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Agenda

* Fixing Last Mile Errors

* LaMirage: Neurosymbolic approach
* RING: LLM-based approach
* FLAME: Custom Excel-Specific LLM trained on formulas

* Domain-Specific Synthesis (maybe...based on time)
* FormaT5: Natural language to conditional formatting rules

* Open Discussion
* Building software in PROSE
* Grad school vs Industry
* Career changes
* Anything else on your mind



Fixing Programs



Last-Mile Errors: Syntax++

* Wide range of spectrum of errors
e from simple, e.g., syntax errors, to complex, e.g., concurrency bugs

* We call errors that require few edits to fix, Last Mile errors.

* They are hard for low-code users to even identify them. &

Concurrency
Bugs

Type Errors

Simple Bugs Complex Bugs

Syntax Errors Logical Errors

Last Mile Errors



Unhelpful compiler messages

: PowerFx ¥ Excel

Faulty If(!lsBlank(Label1.Text, "Text: " & Length(Txtinput.Value) =SUMIFS($E:$E,$B:$B, —SUM(A1-10

. Formula Label1.Text, "No text") <$D%$1,$B:$B,>$D$2) - (A1:10)
: 7 v ¥ v 7
Compiler| The formula contains ‘Eof’ where Unknown or Missing argument for operator: < Types not

. Error 4 ‘ParenClose’ is expected. _..'..unsupported function | ! ' Missing argument for operator: > ) related

E — v - v e v - v

: l "w - n : : — . .

+ Correct  If(!IsBlank(Label1.Text), "Text: " & , SUMIFS($E:$SE,$B:$B , ~SUM(A1:A10)

\ Formula Label1.Text, "No text") Len(Txtinput.Value) "<" & $D$1,$B:$B ,">" & $D$2)

_________________________________________________________________________________________________________________________________________________________________________________



Approaches to Last-Mile Repair

Symbolic Neurosymbolic




LaMirage

https://aka.ms/lamirage-arxiv
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LaMirage: LAst-Mlle RepAir-engine GEnerator

Public Forums and VVell Formed - Buggy Formula Pairs

System Telemetry
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We should also avoid repeating work!

Implement as a repair engine generator

Provide

Provide

il

Provide

NS

Repair Framework

LaMirage

Generate

Generate

NS

Excel Repair Engine

Power Fx Repair
Engine

Language X Repair
Engine




Performance

* Neural methods are better than error recovery parser.
* LaMirage, a neurosymbolic method, outperforms neural models
* Performance degradation for neural models in PowerFx

Excel (200 benchmarks) Power Fx (200 benchmarks)
System Type

Top-1 Top-3 Top-5 Time (ms) Top-1 Top-3 Top-5 Time (ms)
Excel Desktop ~ Symbolic 83 83 83 - - - - -
GRMTOOLS Symbolic 97 104 108 13.6 98 110 113 17.2
BIFI Neural 115 130 134 363.1 34 45 48 592.8
CODEX Neural 111 156 160 1651.8 86 117 132 1997.9
CODEX-EDIT Neural 147 163 165 5806.6 106 137 140 6417.6

LAMIRAGE Neurosymbolic 174 182 182 32.1 170 177 177 134.4



RING

https://aka.ms/ring-paper



https://aka.ms/ring-paper

Domain-Specific Repair Engines

e Symbolic: substantial engineering for new domain
* Neural: need new data and retraining for new domain
* Neurosymbolic: both challenges mitigated but still there

New languages pose a significant investment

LaMirage Framework BIFI Dr. Repair Tfix - -
(Neurosymbolic) (Neural) (Neural) (Neural) : '




Large Language Models Trained on Code (LLMC)

Can we use an LLMC(e.g., Codex) to
repair programs in all these Yes, and we’ll show how with RING
domains?

RING: Multilingual Program Repair with LLMs @ OpenAI



Buggy Python Code ﬁ
def boundary_difference_power(graph,

(orig image, sigma, spacing)

)

__skeleton_difference(graph,
orig_image,boundary_term_division)

v

RING
(LLMC Repair)

Prompt Generation

Processed Error Message:
invalid syntax. Error in line: 2
span starts 4 and ends 32.

