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99% of computer users don’t know 
programming and struggle with 
repetitive tasks!



[POPL ′11, Gulwani, Automating string processing in spreadsheets using input-output examples] 

CNN: “Excel 2013’s coolest new feature 
that should have been available years ago”

Flash Fill: a programming-by-example feature

F

Scientific breakthrough: 
Efficient synthesis of programs 
from 1+ examples.



Programming-by-example is a form of

Analogical Reasoning

“Madhur Malik”,  “123456” → “M-1234#malik”

“Sumay Gulwani”, “567238” →

If your 
name is and ID is then your 

password is: 



Analogies for 
Assessments





Analogies for Math Theorems
An even number is made of kids who are all 
paired up. An odd number is made of kids who are 
all paired up except one lonely kid. 

Theorem: Odd + Odd = Even
Proof: The two lonely kids can now pair up.

What is Odd + Even?
(sad voice) Odd
Proof: There is no one to pair the lonely kid with.

What is Even + Even?
(happy voice) Even
Proof: There is no lonely kid to begin with.



The 
Flash Fill 

Fail



Semantic Transformations
Device Color
iPhone 11 512GB - Red AT&T Red
iPhone 11 512GB - Space Gray AT&T Space Gray
iPhone 11 128GB - Midnight Green Verizon Midnight Green
iPhone 11 64GB - Silver T-Mobile Silver

Sentence Language learning Exercise
I am James. I ____ James.
We are in our classroom. We ____ in our classroom.
My parents are in Madrid. My parents ____ in Madrid.
The ceiling is high. The ceiling ____ high.

Requires knowledge bases, entity recognition, or natural language understanding

City Airport code
Brussels BRU
Boston BOS
Tokyo HND

Numeral Dutch word
1 een
2 twee
3 drie



Flash Fill DSL
top-level expr 𝑇 :=  𝐶	 |  𝑖𝑓𝑇ℎ𝑒𝑛𝐸𝑙𝑠𝑒(𝐵, 𝐶, 𝑇)
string expr 𝐶 :=  𝐴 | 𝐶𝑜𝑛𝑐𝑎𝑡𝑒𝑛𝑎𝑡𝑒 𝐴, 𝐶 	
atomic expr 𝐴 := 𝑆𝑢𝑏𝑆𝑡𝑟𝑖𝑛𝑔 𝑥, 𝑃, 𝑃  | 𝐶𝑜𝑛𝑠𝑡(𝑤)

position expr 𝑃 :=	𝐾	 | 𝑅𝑒𝑔𝑃𝑜𝑠(𝑥, 𝑅, 𝐾)



Flash Fill DSL (extended with LLM operators)

top-level expr 𝑇 :=  𝐶	 |  𝑖𝑓𝑇ℎ𝑒𝑛𝐸𝑙𝑠𝑒(𝐵, 𝐶, 𝑇)
string expr 𝐶 :=  𝐴 | 𝐶𝑜𝑛𝑐𝑎𝑡𝑒𝑛𝑎𝑡𝑒 𝐴, 𝐶 	
atomic expr 𝐴 := 𝑆𝑢𝑏𝑆𝑡𝑟𝑖𝑛𝑔 𝑥, 𝑃, 𝑃  | 𝐶𝑜𝑛𝑠𝑡(𝑤)

position expr 𝑃 :=	𝐾	 | 𝑅𝑒𝑔𝑃𝑜𝑠(𝑥, 𝑅, 𝐾)
|	 𝑆𝑒𝑚𝑀𝑎𝑝(𝑥, 𝑄) Question Answering 

capability

|	 𝑆𝑒𝑚𝑃𝑜𝑠(𝑥, 𝑄,𝑚) NLU, Entity 
recognition capability

[OOPSLA ′21: Verbruggen et al, “Semantic programming by example with pre-trained models”]

PlanLang + 
TypeChat

Key Idea: Combine Flash Fill + LLM-based skills



LLMs on syntactic transformations
GPT-3: Often can’t 
do simple tasks or 
requires too many 
examples.

Month First 3 chars First 4 chars
January Jan Janu
February Feb Febr
March Mar Marc
April Apr Apri
September Sep Sep

Month First 4 chars
January Janu
February Febr
March Marc
April Apri
September Sept

GPT-4: Very powerful 
analogical reasoning 
capabilities!



