value of n cannot be greater than the m ni mum non-basic
code point that could appear in extended strings.

The remaining five paraneters (tmn, tmax, skew, danp, and the
initial value of bias) need to satisfy the follow ng constraints:

0 <= tmn <= tmax <= base-1

skew >= 1

damp >= 2

initial_bias nod base <= base - tnin

Provided the constraints are satisfied, these five paraneters affect
efficiency but not correctness. They are best chosen enpirically.

I f support for m xed-case annotation is desired (see appendi x A),
make sure that the code points corresponding to O through tnmax-1 al
have bot h uppercase and | owercase forns.

5. Paraneter values for Punycode

Punycode uses the followi ng Bootstring paraneter val ues:

base = 36

tmn =1

t max = 26

skew = 38

danp = 700
initial _bias = 72

initial _n = 128 = 0x80

Al though the only restriction Punycode inposes on the input integers
is that they be nonnegative, these paranmeters are especially designed
to work well with Unicode [ UNI CODE] code points, which are integers
in the range 0..10FFFF (but not D800..DFFF, which are reserved for
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use by the UTF-16 encodi ng of Unicode). The basic code points are
the ASCII [ASCII] code points (0..7F), of which U+002D (-) is the
delimter, and sone of the others have digit-values as foll ows:

code points di gi t-val ues

41. .5A (A-2) 0 to 25, respectively
61..7A (a-2) 0 to 25, respectively
30..39 (0-9) 26 to 35, respectively

Usi ng hyphen-nminus as the delimter inplies that the encoded string
can end with a hyphen-mnus only if the Unicode string consists
entirely of basic code points, but IDNA forbids such strings from
bei ng encoded. The encoded string can begin with a hyphen-m nus, but
| DNA prepends a prefix. Therefore |IDNA using Punycode conforms to
the RFC 952 rule that host nane | abels neither begin nor end with a
hyphen- m nus [ RFC952] .

A decoder MJST recognize the letters in both uppercase and | owercase
forns (including mxtures of both forns). An encoder SHOULD out put
only uppercase forms or only | owercase forms, unless it uses m xed-
case annotation (see appendi x A).

Presumably nost users will not manually wite or type encoded strings
(as opposed to cutting and pasting then), but those who do will need
to be alert to the potential visual anbiguity between the foll ow ng
sets of characters:

NCnLO—o®
N<SUITO— o

Such anbiguities are usually resolved by context, but in a Punycode
encoded string there is no context apparent to humans.

6. Bootstring algorithns
Sone parts of the pseudocode can be onmitted if the paraneters satisfy
certain conditions (for which Punycode qualifies). These parts are

encl osed in {braces}, and notes inmediately follow ng the pseudocode
expl ain the conditions under which they can be onitted.
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Formal |y, code points are integers, and hence the pseudocode assunes
that arithmetic operations can be perforned directly on code points.
I n sone programm ng | anguages, explicit conversion between code

poi nts and integers nmight be necessary.

6.1 Bias adaptation function

function adapt(delta, nunpoints,firsttine):
if firsttime then let delta = delta div damp
else let delta = delta div 2
let delta = delta + (delta div nunpoints)
let k =0
while delta > ((base - tnmin) * tmax) div 2 do begin
let delta = delta div (base - tnin)
let k = k + base
end
return k + (((base - tmn + 1) * delta) div (delta + skew))

It does not matter whether the nodifications to delta and k inside
adapt () affect variables of the same nane inside the
encodi ng/ decodi ng procedures, because after calling adapt() the
call er does not read those variables before overwiting them
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6. 2 Decodi ng procedure

let n =initial_n
let i =0
let bias = initial_bias

|l et output = an enpty string i ndexed fromO

consunme all code points before the last delinmiter (if there is one)
and copy themto output, fail on any non-basic code point

if nmore than zero code points were consunmed then consune one nore
(which will be the last deliniter)

while the input is not exhausted do begin

let oldi =i

let w=1

for k = base to infinity in steps of base do begin
consunme a code point, or fail if there was none to consune
let digit = the code point’s digit-value, fail if it has none
let i =i + digit * w, fail on overflow
let t =tnminif k <= bias {+ tmin}, or

tmax if k >= bias + tmax, or k - bias otherw se
if digit <t then break
let w=w* (base - t), fail on overflow

end

|l et bias = adapt(i - oldi, length(output) + 1, test oldi is 07?)
let n =n + i div (length(output) + 1), fail on overflow

let i =i nmod (length(output) + 1)

{if nis a basic code point then fail}
insert ninto output at position
i ncrement i

end

The full statenent enclosed in braces (checking whether nis a basic
code point) can be omtted if initial_n exceeds all basic code points
(which is true for Punycode), because n is never less than initial_n.

In the assignnent of t, where t is clanped to the range tmn through
tmax, "+ tmin" can always be omtted. This nakes the clanping

cal cul ation incorrect when bias < k < bias + tmn, but that cannot
happen because of the way bias is conputed and because of the
constraints on the paraneters.

Because t he decoder state can only advance nonotonically, and there
is only one representation of any delta, there is therefore only one
encoded string that can represent a given sequence of integers. The
only error conditions are invalid code points, unexpected end- of -

i nput, overflow, and basic code points encoded using deltas instead
of appearing literally. |1f the decoder fails on these errors as
shown above, then it cannot produce the sanme output for two distinct
inputs. Wthout this property it would have been necessary to re-
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encode the output and verify that it matches the input in order to
guar ant ee the uni queness of the encoding.