Example
Selection

RING: Repair Is Nearly Generation

Generated Prompt

rmm Fix Errors in Python

#HHt Buggy Python

def initial solution(self, start,
(max shares, desired weight)

):

#H Fixed Python

def initial solution(self, start,
max shares, desired weight

):

### Error: invalid syntax. Error in
line: 3,
### Buggy Python

<Buggy Python Code>

Error: invalid syntax. Error in

line: 2 span starts 4 and ends 32.

L### Fixed Python

span starts 35 and ends: 36.

LLMC
(OpenAl Codex)

j Log Prob Ranking
!

K

-

Three Fillars of APR

Fault Localization

Code Transformation

Candidate Ranking

__skeleton_difference(graph,
orig_image,boundary_term_division)

Beteted-Code

def boundary_difference_power(graph,
Iorig image, sigma, spacing

C

y Fixed Python Completion Pass@1




RING Results

Language  Approach Top@1 Top@3 Top@50° Metric Avg. Tokens
RING (Abstracted Message, Error Vector) 0.82 0.89 0.92

Excel LaMirage (Bavishi et al. 2022) 0.71 0.76 - Exact Match 26 =14
Codex (Chen et al. 2021) 0.60 0.77 0.88
RING (Compiler Message, Message Embedding) 0.71 0.85 0.87

Power Fx LaMirage (Bavishi et al. 2022) 0.85 0.88 - Exact Match 29 +19
Codex (Chen et al. 2021) 0.47 0.68 0.84
RING (Compiler Message, Error Vector) 0.46 0.59 0.64

Javascript TF!x (exrtf:‘nded code smppets)‘ (Berabi et al. 2021) 0.09 - - Exact Match 163 £106
TFix (original dataset) (Berabi et al. 2021) 0.59 - -
Codex (Chen et al. 2021) 0.19 0.28 0.39
RING (Compiler Message, Message Embedding) 0.94 0.97 0.97 P p

Python BIFI (Yasunaga and Liang 2021) 0.92 0.95 096  Edit Dictance < 5 104 +150
Codex (Chen et al. 2021) 0.87 0.94 0.98
RING (Compiler Message, Message Embedding) 0.63 0.69 0.70

X . Passes Parser

C Dr Repair (Yasunaga and Liang 2020) 0.55 - - Edit Distance < 5 223 472
Codex (Chen et al. 2021) 0.40 0.56 0.61

Powershell RING (Compiler Message, Message Embedding) 0.18 0.25 0.28 Exact Match 24 430
Codex (Chen et al. 2021) 0.10 0.15 0.18




PyDex: Fixing Intro Programming
Assignments



PyDex
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PyDex Results

Method PyDex (without few-shot) PyDex (with few-shot) BIFI + Refactory PyDex(syntax) + Refactory PyDex(syntax) + GenProg
ID | #Sub | RR(%) | MeanTED (SD) | RR(%) | MeanTED (SD) | RR(%) | Mean TED (SD) | RR(%) | Mean TED (SD) | RR(%) | Mean TED (SD)
2865 11 100.00 6.45 (4.74) 100.00 6.45 (4.74) 100.00 16.45 (7.00) 100.00 20.55 (6.08) 90.91 16.10 (6.08)
2868 28 85.71 8.79 (8.94) 100.00 8.64 (8.49) 82.14 36.35 (19.26) 96.43 35.15 (19.24) 96.43 26.00 (9.06)
2869 23 95.65 16.68 (18.47) 100.00 10.30 (10.99) 69.57 47.75 (20.27) 100.00 42.35 (19.77) 30.43 20.29 (12.85)
2870 27 74.07 10.00 (13.33) 100.00 15.00 (19.35) 85.19 39.48 (31.38) 92.59 35.72 (31.78) 33.33 20.22 (21.35)
2872 18 100.00 8.33 (15.15) 100.00 7.39 (13.01) 72.22 105.08 (34.58) 100.00 103.06 (38.65) 88.89 15.94 (6.56)
2873 32 78.13 12.00 (16.18) 90.63 12.93 (15.47) 84.38 75.00 (19.75) 100.00 71.41 (20.37) 25.00 18.63 (5.48)
2874 16 100.00 9.56 (12.50) 100.00 8.50 (11.76) 87.50 35.79 (18.63) 100.00 38.94 (31.43) 75.00 15.83 (5.48)
2875 23 86.96 14.75 (19.97) 100.00 11.52 (12.52) 78.26 63.22 (28.97) 100.00 58.65 (28.55) 47.83 17.09 (7.94)
2877 21 100.00 9.71 (16.82) 100.00 9.14 (16.79) 80.95 67.47 (27.87) 100.00 57.95 (32.19) 85.71 19.44 (11.49)
2878 25 100.00 37.00 (60.16) 100.00 36.32 (59.53) 68.00 138.18 (44.17) 88.00 167.50 (66.11) 52.00 21.46 (15.49)
2879 21 76.19 131.19 (51.62) 85.71 132.78 (52.61) 52.38 183.45 (40.90) 71.43 195.33 (55.24) 4.76 229.00 (N/A)
2882 23 60.87 90.64 (71.76) 91.30 106.57 (77.57) 0.00 N/A 0.0 N/A 17.39 42.00 (18.30)
2883 5 100.00 17.40 (14.67) 100.00 17.40 (14.67) 40.00 141.00 (8.49) 100.00 103.60 (39.37) 60.00 46.00 (19.47)
2920 10 30.00 84.38 (67.62) 80.00 53.50 (66.05) 0.00 N/A 10.00 69.00 (N/A) 20.00 42.00 (5.66)
2921 3 100.00 28.00 (3.61) 100.00 28.00 (3.61) 0.00 N/A 0.0 N/A 0.0 N/A
Overall 86.71 J 28.59 ‘ 96.50 | 29.68 67.13 70.39 83.57 73.53 49.30 22.82




