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Background

Version Update May Break Software

Expects
𝑣1 of parser

parse(…)

app

parser

parse
𝑣1

parse(…)

app parser

parse
𝑣3

Deleted
Error

parse(…)

appparser

parse 𝑣2

Behavior
changed

Version Up

Error?
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Background

Implicit Assumption: One-version-at-a-time

parser

parse

𝑣1

parser

parse

𝑣2
import parser (parse)
let x = parse …

app

Only one version of 
parse can be used



COP 2022
November 24, 2022 4/27

Background

Dependency Hell

• Difficult to resolve indirect dependency conflicts in a 
software with complex dependencies

parser

XML𝑣8
′

𝑣1

app

parser

XML

𝑣2

app
Update
parser

Conflict
𝑣8
′ 𝑣9

′

𝑣8
′

So ... how do I fix it?
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Background

Programming Language with Versions

parse(…)

parse(…)

app

parse

parser 𝑣2

parser

parse

𝑣1

𝑣2

𝑣1 XML = newXML(…)

parse(XML)

app

^^^

newXML

Can use two versions 
in one client

Can detect inconsistent 
usages across versions

𝑣1
𝑣2Expected:

Found:

Core calculus: 𝜆VL
[Tanabe’18, Tanabe’22]

Incremental
update



COP 2022
November 24, 2022 6/27

• Extraction 𝑡. 𝑙𝑘
Evaluate 𝑡 in the specific version

Background

Versioned Values

• Versioned records 𝑙𝑖 = 𝑡𝑖
Multiple versions in one value

𝑝𝑎𝑟𝑠𝑒 =
𝑙1 = 𝑝𝑎𝑟𝑠𝑒𝑣1
𝑙2 = 𝑝𝑎𝑟𝑠𝑒𝑣2

𝑝𝑎𝑟𝑠𝑒𝑣1 𝑝𝑎𝑟𝑠𝑒𝑣2

Version labels

𝑙1 ↦ , 𝑙2 ↦ { }𝑣1 𝑣2

= \xml -> 
let elem = pop …
in …

= \xml -> 
let elem = pop … 
in …

𝑝𝑎𝑟𝑠𝑒 𝑋𝑀𝐿 . 𝑙1

𝑝𝑎𝑟𝑠𝑒𝑣1 𝑜𝑏𝑗𝑣1

[("English","hello"),
("French","bonjour"),
("Japanese","konnichiwa")]
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Background

𝜆VL Type System

• Versions as Resources :
Types are tagged with available and consistent
version labels

𝑝𝑎𝑟𝑠𝑒 ∶ □ 𝒍𝟏,𝒍𝟐 (XML → 𝐴) 𝑋𝑀𝐿 ∶ □ 𝒍𝟏,𝒍𝟐,𝒍𝟑 XML

𝑝𝑎𝑟𝑠𝑒 =
𝒍𝟏 = 𝑝𝑎𝑟𝑠𝑒𝑣1
𝒍𝟐 = 𝑝𝑎𝑟𝑠𝑒𝑣2 𝑋𝑀𝐿 =

𝒍𝟏 = 𝑜𝑏𝑗1
𝒍𝟐 = 𝑜𝑏𝑗2
𝒍𝟑 = 𝑜𝑏𝑗3

let 𝑓 = 𝑝𝑎𝑟𝑠𝑒 in
let 𝑥 = 𝑋𝑀𝐿 in
𝑓 𝑥

: □ 𝒍𝟏,𝒍𝟐 𝐴

𝑙1, 𝑙2 ∩ 𝑙1, 𝑙2, 𝑙3

=
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Background

𝜆VL Type System 

• Inspect the consistency of version extraction

let 𝑓 = 𝑝𝑎𝑟𝑠𝑒 in
let 𝑥 = 𝑋𝑀𝐿 in
𝑓 𝑥 . 𝑙1

: 𝐴

because 𝑙1 ∈ 𝑙1, 𝑙2 ∩ 𝑙1, 𝑙2, 𝑙3

𝑝𝑎𝑟𝑠𝑒 ∶ □ 𝑙1,𝑙2 (XML → 𝐴)

𝑋𝑀𝐿 ∶ □ 𝑙1,𝑙2,𝑙3 XML

let 𝑓 = 𝑝𝑎𝑟𝑠𝑒 in
let 𝑥 = 𝑋𝑀𝐿 in
𝑓 𝑥 . 𝑙3

:

because 𝑙3 ∉ 𝑙1, 𝑙2 ∩ 𝑙1, 𝑙2, 𝑙3

[ERROR]
Expected 𝑙3, 
but got 𝑙1, 𝑙2
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Motivation – Infeasibility of 𝜆VL Programming 