6. 3 Encodi ng procedure

let n =initial_n
let delta =0
let bias = initial _bias

let h = b = the nunber of basic code points in the input
copy themto the output in order, followed by a delimter if b >0
{if the input contains a non-basic code point < n then fail}
while h < length(input) do begin

et m= the m ni mum {non-basic} code point >= n in the input

let delta = delta + (m- n) * (h + 1), fail on overflow

let n = m

for each code point ¢ in the input (in order) do begin

if ¢c <n{or cis basic} then increnent delta, fail on overflow

if ¢ == n then begin
let g = delta
for k = base to infinity in steps of base do begin

let t =tmn if k <= bias {+ tmn}, or
tmax if k >= bias + tmax, or k - bias otherw se
if g <t then break
output the code point for digit t + ((q - t) nod (base - t))
let q =(q-t) div (base - t)
end
out put the code point for digit q
| et bias = adapt(delta, h + 1, test h equals b?)
let delta =0
increnment h
end
end
increment delta and n
end

The full statenent enclosed in braces (checki ng whether the input
contains a non-basic code point less than n) can be onmtted if all
code points less than initial _n are basic code points (which is true
for Punycode if code points are unsigned).

The brace-encl osed conditions "non-basic" and "or c is basic" can be
omtted if initial _n exceeds all basic code points (which is true for
Punycode), because the code point being tested is never |ess than
initial _n.

In the assignnent of t, wheret is clanped to the range tm n through

tmax, "+ tmin" can always be onmitted. This nakes the clanping
cal culation incorrect when bias < k < bias + tmn, but that cannot
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happen because of the way bias is conputed and because of the
constraints on the paramneters.

The checks for overfl ow are necessary to avoi d producing invalid
out put when the input contains very |large values or is very |ong.

The increnent of delta at the bottom of the outer |oop cannot
overfl ow because delta < I ength(input) before the increnment, and
length(input) is already assumed to be representable. The increnent
of n could overflow, but only if h == length(input), in which case
the procedure is finished anyway.

6.4 Overfl ow handling

For I DNA, 26-bit unsigned integers are sufficient to handle all valid
| DNA | abel s without overflow, because any string that needed a 27-bit
delta woul d have to exceed either the code point Iimt (0..10FFFF) or
the label length lint (63 characters). However, overflow handling

i s necessary because the inputs are not necessarily valid | DNA

| abel s.

If the progranm ng | anguage does not provide overfl ow detection, the
foll owi ng techni que can be used. Suppose A, B, and C are
represent abl e nonnegative integers and Cis nonzero. Then A + B
overflows if and only if B> maxint - A and A+ (B * C overflows if
and only if B> (maxint - A) div C, where maxint is the greatest
integer for which maxint + 1 cannot be represented. Refer to
appendi x C "Punycode sanpl e inplenentation" for denonstrations of
this technique in the C | anguage.

The decodi ng and encoding al gorithms shown in sections 6.2 and 6.3
handl e overflow by detecting it whenever it happens. Another
approach is to enforce limts on the inputs that prevent overfl ow
from happening. For exanple, if the encoder were to verify that no
i nput code points exceed Mand that the input |ength does not exceed
L, then no delta could ever exceed (M- initial_n) * (L + 1), and
hence no overfl ow could occur if integer variables were capable of
representing values that large. This prevention approach woul d

i mpose nore restrictions on the input than the detection approach
does, but might be considered sinpler in sone programm ng | anguages.

In theory, the decoder could use an anal ogous approach, limting the
number of digits in a variable-length integer (that is, linmting the
nunber of iterations in the innernost |oop). However, the nunmber of

digits that suffice to represent a given delta can sonetines
represent much | arger deltas (because of the adaptation), and hence
this approach woul d probably need integers w der than 32 bits.
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Yet anot her approach for the decoder is to allow overflow to occur,
but to check the final output string by re-encoding it and conparing
to the decoder input. |If and only if they do not match (using a
case-insensitive ASCI|I conparison) overflow has occurred. This

del ayed- det ecti on approach would not inpose any nore restrictions on
the input than the i medi at e-detecti on approach does, and ni ght be
consi dered sinpler in some progranm ng | anguages.

In fact, if the decoder is used only inside the | DNA ToUni code
operation [IDNA], then it need not check for overflow at all, because
ToUni code perfornms a higher |evel re-encoding and conparison, and a
m smat ch has the sanme consequence as if the Punycode decoder had

fail ed.

Punycode exanpl es

7.1 Sanple strings

In the Punycode encodi ngs below, the ACE prefix is not shown.
Backsl ashes show where |ine breaks have been inserted in strings too
|l ong for one Iline.

The first several exanples are all translations of the sentence "Wy
can’t they just speak in <language>?" (courtesy of M chael Kaplan's
"provincial" page [PROVINCI AL]). Word breaks and punctuation have
been renoved, as is often done in donmmi n nanes.

