CS 599 Al: Assignment 3

Due: Friday, March 7, 2025

Total: 100 pts

Ankush Das

e This assignment is due on the above date and it must be submitted electronically on Gradescope.

e Please use the template provided on the course webpage to typeset your assignment and please
include your name and BU ID in the Author section (above).

e Although it is not recommended, you can submit handwritten answers that are scanned as a
PDF and clearly legible.

e You will be provided a tex file, named asgn3.tex. It contains an environment called solution.
Please enter your solutions inside these environments.

Derivations and Programs

This assignment will be all about writing derivations and their corresponding programs. For your
convenience, I have provided the typing rules of both languages.

Constructive Logic

Syntax

Expressions e ::=inl(e) | inr(e) | match x with {inl(y) — e |inr(z) = e} | {e,e)|let (y,z) =xine
| Mr.e|lety=feine
Types Tu=TVT|TAT|T=T

Typing Rules

I'ke:n I'kFe:m
- VR1 - VRa
Tkinl(e) : 7 V7 T'kinr(e) : 7 Vr
Ty:mbe 7 I'z:mbey: 7 UL
T,z :7 V7o F match z with {inl(y) = e |inr(z) = ex}: 7
I'ke:m Fl—egzrg/\ Ty:m,z:mkFe:T AL
TF{e1,e) : 71 AT Toe:m Amblet({y,z)=xzine: T
Tx:mmbe:n T'kFe :m Fx:mke:T
=R - =L
I'EXr.e:m=mn If:mm=mnktlete=fe ine:7

Linear Logic
Syntax
Expressions P, Q ::=zx.inl; P | z.inr; P |case z (inl = P |inr = Q)

| sendzy; P|y<recva; P|waitx; P |close z
Types A, Bu:=A®B|A&B|A®B|A—DB]|1



Typing Rules

AFP:(z:A4) AFP:(z:Ay)
- R " ®R2
AF (z.inl; P):: (z: A1 & Ag) At (zinr; P) : (z: A1 © Ag)

Ax: A EQr=(2:0) Az Ay Qyi(2:C)

L
Az A @ Ay (casez (inl = Qr [inr = Q2)) = (2:C)

AF P (z: Ay) AFPy:(z: Ag)

&R
AF (case z (inl = Py |inr = P)) = (z: A1 & Ag)

Az:AFEQ:(z:0) oL Az A EQu(2:0) oL
Az A & Ak (winl; Q)= (z:C) © Az A& Ak (zinr; Q) = (2:0)
AFP:(z:B) R Ay:Ax:BFEQ:(z:0) L
Ajy: A (sendzy; P)::(xz: A® B) @ Az:ARBF (y+recve; Q) (z:C) @
Ay: AFP:(z: B) R Ajz:BFQ:(z2:0) .
AF(y<+recvz; P): (I:AwB)_O ‘ A,x:A%B,y:AF(sendxy;Q)::(Z:C’)_O
AFQ:(z:C
1R Q (2 ) 1L id
-F (close z) :: (x : 1) Ayz:1F (waitz; Q) = (2:C) x: AR (yor ) (y: A)

decl f:y/ : Ak (z:A)eX ANz:AFQ:(2:0)
Ay: A+ f75;Q):(2:0)

def

1 Inference in Constructive Logic [50 pts]

For the following propositions, determine if they are true or false. If the proposition is true, do a
(single) derivation with the corresponding program (using the rules above). If the proposition is false,
briefly explain why.

1. (mA(12VT13))= (L AT2) V(11 AT3)
2. ((m=m)=>m)=(n=(n=m"))
3. 7= (TAT)
4. (tAT)=>T

5. 11 = T = (11 AT2)

2 Inference in Linear Logic [50 pts]

For the following propositions, determine if they are true or false. If the proposition is true, do a
(single) derivation with the corresponding program (using the rules above). If the proposition is false,
briefly explain why.

1. A& (B®C) — (A& B)® (A& C)
2. (A — B) = C) — (A —o (B — C))
3. (A—A) oA

4. A —A— (A2 A)

5. (A — (B®C)) —o (A — B)® (A — C)
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