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Abstract

Can human languages help us write programs in a different way than we usually do? To
examine this question, we first define exactly what it means for a programming language
to be “derived from” a human language. Next, we analyse cases in which translating a
program from one human language to another does not significantly change the program’s
structure. Finally, we examine two game-changing cases: a programming language derived
from Latin, in which syntax plays a limited role compared to morphology, and another
derived from Classical Chinese, in which little linguistic recursion is available. These
examples show that human languages, even ancient ones, are a reservoir for innovation
in program writing. One can encourage programming language designers to dare learn
foreign languages and not be ashamed of their own native language.

Keywords: programming language; natural language; morphology; syntax; recursion;
Latin; Classical Chinese

1. Introduction

Even though programming languages are formal languages, they are mostly derived
from human languages, typically English. The preponderance of English may raise edu-
cational issues [1-4]. Moreover, even many programming languages that are derived
from other languages are just word-for-word translations of an English-based program-
ming language. Might language switching result in more innovative programming styles?
Or, in other words, can the diversity of human languages help us write programs in a
different way?

To examine this question, we first precisely define what it means for a programming
language to be “derived from” a human language. Then, we analyse cases in which trans-
lating a program from one human language to another does not fundamentally change its
structure. Finally, we examine two game-changing cases: a programming language derived
from Latin, in which syntax plays a limited role compared to morphology, and another
derived from Classical Chinese, in which little linguistic recursion is available. These
examples show that human languages, even ancient ones, are a reservoir for innovation in
program writing.

2. What Programming Languages May Borrow from Human Languages

One might be tempted to argue that programming languages are independent of
human languages. The argument is that they are formal languages, and that formal
languages do not belong to any particular language. We will challenge this argument.

First, let us make some conceptual distinctions between kinds of languages:
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* By ahuman language, we mean a general-purpose communication system used by a
human group.! Among these, we can distinguish between natural languages, which
mainly evolved without planning (e.g., French or Italian), and artificial languages,
which are mainly developed in a planned manner (e.g., Esperanto or Volapiik);

¢ On the other hand, a formal language is a communication system defined by an alphabet
and a set of formal rules, such as the language of first-order logic or arithmetic;
among these, a programming language is a formal language designed to determine the
behaviour of a machine.”

One might think that no formal language can be “derived from” a human language at
all, since it can be constructed from any alphabet with arbitrary rules, generally motivated
by scientific purposes. For instance, the language of arithmetic is not obviously derived
from any particular human language. Similarly, the code in Figure 1 appears to have
nothing in common with any human language, if we ignore the two comments at the end
of lines 2 and 4 [9].

The Uiua logo is made with Uiua itself!

Figure 1. UIUA code drawing the UIUA programming language logo. Apart from the comments,
preceded by hash marks, code written in this language clearly does not belong to any human language.

However, the fact that formal languages need not be derived from any particular
human language does not imply that they are not. Nothing in the definition of a formal
language prohibits it from borrowing “more or less” from a human language. In fact,
English happens to predominate in programming languages, a predominance which is
sufficient to pose educational problems [1-4]. By way of illustration, we encourage non-
Irish-speaking readers to imagine how difficult the Java language would be for them if its
keywords had been borrowed from Irish instead of English [4]. Even if the syntax were the
same as it is today, the Irish lexicon would make it less easily readable at first sight:

poibli aicme DiaDuitDomhanf{
poibli statach folids priomh(Sreang[] args){
// Priontail "Dia duit, Domhan" go dti an fuinneog teirminéal
Coéras.amach.priontdailln("Dia duit, Domhan");

This example shows that our knowledge of the human language on which a program-
ming language is based plays a role in the readability of the code.

What precisely does it mean to be “derived from” a human language? This expression
has many meanings, since human languages can be studied from many different perspect-
ives. To begin with spoken human languages, e.g., oral English, their various aspects are the
subject of different branches of linguistics [10] (p. xvii), [11] (p. 149), [12] (pp. xiv—=xV):
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1. Phonetics breaks down the verbal chain into phones, or units of sound like [t] and [t'];
Phonology studies phonemes, the smallest phonetic units distinguished by a given
language (e.g., English speakers do not consider the two T’s of the word potato as
different, even though one is aspirated and the other is not);

3. Lexicology studies the lexicon, i.e., the set of words;

4. Morphology studies word variation and formation, e.g., inflection (declination, conjug-
ation) and word composition;

5. Syntax studies the formation of sentences, mainly word order;

*

Semantics studies the relationship between linguistic expressions and their meaning;
7. Pragmatics studies how expressions are used in given social contexts.

The same seven dimensions can be found in written human languages, with the excep-
tion of the first two: phonetics is replaced by graphetics (1’), the study of shapes, i.e., the
ways in which characters are represented, and phonology by graphematics (2’), the study of
graphemes, i.e., the characters distinguished by a given written language. For instance, in
written English, two tokens of the letter T having different shapes or sizes are by default
considered as the same letter.

These seven dimensions of written human languages can, in turn, be used to describe
textual features of programming languages’:

1. Graphetics determines the glyphs, i.e., the appearance that the characters of the lan-
guage can take (e.g., highlighting in development environments);

2. Graphematics determines the alphabet, i.e., the set of characters allowed in and relevant
to the language;

3. Lexicology determines the set of keywords;

4. Morphology governs the formation of lexemes, e.g., rabbit.colour in object-
oriented programming;

5. Syntax governs the formation of expressions;

6.  Semantics determines the interpretation of expressions;

7. Pragmatics describes programming practices, for example, the “best practices” associ-
ated with a given language.

These conceptual distinctions make it possible to specify some aspects by which most
programming languages can be considered to be derived from the English language.

* At the graphematic level, a programming language may borrow its alphabet from a
language. English is probably the only language whose characters, from “A” to “Z”
and “a” to “z”, are admitted in almost all programming languages. Indeed, many
programming languages do not accept characters such as the French “é”, the Greek
“o”, the Ukrainian “1”, or the Chinese “f&”. As a consequence, a French speaker writing
a C program cannot name a variable affiche standing for the past participle “affiché”
(“displayed”) without risking the reader confusing it with a function name based on
the imperative verb “affiche” (“display”). Of course, programmers wanting to use
non-English identifiers will not face this problem with all programming languages,
e.g., Python accepts accentuated, Ukrainian, and Chinese characters. Our point
is that—maybe only—English speakers will, so to say, never face this problem in
any language;

* At the lexical level, most programming language keywords are borrowed from English:
if, for, break, etC.;4

* At the morphological level, many programming languages share with English the ab-
sence of inflectional morphology: keywords generally do not change form according
to their function in an expression. On the other hand, the compositional morpho-

logy found in object-oriented programming languages often adopts the Germanic
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determiner—determined order (for example, bus.station follows the order of the
English expression “bus station”);

* At the syntactic level, many programming languages share with English the verb—
complement structure—the name of the function being written before its arguments,
for example, print ("Hello world\n") meaning “print “Hello world””—or subject-
verb—complement in object-oriented programming, for example, girl.say("Hello
world\n") meaning “the girl says “Hello world””.