(A) Arabic (Egyptian):
u+0644 u+064A u+0647 u+0645 u+0627 u+0628 u+062A u+0643 u+0644
u+0645 u+0648 u+0634 u+0639 u+0631 u+0628 u+064A u+061F
Punycode: egbpdaj 6budbxf gehf vwxn

(B) Chinese (sinplified):
u+4ED6 u+4EEC u+4E3A u+4ECO u+4E48 u+4EOD u+8BF4 u+4E2D u+6587
Punycode: i hgwcrb4cv8a8dqg056pqj ye

(C) Chinese (traditional):
u+4ED6 u+5011 u+7232 u+4ECO u+9EBD u+4EOD u+8AAA u+4E2D u+6587
Punycode: ihgwctvzc91lf 659dr ss3x8bo0yb

(D) Czech: Pro<ccaron>prost<ecaron>nemni uv<i acut e><ccar on>esky
U+0050 u+0072 u+006F u+010D u+0070 u+0072 u+006F u+0073 u+0074
u+011B u+006E u+0065 u+006D u+006C u+0075 u+0076 u+00ED u+010D
u+0065 u+0073 u+006B u+0079
Punycode: Proprostnem uvesky-uyb24dmadla
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(E) Hebrew:
u+05DC u+05DE u+05D4 u+05D4 u+05DD u+05E4 u+05E9 u+05D5 u+05D8
u+05DC u+05D0 u+05DE u+05D3 u+05D1 u+05E8 u+05D9 u+05DD u+05E2
u+05D1 u+05E8 u+05D9 u+05EA
Punycode: 4dbcagdahynmbxekheh6eOa7f ei Ob

(F) Hindi (Devanagari):
u+092F u+0939 u+0932 u+094B u+0917 u+0939 u+093F u+0928 u+094D
u+0926 u+0940 u+0915 u+094D u+092F u+094B u+0902 u+0928 u+0939
u+0940 u+0902 u+092C u+094B u+0932 u+0938 u+0915 u+0924 u+0947
u+0939 u+0948 u+0902
Punycode: i 1lbaa7eci 9gl rd9b2aelbj Ohf cgg6i yaf 8o0aldi gOcd

(G Japanese (kanji and hiragana):
u+306A u+305C u+307F u+3093 u+306A u+65E5 u+672C u+8A9E u+3092
u+8A71 u+3057 u+3066 u+304F u+308C u+306A u+3044 u+306E u+304B
Punycode: n8j ok5ay5dzabd5byn®f 0cnb685rrj et r 6pdxa

(H) Korean (Hangul syllables):
u+C138 u+ACC4 u+C758 u+BAA8 u+B4EO0 u+COAC u+B78C u+B4E4 u+Cr74
u+D55C u+AD6D u+C5B4 u+B97C u+C774 u+D574 u+D55C u+B2E4 u+BA74
u+C5BC u+B9C8 u+B098 u+C88B u+C744 u+AE4AC
Punycode: 989aonsvi 5e83dbld2a355cvl1eOvakldw v93d5xbh15a0dt 30a5j\
psd879ccnbf ea98c

(I') Russian (Cyrillic):
U+043F u+043E u+0447 u+0435 u+043C u+0443 u+0436 u+0435 u+043E
u+043D u+0438 u+043D u+0435 u+0433 u+043E u+0432 u+043E u+0440
u+044F u+0442 u+043F u+043E u+0440 u+0443 u+0441 u+0441 u+043A
u+0438
Punycode: blabfaaepdr nnbgef baDot cwat ng2g4l

(J) Spani sh: Por gqu<eacut e>nopuedensi npl enent ehabl ar enEspa<nti | de>o
U+0050 u+006F u+0072 u+0071 u+0075 u+00E9 u+006E u+006F u+0070
u+0075 u+0065 u+0064 u+0065 u+006E u+0073 u+0069 u+006D u+0070
u+006C u+0065 u+006D u+0065 u+006E u+0074 u+0065 u+0068 u+0061
u+0062 u+006C u+0061 u+0072 u+0065 u+006E U+0045 u+0073 u+0070
u+0061 u+00F1 u+006F u+006C
Punycode: Porqunopuedensi npl enent ehabl ar enEspaol - f nd56a

(K) Vietnanese:
T<adot bel ow>i saoh<odot bel ow>kh<oci r c>ngt h<eci r chookabove>ch\
<i hookabove>n<oacut e>i ti <eci r cacut e>ngVi <eci r cdot bel ow>t
U+0054 u+1EAl u+0069 u+0073 u+0061 u+006F u+0068 u+1ECD u+006B
u+0068 u+00F4 u+006E u+0067 u+0074 u+0068 u+1EC3 u+0063 u+0068
u+1EC9 u+006E u+00F3 u+0069 u+0074 u+0069 u+lEBF u+006E u+0067
U+0056 u+0069 u+l1EC7 u+0074
Punycode: Ti saohkhngt hchnitingVit-kjcr8268qyxafd2f 1b9g
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The next several exanples are all names of Japanese nusic artists,
song titles, and TV prograns, just because the author happens to have
them handy (but Japanese is useful for providing exanples of single-
row text, two-row text, ideographic text, and various m xtures

t hereof).