Analogical 
Reasoning
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Analogical 
Reasoning
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Analogical 
Reasoning
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Python Program Generation

17



Test-driven Development
 

Iteratively write down a test and edit code to satisfy it.

Fiction imitates reality!



Python Program Generation
(using failure-guided iteration)



Python Program Generation
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(using failure-guided iteration)



Python Program Generation
(using failure-guided iteration)



Python Program Generation



Analogy Solving
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Analogy
Explanation
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Python 
Program 

Generation



Can’t generate program, 
but can solve the analogy.



Summary: GPT-4 on Flash Fill Tasks
GPT4 is super-impressive at analogical reasoning, 
but generating programs from few examples is not its best seasoning. 

Python programs it can generate for many cases, 
but with non-trivial workflows in some places.
For Excel formulas or lower-resource languages, 
its performance is much worse and can cause damages.

GPT4 is super-impressive at analogical reasoning, 
It can infer extra examples & explanations, which is very appealing.

This can boost the programming power of Flash Fill,
while also enabling semantic transformations at will.
But is it always better at analogies than Flash Fill?
Actually no, sometimes it can make a big spill. 



Analogical 
Reasoning 
Failure
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Second 
last word
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Analogical 
Reasoning 
Failure

First 5 
characters



Month First 3 chars First 4 chars
January Jan Janu
February Feb Febr
March Mar Marc
April Apr Apri
September Sep Sep

Month First 4 chars First 5 chars
January Janu Janua
February Febr Febru
March Marc March
April Apri April
September Sept Septem

GPT-3

GPT-4

This shall hopefully be 
solved by GPT5.



Flash Fill++: Richer Transformations

31

Input Output (3-hr bucket)
CEDAR AVE & COTTAGE AVE; HORSHAM; 2015-12-11 @ 13:34:52; Fri, 12PM - 3PM
RT202 PKWY; MONTGOMERY; 2016-01-13 @ 09:05:41-Station:STA18; Wed, 9AM - 12PM
; UPPER GWYNEDD; 2015-12-11 @ 21:11:18; Fri, 9PM - 12AM

& Readable code generation

[POPL ′23: Cambronero et al, Flash Fill++: Scaling Programming by Examples by Cutting to the Chase]



Available in Excel online, Power Apps, Power Automate!

“time spent tweaking the 
expressions, all gone!”

“saved 16 hours of work, just 
4 days after release”

[POPL ′23: Cambronero et al, Flash Fill++: Scaling Programming by Examples by Cutting to the Chase]



Flash Fill++ for Education
Flash Fill now appears in grade 6 

computing textbooks.

Readable code generation can 
facilitate computational learning.

def format_phone(phone):
    prefix = phone[0:2]
    suffix = phone[-8:]
    return “(" + prefix + “)" + suffix

“(" & LEFT(colA,2) & 
“)" & RIGHT(colA,8)

Excel 
Formula

Python 
function

“Son, now I understand your research for the first time.”
----My dad after Flash Fill paper



Table Extraction

[PLDI ′14, Le & Gulwani, FlashExtract: a framework for data extraction by examples]
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Table Extraction 
DATA 
CONNECTORS

POWER QUERY

https://aka.ms/prose-table-extraction 

• Text files 
[PLDI ′14, Le & Gulwani]

• Webpages 
[SIGMOD ′20, Raza & Gulwani]

• PDF 
[ICPR ′20, Zhang et al.]

• Semi-structured spreadsheets 
[PLDI ′15, Barowy et al.]

• Mixed formats 
[OOPSLA ′20, Gulwani et al]

From various kinds of semi-structured documents.

“Web by example is 
the best thing since 

sliced virtual network 
architectures over 5G”

“Text by example is 
freaking awesome… 
crying and clapping” 
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[Jha et.al, “Oracle-guided component-based 
program synthesis”]

Most Influential Paper award
ICSE 2010
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Specification 
inference for 

field extraction

Automating active learning as Analogical Reasoning



var temp = (GetTemp() – 32) * (5 / 9);

…
double MaxTempInC(double[] fTemps) {
  return (fTemps.Max() – 32) * (5 / 9);
}
…
double MinTempInC(double[] fTemps) {
   var m = fTemps.Min();
   return (m – 32) * (5 / 9);
}

Conversions.FtoC(fTemps.Max());

Conversions.FtoC(GetTemp());

Conversions.FtoC(m);

Flash Fill for Repeated Edits in Code

[ICSE ‘17, Rolim et al., Learning Syntactic Program Transformations from Examples]



>25M suggestions accepted per month!
>800K engaged users!