Such features may make programming languages more familiar to English speakers
than others. They can perform “language transfer”, i.e., transfer parts of their linguistic
knowledge and habits from English to such programming languages, in the same way that
native speakers of Italian are able to transfer to French some lexical, morphological and syn-
tactical knowledge coming from their mother tongue. This problem is particularly sensitive
for non-English-speaking children learning how to program. Professional programmers,
given their age and level of education, have generally acquired familiarity with English.

One might wonder what justifies this predominance of English. Might there be reasons
intrinsic to English? Peter Naur thinks that English has properties that are advantageous
for programming. He takes up Otto Jespersen’s thesis that languages evolve by becoming
increasingly analytical, i.e., morphemes tend to be expressed in different words rather than
in variations of word forms [14] (pp. 678-680), [15].° Analyticity is a desirable property in
programming languages: different ideas should be expressed separately from one another. The
high analyticity of English would, thus, predispose it to dominate the world of programming
languages—but Chinese, a language completely devoid of declension and conjugation,®
would have been an even better choice according to this criterion, as it would have avoided
barbarisms such as girl.say("Hello world\n") or girls.says("Hello world\n").

An extrinsic explanation for the predominance of English in programming languages
is that the United States of America, where English is the primary language, is where
most programming languages originate,” and that on a global scale, English is used as
an international language, so much so that Python, created in the Netherlands, and Rocq
(formerly Coq), created in France, rely on this human language to increase their chances of
dissemination. Cultural reasons may, therefore, be sufficient to explain the predominance
of English features and patterns in programming [18].

Thus, even though there is no conceptual requirement to do so, most programming
languages are, in fact, derived from a particular language. Most of them borrow from
English at least parts of their graphematics, lexicon, morphology and syntax. Now, is
programming really different when it is derived from languages other than English?

3. Non-Idiomatic Variations

In a significant number of cases, programming languages derived from other lan-
guages show only marginal variations compared to their English counterparts. They are
limited to the lexicon or a very superficial part of the syntax, as we will show with Rust
and Scratch variants.®

3.1. Word-for-Word Translation in Rust Variants

In many cases, linguistic variation among programming languages is limited to the
lexical aspect. There are, for example, a large number of local variants of Rust.” However,
looking closer at one of these variants, for example, Rouille in French [22], one sees in Figure 2
that it is simply a lexical, word-for-word translation of the English original Rust [22] (SoftWare
Hash Identifier (SWHID): swh:1:ent:3cfb164c93daf32ddcab9bffcf609fc1fad93ef8;lines=31-59).
The lexicon is French (utilisons instead of use, comme instead of as, etc.), but the syntax
is rigorously identical to that of Rust.
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Similarly, the Ukrainian variant ip:xa Irzha is derived from Ukrainian without declension.
The Ukrainian cases—nominative, vocative, accusative, dative, genitive, instrumental—
which could have provided a great richness of expression, have not been exploited. The
code in Figure 3 [20] SWHID: swh:1:cnt:af9ecb2075ab11349d7e8d6b5f6ed04fdcc9380f;lines=4
contains the genitive plural form ciios “of the words”, which allows for the clever creation
of genitive constructions; but since this form is hard-coded in line 4, the nominative or
accusative singular form cnoso “word” would not behave in this language as another form
of the same word, but as a totally distinct word.

rouille: :rouille! {
utilisons std::collections::Dictionnaire comme Dico;

convention CléValeur {
fonction écrire(&soi, clé: Chaine, valeur: Chaine);
fonction lire(&soi, clé: Chaine) -> PeutEtre<&Chaine=;

}
statique mutable DICTIONNAIRE: PeutEtre<Dico<Chaine, Chaine>> = Rien;
structure Concréete;

réalisation CléValeur pour Concréte {

fonction écrire(&soi, clé: Chaine, valeur: Chaine) {

soit dico = dangereux {
DICTIONNAIRE.prendre_ou_insérer_avec(Défaut::défaut)

};
dico.insérer(cle, valeur);

}

fonction lire(&soi, clé: Chaine) -> Résultat<PeutEtre<&Chaine>, Chaine> {
si soit Quelque(dico) = dangereux { DICTIONNAIRE.en_ref() } {

Figure 2. Code excerpt written in Rouille, a French translation of the Rust programming language.
The keywords are translated word for word from English to French, e.g., “utilisons [...] comme”

a7 a7

stands for “use [...] as”, “convention” for “trait”, “fonction” for “function”, etc.

irzha::irzha! {
30BHiwHiA Awmk irzha;

BKMTW Std::collections::CMOBHUK AK CNOE;

KOHBeHU1A Kniou3uaueHHa {
dyHKyin zanncatu{&enacHuA, kmwu: CTpoka, 3HadvewHs: CTpoka);
dyHKUina oTpumaTu(&BnacHuiA, kmwu: CTpoka) -> PesynetaT<Moxnueo<&CTpoka=, CTpoka>;

}

cTaTuuda 3miHka CNOBHWK: Moxnueo<Cnoe<CTpoka, CTpoka>> = Hiuoro;
CTPYKTypa KOHKpeTHWRA;

peanizayina Kmou3HnaveHHs AnA KoHKpeTHWR {
GYHKULA 2anucaTW(&BNAcHWA, knwu: CTpoKa, 2HadeHHA: CTpoka) {
Hexal cnoB = HebezneuHo {
CNOBHWK . oTpumaTu_abo_scTaentn_iz(Default::default)
i
CNOB .BCTABWTU( KMIOY, 3HAYEHHA);

}

OYHKULA OTpUMaTU(&BNAcHWA, Kawu: CTpoka) -> PeaynsTaT<MomNMBO<&CTpoKa>, CTpoka> {
Axwo Hexad fewo(cnoe) = weGezneuno { CMOBHWK.Rk_nocunanHa() } {
@aiHo (CNOB. oTPUMATH{ &K ) )
} ivakwe {
Xuba("nepesipTe cnoeHuk".go())
1
}
Figure 3. Code written in Irzha, a Ukrainian translation of the Rust programming language. Since
the genitive plural form ciios “of the words” is hard-coded in line 4, the nominative or accusative

singular form cioso “word” would be a totally distinct word.

Rust-style multilingualism, therefore, does not change the way programs are writ-
ten: it is simply a word-for-word translation. This low level of multilingualism is
very widespread.'’
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3.2. Local Syntactic Variations in Scratch

Linguistic variations sometimes affect not only the alphabet and lexicon, but
also syntax, albeit superficially. This is the case with multilingualism in the Scratch
programming language.

As shown in Figure 4, the Scratch programming environment menu allows the

programmer to switch an entire program“

—except, of course, variable names, charac-
ter strings, etc.—into another language: English, German, Greek, Ukrainian, Japanese,
Chinese, etc. [31,32].