(L) 3<nen>B<gumni ><ki npachi ><sensei >
u+0033 u+5E74 U+0042 u+7D44 u+91D1 u+516B u+5148 u+751F
Punycode: 3B-ww4c5e180e575a65Il sy2b

(M <amur o><nam e>-wi t h- SUPER- MONKEYS
u+5B89 u+5BA4 u+5948 u+7F8E u+6075 u+002D u+0077 u+0069 u+0074
u+0068 u+002D W+0053 U+0055 U+0050 U+0045 W+0052 u+002D U+004D
U+004F W+004E U+004B U+0045 U+0059 U+0053
Punycode: -w t h- SUPER- MONKEYS- pc58ag80a8gai 00g7n9n

(N) Hel | o- Anot her - Way- <sor ezor e><no><basho>
UW+0048 u+0065 u+006C u+006C u+006F u+002D U+0041 u+006E u+006F
u+0074 u+0068 u+0065 u+0072 u+002D U+0057 u+0061 u+0079 u+002D
u+305D u+308C u+305E u+308C u+306E u+5834 u+6240
Punycode: Hel | o- Anot her - Vay- - f c4qua05auwb3674vfr Ob

(O <hitotsu><yane><no><shita>2
u+3072 u+3068 u+3064 u+5C4B u+6839 u+306E u+4EOB u+0032
Punycode: 2-u9tl zr 9756bt 3ucOv

(P) Mji <de>Koi <sur u>5<byou><mae>
W+004D u+0061 u+006A u+0069 u+3067 W+004B u+006F u+0069 u+3059
u+308B u+0035 u+79D2 u+524D
Punycode: Maj i Koi 5- 783gue6qz075aznbe

(Q <pafii>de<runba>
u+30D1 u+30D5 u+30A3 u+30FC u+0064 u+0065 u+30EB u+30F3 u+30D0
Punycode: de-j g4avhbylnocOd

(R) <sono><supi i do><de>
u+305D u+306E u+30B9 u+30D4 u+30FC u+30C9 u+3067
Punycode: d9j uaud4lawczczp

The | ast exanple is an ASCII string that breaks the existing rules
for host nane labels. (It is not a realistic exanple for |DNA,
because | DNA never encodes pure ASCI| | abels.)

(S) -> $1.00 <-
u+002D u+003E u+0020 u+0024 u+0031 u+002E u+0030 u+0030 u+0020
u+003C u+002D
Punycode: -> $1.00 <--
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7.2 Decoding traces

In the followi ng traces, the evolving state of the decoder is shown
as a sequence of hexadeci mal val ues, representing the code points in
the extended string. An asterisk appears just after the nost
recently inserted code point, indicating both n (the value preceeding
the asterisk) and i (the position of the value just after the
asterisk). Oher numerical values are deci nal

Decodi ng trace of exanple B fromsection 7.1:

nis 128, i is 0, bias is 72

i nput is "ihgwerb4cv8a8dqg056pqj ye"

there is no delimter, so extended string starts enpty
delta "i hg" decodes to 19853

bi as becones 21

4EO0D *

delta "wc" decodes to 64

bi as becomes 20

4E0D 4E2D *

delta "rb" decodes to 37

bi as beconmes 13

4E3A * 4EOD 4E2D

delta "4c" decodes to 56

bi as becomes 17

AE3A 4E48 * 4EOD 4E2D

delta "v8a" decodes to 599

bi as becomnmes 32

4E3A 4ECO * 4E48 4EO0D 4E2D

delta "8d" decodes to 130

bi as becomes 23

AED6 * 4E3A 4ECO 4E48 4EOD 4E2D

delta "qgg" decodes to 154

bi as becomnmes 25

AED6 4EEC * 4E3A 4ECO 4E48 4EOD 4E2D
delta "056p" decodes to 46301

bi as becones 84

AED6 4EEC 4E3A 4ECO 4E48 4EOD 4E2D 6587 *
delta "qj ye" decodes to 88531

bi as becomnmes 90

AED6 4EEC 4E3A 4ECO 4E48 4EOD 8BF4 * 4E2D 6587
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Decoding trace of exanple L fromsection 7.1

nis 128, i is 0, bias is 72

input is "3B-ww4c5el180e575a65| sy2b"
literal portion is "3B-", so extended string starts as:
0033 0042

delta "wc" decodes to 62042

bi as becones 27

0033 0042 5148 *

delta "5e" decodes to 139

bi as becones 24

0033 0042 516B * 5148

delta "180e" decodes to 16683

bi as becones 67

0033 5E74 * 0042 516B 5148

delta "575a" decodes to 34821

bi as beconmes 82

0033 5E74 0042 516B 5148 751F *
delta "65/" decodes to 14592

bi as beconmes 67

0033 5E74 0042 7D44 * 516B 5148 751F
delta "sy2b" decodes to 42088

bi as becones 84

0033 5E74 0042 7D44 91D1 * 516B 5148 751F
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7.3 Encodi ng traces

In the follow ng traces, code point values are hexadecimal, while
ot her numerical values are deci mal.

