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Large language models have shown impressive capabilities:

« Abundant world knowledge . Logical reasoning

« General intent understanding . Program synthesis

« Powerful multi-turn interaction .

BR Write Bubble Sort code in Python c h a t G P T

@ Certainly! Below is the Python code for the Bubble Sort algorithm:

If you sum up 1to 50 but exclude all primes, what is the result?

To find the sum of numbers from 1to 50 excluding primes, you can start by listing the prime -

numbers between 1and 50:
2,3,5,7,1,13,17,19,23, 29, 31, 37, 41,43, 47

MNow, you can calculate the sum of all the numbers from 1 to 50 and then subtract the sum of

R PaLM 2

the prime numbers: swapped =

Sum of all numbers from 1to 50 = (50 *51) / 2 =1275

Sumof primenumbers=2+3+5+7+H+13+17+19+23+29+31+37+41+43+47=
200

928 arr[j] > arr[j+11:
arr[j], arr[j+1]1 = arr[j+11, arr[jl

MNow, subtract the sum of prime numbers from the sum of all numbers: swapped =

1275 - 328 = 947

swapped:

So, the result of summing up all numbers from 1to 50 but excluding prime numbers is 947.
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Can we build a generalist agent using these LLM capabilities?

world knowledge
2%
Intent understanding Multi-turn interaction ~ <®

ChatGpT “™4

»

PalLM 2

Logical reasoning Program synthesis




»» 1 Background 3 cvmeme

@Pe -  PTRESE N 5t A ST bl
P AT A

Can we build a generalist agent using these LLM capabilities?
Yes! We can integrate perception, reasoning, and planning into one LLM and

augment it with external tools.

/ Action \ { world knowledge \

Intent understandlng

Mult| turn interaction

ChatG PT Logical reasoning

External

LLM Program synthesis
world K /
\ Observation /
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Motivation

What about building an agent to free us from boring routines?
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What about building an agent to free us from boring routines?

Motivation

“Copy Cell A to C8..” Some issues to address:

1. Can average users use complex
software without acquiring expertise
In advance?

2. How to build a generalist agent
that masters various software?

Agent

Employer
3. How to evaluate such an agent?

Future
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Build a generalist agent that follow instructions to solve complex spreadsheet tasks

Research content

&«

c

A

Restaurants - Goagle Sheets X

"

@ docs.google.

Search the menus (Option+/)

=HE/FE
B

Store Number Store Type

188 Superstore
100 Free Standing
148 Strip Mall

37 Strip Mall

241 Superstora
391 Free Standing
221 Free Standing
187 Strip Mall

215 Superstore
217 Free Standing
322 Free Standing
142 Strip Mall

193 Superstore
144 Free Standing
397 Strip Mall

Sheetl ~
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Manager Name  State

fenton
kavanaugh
nolan
canirell

Idaho

Florida

Indiana
Massachusetts
Florida

Idaho
Massachusetts
Indiana

Idaha
Massachusolts
Indiana

Florida

indiana
Massachusetls
Idaho

BwFVa2

H

E

‘Operating Costs Total Sales

$32,000.00
$24,800.00
$32,000.00
$40,999.00
$19.000.00
$42,100.00
$24,000.00:
$32,100.00
$42,000.00
$18,500.00
$21,300.00
$32,000.00
$24,500.00
$33,000.00
$42,100.00

fphaZiCzY/edit¥gid=0 an &« ¥ 0@
% 0 .00 123+ Defmlt{Ar. ~ W0 - B I & i ¢ B =R R R R w
F G H 1 J K L M
Best Selling ltem Prefit Profit Margin
$42,000.00 chicken nuggets 10000 0.2380952381
$37,000.00 double cheeseburger 12200 0.3297297297
$31,000.00 crispy chicken sandwich -1000 -0.03225806452
$47,000.00 malted milkshake 6001 0.1276808511
$28,000.00 chicken nuggats 9000 N AP147AKT14
malted milkshake 8.323543662 x |
crispy chickan [Serrd ]
$39,000.00 malted milkshake 6900  0.17§9230769
$44,000.00 double cheaseburger 2000 0.04545454545
$28,700.00 chicken nuggets 10200 03554006969
$38,000.00 malted milkshake 16700 0.4394736842
$42,100.00 crispy chicken sandwich 10100  0.2399049681
$29,000.00 double cheeseburger 4500 0.1551724138
$37,000.00 chicken nuggets 4000 0.1081081081
$49,000.00 double cheeseburger 6900 0.1408163265
Adept %
a profit margin column