When the program switches from one language to another, the first obvious change is in
the alphabet used for keywords. It is replaced by Chinese characters (4, 5, A, Z4...), Cyrillic

characters (a, 6, B, 1, 1...), Greek (v, B, v, 8...), Japanese (1, &, 7...), Latin (a, b, c, d...), etc.

“ o Paramétres » [ Fichler » & Modifier » | Louna-Théséeetle Minot...  Partagé (3 Voirla page du projet 2§ Tutoriels [ . bapmel v

= Code @ Langue b English N e m 3z

{ :) Mode d Il Espafiol (Espafia)
S Pingthésée: pas (I |

Espafiol Latinoamericano re

Esperanto

e mette it a @) % g a e e

]

Filipino

C—
fouche fiéche haut v _ pressée 7 ‘

+ Frangais

Gaelige

touche fleche bas » pressée ?
|

touche

Gaidhlig

Galego

230}

suensr s @)
GQuitipbu
E s'orienter vers  pointeur de souris

Figure 4. Language-switching menu in purple in the Scratch development environment. The

@
Q

fléche gauche =  pressée ?

programming palette, here with motion blocks, is on the left. The script, written in 2018 by Louna
Mouzo (10 years old), describes the behaviour of the penguin sprite when the game starts. The stage
is on the right. The purple language-switching menu is open: it allows the programmer to translate
all keywords of the script to Spanish, Esperanto, French, etc.

The lexicon also varies. For example, the indefinite loop is expressed by the following
phrases, where “B” indicates the position of the repeated instruction block (Table 1).

Table 1. Infinite loop in Scratch, in various languages. Keywords vary, but not the overall syntax:
words meaning “forever” are followed by the block B.

de. wiederhole fortlaufend B
el. Yl TV T B
en. forever B
es. por siempre B
fr. répéter indéfiniment B
it. per sempre B
ja. Tl B
pl. zawsze B
uk. 3aBXK U B
zhs. HEWT B

The syntax may also vary slightly from one language to another. For example, in
the German version of the “if (Condition) then (Block) else (Block)” control structure,
the keyword corresponding to “then”, which exists in many other languages, is absent
(Table 2).12
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Table 2. “If” control structure in Scratch, in various languages. The overall syntax is the same in
all these languages, even though the keyword “then” is translated by a mere concatenation in the
German version.

de. falls C B sonst B
el. edv C +6te B ol B
en. if C then B else B
es. si C entonces B sino B
fr. si C alors B sinon B
it. se C allora B altrimenti B
ja. gL C x5 B TXhithid B
pl. jezeli C to B przeciwnym razie B
uk.  akmo C 710 B  imakme B
zhs. W% C R4 B & B

We can also see in Table 3 that in variable assignment, Japanese uses postfix notation
rather than prefix notation, contrary to other languages such as Polish. '

Table 3. Variable assignment in Scratch, in various languages. Unlike many other translations, e.g., to
Polish, the Japanese version uses postfix keywords.

de. setze V auf X
el. bploe V oe X
en. set V to X
es. dar a V el valor X
fr. mettre V o a X
it. porta V a X
ja. vV % X 295
pl.  ustaw V na X
uk.  magaTtu V  3HadeHHHA X
zhs. B vV &R X

Such local syntactic variations are frequent. For the event “Flag click” (noted “F”), Greek,
Spanish, Italian and Polish use a prefix notation, Japanese uses a postfix notation, while
English, German, French, Ukrainian and Simplified Chinese use a mixed notation (Table 4).

Table 4. Flag clicking event in Scratch, in various languages. All combinations are possible: some
translations use a prefix notation, some others a postfix one, and the others a mixed one.

de.  wenn F angeklickt wird
el. otav yivel xhix oe F

en.  when F clicked

es.  alhacer clicen F

fr. quand F estcliqué

it. quando si clicca su F

ja. F Affighil
pl.  Kkiedy kliknieto F

uk. oy F warucuyTo

zhs. 4 F i

However, all such variations remain marginal. In many cases, leaving English does
not fundamentally change the way one programs: a change of alphabet, keywords, and
local variations in syntax does not affect the overall syntax of the program.

Let us now examine two cases in which variation in human language makes pos-
sible more profound changes in program writing. The first is the Perligata programming
language, a Perl module which, inspired by the inflectional morphology of Latin, offers
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remarkable syntactic flexibility. The second example is the Wenyan programming language,
which is inspired by Classical Chinese and uses a system of pronouns in order to limit the
use of linguistic recursion.

4. Programming in Latin: Morphology at the Expense of Syntax

The Perligata programming language is described by its creator, Damian Conway, as
“a programming language in which the syntax is (largely) non-positional” [33,34].

To enable programming in which word order is largely irrelevant, he introduced a
feature that is extremely rare in programming: inflectional morphology, i.e., the variation
in the form of words according to their function in an expression. Since the appearance of a
word is sufficient to indicate its function in a given expression, it is not necessary for this
function to be further indicated by its position in the expression.

This feature is expressly borrowed from Latin, a language with a rich inflectional
morphology. It has a whole system of declensions: articles, pronouns, adjectives and nouns
take different forms depending on their function in the sentence. A subject will be marked
by the nominative dominus, a direct object by the accusative dominum, a noun complement
by the genitive domini, an attributive complement by the dative domino, etc. Latin also has
a system of conjugations: verbs change form according to tense, aspect and mood. This
morphological richness allows for great syntactic flexibility:'* the sentences Mater panem
dat, Mater dat panem, Panem mater dat, etc., show only slight semantic or stylistic variations,
such as the emphasis on a particular word. The predominance of inflectional morphology
over word order was such that syntax itself, as part of grammar, only appeared late in
Rome with Priscian (VIth century AD), long after morphological analyses such as Varro’s
(1st century BCE) [36].

The Perligata programming language is inspired by these characteristics, varying certain
lexemes according to their function or context, which allows for considerable freedom in
word order. The endings, borrowed from Latin, give the code a vaguely Latin appearance,
admittedly closer to sword and sandal films than Virgil. See, for instance, the following
implementation of the sieve of Eratosthenes, which prints out all prime numbers up to any
given limit [34] SWHID: swh:1:cnt:53dad7ddaa7d941{0ffe70b244fd3ec89e246d38;lines=26-39:

#! /usr/bin/perl -w

use Lingua::Romana::Perligata;

adnota Illud Cribrum Eratothenis

maximum tum val inquementum tum biguttam tum stadium egresso scribe.

vestibulo perlegementum da meo maximo.

maximum tum novumversum egresso scribe.

da II tum maximum conscribementa meis listis.

dum damentum nexto listis decapitamentum fac sic
lista sic hoc tum nextum recidementum cis vannementa da listis.
next tum biguttam tum stadium tum nextum tum novumversum

scribe egresso.
cis.

