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As the theory and practice of programming languages advance, we have seen the creation of a
plethora of new programming languages in the past decades: TypeScript (Microsoft), Hack (Face-
book), Go (Google), Dart (Google), Rust (Mozilla), Julia, Elixir, and many others. Similarly, many
domain-specific languages have been created: Halide for GPU computing (by MIT with help from
Stanford, Google, Adobe), Turi for ML (formerly GraphLab, by CMU/UoW, acquired by Apple),
Graphlt for graph analytics, as well as many others. This trend is not confined to big companies
and teams but has been embraced at all levels including at the level of individuals.

Language designers need methods and tools for quickly deploying and validating their new pro-
gramming language designs. Safer programming languages mean more secure and reliable soft-
ware systems and, in turn, a safer world. We all benefit when complex software is written in pro-
gramming languages that provide strong safety guarantees.

To help language designers, I have created the LANGg-N-X series of systems during the
past several years since my joining UMass Lowell. This is a multi-year project that comprises a se-
ries of systems that are all connected and part of the same story. Each system addresses a different
aspect within the same overall objective. The series contains the following systems.

¢ Lanc-N-Pray: Languages as First-Class Citizens [1, 3,4]

* Lanc-N-SEND: Processes That Send Languages [6, 7]

¢ Lang-N-Cuange: A DSL for Language Transformations [9,14,16-18]

¢ Lana-N-CHEck: Type Systems for Programming Language Definitions [2,13]

¢ Lanc-N-Prove: A Proof Language for Language Proofs [5,11,15]

¢ Lanc-SQL (a.k.a. Lane-N-QUERY): A Query Language for Querying Languages [8, 10]

The series is divided into two parts. The first three systems help with the flexible creation and
use of programming languages: Lang-N-Pray, LaANG-N-SEND, and Lang-N-CuaNGE. The last three
systems help with the verification of programming languages: Lanc-N-CHECK, LaNG-N-PROVE,
and Lang-SQL. The following sections describe each system.

1 Lang-N-PrLAY: Languages as First-Class Citizens [1,3,4]

I have designed and implemented Lang-N-PLAY, a programming language with languages as first-
class citizens [1,4]. Like in other systems, LaNG-N-PLAY programmers can define their own program-
ming languages, these are programmer-defined languages, and then use them to execute programs
in multi-language programming style. Lang-N-Pray also handles programming language defini-
tions with the same status as any other expression, and elevates them to be runtime values that can
be bound to variables, passed to functions, returned by functions, and inserted into lists, among
other operations. This approach offers flexible features in the runtime creation and modification of
languages, and promotes new idioms in multi-language programming.

Milner’s type safety is an essential theorem in programming languages theory and says that
“well-typed programs cannot go wrong”. I have set forth the observation that Milner’s type safety is
too strong a property in the context of multi-language programming [4]. Indeed, language designers
may intentionally execute programs with unsafe programming languages that they have created. I
have therefore proposed a refined safety theorem for multi-language programs:

Well-typed multi-language programs can go wrong on programmer-defined languages only.

1Disclaimer: This is an excerpt from a job related document. As such, it is tuned on an “I have done” writing style and on
discussing main features and results briefly rather than providing a careful description of the systems.
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I have proved this theorem for a core formalization of Lang-N-PLAY (a A-calculus with languages
as first-class citizens) [4]. This theorem can be a guiding principle for multi-language programming
systems: It captures the idea that the surrounding management of programmer-defined languages
must be correct while there is nothing we can do when programmers use ill-defined languages.

I have implemented Lang-N-PLay with higher-order logic programming and I have made the
point that the features of higher-order logic programming are an exceptional fit in implementing
multi-language programming languages [3]. The core interpreter is only 73 lines of code and yet
it enables sophisticated features such as passing languages to functions and changing evaluation
strategies (call-by-value vs call-by-name) at runtime.

2 LANG-N-SEND: Processes That Send Languages [6,7]

Preamble After I have explored languages as first-class citizens in the sequential programming
language Lanc-N-Pray, I have investigated the same for concurrent programming languages.