Enter a lask...
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Methodology

1. LLM planning: Prompt a large language model (GPT-4) to generate efficient multi-step

solutions.

2. Closed-loop control: Provide software state feedback for the LLM to revise solutions.
3. Knowledge retrieval: Utilize external knowledge base to optimize solutions.

1.
2.

Step 2. Calculate the revenue by multiplying the price by the quantity.
Write(range="G2", value="VLOOKUP(C2, 'A:B,2, FALSE)*E2")
AutoFill(source="G2", destination="G2:G36")'

A B C D

Date Time Web Site Product Type
9/8/15 10:13 amazon.cAspen  Wholesale
12/11/15 23:26 ebay.com Yanaki ~ Wholesale

12/19/15 18:10 amazon.c Bellen Retail
8/23/15 12:55 ebay.com Quad Wholesale
7/9/15 05:02 coloradot Crested B'Wholesale

6/30/15 16:40 ebay.com Manu LD Retail

7/1/15 13:16 coloradok Bellen Retail
8/2/15 04:06 gel-boom Fire AsperWholesale

OO~ WN =

E

F

Quantity Discount

33
29
3
36
38
4
4
93

0.165
0.15
0.019
0.15
0.15
0

0
0.375

Spreadsheet

software N\ T——

Sheet state: "Sheetl" has 7 columns (Headers are A: "Date
Time* ...) and 36 rows. "Retail Price” has 2 columns (Headers
are A: "Product”, B: "Retail Price") and 23 rows.
Error info: ...

[ Instruction: ... k °

Execution ———\

- A

Feedback

SheetCopilot e

4
User

N
Document N
Write:

args: "(range: str, value: str)"
args explanation:

usage: Write value into a range.
example: ...

CreateChart: ...

Sort: ...

Filter: ... 7

Knowledge
base
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Methodology
1. LLM planning: Prompt an LLM (GPT-4) to generate efficient multi-step solutions.

@ You are a spreadsheet agent

@ Here is the APl document:
Write # Args: (range: str, value: str)
CopyPaste # Args: (source: str, destination: str

® Requirements:
1. The user will show you the headers and row numbers of sheets.
2. Please provide step-by-step solutions with explanations.

@ An exemplar
® Workbook context: ...

® Instruction: | want to calculate the revenue for each transaction
@ Initial sheet state: ...

Chain-of-Thought + In-context learning
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Methodology

2. Closed-loop control: Provide software state feedback to revise solutions.
@ Sheet state description

A B C D E F A B
1 Date Time Web Site Product Type Quantity Discount iy Product Retail Price
2 9/8/15 10:13 amazon.ciAspen  Wholesale 33 0.165 2 |Alpine 21.95
3 12/11/15 23:26 ebay.com Yanaki  Wholesale 29 0.15 2 |Aspen 21.95
Spread |4 12/19/1518:10 amazon. Bellen  Retal 3 0019 g g?:;; . ﬁgg
5 8/23/15 12:55 ebay.com Quad Wholesale 36 0.15 — '
sheet 6 7/9/15 05:02 coloradok Crested B Wholesale 38 015 g Q’Lariﬁffea“t 26'28
7/ 6/30/15 16:40 ebay.com Manu LD Retall 4 0 3 |Bellen o5
8 7/1/15 13:16 coloradok Bellen Retall 4 0 9 |Eagle 2195
9 8/2/15 04:06 gel-boon Fire Asper Wholesale 93 0.375 10 [Yanaki 2305
1N Q1 /M18ME 1 f)+'| E alvmv amma Ciomnm ~t \.‘\.'L-.,-\Inn,‘-::.- cA Nno7c Y TIm An A
Sheet state:
Sheet “Sheet1” has 6 columns (Headers are ...) and 36 rows
Sheet “Retail Price” has 2 columns (Headers are ...) and 23
rows Evaluation