This code is the translation of the following Perl code, which asks the user for the limit
($maxim), makes a list of numbers from 2 to the limit, prints out every number on the list
and removes its multipliers from the list:

print STDOUT 'maximum: ’;
my $maxim = <STDIN>;
my (@list) = (2..$maxim);

while ($next = shift @list)
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print STIDOUT $next, "\n";
@list = grep {$_ % $next} @list;

To achieve this result, the main Perl keywords obviously had to be translated into
Latin. Numbers are called nullum, unum, duo, tres, etc., and can also be written I, IT, III,
etc. A number used as an index will take the cardinal form nullimum (a neologism), primum,
secundum, ..., XVimum, etc. The expression septimum noni tertii primi unimatrixorum,
therefore, translates the Perl expression $unimatrix[1] [3] [9] [7]," with the coefficients
presented in reverse order. Floating point numbers are expressed by a cardinal numerator
and an ordinal denominator; thus, unum quartum expresses the value 0.25, and MMMCXLI
Mimum expresses the value 3.141. Table 5 shows how control structures are translated. The
designers of the language chose to distinguish between the particles dum and donec, which
are equivalent in Classical Latin, in order to arbitrarily specialise the former in the sense of
“while” and the latter in the sense of “until”.

Table 5. Control structures in Perligata. English keywords are translated in Latin. By convention, en.
while is translated as la. dum, and en. until is translated as la. donec, even though both words have
both meanings in Latin.

Perligata Perl

si... fac if ...
nisi... fac unless...
dum... fac while...
donec ... fac until...
per (quisque)... in... fac for(each)...
posterus next
ultimus last
reconatus redo
confectus continue

The inflectional morphology of Latin makes it possible to distinguish between variable
types and how they are used. Variable types are differentiated by number, case and
declension (Table 6). A scalar variable is declined as a neuter singular; an array is declined
as a neuter plural of the second declension; and a hash table is declined as a masculine
singular of the fourth declension. The way the variable is used is denoted by its case:
accusative to use its value, dative to follow a reference, and genitive to use it as an index.
While the choice of number—singular for a scalar variable, which is a single value, plural
for an array and a hash table, which can hold multiple values—is easily understood, as
is the choice of neuter gender in the first two cases, the choice of the seemingly arbitrary
declension is probably only justified by the desire to avoid any ambiguity: no two roles
have the same form.!°

This system of declensions allows the scope of variables to be declared with the
singulars meo or nostro in a scalar context and the plurals meis or nostris in a list context:

meo varo haec da. my $var = @_;

meis varo haec da. my ($var) = @_;

meis varis haec da. my Q@var = @_;

our $var = Q_;

nostro varo haec da.

b
nostris varo haec da. our ($var) = @_;

H OH OH OH OB H

nostris varis haec da. our Qvar = Q_;
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Demonstrative pronouns can be used to refer to variables, arrays, and indices in the
default input (Table 7).

Table 6. Variable types in Perligata. A scalar variable is declined as a neuter singular; an array is
declined as a neuter plural of the second declension; and a hash table is declined as a masculine
singular of the fourth declension. Cases indicate how to use the variable: accusative to use its value,
dative to follow a reference, genitive to use it as an index.

Perligata Number, Case, Decl. Perl Role

nextum Acc. sg. 2nd decl. $next scalar data
nexta Acc. pl. 2nd decl. @next array data
nextus Acc. pl. 4th decl. Jnext hash data
nexto D. sg. 2nd decl. \$next scalar target
nextis D. pl. 2nd decl. \@next array target
nextibus D. pl. 4th decl. \’next hash target
nexti G. sg. 2nd decl. [$next] indexed scalar
nextorum G. pl. 2nd decl. $next [] indexed array
nextuum  G. pl. 4th decl. $next{} indexed hash

Table 7. In Perligata, Latin demonstrative pronouns refer to the default input.

Perligata Number, Case, Decl. Perl
hoc Acc. sg. 2nd decl. $_
huic D. sg. 2nd decl. \$_
hujus G. sg. 2nd decl. [$_1]
haec Acc. pl. 2nd decl. Q_
his D. pl. 2nd decl. \e_
horum G. pl. 2nd decl. $_[1

Latin-inspired verb inflections are used to define a function, its role, and its
context (Table 8).

Table 8. Perligata function-related structures are inspired by Latin conjugation.

Perligata Number, Mood, etc. Perl Role Context
countere inf. sub count definition -
counte imp. sg. count () call void
countementum  Acc. sg. resultant count () call-data scalar
countementa  Acc. pl. resultant count () call-data  list
countemento D. sg. resultant count () call-target  scalar
countementis D. pl. resultant count () call-target  list

This structure allows the form of the language’s basic functions and operators to be
varied in ways that would make any Latin scholar shudder (Table 9).

Thus, Perligata has a rich inflectional morphology, which is extremely rare, to our
knowledge, in programming languages. This inflectional morphology allows, as in Latin,
for great syntactic flexibility. To express the Perl instruction

$last = $next,
which assigns to the variable $1ast the value of the variable $next, one can write either:

lasto da nextum.
lasto nextum da.
nextum da lasto.

nextum lasto da.
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da lasto nextum.

da nextum lasto.

Table 9. Built-in functions and operators in Perligata are translated to Latin and subjected to conjuga-
tion, at the cost of some barbarisms, e.g., morimentum.

Operator/Function Rendered as Void Context Scalar Data List Data

+ “add” adde addementum addementa

= “give” da damentum damenta
“conjoin” sere serementum serementa

.. “enlist” conscribe conscribementum conscribementa

shift “behead” decapita decapitamentum  decapitamenta

push “stack” cumula cumulamentum cumulamenta

pop “unstack” decumula decumulamentum  decumulamenta

grep “winnow” vanne vannementum vannementa

print “write” scribe scribementum scribementa

write “write under”  subscribe subscribementum subscribementa

die “die” mori morimentum morimenta

This syntactic flexibility offers the programmer great stylistic freedom. As Guy
Raynaud de Lage observes for ancient French, “the declination, in compensation of its
servitudes, frees the language from other servitudes, gives it variety and expressive-
ness, or at least provides the speaker or writer with the possibility to be varied and
expressive. [..] Style can therefore have more influence here than the syntax” [37]
(pp- 15,148). For example, the use of anaphora makes it possible to show that dif-
ferent functions apply to the same variable, or vice versa, by noting the invariant
at the beginning of the line and the variations at the end of the line [34] SWHID:
swh:1:cnt:aab9c1be33f5b304096a51f7982a51a57922b831;lines=16-25:

valum da arcessemento varum.
valum da arcessementis varum.

valum da arcessementibus varum.

scribe egresso arcessementa arcessementum arcessementum arcessementum varum.
scribe egresso secundum varum arcessementorum.

scribe egresso secundum varum arcessementuum.

scribe egresso secundum varum arcessementi hashuum.

scribe egresso secundum varum arcessementi arrorum.

scribe egresso secundum varum intra Class arcessementi arrorum intra Class2.