Milner’s m-calculus is a formal concurrent language that has a similar role for modern concur-
rent languages based on message-passing communication (as opposed to shared-memory) that the
A-calculus has for functional programming languages. I have designed LanG-N-SEND, a formal con-
current language that extends the 7-calculus in order to handle programmer-defined languages as
data that can be communicated [7]. Processes can define programmer-defined languages and use
them to execute programs. Furthermore, processes can send and receive pieces of programmer-
defined languages through channels. Next, I have augmented Lang-N-SEnD with monitoring ca-
pabilities for analyzing the execution of programs, and with the ability to send pieces of regular
expressions to verifiers for them to include into larger properties to be verified [6]. I have provided
a formal semantics of Lang-N-SEND and several examples that demonstrate that it promotes new
idioms and new client-server scenarios for the runtime creation and modification of languages.

3 LanG-N-CHANGE: A DSL for Language Transformations
[9,14,16-18]

Preamble Lanc-N-PLay and Lanc-N-SEND have the ability to take several pieces of programming
language definitions from different sources and combine them to form a finished language. Litera-
ture also offers more sophisticated operations for composing/modifying languages. However, when
we write functions for automatically adding features to programming languages we need to manip-
ulate programming language definitions with more fine-grained precision.

A prominent example is that of adding subtyping. (To recall, it is by subtyping that we can pass
an integer to a function that requires a floating point even though integers and floating points are
different types.) Subtyping cannot be achieved by simply combining pieces of languages together but
it requires modifying the type checker in non-trivial ways. My question then is: “Can we develop
a domain-specific language to express fine-grained language transformations?” Together with my
former student Benjamin Mourad, I have developed such a DSL, Lanc-N-Cuance [16, 18], and have
used it to automatically add subtyping to languages, as well as to add imperative programming,
object-oriented programming, pattern-matching, and gradual typing, among other features [14,17,
18], and to automatically generate abstract machines [14].

Lanc-N-CHANGE contains striking features for retrieving information from programming lan-
guage definitions. I have leveraged these features to write a concise validator that guarantees that
bisimilarity is a congruence for process algebras given as input [9].

Education research: Courses in programming languages typically cover several programming
language features. I have made the point that Lance-N-CHaNGE language transformations are akin
to pseudocode that highlights the insights behind programming languages features. I have set
forth the thesis that employing Lana-N-CraNGE language transformations in teaching programming
languages features can help students deepen their understanding of the feature at hand [14], and
I have conducted a small study on this thesis in the context of one of my courses [14].
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4 LaAnG-N-CHECK: Type Systems for Language Definitions
[2,13]

Preamble The systems that we have seen so far address language designers’ flexibility in creat-
ing programming languages. However, once we have a programming language it is important to
verify that it satisfies the properties that we have intended.

Type systems play a major role in program analysis. My question then is: Can they play a similar
role in programming language analysis? (That is, the analysis of the meta-theoretic properties of
programming languages such as type safety.) Together with my colleagues, I have created a type
system for programming language definitions that guarantees that the programming language in
input is type safe [13]. I have proved a theorem that guarantees that result and that says “Well-
typed programming language definitions are safe”. (Intrinsic typing proposes a similar theorem
but I have made the point that such approach does not use types in the way they are typically
used in programming languages [13].) I have developed the Lanag-~N-CHECK tool that type checks
programming language definitions given in input as type safe. Our results are able to guarantee
type safety for a class of functional languages that includes several common types and operators [13].
Further studies are needed to scale the approach to more sophisticated languages.

Education research: Thanks to a type-based approach, Lanc-N-CuEck has a high level view of the
programming language being analyzed and can report error messages using the same jargon of lan-
guage designers. I have then set forth the thesis that a language type checker such as Lang-N-CHECK
can be an effective tool for 1) teaching functional language design and for 2) collecting statistics on
the design mistakes that students make during their modeling of programming languages. (Such
statistics may inform our teaching style.) I have conducted a small study on that thesis in one of
my courses [2].

5 LaANG-N-ProvE: A Proof Language for Language Proofs
[5,11,15]

Preamble Lanc-N-CuEck handles a class of languages that exhibits a common organization. I
observed that their type safety proofs also have a common structure. Then, I have used this obser-
vation to automatically generate mechanized proofs of the type safety of those languages.