Encodi ng trace of exanple B fromsection 7.1

bias is 72

i nput is:

4ED6 4EEC 4E3A 4ECO 4E48 4EOD 8BF4 4E2D 6587

there are no basic code points, so no literal portion
next code point to insert is 4EOD
needed delta is 19853, encodes as "ihq
bi as becones 21

next code point to insert is 4E2D
needed delta is 64, encodes as "wc
bi as becones 20

next code point to insert is 4E3A
needed delta is 37, encodes as "rb"
bi as becones 13

next code point to insert is 4E48
needed delta is 56, encodes as "4c"
bi as becones 17

next code point to insert is 4ECO
needed delta is 599, encodes as "
bi as becones 32

next code point to insert is 4ED6
needed delta is 130, encodes as "8d"

bi as becones 23

next code point to insert is 4EEC
needed delta is 154, encodes as "qg"

bi as becones 25

next code point to insert is 6587
needed delta is 46301, encodes as "056p"
bi as becones 84

next code point to insert is 8BF4
needed delta is 88531, encodes as "qjye"
bi as becones 90

output is "ihgwerb4cv8a8dqg056pqj ye"

v8a
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Encoding trace of exanple L fromsection 7.1

bias is 72

i nput is:

0033 5E74 0042 7D44 91D1 516B 5148 751F
basi ¢ code points (0033, 0042) are copied to literal portion: "3B-"
next code point to insert is 5148
needed delta is 62042, encodes as "ww#c"
bi as becones 27

next code point to insert is 516B
needed delta is 139, encodes as "5e"

bi as becones 24

next code point to insert is 5E74
needed delta is 16683, encodes as "180e"
bi as becones 67

next code point to insert is 751F
needed delta is 34821, encodes as "575a"
bi as becones 82

next code point to insert is 7D44
needed delta is 14592, encodes as "65|"
bi as becones 67

next code point to insert is 91D1
needed delta is 42088, encodes as "sy2b"
bi as becones 84

output is "3B-wwc5el80e575a65l sy2b"

Security Considerations

Users expect each domain name in DNS to be controlled by a single
authority. |If a Unicode string intended for use as a donain | abe
could map to multiple ACE |l abels, then an internationalized domain
nane could map to nmultiple ASCI1 domai n names, each controlled by a
different authority, some of which could be spoofs that hijack
service requests intended for another. Therefore Punycode is

desi gned so that each Unicode string has a uni que encodi ng.

However, there can still be nultiple Unicode representations of the
"same" text, for various definitions of "sane". This problemis
addressed to some extent by the Unicode standard under the topic of
canoni calization, and this work is | everaged for domai n nanes by
Naneprep [ NAVEPREP] .
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A. M xed-case annotation

In order to use Punycode to represent case-insensitive strings,

hi gher |l ayers need to case-fold the strings prior to Punycode
encodi ng. The encoded string can use ni xed case as an annotation
telling howto convert the folded string into a nixed-case string for
di spl ay purposes. Note, however, that nixed-case annotation is not
used by the ToASCI | and ToUni code operations specified in [IDNA], and
therefore inplenmentors of IDNA can disregard this appendi x.

Basi ¢ code points can use m xed case directly, because the decoder
copies themverbatim | eaving | owercase code points | owercase, and

| eavi ng uppercase code points uppercase. Each non-basic code point
is represented by a delta, which is represented by a sequence of
basi c code points, the last of which provides the annotation. If it
is uppercase, it is a suggestion to map the non-basic code point to
uppercase (if possible); if it is lowercase, it is a suggestion to
map the non-basic code point to | owercase (if possible).

These annotations do not alter the code points returned by decoders;
the annotations are returned separately, for the caller to use or
ignore. Encoders can accept annotations in addition to code points,
but the annotations do not alter the output, except to influence the
uppercase/ |l owercase formof ASCI| letters.

Punycode encoders and decoders need not support these annotations,
and hi gher | ayers need not use them

B. Disclainmer and |icense

Regarding this entire docunent or any portion of it (including the
pseudocode and C code), the author makes no guarantees and is not
responsi bl e for any damage resulting fromits use. The author grants
irrevocabl e pernission to anyone to use, nodify, and distribute it in
any way that does not dimnish the rights of anyone el se to use,

modi fy, and distribute it, provided that redistributed derivative

wor ks do not contain m sleading author or version infornmation.
Derivative works need not be licensed under simlar terns.
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C. Punycode sanple inplenmentation

/*

punycode. ¢ from RFC 3492

http://ww. ni cem ce. net/idn/

Adam M Costello

http://ww. ni cem ce. net/anc/

This is ANSI C code (C89) inplementing Punycode (RFC 3492).

*/
/************************************************************/
[* Public interface (would normally go inits own .h file): */
#include <linmts. h>

enum punycode_status {
punycode_success,

punycode_bad_i nput, [* Input is invalid. */
punycode_bi g _output, /* Qutput would exceed the space provided. */
punycode_overfl ow /* Input needs w der integers to process. */

’

#if U NT_MAX >= (1 << 26) - 1
typedef unsigned int punycode_uint;
#el se

typedef unsigned | ong punycode_uint;
#endi f

enum punycode_st at us punycode_encode(
punycode_ui nt input_I ength,
const punycode uint input[],
const unsigned char case flags[],
punycode_ui nt *out put _| engt h,
char output[] );

/* punycode_encode() converts Unicode to Punycode. The input */
/* is represented as an array of Unicode code points (not code */
/* units; surrogate pairs are not allowed), and the output */
/* will be represented as an array of ASCI| code points. The */
/[* output string is *not* null-termnated; it will contain */
[* zeros if and only if the input contains zeros. (O course */
/* the caller can |l eave roomfor a term nator and add one if */
/* needed.) The input_length is the nunber of code points in */
/* the input. The output length is an in/out argunent: the */
/* caller passes in the maxi mum nunber of code points that it */
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/* can receive, and on successful return it will contain the */
/* nunmber of code points actually output. The case_flags array */
/* hol ds input_| ength bool ean val ues, where nonzero suggests that */