This code is the translation of the following Perl code, which demonstrates various
combinations of references. The invariant parts ($var, print, STDOUT, ${$var}[2]) are
more scattered in Perl than in Perligata.

${$val} = $var;
@{$val} = $var;
%{$val} = $var;

print (SIDOUT @{${${${$var}}}});

print (SIDOUT ${$var}[2]);

print (SIDOUT ${$var}{2});

print (STDOUT $hash{${$var}}{2});

print (SIDOUT $arr[${$var}][2]);

print (SIDOUT $Class2::arr[${$Class::var}][2]);
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The Perligata language offers great syntactic flexibility by allowing words to be written
in an almost completely free order. Inspired by the characteristics of Latin, namely its
rich morphology and syntactic flexibility, it challenges two common features that standard
programming languages share with English: the absence of inflectional morphology and
the rigidity of word order.

English, having little inflectional morphology, lends itself quite easily to formal gram-
mars, systems that marginalise morphology by reducing it to an epiphenomenon and
artificially integrating it into phonological or syntactic rewriting rules [38] (p. 22). For
example, Chomsky speaks in 1957 of “morphophonemic rules” [39]. It is quite different
from the Latin grammars of Antiquity, in which a precise treatment of syntax only appeared
with Priscian, drawing inspiration from Apollonius Dyscolus’ study of the Greek language,
while the structures of declension, analysed since Aristotle in Greek, are synthesised for
Latin by Varro.

At a time when the internationally dominant human language, as well as the most used
programming languages, makes syntax understood as word order the essence of grammar, the
Perligata language recalls the expressive potential that an inflectional morphology has to offer.

5. Programming in Classical Chinese: Pronouns at the Expense of
Linguistic Recursion

The Wenyan programming language [40,41], for its part, dispenses with one of the most
common mechanisms in programming languages, namely the expression of block nesting
through linguistic recursion. In accordance with ordinary usage in Classical Chinese, it is
replaced by a system of pronouns. This feature is all the more noteworthy as Marc Hauser,
Noam Chomsky and Tecumseh Fitch consider unlimited linguistic recursion as a universal
feature of human languages [42].

The Wenyan programming language, created by Huang Lingdong between December
2019 and July 2020, lets programmers write programs in a fragment of Classical Chinese
(3LE wénydn) that is admittedly stereotypical, but grammatically correct. Classical Chinese
is a language derived from ancient Chinese (¥ 3 giiwén), in which many classics have
been written, such as the mathematical treatise JUE SN Jiuzhangsuanshii “Nine Chapters on
the Mathematical Art” [43]. This language was used as a scholarly language until the 20th
century, including in slogans and solemn formulas in the People’s Republic of China.'”

Two features of Classical Chinese make the understanding of a text heavily depend on
context: high density and low use of linguistic recursion [46] (pp. 243-245 and 258-260).

The density of the language is primarily due to the fact that it is mainly composed of
monosyllabic words [47] (pp. 18-19); it does not offer redundant words such as zh. T
chéngshi “city (litt. city wall/city)” and zh. F17& zhidao “to know (litt. know /think)”, in which
full-fledged Classical Chinese words are integrated as morphemes in Modern vernacular
Chinese. This language also has great grammatical flexibility: the same character can function
as a pronoun, an adjective, an adverb, or an active or a passive verb [45] (§ 63, 70), [46]
(pp- 25-30), [47] (ch. II). As Classic Chinese has no inflectional morphology, the appearance
of a word taken in isolation provides no clue as to its function; only the context allows
it to be determined, starting with the word order—when it can be guessed, since the
language is sometimes written without punctuation [45] (Appendix, §1), [46] (p. 244). From
a pragmatic point of view, stylistic conciseness is particularly encouraged [45] (§ 64-66),
[46] (pp. 243-245), which accentuates polysemy. Context, therefore, plays a huge role: it
allows one to understand not only the semantics of the text, but even its syntax.

Another major feature of Classical Chinese is the limited use of linguistic recursion,
i.e., the nesting of clauses within other clauses [46] (ch. V). Pronouns and other anaphoric
devices are used to simulate recursion.
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Although derived from an ancient language, the Wenyan programming language has
everything one would expect from a modern programming language. It is free software [40],
documented on a website [49], in a manual—in Classical Chinese [50,51]—and through
many examples. It is enriched by libraries'® and extensible by a package manager, wyg
(T Wényuan Gé “Belvedere of Literary Profundity”) [52]. An online development
environment allows one to write code, execute it and compile it in JavaScript, Python and
Ruby [53]. The language is Turing-complete: anything that can be computed in any other
programming language can also be computed in Wenyan. The syntax is formally defined
in Backus—Naur form [41].

Accepting texts written in a fragment of Classical Chinese as programs, the Wenyan
programming language differs from conventional programming languages in at least three
obvious ways:

o At the graphematic level, its alphabet is that of traditional Chinese characters;'’

e Its lexicon is strictly composed of Classical Chinese words. For instance, natural
numbers are idiomatically written with Chinese integers &, —, —, =, 1, 11, /X, £,
J\, JL and + from 0 to 10, & “100”, F “1000”, & “10,000”, ..., f& “10%8”; floating
numbers use traditional words such as 43 “10~1”, #& “10~2”, Z “103”, 4% “10~%", ...,
£ “10712”; Booleans, a term cleverly translated as % yao “Yijing hexagram line”, are
called %5 yang and F2 yin;

* At the syntactic level, it includes various Classical Chinese sentence patterns: the
affirmative form “subject + verb + complement” (e.g., &8 —% wu you yi shu “I have
one number”), the imperative form “verb + complement” (e.g., 42 min zhi “name
it”), the predicative form “subject + # + predicate + 1.7, the interrogative form “... "
(e.g, K TH 1 TZ]1 HEETF “among A and B, is none false?”) and “... %" (e.g.,
Frf&%{7 “how much remains?”).

Since line breaks have no syntactic function in this language, Wenyan code can
either appear as a block of text without indentation or punctuation, as below, or be dis-
played with punctuation, indentation, and syntax highlighting, as in Figure 5 [51] (SWHID:
swh:1:cnt:a3a86b8532b2d46976fc90d35fd8f7a8e8b13fcc;lines=90-121, pp. 27-28).

K TENER) HHRER THEITRIER) BHHRER TR HHARAER E
WHE ) HHEHAEEE—SH [ TEREHOANEE SR B AR L) | EZ
FEEE S8 T TZRETEANHRERHREB M § EXHEER
M BES) HHAEEE 50 I Tzt R A ERE) 1 E2XE
EEF—FH T TEHLAFER) | EXHanEIER TEHERE) HZHRE
F TESLHS ) H#HAEEE—SH I TEHEUABERRY 1| E2FEEE—
FEHIREDHLHE] | BrHFEEE—FH I THRATHOELZ
B AR TERME] | ExUaaHER MBI ZEREEF —FH
M TR EFCREEAEMARE ) | F2EIER TEAR) HHERE
EE—EH I TETERBWBRTHEESFOR) | BxEEEE S8 TZ=
FEZEEM) 1| E2WMEEss

Despite the obvious exoticism of the alphabet and lexicon, the syntax of the Wenyan
language has surprisingly few truly idiomatic features. Indeed, let us compare, morpheme
by morpheme, expressions in Wenyan with their translations into English and JavaScript,
the programming language used as a means of comparison in the documentation [54]. We
will see that the difference is often no less superficial than what we saw in Scratch.