More generally, proofs of programming language properties often follow a schema that can be
applied not to just one language but, rather, to a class of languages. My question then is: Can we
develop a domain-specific language to express proofs in a way that applies to classes of languages? 1
have designed and implemented Lang-N-Prove, a DSL for expressing such proofs [5]. LaANG-N-ProVE
contains linguistics that are specific to interrogate programming languages. Lang-N-Prove takes
two elements as input, a programming language definition and a Lana-N-Prove proof, and gen-
erates the mechanized proofs that are specific to the language given as input. I have developed
the Lanc-N-Prove proofs that describe the type safety proofs of the class of functional languages
mentioned in the previous section [5], and which is the target of the Lanc-N-CHECK type checker.
Furthermore, my former student Seth Galasso has extended this work to capture the type safety
proofs for that same class of languages when subtyping is added to them [15]. These works have
demonstrated that Lang-N-ProvE generates the valid mechanized proofs (with some limitations,
please refer to the papers [5, 15]) of a great number of programming languages.

LaNG-N-ProvE proofs are akin to the pseudocode of programming language proof methods when
applied to classes of languages. My next question then is: What is the complexity of carrying out a
programming language proof method? specifically as related to language design quantities such as
the number of operators, the number of rules for the evaluator, for the type checker, and so on. I have
investigated that question for the standard type safety proof method (called “syntactic approach to
type soundness” in the literature) when applied to the class of functional languages that we have
targeted with Lang-N-Prove [11]. This represents the first example of this type of analysis of the
complexity of carrying out programming language proof methods.
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6 LanG-SQL: A Query Language for Querying Languages
[8,10]

Preamble Lanc-N-CHECK and Lanc-N-Prove, as well as related tools in the literature, focus on a
“big” property such as type safety. Given a programming language, however, it is interesting to also
validate “smaller” questions: What are the binders of the language? What are the contravariant
types? What type of data is mutable? And others. Analyzing these smaller aspects goes a long way
to help debug a programming language. Then, I have built methods for analyzing these smaller
aspects.

I have made the point that interrogating programming language definitions should be akin to
interrogating databases [8]. In that field, SQL is a standard query language and SQL queries are
concise, declarative, and mostly readable. I have proposed the languages-as-databases approach
where language definitions are stored as database tables [8]. I also have designed and implemented
Lang-SQL [8], a SQL-inspired query language that can express queries over programming lan-
guage definitions. Lanc-SQL contains linguistic features that are specific to query language design
aspects. I have demonstrated Lang-SQL with several queries that interrogate programming lan-
guages over various and diverse aspects of language design [8]. I have also used Lang-SQL queries
to rewrite the majority of Lang-N-CuECK [8]. This latter implementation is very concise. I have used
LanGg-SQL queries to implement a concise validator that guarantees that bisimilarity is a congru-
ence for process algebras given as input [10]. (This is another take at the implementation of the
validator previously mentioned, here with Lang-SQL queries rather than Lang-N-CHANGE.)

How This Story Continues (Only the Very Next Step Is Discussed) Most of the techniques
in language-parametric verification that establish results at the level of formal proofs target big
properties (such as type safety). Lanc-SQL can target smaller aspects of programming languages
with checks in the form of queries, but these queries do not establish results at the level of formal
proofs. My archived paper [12] proposes language logics, a counterpart of program logics for pro-
gramming language analysis rather than program analysis. One of the benefits of language logics
is that they can analyze small questions and can do so at the level of formal proofs, therefore filling
a gap. I have implemented a prototype prover for a language logic. This is another tool within the
Lang-N-X series, which is called Lanc-n-Assert. However, much work will be needed to elevate
language logics to a mature formal method that enables full programming language analysis.

I will also work on enlarging the scope of the systems that I have presented. Indeed, some of the
techniques that I have developed apply to a limited class of functional languages. It took several
years to take these new techniques off the ground in their basic form. It is time to scale
all these new techniques so that they apply to sophisticated programming languages.

Education Research: Lang-N-ProvE proofs are akin to the pseudocode of programming language
proof methods. My claim is that teaching these proofs can help students see the proof method at
hand with some generality and deepen their understanding of why some programming languages
satisfy a property while others do not. In my future research, I will conduct studies to investigate
the merits of this thesis.
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