/* the correspondi ng Uni code character be forced to uppercase */
/* after being decoded (if possible), and zero suggests that */
/[* it be forced to |owercase (if possible). ASC | code points */
/* are encoded literally, except that ASCI| letters are forced */
/* to uppercase or |owercase according to the correspondi ng */
[ * uppercase flags. |If case flags is a null pointer then ASC I */
/* letters are left as they are, and other code points are */
/* treated as if their uppercase flags were zero. The return */
/* value can be any of the punycode status val ues defined above */
/* except punycode bad_input; if not punycode_success, then */
/* output_size and output m ght contain garbage. */

enum punycode_st at us punycode_decode(
punycode_ui nt input_ | ength,
const char input[],
punycode_ui nt *out put _| engt h,
punycode_uint output[],
unsi gned char case_flags[] );

/* punycode_decode() converts Punycode to Unicode. The input is */
/* represented as an array of ASCI| code points, and the output */
/* will be represented as an array of Unicode code points. The */
[* input_length is the nunmber of code points in the input. The */

/* output_length is an in/out argunent: the caller passes in */
/* the maxi mum nunber of code points that it can receive, and */
/* on successful return it will contain the actual nunber of */
/* code points output. The case flags array needs roomfor at */

/* least output_length values, or it can be a null pointer if the */
/* case information is not needed. A nonzero flag suggests that */

/* the correspondi ng Uni code character be forced to uppercase */
/* by the caller (if possible), while zero suggests that it be */
/* forced to |lowercase (if possible). ASCI| code points are */
/* output already in the proper case, but their flags will be set */
/* appropriately so that applying the flags woul d be harml ess. */
[* The return value can be any of the punycode_status val ues */
/* defined above; if not punycode_success, then output_|ength, */

/* output, and case flags m ght contain garbage. On success, the */
/* decoder will never need to wite an output _l|length greater than */
/* input_Ilength, because of how the encoding is defined. */

/**********************************************************/

[* Implenmentation (would normally go inits own .c file): */

#i ncl ude <string. h>
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[*** Bootstring paraneters for Punycode ***/

enum { base = 36, tmn =1, tmax = 26, skew = 38, damp = 700,
initial _bias = 72, initial _n = 0x80, delimter = 0x2D };

/* basic(cp) tests whether cp is a basic code point: */
#def i ne basic(cp) ((punycode_uint)(cp) < 0x80)

[* delim(cp) tests whether cp is a delimter: */
#define delimcp) ((cp) == delimter)

/* decode_digit(cp) returns the nuneric value of a basic code */
/* point (for use in representing integers) in the range 0 to */
/* base-1, or base if cp is does not represent a val ue. */

static punycode_uint decode_digit(punycode uint cp)
{
return cp - 48 <10 ? cp - 22 : <cp - 65 <26 ? cp - 65
cp - 97 <26 ? cp - 97 : Dbase;
}

/* encode _digit(d,flag) returns the basic code point whose val ue */
/* (when used for representing integers) is d, which needs to be in */
/* the range 0 to base-1. The lowercase formis used unless flag is */
/* nonzero, in which case the uppercase formis used. The behavi or */
/* is undefined if flag is nonzero and digit d has no uppercase form */

static char encode_digit(punycode uint d, int flag)

returnd + 22 + 75 * (d < 26) - ((flag != 0) << 5);
[* 0..25 map to ASCII a..z or A .Z */
/* 26..35 map to ASCII 0..9 */

}

/* flagged(bcp) tests whether a basic code point is flagged */
/* (uppercase). The behavior is undefined if bcp is not a */
/* basic code point. */

#defi ne fl agged(bcp) ((punycode_uint)(bcp) - 65 < 26)

/* encode_basi c(bcp,flag) forces a basic code point to | owercase */
[* if flag is zero, uppercase if flag is nonzero, and returns */
/* the resulting code point. The code point is unchanged if it */
/* is caseless. The behavior is undefined if bcp is not a basic */
/* code point. */

static char encode_basi c(punycode_uint bcp, int flag)

{
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bcp -= (bcp - 97 < 26) << 5;
return bcp + ((!flag & (bcp - 65 < 26)) << 5);
}

[*** Platformspecific constants ***/

/* maxint is the maxi mum val ue of a punycode_uint variable: */
static const punycode_uint maxint = -1;
/* Because maxint is unsigned, -1 becomes the maxi num val ue. */

[*** Bias adaptation function ***/

static punycode_uint adapt (
punycode_ui nt delta, punycode_uint nunpoints, int firsttinme )

{

punycode_ui nt Kk;

delta = firsttime ? delta / danp : delta >> 1
/* delta >> 1 is a faster way of doing delta / 2 */
delta += delta / nunpoints;

for (k = 0; delta > ((base - tmin) * tmax) / 2; k += base) {
delta /= base - tmn;
}

return k + (base - tnmin + 1) * delta / (delta + skew);