Comments are, as is fairly common, framed by start and end lexemes (Table 10).
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Figure 5. Wenyan code published in the old-fashioned Wenyan programming language manual [51]

(pp. 27-28). The code is written with syntax highlighting and indentation.

Table 10. Comments in Wenyan, with English and JavaScript translations. Like JavaScript, Wenyan
frames the comment between start and end lexemes.

wy. #EH T T FIFRRA 11
en. comment: .
js. /* */

Binary Boolean tests—conjunction and disjunction—are not written in infix notation
as in JavaScript, but in prefix, infix and suffix notation, with the operands separated by
quotation marks (Tables 11 and 12).

Table 11. Conjunction in Wenyan, with English and JavaScript translations. Wenyan uses a prefix,
infix and postfix notation.

wy. * T H 1T Z 1 PR o
en. that’ a T b " among-them-none-false?
js. a && b

Table 12. Disjunction in Wenyan, with English and JavaScript translations. Wenyan uses a prefix,
infix and postfix notation.

wy. x T H 1T Z 1 FEBT -
er. that’ a T b " among-them-any-true?
js. a Il b
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Negation is denoted by a prefix, namely the verb % bian “transform”, used in the
5 £8 Yijing “Book of Changes” to change hexagram lines [43] (p. 901). This is parallel to
JavaScript (Table 13).

Table 13. Negation in Wenyan, with English and JavaScript translations. They all use an infix notation.

wy. i T
en. change ‘a’.
js. ! a

Arithmetical tests are translated in the usual way, in parallel with JavaScript (Table 14).

Table 14. Arithmetical tests in Wenyan, with English and JavaScript translations. This is a word-for-
word translation.

wy. en. js.
N smaller-than <

AR not-smaller-than >=
N greater-than >

NI not-greater-than <=
FH equal-with ==
REER not-equal-with I=

Arithmetical operations are translated using standard mathematical verbs (Jlll jiz “add”,
I jidn “subtract”, 3¢ chéng “multiply”, B chii “divide”), with the preposition LA yi “by means
of” separating the two operands (Table 15, 16, 17 and 18) [43] (pp. 909, 911, 936-938).

Table 15. Addition in Wenyan, with English and JavaScript translations. Wenyan uses a both prefix
and infix notation.

wy. n - R “e
en. add 1 using 2.
js. 1 + 2

Table 16. Subtraction in Wenyan, with English and JavaScript translations. Wenyan uses a both prefix
and infix notation.

wy. e tEATN B ME=*+="-
en. reduce 756  using 433.
js. 756 - 433

Table 17. Multiplication in Wenyan, with English and JavaScript translations. Wenyan uses a both
prefix and infix notation.

wy. e —t+= U Htte
en. multiply 23 by 57.
Js- 23 % 57

Table 18. Division in Wenyan, with English and JavaScript translations. Wenyan uses a both prefix
and infix notation.

wy. b + U =
en. divide 10 by 3.
js. 10 / 3
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Euclidean division is marked by a question concerning the remainder (£ yii [43]
(p. 1027)) after an ordinary division (Table 19).

Table 19. Euclidean divison in Wenyan, with English and JavaScript translations. Wenyan uses a
prefix, infix and postfix notation.

wy. B + Bl = PR -
en. divide 10 by 3. what-remains-how-much?
js. 10 % 3

The control structure “if... then.... else” with % ruo “if” [43, p. 974] is parallel to that
of JavaScript (Table 20).

Table 20. “If” control structure in Wenyan, with English and JavaScript translations. The Wenyan
syntax is parallel to that of JavaScript.

wy. =INKRAE & Jii5 I S
en. if 3<5 , then get “heaven”.
Js. if 3<5) { return “heaven”;}
wy. HIE  TiE s s o

en. if-not  then get “earth” so-it-is.

js. else { return “earth”; }

The structures “for all” and “while” are parallel to JavaScript as well (Table 21).

Table 21. “For” and “while” loops in Wenyan, with English and JavaScript translations. The Wenyan
syntax is parallel to that of JavaScript.

wy. R Ef T -  BE&C

en.  do-this 100 times. ... and-so-on.
js. for (vari=1;i<100;i++) { e

wy.  fHAE e Tk e w BB

en.  constantly-do-this ... then-stop ... and-so-on.
js. while (true) { e break; N

Function (fif shit “procedure” [43] (pp. 986-987)) definition is no more specific to
Wenyan (Table 22).

Table 22. Function definition in Wenyan, with English and JavaScript translations. The Wenyan
syntax is parallel to that of JavaScript.

wy. HE—M-%ZH T o
en.  I-have-a-procédure-name-it-as  ’square field’.
js.  function square_field

wy.  A&fgH e
en.  this-procedure-says

js A ..

wy.  AEEE [J7H Z g o

en.  call-this ’square field”  ’s-procedure-so-it-is.
Js- )

The definition of a function with two arguments is also parallel to JavaScript (Table 23).
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Table 23. Function of two arguments in Wenyan, with English and JavaScript translations. The
Wenyan syntax is parallel to that of JavaScript.

wy. EHEE - AZH THL e

en.  I-have-a-procedure-name-it-as ’square field’.

js.  function square_field

wy.  FATEM I - B e

en.  wanting-to-apply-this-procedure, first-need-to-get 2 numbers.

Js: ( var

wy. H Mgy - H Mg T RME o

en.  say ‘width’. say ‘length’. now-app ly-this-procedure-
saying

js. width , length )

wy. b | FJ7H 2t o

en. this-is-called ’square field” ’s-procedure-so-it-is.

Js- )

A function call is simply prefixed with a verb, namely Jifi shi “apply” (Table 24) [43] (p. 983).

Table 24. Function call in Wenyan, with English and JavaScript translations. Wenyan uses a both
prefix and infix notation.

wy. JE MP&afe s e
en. apply ’step multiplication” concerning 5.
js. step_multiplication  ( 5);

Thus, despite the apparent exoticism associated with the use of Chinese characters and
words, many syntactic features of the Wenyan language are fairly standard in programming,
as shown by their literal translation into JavaScript.

Some other features, however, are more idiomatic. One such feature is the extensive
use of anonymous variables, which, lacking a name, can be used with the pronouns 2 zhi
‘this’”’ and H g7 “that’. For example, the pronoun g7 “that” [43] (p. 969) takes as its input
the output of the previous operation,’! which allows us to write the operation

(1+2)x3

as shows Table 25.

