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The Long Road to Program Synthesis
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Probabilistic Representation of Intent Commitments to 
Ensure Software Survival (PRINCESS)
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OS and Tool Synthesis: It’s all PL
Language design …
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OS and Tool Synthesis: It’s all PL

A funny thing about synthesis…



What is CEGIS?
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• Counterexample-Guided Inductive Synthesis
• AKA: Guess and Check

counterexample



I’m doing what ???
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OK, Maybe it’s not ALL PL …

OK, Maybe there is some OS as well 
(although there should have been more)



So, How do we Synthesize an OS?
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Source Files

func1:
assembly code
…
assembly code

func2:
assembly code
…
assembly code

…

func1:
<block1>

assembly code
…

<block2>
assembly code
…

<block 3>
assembly code

block1:
pre: …
post: …



What did we Manage to do?
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Two Operating Systems Four Processors

32-bit ARM

32-bit MIPS

32-bit RISC-V

x86-64

17 Use Cases



Lessons Learned (1)

• Synthesis is a spectrum
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CEGIS (Counter-example Guided Inductive Synthesis)

Compilation



Lessons Learned (2)
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Life After PRINCESS



Tinkertoy: An OS for Synthesis
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Tinkertoy: Build 
your own 

Operating System

Scheduler
Memory
Allocator

Networking
Support

File
System

Kernel
Service
Routines

TCB
Components

Dispatcher

IPC & RPC
PrimitivesBootloader

Execution
Model

Context
Switcher

Component          
Constraints

System
Call

Execution
Context

Service
Identifier

Finder

Service
Routine
Mapper

Wang, B., Seltzer, M., Tinkertoy: Build your own operating systems for IoT devices (EMSOFT 2022)



COMET
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Specification

Language 
description Language 

description

CEGIS Verilog Program

Arduino C Program



COMET: Reusing Synthesis
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declare:
in1, in2, out: integer
cntrl: bool

initially
out = 0

assign
out = in1 if (cntrl)
out = in2 if (not(cntrl))

Specification
assign

Int Int

UNITY AST

assign

Int Int

UNITY AST

Acceptors
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PAXOS Arduino

Verification Synthesis

~10x~2x

Proposer



SHELLAC
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Chen, C., Seltzer, M., Greenstreet, M., Shellac: Synthesis of a Multi-Pass Compiler (VSTTE 2022)

Specification

CEGIS
Language 

description

PROGRAM

Arduino C Program

Compiler 
Sketch

UUnity Language 
Specification

Unity to Arduino C
Compiler

Arduino C Program

Unity 
Program
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Velociraptor:Generating Hardware Translations
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Hardware Specification

State
Software Interface
Translation Semantics

OS Specification

Runtime Support
Memory Allocation
Device Register Access

Compiler/Synthesizer

Z3 (SMT Solver)

OS Translation Code

State configuration
Higher-level functions
E.g., map, unmap …

Hardware Model

Verilog module (FPGA)
Simulator component for:
E.g., FastModels, Gem5

Proofs!



GhostWriter
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Device 
Speci�cation

Device Class 
Speci�cation

OS 
Speci�cation

Synthesizer
Code 

Generator

Device
Manufacturer

Protocol
Designer

OS 
Vendor

Specification 
Vendor

Specification 
Types

C/C++/Rust 
Code

Goal 
Conditions

Find the combination of
available abstract micro-

operations that satisfy the
goal conditions

Generate the source code
(C/C++/Rust) from the given

combination of abstract
micro-operations

Registers, Shared
Memory, Interrupts

Protocol-level
Interfaces

Kernel APIs and
Programming Model



Fun things to do in Program Synthesis

1. If we synthesize software, do we have to pay a price in 
performance? [We think not.]

2. Synthesizing Evaluation Platforms, e.g., microservices
3. Synthesizing Security Exploits.
4. Synthesis as a way to verify existing code.
5. The Data Calculator is kind of a form of synthesis, where does that 

fall on my spectrum?
6. Many more: Come talk to me and let’s brainstorm and start a 

collaboration!
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Thank You!
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My Team
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… and many, many undergraduates!