}

/*** Main encode function ***/

enum punycode_st at us punycode_encode(
punycode_ui nt input_I| ength,
const punycode_uint input[],
const unsigned char case flags[],
punycode_ui nt *output | ength,
char output[] )

{

punycode_uint n, delta, h, b, out, max_out, bias, j, m q, k, t;
/* Initialize the state: */

n=intial_n;

delta = out = 0;

max_out = *out put | engt h;

bias = initial_bias;

/* Handl e the basic code points: */
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for (j =0; j <input_length; ++j) {
if (basic(input[j])) {
if (max_out - out < 2) return punycode_bi g output;
out put[out ++] =
case flags ? encode_basic(input[j], case flags[j]) : input[j];
}

/[* else if (input[j] < n) return punycode_bad_input; */
/* (not needed for Punycode with unsigned code points) */

}
h = b = out;

/* h is the nunber of code points that have been handled, b is the */
/* nunmber of basic code points, and out is the nunber of characters */
/* that have been out put. */

if (b >0) output[out++] = delimter;
/* Main encoding | oop: */

while (h < input_length) {
/* Al'l non-basic code points < n have been */
/* handl ed already. Find the next |arger one: */

for (m=nmaxint, j = 0; j < input_length; ++j) {
[* if (basic(input[j])) continue; */
/* (not needed for Punycode) */
if (input[j] >=n & input[j] <mM m=input[j];
}

/* Increase delta enough to advance the decoder’s */
[* <n,i> state to <m 0>, but guard agai nst overflow */

if (m- n>(maxint - delta) / (h + 1)) return punycode_overfl ow,
delta += (m- n) * (h + 1);
n=m

for (j =0; |j < input_length; ++) {
/* Punycode does not need to check whether input[j] is basic: */
if (input[j] <n/* || basic(input[j]) */ ) {
if (++delta == 0) return punycode_overfl ow;

}

if (input[j] == n) {
/* Represent delta as a generalized variable-length integer: */

for (q = delta, k = base; ; k += base) {
if (out >= max_out) return punycode_ bi g output;
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t =k <= bias /* +tmn */ ?2 tmn : /* +tmn not needed */
k >= bias + tmax ? tnax : k - bias;

if (q <t) break

output[out++] = encode digit(t + (q - t) % (base - t), 0);

q=1(q-t)/ (base - t);

}

out put[out ++] = encode_digit(q, case_flags && case flags[j]);
bias = adapt(delta, h + 1, h == ;

delta = 0;

++h;

}
}

++del ta, ++n;

}

*out put _length = out;
return punycode_success;

}

/*** Main decode function ***/

enum punycode_st at us punycode_decode(
punycode_ui nt i nput_I| ength,
const char input[],
punycode_ui nt *out put _| ength,
punycode_uint output[],
unsi gned char case flags[] )
{
punycode_uint n, out, i, max_out, bias,
b, j, in, oldi, w k, digit, t;

/* Initialize the state: */

n=intial_n;

out =i = 0;

max_out = *out put | engt h;
bias = initial _bias;

/* Handl e the basic code points: Let b be the nunmber of input code */

/* points before the last delimter, or O if there is none, then */
/* copy the first b code points to the output. */
for (b =) =0; j <input_length; ++j) if (delinm(input[j])) b =];

if (b > max_out) return punycode_bi g _out put;

for (j =0; j <by ++) {
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if (case_flags) case_flags[out] = flagged(input[j]);
if (!basic(input[j])) return punycode_bad_i nput;
output[out++] = input[j];

}

/* Main decoding | oop: Start just after the last delimter if any */
/* basic code points were copied; start at the beginning ot herw se. */

for (in=b>0?b+1: 0; in <input_length; ++out) {

/* inis the index of the next character to be consunmed, and */
/* out is the nunber of code points in the output array. */

/* Decode a generalized variable-length integer into delta, */

/* which gets added to i. The overflow checking is easier */
/[* if we increase i as we go, then subtract off its starting */
/* value at the end to obtain delta. */
for (oldi =i, w=1, k = base; ; k += base) {

if (in >=input_length) return punycode_bad_i nput;
digit = decode_digit(input[in++]);
if (digit >= base) return punycode_bad_i nput;

if (digit > (maxint - i) / w return punycode overfl ow,
i +=digit *w
t =k <=bias /* +tmin */ ? tnmin: [* +tmn not needed */

k >> bias + tmax ? tmax : k - bias;
if (digit <t) break;
if (w>nmaxint / (base - t)) return punycode_overfl ow,
w *= (base - t);

}

bias = adapt(i - oldi, out + 1, oldi == 0);

/* i was supposed to wap around fromout+1l to O, */
[* increnenting n each tinme, so we'll fix that now */

if (i / (out + 1) > nmaxint - n) return punycode_overfl ow,
n+=1i / (out + 1);
i % (out + 1);

/[* Insert n at position i of the output: */
/* not needed for Punycode: */
[* if (decode_digit(n) <= base) return punycode_invalid_input; */

if (out >= max_out) return punycode_bi g output;

if (case_flags) {
memove(case_flags + i + 1, case_flags + i, out - i);
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/* Case of last character determ nes uppercase flag: */
case_flags[i] = flagged(input[in - 1]);
}

menmove(output + i + 1, output + i, (out - i) * sizeof *output);
output[i++] = n;

*out put _| ength = out;
return punycode_success;