Table 25. Use of the pronoun H: g7 “that” in Wenyan, with English translation. The demonstrative
pronoun takes as input the output of the previous operation.

wy. n — U e 3R 1t A =
en. add 1 using 2. multiply that using 3.

The pronouns Z zhi this” and H g7 ‘that’ allow these values to be used without
needing to determine the names of the variables—or sometimes even their value, which
defaults to 0 for a number, the empty string for a character string, and true for a Boolean.

BB - AL - B .
Eh—H o H (g - B2
%o W B -

I-have 1 number. add it using 2. write it.

€<

I-have 1 word. Say ‘‘quotient’’. Write it.

I-have 1 boolean. Change it. Write it.
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Z -formulae are frequent in Chinese mathematical treatises, e.g., A= FHt T3 »
RIEKEL “Multiplying this by 375 gives the quantity of mu” (a measuring unit) in the Nine
Chapters [43] (pp. 154-155). Far from being an isolated case, anonymous variables denoted
by Z zhi are, in fact, the general case: named variables are themselves only a special case of
anonymous variables, to which the naming operation (% ming “name” [43] (pp. 964-965))
is applied after the fact (Table 26)!

Table 26. Use of the pronoun 2 zhi “this” in Wenyan, with English translation. The demonstrative
pronoun refers to the output of the previous operation.

wy. o — LA T % z =] MEs o
en. add 1 using 2. name THIS say 3.

The structure of operations composed by Z zhi “this” has an obvious limitation: it only
allows left-associated formulae, i.e., formulas that do not contain any opening parentheses
anywhere other than at the very beginning. This means that formulas of the form

(a+0b)+c,

((a+b)xc)+d,
((a+b) xc

can be expressed, but not formulas of the form
a+ (b+c),

d+ ((a+0b) xc),
(axc)+ (bxc).

This limitation is common to the standard use of the abacus and basic electronic calculators
having no key for parentheses [55].

This computational limitation is overcome by a second idiomatic feature of the Wenyan
programming language, namely using the demonstrative adjective from Classical Chinese
K fu 'that ...” (Table 27).

Table 27. Use of the demonstrative adjective X fu “that” in Wenyan, with English and JavaScript
translations. It allows the construction of arbitrarily complex formulas.

wy. Kk THEl - % T IR

en. that ’‘a’. that b, that c’.

js.

wy. B - DN T -

en. take 2 apply 'd".

Js. d(b,c)

wy. W Dy My -  #%ZH TCJ -

en. take 2 apply e’ call-it  f’.

js. e(a,d(b,c)) var f = e(a,d(b,c))

Technically, the values of a parenthesised expression are stored on a stack, which is
fed (operation push) with the demonstrative adjective % fu and accessed (operation pop)
with the operation B gu take’ (Table 28).
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Table 28. Push and pop operations made by the 5 fu “that...” and B gu "take’ operators in Wenyan.

1 2 3 4 5 6

xR K OB BZ B—

a b 4 (b,c) e(ad(,) f=e(ad(,))
a b 2wl elaeg))

d

§
a K
%

This notation is equivalent to a form of reverse Polish notation (abcd?e? 1), a practice
attested in Chinese mathematical texts [56]. This original structure, stylistically awkward
but idiomatic, provides the construction of arbitrarily complex formulas. This feature of the
Wenyan language, rare in programming languages, allows for the best possible adherence
to the grammatical constraints and stylistic conventions of Classical Chinese.

Thus, the Wenyan language attests in programming something that, according to
Daniel Everett [57] (ch. 15), the Piraha language reveals about human languages. Contrary
to what Marc Hauser, Noam Chomsky and Tecumseh Fitch argue [42], linguistic recursion
is not a universal. A system of cross-references, as in piraha the phrase Xaisigiai “they are
the same”, allows linking the two occurrences of nails in the sentences “Hey Paitd, bring
back some nails. Dan bought those very nails. They are the same”. Recursion may be
constructed at the speech level, not at the sentence level. Pirahd and Wenyan show that one
can both talk and program without linguistic recursion.

The Wenyan programming language is, thus, inspired by Classical Chinese, borrowing
its graphematics, its lexicon—nouns, prepositions, pronouns and demonstrative adjectives,
verbs from mathematical language—its morphology—absence of inflectional morphology,
presence of compositional morphology—and its syntax by adopting various common
sentence patterns, but also part of its pragmatics by replacing recursion with the use of
pronouns. A code in Wenyan is, therefore, not some superficial Rust-like or Scratch-like
paraphrase of a code written in some other language. The human language on which it is
based truly requires the reformulation of program writing in an idiomatic manner.

6. Conclusions

While some programming languages seem largely independent of any human lan-
guage, such as APL and Uiua, many of them share the characteristics of a language, usually
English: the alphabet, the lexicon, the morphology (absence of inflectional morphology,
compositional morphology adopting the Germanic order), and the syntax. The rare lin-
guistic variations are generally limited to the alphabet and lexicon, without requiring a
more profound rethinking of the idea of morphology or syntax.

By contrast, we have seen that these variations can be more daring. Perligata uses a
Latin-like morphology, while Wenyan uses the syntax of Classical Chinese. Such inventions
may at first sight seem like just a schoolboy joke. In some ways, this is obviously the
case. But humour sometimes hides deep ideas. The use of a Latin-like morphology almost
entirely abolishes the received idea that syntax means, or is based on, word order. The use
of Classical Chinese pronouns shows that it is possible to program with little linguistic
recursion, even though Chomsky thought that it was essential to any human language.
These languages are proofs of concept that refute two hasty assumptions about languages
in general, which have a counterpart in the design of programming languages.

Esoteric programming languages in general show that one can program differ-
ently than usual, which is a sufficient reason to take them seriously [58]. For ex-
ample, in Whitespace, one can write programs composed only of whitespace char-
acters (space, tab, and newline), while all other characters are ignored [59] SWHID:
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swh:1:ent:78e253d57a29defc8f391752059d18aa049416cd;lines=2-110. But in most cases, no one
would seriously consider programming like this, as it is doubtful that anyone has ever thought
so. By contrast, programming languages derived from human languages offer the certainty
that they are viable ways, if not to think, then at least to communicate one’s thoughts.

Thus, these two examples make it possible to respond positively to the two questions
posed by this article: 1. language switching may result in innovative programming styles,
2. the diversity of human languages helps us write programs in a different way.

7. Discussion

Innovation can obviously go further than these two examples and challenge other
linguistic beliefs.

Such languages, attested by contemporary experience or by history, can lead to the
questioning of usually unquestioned habits or hasty beliefs about languages in general and
programming languages in particular.