Environment
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Methodology
2. Closed-loop control: Provide software state feedback to revise solutions.
@ Error feedback

. )
o Step 2. Calculate the revenue for each transaction.
= Write(range="Sheet1!G2", value="=VLOOKUP(C2, "Retail Price"!A:B,2,
. FALSE)*E2*(1-F2)")
SheetCopilot AutoFill(source="Sheet1!G2", destination="G2:G36 ") < qung
_/ action
Execution error: Failed to execute
AutoFill(source="Sheet1!G2", destination="G2:G36").
Error: The range must contain a sheet name. Evaluation
Environment
\

2. Step 2. Calculate the revenue for each transaction.
@1—’ Write(range="Sheet1!G2", value="=E2*VLOOKUP(C2,"Retail
SheetCobilot Price'!A:B,2,FALSE)*(1-F2)")
P AutoFill(source="Sheet1!G2", destination="Sheet1!G2:G36 *)

Revision

a




Y)Y 2 SheetCopilot “y e /.'K )

Methodology
3. Knowledge retrieval: Utilize external knowledge base to optimize solutions.
Step 1. Add a new column named "Revenue”. ) Wron
. InsertColumn(sheetName="Sheet1", after="F ") < ti 9
SheetCopilot Write(range="Sheet1!G1", value="Revenue") J action
/ Document g
InsertColumn:
args: "(sheetName: str, beforeColumn: str = None, afterColumn: str = Evaluation
None)" .
args explanation: ... Environment
example:
# Example 1: Create a new column at Column G in Sheet1, i.e., after

KCqumn F... /

{glz_; Step 1. Add a new column named "Revenue".
> InsertColumn(sheetName="Sheet1", afterColumn="F *) Revision

SheetCopilot Write(range="Sheet1!G1", value="Revenue")
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Benchmark creation pipeline:

— 221 tasks with Ground truths

Scraping raw data
Data cleaning
Clustering
Adaptation
Simplification

Human Verification

Dataset

Resu

Account Red » Revenue
"“‘“Nal 11E Flll Table Sélé

Week lu e ““IW;]biel
Cell lnm t IOht
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Plot ex
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Word cIoud of the atomic actions
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Experiments

SUCfeSS Effici?ncy
Analysis { \ { \
@ @

1. SheetCopilot (GPT-4) demonstrates Data Models Exec@l? Pass@1t AS0} A0}
the strongest planning capabilit 10%  GPT-3.5-Turbo 85.0% 45.0% 2.00 4.50
gest P J capabliity 10% GPT-4 650%  550% 133  2.00
2. SheetCopilot (GPT-3.5-Turbo) 10% Claude 80.0% 40.0% 1.50 440
outperforms the VBA-based method 100% GPT-3.5-Turbo 87.3% 44.3% 1.50  3.00

(Exec@1 + 7.2% and Pass@1 + 7.9%) 100% VBA 77.8% 37.1% - -

Exec@171: Execution success rate
Pass@1 T : Functional correctness
A50/A90!: Median/90t percentile action number
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Experiments

Success Efficiency
I
r \ r \

Formatting Management Formatting Management Formatting Management

Entry
&

Charts Manipulation

Pivot Table Formula

Pass@]1 1

GPT-4

[ —— GPT-3.5-Turbo Claude J

Analysis
1. The 2 GPT models both achieve 100% success in the Management and Entry & manipulation tasks

2. ltis difficult for the 3 models to excel in all task categories.