}

/******************************************************************/

/* Wapper for testing (would normally go in a separate .c file): */

#i ncl ude <assert. h>
#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <string. h>

/[* For testing, we'll just set sone conpile-tinme limts rather than */
/* use malloc(), and set a conpile-tine option rather than using a */
/* command-|ine option. */
enum {

uni code_max_| ength = 256,
ace_max_length = 256

} 1
static void usage(char **argv)
fprintf(stderr,

"o -e reads code points and wites a Punycode string.\n"
"% -d reads a Punycode string and wites code points.\n"
" \ n"
"Input and output are plain text in the native character set.\n"
"Code points are in the formu+thex separated by whitespace.\n"
"Al t hough the specification allows Punycode strings to contain\n"
"any characters fromthe ASCI| repertoire, this test code\n"
"supports only the printable characters, and needs the Punycode\n"
"string to be followed by a newline.\n"
"The case of the u in u+hex is the force-to-uppercase flag.\n"
, argv[0], argv[O0]);
exit (EXI T_FAI LURE)
}

static void fail (const char *nsgQ)
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f puts(nsg, stderr);
exi t (EXI T_FAI LURE)
}

static const char too _big[] =
"input or output is too large, reconpile with larger limts\n";
static const char invalid_input[] = "invalid input\n";
static const char overflow] = "arithnmetic overfl own”
static const char io_error[] "I/O error\n";

/* The following string is used to convert printable */
/* characters between ASCI| and the native charset: */

static const char print_ascii[] =

"\nmAn\n\n\n\n\n\n\n\n\n\ n\ n\n\ n\ n’

"\ n\ n\ n\ n\ n\ n\ N\ n\ n\ N\ N\ n\ n\ N\ N\ n"
TN"HSOR () *+,-. /"

"0123456789: ; <=>?"

" @GABCDEFGHI JKLMNO'

" PQRSTUVWNKYZ[ \\ ]~ _"

"* abcdef ghi j kl mo"

"pgrstuvwxyz{|}~\n";

int main(int argc, char **argv)
{
enum punycode_st at us st at us;
int r;
unsigned int input_length, output _length, j;
unsi gned char case_ fl ags[uni code_nmax_I| ength];

if (argc !'= 2) usage(argv);
if (argv[1][0] '="-") usage(argv);
if (argv[1][2] != 0) usage(argv);

if (argv[1][1] =="¢€e") {
punycode_ui nt input[uni code_nmax_| ength];
unsi gned | ong codept;
char out put[ace_max_I| engt h+1], upl us[3];
int c;

/* Read the input code points: */
i nput _length = O;
for (;;) {

r = scanf ("%s% x", uplus, &codept);
if (ferror(stdin)) fail(io_error);
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if (r == ECF || r == 0) break;

if (r !'=2 ]| uplus[1] != "+ || codept > (punycode_uint)-1) {
fail (invalid_input);

}

if (input_length == unicode_max_|ength) fail (too_big);

if (uplus[0] == "'u’) case_flags[input_length] = 0;

else if (uplus[0] == "U) case flags[input _length] =1

el se fail (invalid_input);

i nput [i nput _| engt h++] = codept;
}

/* Encode: */

output I ength = ace_max_| ength;

status = punycode_encode(i nput | ength, input, case_ flags,
&out put _| engt h, out put);

if (status == punycode_bad_input) fail (invalid_input);

if (status == punycode big output) fail (too_big);

if (status == punycode overflow) fail (overflow);

assert(status == punycode_success);

/* Convert to native charset and output: */

for (j =0; |j <output_length; ++) {
c = output[j];
assert(c >= 0 && ¢ <= 127);
if (print_ascii[c] == 0) fail (invalid_input);
output[j] = print_ascii[c];

output[j] = O;
r = puts(output);
if (r == ECF) fail(io_error);
return EXI T_SUCCESS;
}

if (argv[1][1] == "d") {
char input[ace _max_| ength+2], *p, *pp;
punycode_ui nt out put [ uni code_max_I| engt h] ;
/* Read the Punycode input string and convert to ASCII: */

fgets(input, ace_max_| ength+2, stdin);
if (ferror(stdin)) fail(io_error);
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if (feof(stdin)) fail (invalid_input);

i nput _| ength

if (input[input_Iength]

strlen(input) - 1;
I'=’"\n") fail(too_big);

i nput[input _length] = O;

for (p = input;
pp = strchr(print_ascii

*p 1= 0; ++p) {

*p);

if (pp == 0) fail(invalid_input);

*pP = pp -

/* Decode: */

out put _I ength

status = punycode_decode(i nput _| engt h,

if (status
if (statu
if (status
assert (status

/* Qutput the

for (j = 0;

print_ascii;

= uni code_max_| engt h;

i nput,
out put, case_flags);

punycode_bad_i nput) fail (invalid_input);

punycode_bi g _output) fail (too_big);

punycode_overflow) fail (overflow);

== punycode_success);

&out put _| engt h,

r = printf("%+%041 X\ n",

result: */
< output_length; ++) {
case_flags[j] ? "U : "u"

(unsi gned | ong) output[j],);

if (r <0) fail(io_error);

}

return EXI T_SUCCESS,

usage(argv);

return EXI T_SUCCESS;

Costell o

/* not reached, but quiets conpiler warning */
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