FLAME

https://aka.ms/flame-arxiv



https://aka.ms/flame-arxiv

Why a domain-specific model for formulas?

&® GitHub Coy

a BigScience initiative

BL M

176B params ' 59 languages - Open-access

Up to billions of parameters, trained on GBs of code
Costly to train and deploy

General purpose programming languages — quite
different from Excel formulas

B2 v Jx  =LEFT(A2, FIND("@", A2)-1)
i B C D E

1  email user

2 |joe@domain.com |joe |

3  jess@microsoft.com jess

4 rob@microsoft.com rob

&

 60M parameters, trained on 540MB of formulas
 Cheaper to train and deploy
* Tailored to Excel formula language



FLAME Overview

Public Excel workbooks

e Pretraining corpus

B2

; L v Jx =LEFT(A2, FIND("@", A2) - 1) =LEFT(A2, F|ND(”@”, A2) - 1)
Gl A Lel o o o EEEEEP  -sUM(CLCY)
- 4 i § Izoe@édo.main.?m Iqoe | =VLOOKUP(A1, C1:C10, 1, FALSE)
-4 rob@microsof‘t.-com Jrob
Task Data Task Data
Task Data I
x ® 00
dh &b &
Finetuning FLAME

Pretraining



Domain-Specific Data Curation and Tokenization

/"

Per workbook

Curation '< 972M formulas from Syntax-aware deduplication
6.1M formulas
1.8M workbooks

=SUM(A1:A10) =2 =SUM(cell:cell)

Tokenization =SUMIF(B1:B5, "Not available", A1:A5) - =sumif(b1:b5, _ "not _ available", _,al:a5)



Domain-Specific Pretraining

Language-Aware Span Masking

high mask rate, low average span length

INDEX(<mask>!IN:N, MATCH<mask>A350,
summary!<mask>:$D, 0<mask>)

Tail Masking

INDEX(summary!N:N, MAT<mask>

User-inspired Denoising

Change Function Arity

different combinations of high and low

o masking rate and average span lengths

low mask rate, low average span length

INDEX(summary!N:N, <mask>(A350,
summary!$D:$D, 0<mask>)

INDEX(summary!N:N, MATCH(A350,

summary!$D:$D, 0))

Random Noising

INDEX2(summary!N:N, yeMATCH(A350,
summary!$[D:$D, 0))

INDEX(summary!N:N; MATCH(A350;
summary!$D:$D, 0, 0))

o
17 user-inspired noise operators o
o)

Comma to Semi colon

INDEX(summary!N:N; MATCH(A350;
summary!$D:$D; 0))




FLAME Results (small snapshot...)