VISUAL STUDIO

INTELLICODE 
SUGGESTIONS





try { ts = … }

Catch (Exception ex) 

{

  info.ReportClientError(“Scheme is missing”);

  info.ReportClientError(“Scheme is missing”,System.Net.HttpStatusCode.BadRequest);

  return;

}

Default: 

  info.ReportClientError(“No such action”);

  info.ReportClientError(“No such action”,System.Net.HttpStatusCode.NotFound);

  return;

Semantic Repeated Edits



try { ts = … }

Catch (Exception ex) 

{

 

  info.ReportClientError(“Scheme is missing”,System.Net.HttpStatusCode.BadRequest);

  return;

}

Default: 

  info.ReportClientError(“No such action”, );

  return;

Semantic Repeated Edits 
using Spatial Context



try { ts = … }

Catch (Exception ex) 

{

 

  info.ReportClientError(“Scheme is missing”,System.Net.HttpStatusCode.BadRequest);

  return;

}

Default: 

  info.ReportClientError(“No such action”,System.Net.HttpStatusCode.BadRequest);

  return;

Semantic Repeated Edits 
using Spatial Context



Semantic Repeated Edits 
as Analogical Reasoning



try { ts = … }

Catch (Exception ex) 

{

  info.ReportClientError(“Scheme is missing”);

  info.ReportClientError(“Scheme is missing”,System.Net.HttpStatusCode.BadRequest);

  return;

}

Default: 

  info.ReportClientError(“No such action”, );

  return;

Semantic Repeated Edits 
using Temporal Context

Khare, Gupta et.al., “GrACE: Generation using Associated Code Edits”; https://aka.ms/associated-edits
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using System;

using NUnit.Framework;

public class TimeConfigurationTests : NLogTestBase

using XUnit;

public class TimeConfigurationTests : NLogTestBase, IDisposable 

{

  [TearDown] public void TearDown(){ ... }

  public void Dispose() { ... }

  [Test]

 [Fact]

  public void DefaultTimeSourceTest{ ... }

}

Associated Edits

57
Khare, Gupta et.al., “GrACE: Generation using Associated Code Edits”; https://aka.ms/associated-edits



Associated Edits 
using Spatial Context

using System;

using NUnit.Framework;

public class TimeConfigurationTests : NLogTestBase

_

{

  public void Dispose(){ ... }

  [Fact]

  public void DefaultTimeSourceTest{ ... }

}

Khare, Gupta et.al., “GrACE: Generation using Associated Code Edits”; https://aka.ms/associated-edits
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using Spatial Context

using System;

using NUnit.Framework;

public class TimeConfigurationTests : NLogTestBase

using NUnit.Framework;

public class TimeConfigurationTests : NLogTestBase

{

  public void Dispose(){ ... }

  [Fact]

  public void DefaultTimeSourceTest{ ... }

}

Khare, Gupta et.al., “GrACE: Generation using Associated Code Edits”; https://aka.ms/associated-edits



Associated Edits 
using Temporal Context

Khare, Gupta et.al., “GrACE: Generation using Associated Code Edits”; https://aka.ms/associated-edits
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  public void DefaultTimeSourceTest{ ... }
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Associated Edits 
using Temporal Context

using System;

using NUnit.Framework;

public class TimeConfigurationTests : NLogTestBase

using XUnit;

public class TimeConfigurationTests : NLogTestBase, IDisposable 

{

  [TearDown] public void TearDown(){ ... }

  public void Dispose(){ ... }

  [Test]

  [Fact]

  public void DefaultTimeSourceTest{ ... }

}

Khare, Gupta et.al., “GrACE: Generation using Associated Code Edits”; https://aka.ms/associated-edits



Associated Edits 
as Analogical Reasoning



Thanks to PROSE Team (aka.ms/prose)

PROSE SDK (available for academic use): https://aka.ms/prose-framework 63



Analogical Reasoning is an 
emergent capability of LLMs!

sumitg@microsoft.com @sumitgulwani

Ways to Improves LLM performance 
• Phrasing a problem as analogical 

reasoning works better.
• Various methods from PBE can 

improve LLM performance.

It can enhance Programming-
by-example (PBE) experiences.  
• Synthesis from fewer 

examples. 
• Explanation generation
• Semantic transformations