Peculiar Syntax of 𝜆VL

𝐥𝐞𝐭 𝑓 = 𝑝𝑎𝑟𝑠𝑒 𝐢𝐧
𝐥𝐞𝐭 𝑥 = 𝑋𝑀𝐿 𝐢𝐧
𝑓 𝑥 . 𝑙3

Contextual-let binding
𝐥𝐞𝐭 𝑥 = 𝑡 𝐢𝐧 𝑡

Promotion
[𝑡]

Substructural terms

• Requires high proficiency in the resource-aware type 
system

from GrMini[Orchard’19], ℓRPCF[Brunel’14]
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Motivation – Infeasibility of 𝜆VL Programming 

Exposed Version in 𝜆VL Programs

𝐥𝐞𝐭 𝑓 = 𝑝𝑎𝑟𝑠𝑒 𝐢𝐧
𝐥𝐞𝐭 𝑥 = 𝑋𝑀𝐿 𝐢𝐧
𝑓 𝑥 . 𝒍𝟑

Versioned records

𝒍𝒊 = 𝑡𝑖

Extraction
𝑡. 𝒍𝒌

• Requires comprehension of correspondence between 
labels and versions

Label-dependent terms
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Research Proposal

Ordinary Functional Language 
as a Surface Language for 𝜆VL

parse

parser 𝑣2

parser

parse

𝑣1

Surface: STLC
(Haskell-subset)

parse(…)

parse(…)

app

Core: 𝜆VL

parser

parse

parse(…)

parse(…)

app

Bundle multiple 
versions of 
definitions 

Infer a safe version
by semantic analysis

parse(…)

Both
versions
available

𝑙1
𝑙2

𝑙1

𝑙2
𝑙1 𝑙2
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Research Proposal

Ordinary Functional Language 
as a Surface Language for 𝜆VL

parse

parser 𝑣2

parser

parse

𝑣1

Surface: STLC
(Haskell-subset)

parse(…)

parse(…)

app

Core: 𝜆VL

parser

parse
𝑙2

𝑙1

𝑙1

𝑙2

parse(…)

parse(…)

app

Bundle multiple 
versions of 
definitions 

Infer a safe version
by semantic analysis

parse(…)

𝑙1 𝑙2
Bundling
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Methods

An Example of Bundling

-- ID version 2
id :: Int -> Int
id n = n
n :: Int
n = 2

-- ID version 1
id :: Int -> Int
id n = n
n :: Int
n = 1

-- Main
main :: Int
main = id n

STLC
(Haskell-subset)

𝜆VL

𝑖𝑑 ∶ □ 𝑙1,𝑙2 (□𝑟Int → Int)

𝑖𝑑 =
𝑙1 = 𝜆𝑛′. 𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

𝑙2 = 𝜆𝑛′. 𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

𝑛 ∶ □ 𝑙1,𝑙2 Int

𝑛 = 𝑙1 = 1, 𝑙2 = 2

𝑚𝑎𝑖𝑛 ∶ □{𝑙1,𝑙2}Int

𝑚𝑎𝑖𝑛 = [𝑖𝑑 [𝑛]]

Main

ID

B
u

n
d

lin
g
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Methods

Bundling Overview

STLC
(Haskell-subset)

𝜆VL

GrMini[Orchard’19]

(𝜆VL−subset)

𝑙1 ↦ 𝑙2 ↦ { }𝑣2𝑣1Step 3

Step 1

Step 2

-- ID ver 2
id :: Int->Int
id n = n

-- ID ver 1
id :: Int->Int
id n = n

-- ID ver 1
𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′.

𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

-- ID ver 2
𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′.

𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

-- ID
𝑖𝑑 ∶ □ 𝑙1,𝑙2 (□𝑟Int → Int)

𝑖𝑑 =
𝑙1 = 𝜆𝑛′. 𝐥𝐞𝐭 …

𝑙2 = 𝜆𝑛′. 𝐥𝐞𝐭 …
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Methods

Bundling Overview

Step 1: Girard’s translation
Any term and type derivation in STLC can be 
translated into GrMini (𝜆VL-subset)[Orchard’19]

STLC
(Haskell-subset)

GrMini[Orchard’19]

(𝜆VL−subset)

-- ID ver 2
id :: Int->Int
id n = n

-- ID ver 1
id :: Int->Int
id n = n

-- ID ver 1
𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′.

𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

-- ID ver 2
𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′.

𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛



COP 2022
November 24, 2022 16/27

Methods

Bundling Overview

STLC
(Haskell-subset)

GrMini[Orchard’19]

(𝜆VL−subset)

Step 1
-- ID ver 2
id :: Int->Int
id n = n

-- ID ver 1
id :: Int->Int
id n = n

-- ID ver 1
𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′.

𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

-- ID ver 2
𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′.

𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

𝑙1 ↦ 𝑙2 ↦ { }𝑣2𝑣1

Step 2: 
Generate version labels

from versions of 
dependent packages
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Methods

Bundling Overview

STLC
(Haskell-subset)

𝜆VL

GrMini[Orchard’19]

(𝜆VL−subset)

𝑙1 ↦ 𝑙2 ↦ { }𝑣2𝑣1

-- ID ver 2
id :: Int->Int
id n = n

-- ID ver 1
id :: Int->Int
id n = n

-- ID ver 1
𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′.

𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

-- ID ver 2
𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′.

𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

-- ID
𝑖𝑑 ∶ □ 𝑙1,𝑙2 (□𝑟Int → Int)

𝑖𝑑 =
𝑙1 = 𝜆𝑛′. 𝐥𝐞𝐭 …

𝑙2 = 𝜆𝑛′. 𝐥𝐞𝐭 …

Step 3:
Bundle top-level values
tagged with version labels

as a versioned value
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Methods

Bundling Overview

STLC
(Haskell-subset)

𝜆VL

GrMini[Orchard’19]

(𝜆VL−subset)

𝑙1 ↦ 𝑙2 ↦ { }𝑣2𝑣1Step 3

Step 1

Step 2

-- ID ver 2
id :: Int->Int
id n = n

-- ID ver 1
id :: Int->Int
id n = n

-- ID ver 1
𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′.

𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

-- ID ver 2
𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′.

𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

-- ID
𝑖𝑑 ∶ □ 𝑙1,𝑙2 (□𝑟Int → Int)

𝑖𝑑 =
𝑙1 = 𝜆𝑛′. 𝐥𝐞𝐭 …

𝑙2 = 𝜆𝑛′. 𝐥𝐞𝐭 …
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Methods

Step 1: Girard’s Translation

Types:
A ≡ 𝐴

A −> A ≡ □𝑟 𝐴 → 𝐵

Terms:
x ≡ 𝑥

\x −> t ≡ 𝜆𝑥′. 𝐥𝐞𝐭 𝑥 = 𝑥′ 𝐢𝐧 t
t s ≡ t s

-- ID version 2
id :: Int -> Int
id n = n
n :: Int
n = 2

-- ID version 1
id :: Int -> Int
id n = n
n :: Int
n = 1

-- Main
main :: Int
main = id n

STLC
(Haskell-subset)Version resource variable

(instantiated in the type checking)
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Methods

Step 1: Girard’s Translation

id :: Int -> Int
id n = n
n :: Int
n = 1

STLC
(Haskell-subset)

GrMini
(𝜆VL−subset)

𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′. 𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛
𝑛 ∶ Int
𝑛 = 1

\n −> n ≡ 𝜆𝑛′. 𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛
≡ 𝜆𝑛′. 𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

Int −> Int ≡ □𝑟 Int → Int
= □𝑟Int → Int
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Methods

Step 1: Girard’s Translation

-- Main
main :: Int
main = id n

STLC
(Haskell-subset)

GrMini
(𝜆VL−subset)

𝑚𝑎𝑖𝑛 ∶ Int
𝑚𝑎𝑖𝑛 = 𝑖𝑑 𝑛

id n ≡ 𝑖𝑑 𝑛
≡ 𝑖𝑑 𝑛

Int ≡ Int
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Methods

Step 2: Generate Version Labels

• Maps version labels to versions of 
external module

• Consider cartesian product If 
multiple external modules exist

𝑙1 ↦ ID version 1
𝑙2 ↦ {ID version 2}

𝑙1 ↦ ID ver 1, N ver 1
𝑙2 ↦ ID ver 1, N ver 2
𝑙3 ↦ ID ver 2, N ver 1
𝑙4 ↦ {ID ver 2, N ver 2}

-- ID version 2
id :: Int -> Int
id n = n
n :: Int
n = 2

-- ID version 1
id :: Int -> Int
id n = n
n :: Int
n = 1

-- Main
main :: Int
main = id n

STLC
(Haskell-subset)
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Methods