Last Mile Repair Syntax Reconstuction

Model Forum Test Forum Test
T@l T@eS T@el T@S Tel T@S T@l T@S5
Cushman 079 088 087 093 070 080 0.84 091
Davinci (FS) 076 089 054 077 062 077 0.61 0.73

CodeT5 (220M) 0.70 084 084 090 070 0.84 0.82 0.89
CodeT5 (60M) 072 083 082 089 065 081 083 0.89
FLAME 076 089 083 091 075 0389 084 0.89




Continue playing with LMR

https://aka.ms/Imr-tutorial

i josepablocam / ai4code_repair ' Public R Pin
<> Code () lssues 1% Pullrequests () Actions [ Projects
¥ main ~ Go to file Add file ~
' josepablocam Update README.md
I repair setup
B resources add images
B scripts update data scripts
.gitignore working on eval fucntion and some cleanu
ging g P
[} READMEmd Update README.md
[3 download_data.sh two bash scripts
install.sh some fixes and readme update
P
requirements.txt some fixes and readme update
g P
[ setuppy starting out
[ setup_collab.sh two bash scripts
[ tutoriall-syntax-rep...  fix

README.md

MIT Al4Code IAP Repair Tutorial

& Unwatch 1 ~

0 wiki

<> Code ~

onFeb3 Y948

2 months ago
last month
2 months ago
2 months ago
last month
last month
2 months ago
2 months ago
2 months ago
last month

last month

V4

This tutorial is meant to be run on Google colab. If you'd like to run locally,
you should be on a *nix system (and this was tested on Ubuntu 20.04 via WSL))

@ Security

% Fork 2 - i Star 7
|~ Insights &% Settings
About

Al4Code syntax repair tutorial for
IAP 2023

0 Readme
vr 7 stars

& 1watching
Y 2 forks

Releases

No releases published
Create a new release

Packages

Mo packages published
Publish your first package

Languages

® Jupyter Notebook 67.5%

@ Python 18.3% JavaSeript 0.6%
® Yacc 14% Rust 1.0%

® Scheme 0.5% Other 1.7%

%



https://aka.ms/lmr-tutorial

Domain Specific Synthesis



Domain-Specific Tools: An Opportunity

2 conditional formatting X José Cambronero

ROSE Al Best Action

=t [E] Mew Rule d @ ﬁg @ 3 AutoSum  ~ %? /(

= T Fitl~ Sort & Fin

Insert Delete Format

& Cent : eutral = .
EME Actions v v v v & Clear~ Filter ~ Sele New Formatting Rule 7
[El Conditional Formatting > a .
& Highlight Cells Rules > & Greater Than... SEELD AR U
[ Manage Rules =~ Format all cells based on theirvalues
) a—m\ > a:ﬂ = Format only cells that contain
€ . [ Duplicate Values Top/Bottom Rules Less Than... F v = Format only top or bottom ranked values
E:Elu Greater Than = Format only \ralf.les that are .above or below average
@ Data Bars 3 @ Between... = Format only unique or duplicate values
. - formula to determi i format
Files
@ Conditional Formatting_March_2022. pptx 5 ﬁ Color Scales > EE Equal To... Edit the Rule Description:
OneDrive - Microsoft Format values where this formula is true:
=N ﬁ:ﬂ
@ Conditional Formatting_Mukul's_Edits.ppbx Icon Sets > [a] Text that Contains... *
Mukul Singh's OneDrive - Microsoft » Documents » Microsoft Teams Ch...
Mew Rule...
ﬁ mEwRUlE % A Date Occurring...
Get Help EZ Clear Rules > Preview: Mo Format Set Format...
(7)  Use conditional formatting to highlight information [ Manage Rules @ Duplicate Values.

® Apply shading to alternate rows or columns in a worksheet

More Rules...

® Get Help on "conditional formatting”
Find in Worksheet

@_\ "conditional formatting”

£ More search results for "conditional formatting”



FormaT5: Multimodal Synthesis for
Conditional Formatting Rules

Concrete
Rule

NL utterance
describing
formatting Concrete

Synthesizer Rule

Input/output
example(s)




Key Idea 1: Pretraining on Rule+Data Corpus

(3) Table Type
Prediction

smTEETOOTTTTT T T e - m—m—m—m— =~

”~ a) Proposition Name Maskin b) Argument & Column Maskin “
{ \
! Masked Input Masked Input !