Some languages can, thus, challenge the very idea that grammar is based on the
concatenation operation, understood as the juxtaposition of elements of the “alphabet” in a
linear order. This belief is so strong that it is hard-coded in Chomsky’s grammars, in which
sentences are defined as sequences of phonemes or words [39] (pp. 18-19). It is also hard-
coded in the Backus—Naur form, whose metalinguistic formulae describe syntax as based
on “sequences of symbols” and “juxtaposition of the sequences” [60] (p. 4, emphasis added).
However, some human languages do not assume message linearity. In sign language, five
types of information are given simultaneously: the configuration of hands, their orientation,
their location, their movement, and the expression of the face. The interrogation mark is
expressed by the face and accompanies the entirety of the sentence [61] (pp. 11-12, 110-111).
This characteristic goes against the presupposition of Chomsky’s grammars and Backus-
Naur form, according to which sentences obey the uni-dimensional order of concatenation.
Sign language shows that one symbol can be expressed at the same time as several others,
and not necessarily before or after any other. Parallel programming languages could mimic
such forms of linguistic parallelism.

A very natural question will arise: what other innovations can one expect from human
languages? The answer is very simple: by definition, innovation cannot be anticipated. One
can just encourage programming language designers to dare to learn foreign languages and
not be ashamed of their own native language. The Helsinki Initiative on Multilingualism
may thusly benefit programming language design [62].

At a time when programming is threatened with standardisation—through the hege-
monic use of Python [63] and the increasing delegation of programming to generative artifi-
cial intelligence tools—human languages are a reservoir of living creativity that deserves to
be exploited more, be it in general-purpose or in domain-specific programming languages.
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Notes

. Many Roman languages have a useful distinction between human languages and languages in general: es. idioma/lenguaje, fr. langue/langage,

it. lingua/linguaggio. This distinction is used, for instance, in [5] (Introduction, chap. 3).

The very fact that what we call “programming languages” are languages is not self-evident: as Adamczy observes, “Calling something a language does
not make it so” [6] (p. 124). This metaphor has a history [7]. Nevertheless, this metaphor is relevant, not only for the reason that programming languages
do share some key features of human languages [6,8], but also because they trivially satisfy the definition of what is called “formal languages”. As a
consequence, if one considers that formal languages are languages, which we think reasonable, then programming languages also are.

We will limit ourselves here to textual features of programming languages, leaving aside other features such as graphical ones. For instance, in Scratch,
text is written in coloured blocks nested inside each other. We will consider here the textual grammar of the written parts, not the graphical grammar of
the coloured blocks.

. By contrast, the identifiers created by the user do not have to adhere to English. For instance, in the French version of Kernighan and Ritchie’s C book,

English keywords coexist with French identifiers: while ((1 = lireligne(ligne, MAXLIGNE)) > 0) [13] (p. 28).

This thesis, which is true for English, in which Jespersen was a specialist, does not hold true for other languages. Hagege describes a “cycle de
'analytique au synthétique”: “La forme du futur, par exemple, analytique au stade prélatin, synthétique en latin : cantabo, se disloque en roman : cantire
avyo ; ressoudée en frangais : chanterai, décumulée en pidgin, elle se resynthétise en créole baitien : m’ap-chante, je vais chanter” [16] (p. 123).

Contemporary English has retained some marks of conjugation, for example, the S of the third-person singular in the present indicative, and the
declension of personal and relative pronouns (I, me, mine; who, whom, whose).

As of 25 November 2025, 3957 of the 6147 programming languages (64 %) classified by countries on the HOPL website originate in the US [17].

There is a detailed analysis of equivalence relations between interpreted languages in [19]. Applying it systematically to programming languages
would be beneficial.

. For instance: ipxa in Ukrainian [20], Rost in German [21], Rouille in French [22], Ruggine in Italian [23], Rustico in Spanish [24], Rdza in Polish [25],

Sabi in Japanese [26], £xovplacpévo in Greek [27], ¥ Xiu in simplified Chinese [28], etc.

. For instance, the Hedy project teaches programming in the user’s mother tongue, with instructions such as de. DRUCKE HALLO WELT! corresponding

to en. PRINT HELLO WORLD! or fr. AFFICHE ANIMAUX AU HASARD corresponding to en. PRINT ANIMALS AT RANDOM. Such instructions are just
word-for-word translations. Moreover, the last step of the course explicitly says: “Congratulations! You have reached the last level of Hedy! The code
you have created here can be copied to real Python environments [...]! Note, however, that Python can only read English commands, so if you have
been using other languages, you will need to switch to English now.” [29].

We are talking here about the code, as it is usually visible and manipulable by the programmer. Scratch is one of the cases in which the programmer’s
ordinary interaction with the code is not textual [30]: the default programming environment is a visual editor, whose code is displayed in the human
language chosen by the user. It is possible to view the underlying text code in JSON format by saving and then uncompressing the project’s . sb3 file.
Regardless of the language in which the code is displayed, this underlying code is invariably derived from English.

Scratch translators could have used de. dann.

One may say as a joke, comparing two lines of the table, that Japanese uses an “inverse Polish notation”.

. A rich morphology allows for flexibility but does not enforce it. For instance, “German is a language that has both rich casual morphology and strict

fixity phenomena in word order” [35] (p. 886): the verb is in second position in a main clause and last in a subordinate clause.
In genitive constructions, word order matters, in order to avoid ambiguity.

Such ambiguities happened in Latin. For instance, -a was both the termination of some feminine nominative singular words of the first declension
and that of neuter plural nominative or accusative. The confusion which this ambiguity engendered is the reason why some doublets exist in Roman
languages, e.g., fr. grain m. sg. < la. granum N. n. sg., whose plural form la. grana N. n. pl., interpreted as f. sg. N., gave fr. graine f. sg.

For example, LTI ~ HRFNS biihuaqifang biijiazhengming “Let a hundred flowers bloom, let a hundred schools of thought contend”, #tAk AL pilin
pikong “Criticise Lin Biao, criticise Confucius”... Viviane Alleton elegantly suggests translating wenyan as “noble style”, as opposed to Hi% baihua
“vernacular style” [44], [45-48] (p. 6).

The names of the libraries allude to titles of Chinese classics: H-4% Suanjing “Math”, Z4& Zhouyt “Random”, F4§ Lisjing “Array”, J&{% Lifi “Calendar”,
AL £& Weijing “Bit”, etc.
At least this is the case for the basic lexemes of the language. Nothing prevents the user from defining lexemes that deviate from this alphabet, but this

practice is obviously discouraged.

This must not be confused with its use as a Saxon genitive when using arrays (¥ lie 'row’) and hash tables (¥ wu "thing’) [43] (pp. 954 and 1009), whose
attributes are designated according to the usual compositional morphology of Chinese, with the preposition Z zhT having the same function as a Saxon

To M

genitive, for example, in the expression ¥ Z I T ] 1 “thing’s "width"”, which in a language such as Java would be written this.width.

This process is reminiscent of the variables $_ (or $ARG) and @_ (or @ARG) in Perl, which Larry Wall explicitly compared to the pronouns “this” and “them”.
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