Step 3: Bundling Top-level Values

𝑙1 ↦ ID version 1
𝑙2 ↦ {ID version 2}

GrMini
(𝜆VL−subset)

𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′. 𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛
𝑛 ∶ Int
𝑛 = 1

𝑖𝑑 ∶ □𝑟Int → Int
𝑖𝑑 = 𝜆𝑛′. 𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛
𝑛 ∶ Int
𝑛 = 2

𝑖𝑑 ∶ □ 𝑙1,𝑙2 (□𝑟Int → Int)

𝑖𝑑 =
𝑙1 = 𝜆𝑛′. 𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛

𝑙2 = 𝜆𝑛′. 𝐥𝐞𝐭 𝑛 = 𝑛′ 𝐢𝐧 𝑛 ID version 1

ID version 2

𝜆VL
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Methods

Step 3: Bundling Top-level Values

GrMini
(𝜆VL−subset)

𝑚𝑎𝑖𝑛 ∶ Int
𝑚𝑎𝑖𝑛 = 𝑖𝑑 [𝑛]

𝑚𝑎𝑖𝑛 ∶ □𝑠Int
𝑚𝑎𝑖𝑛 = [𝑖𝑑 [𝑛]]

𝜆VL
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Methods

Step 3: Bundling Top-level Values

GrMini
(𝜆VL−subset)

𝑚𝑎𝑖𝑛 ∶ Int
𝑚𝑎𝑖𝑛 = 𝑖𝑑 [𝑛]

𝑚𝑎𝑖𝑛 ∶ □𝑠Int
𝑚𝑎𝑖𝑛 = [𝑖𝑑 [𝑛]]

𝜆VL

𝑚𝑎𝑖𝑛 = 𝐥𝐞𝐭 𝑖𝑑′ = 𝑖𝑑 𝐢𝐧 𝐥𝐞𝐭 𝑛′ = 𝑛 𝐢𝐧 𝑖𝑑′ [𝑛′]
≡ 𝐥𝐞𝐭 𝑖𝑑′ = 𝑙1 = ⋯ , 𝑙2 = ⋯ 𝐢𝐧
𝐥𝐞𝐭 𝑛′ = 𝑙1 = ⋯ , 𝑙2 = ⋯ 𝐢𝐧 𝑖𝑑′ [𝑛′]
∶ □ 𝑙1,𝑙2 Int

𝑚𝑎𝑖𝑛. 𝑙1 →
∗ 1 𝑚𝑎𝑖𝑛. 𝑙2 →

∗ 2
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Future Work

Formalization

𝑚𝑎𝑖𝑛. 𝑙1
≡ 𝐥𝐞𝐭 𝑖𝑑′ = 𝑙1 = 𝒊𝒅∗, 𝑙2 = 𝑖𝑑∗ 𝐢𝐧

𝐥𝐞𝐭 𝑛′ = 𝑙1 = 𝟏, 𝑙2 = 2 𝐢𝐧 𝑖𝑑′ [𝑛′] . 𝑙1
→∗ 𝑙1 = 𝒊𝒅∗, 𝑙2 = 𝑖𝑑∗ @𝑙1 𝑙1 = 𝟏, 𝑙2 = 2 @𝑙1
→∗ 𝒊𝒅∗ 𝟏
→∗ 𝟏

• To prove desirable properties for bundling:
• Ex.) Preserve its meaning/type of the original program 

• Challenge: Inverse translation of bundling
• In a independent manner of the 𝜆VL dynamic semantics

Similar to the macro dispatch mechanism?
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Summary

Methods: Bundling
Compiling STLC to 𝜆VL

Problem
Infeasibility of   

𝜆VL Programming

Proposal
Ordinary Functional Language 

as a Surface Language for 𝜆VL

Future work
❑ Formalization

parse

parser 𝑣2

parser

parse

𝑣1

STLC𝜆VL
parser

𝑝𝑎𝑟𝑠𝑒𝑣1

parser

𝑝𝑎𝑟𝑠𝑒𝑣2

parser

{𝑙1 = 𝑝𝑎𝑟𝑠𝑒𝑣1,
𝑙2 = 𝑝𝑎𝑟𝑠𝑒𝑣2}

GrMini

𝑣2

𝑣1

𝑙1 ↦ 𝑙2 ↦ { }𝑣2𝑣1Step 3 Step 2

Step 1