1
: AND( :
: GreaterThan("Marks", ("Marks")), GreaterThan( , AVERAGE("Marks")), [
I («ID”, “Mid”) TextContains( , ) !
3 ) ) ]
: ("Name",Text) ("Marks", Number) ("ID",Text) ("Name",Text) ("Marks", Number) ("ID",Text) :
! I
= . owpw
! i
\ Average TextContains "Marks« “ID« “Mid” /

Noisy Input \ e -~
I
AND( [
GreaterThan("Marks", AVERAGE("Marks")), : : 1 1 0 2 O 3 0 :)
TextContains(“ID”, “Mid”) ! !
) I Text Contains ( «“ID” , “Mid” )
1N ,
| Semmmmmmm e mm e m e me e ———————
I: (2) Rule Token Tagging

N -

(1) Mask Span
Prediction



Key Idea 2: Fine-tune on (synthetic) task data

Sampled rules with

predicate coverage +
CE rules and data Paraphrase NL ‘ 105K fine tuning tasks
extracted from offline with synthetic NL and

templates
Validated w/ real CF rule/data

Backtranslation
Generate NL

corpus of spreadsheets

Sampled rules




Key |dea 3: Constrained Decoding

Query: AND
“Highlight Students who have
Middle School ID and have
scored above Average”

Text Less
Contains Than
Table Schema:
RO (57 possibe
(ID, ) tom anidr E Extensions:
1 a [Marks]

)



Key |dea 4: Abstain when unsure and fill
inductively

Query: —_—

“You have a list of final year students.
Highlight the students who got clearance
from all departments”

[ Rule Generation ]

Rule Sketch:

AND(TextEquals(“Library”, [HOLE]),

[
l
l
l
l
| TextEquals(“Sports”, [HOLE]),

- e - .- = .

Table: // \ TextEquals(“Lab”,[HOLE]))
Students | Library | Sports Lab e T
Student 1 | Yes No Yes

Student 2 | Yes Yes Yes [ Value Filling ] bredicted Rule:
Student 3 | No Yes No . wu o
Student4 | No Yes Yes AN?ElEE:EE*:}igptigzifya' ), ).
Student5 | Yes No No TextEquals(“Lab”, “Yes”))




FormaT5 Results

Table 2: Comparison of FORMATS with baselines on the task of NL based rule generation. We report sketch (SM), exact
(EM) and execution match (ExM) of the generated rules for the different task categories. “Model” column denotes the
underlying base LLM used by the system. FORMATS outperforms all baselines in sketch, execution and exact rule match.

System description Single Extended Multiple
Method Model Param EM SM ExM EM SM ExM EM SM ExM
T5 T5 770M 74.8 86.8 77.7 63.3 84.7 70.9 48.9 68.2 54.6
CodeT5 T5 770M 75.4 88.0 78.0 65.1 83.8 72.5 50.4 69.3 55.8
Codex GPT 3 175B 68.5 82.1 70.8 62.9 79.7 70.4 45.1 62.4 50.8
PICARD T5 770M 75.8 88.7 78.3 67.4 85.6 75.0 52.4 73.5 58.2
Synchromesh GPT 3 175B 74.5 87.5 76.9 66.0 83.5 73.3 50.9 69.8 56.7
ValueNet BERT 110M 71.4 79.9 73.9 60.4 74.8 67.6 42.4 63.2 479
TAPAS BERT 110M 73.3 84.7 75.5 65.2 72.6 72.4 43.4 62.6 49.0
TaBERT BERT 110M 69.6 81.5 72.6 61.6 70.9 68.5 41.8 60.5 47.3

FORMATS TS 770M 78.2 90.7 81.2 70.7 86.2 78.0 58.6 79.5 64.3




Open Discussion



Building Software in PROSE

Pull Requests
e At least 2 approvers
* Automated checks for style, basic functionality

Releases
* Nightly builds with automated error reporting
* Nightly performance tests (runtime)

Testing
* Hierarchical test suites (e.g. some run on PR build, some in release pipeline)
* Crowd-sourced, synthetic, and manually constructed test cases

Delivery
* Azure DevOps Artifacts: npm package, nuget package

Public Package: https://github.com/microsoft/prose (FlashFill-style framework)



https://github.com/microsoft/prose

Graduate School vs Industry

* Masters

 PhD

* Researcher

* Product-oriented roles: engineer, product manager, X?



Career Changes

* Personally:
* Math major = Econ major > Researcher at big bank (mortgages/housing) 2
Masters in CS = PhD in CS = Industry research
 Uncommon path actually comes with benefits

* Took some time for me to recognize this
* Diversity of experiences/roles is a constant source of research ideas
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