Exec@11: Execution success rate
Pass@1 T : Functional correctness
A50/A90!: Median/90t percentile action number
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Alation study on atomic action names

The knowledge in the LLMs may be confused with our API definitions, so we use the

synonyms far away from the official names:

Write — RangelnputValue
Models | Exec@11 Pass@lf A50, A90]

Official names 87.3% 44.3% 1.50  3.00
Synonyms 86.9% 46.2% 1.33  2.78

SetConditionalFormat — FormatWithRules

An interesting insight

« Better Pass@1 and efficiency.

 This result demonstrates the flexibility of our Exec@11: Execution success rate
. : : : Pass@1 T : Functional correctness
method: users can define their own atomic A50/A90!: Median/90t percentile action number

actions and prompt LLMs to use them.
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Interactive demo on Google Sheets

6 ¢ &8 % 100% ~ ¥ % 0 .00 123 B, Add-ons > \- - 2] =vlvplvA- X

(® Macros >

F11 + KO

A B C ¥ Apps Script G H J K L M N

1 Date Web Site Product

2 9/8/15 10:13 amazon.com Aspen 7 AppSheet >

3 12/11/15 23:26 ebay.com Yanaki

4 12/19/15 18:10 amazon.com Bellen B SheetCopilot -

5 8/23/15 12:55 ebay.com Quad

- 7/9/15 05:02 coloradoboomerangs.com Crested Beaut Wholesale 38 0.15

7 6/30/15 16:40 ebay.com Manu LD Retail < 0

8 7/1/15 13:16 coloradoboomerangs.com Bellen Retail 4 0

9 8/2/15 04:06 gel-boomerang.com Fire Aspen Wholesale 93 0.375

10 11/16/15 12:15 ebay.com Sunspot Wholesale 64 0.375

1 12/9/14 19:48 coloradoboomerangs.com Bower Aussie R Retail 3[j

12 12/8/15 08:23 amazon.com Quad Wholesale 124 0.5%4

13 12/13/14 16:30 ebay.com Fun Fly Wholesale 30 0.15

14 8/23/15 03:07 amazon.com Aspen Retail 8 0.072

15 11/20/15 11:00 amazon.com Carlota Doubler: Retail 4 0.019

16 8/26/15 11:05 amazon.com Aspen Retail 3 0.019

17 12/12/15 14:21 amazon.com Aspen Wholesale 91 0.356

18 12/13/14 12:40 gel-boomerang.com Fun Fly Retail 2 0

19 12/12/14 16:35 amazon.com Fun Fly Wholesale 37 0.159

20 7/28/15 15:17 coloradoboomerangs.com Fun Fly Retalil 2 0

+ = Sheet! » Retail Price ~ Explore <

See more on our website: https://sheetcopilot.github.io/
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SheetCopilot vs. Humans

g
Invoice No,  Date Sales Rep Produet Price  Units  Sales
10500 2011/5/25 Joo Majestic  $30.00 # 575000
2011/5/25 Moe  Majestic  §30.00 9
2011/5/26 Moe  Quad
Alpine
Carlota
Majsstic
Carlota
2011/5/28 Chin  Carlota
2011/5/28 Ch

2§36
2011/5/28 Joe Alpine 18 $396.00

VS.

G
Sales Rep Product Price Units. Sales
Majestic 25
Majestic 9 2
Quad 21 867200
Alpine 7 $15400
Carlota  $25.00 11 527500
Majestic  $20.00 5 $150.00
2011/5/27 Carlota  $25.00 25 $62500
2011/5/28 Carlota 21 852500
2011/5/28 Chin Alpine 5
2011/5/28 Chin )
2011/5/28

2

2011/5/28

2011/5/28 Carlota

2011/5/28 Quad

2 Majestic
Alpine

SheetCopilot Do it by hand
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Summary
1. We build a software agent by integrating perception, reasoning, and
planning into large language models
2. We provide a comprehensive benchmark for testing spreadsheet
agents
3. We create add-ons for Excel and Google Sheets
4. SheetCopilot improves office productivity and brings smooth

Interaction experience to users.

Out paper: http://arxiv.org/abs/2305.19308
Our website: https://sheetcopilot.github.io/
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