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Y o Product i3 8 Rating
Rl I(Il(\ (’( NIponents Chains $20.000 75%
R2 2007 Clothing Bib-Shorts $4.000 2%
R 2016 Clothing Socks 52,300 28%
R4 2016 Accessones Helmets 53,400 36%
RS 2007 Components Brakes 55,400 3%%
v
b i (2) Table Augmentation

B Utterance (user query) Clothing . E $4,000 E
Sampled column headers Accexsories $2300

+

O Sampled Rows [RI.RI R4} - e
15 rows, 5 columns, headers are ["Year”. . ]
Saumpled Table: ; +*

AR GEENRIEN * Year: Tho yeur m which saley il = yecorded or reparied.
Components $20,000 » Category; The clasification o g o sl prod
2016 Clothing $2.300 5 Too sal Lo ‘
2006 Accessones $3.400 !
..

Input Control: HTML{output form), 512(Token Limit) §

Output Prompt:
<table id = “user_table 1" range ="A1:GI16™>  <augmentedInfo>
<tr row = | > The table is sampled from the user table
<th role = “dimension™> Year </th> of 15 rows and § columns with headers
[*Year" “Category™,"Product”. ..]
<throw=2> The range of “Year” column is from
<1d>2016</td> 2015 to 2017 with category Dimension. ..
) </augmentedinfo>
<Nable>

(3) Table Packing & Scrialization
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@ A %E‘ J: 3 %E‘ }%, ijg’: I *%'_ E_ @J 1}-\\ @J f}% ktoken ]IEV( %’J Sampling Type Table Sampling Methods SQA  FEVEROUS TabFact HybridQA ToTTo
Random Sampling 27.30% 60.30% 5517%  23.60%  40.12%

ﬁ NATNNES S RILHE 24 Rule-based Sampling Evenly Sampling 26.72% 61.87% 54.63% 5.32% 29.41%

3 i ﬂ: js}h )\J E/] ﬂ(*ﬂé Ij\j w H%l ™ 71(1\_:'2 Content Snapshot (Yin et al., 2020)  28.24% 63.10% 56.92%  23.40%  47.51%
@ RIE n - gram ﬁ Z j’?:_ 7‘”( Iiﬂfx _1:_’7 é'i@ 1515 7]:E] X0y T Centroid-based Sampling 28.10% ~ 6350%  5540% 24.03%  48.30%
Semantic-based Sampling 28.32% 63.32% 59.80%  24.32%  49.14%

Embedding-based Sampling

R F AR S ah e 4= h 2 k4 w/ Column Grounding 29.12% 64.74% 6023%  25.14%  5342%
@ XV;}JF é -+ J%‘ = élj S ;F— 4T4/F 76 K*‘T- = % Hybrid Sampling 28.719% 65.34% 61.37%  24.71% 51.63%

LLM-based Sampling LLM-Decomposer (Ye et al., 2023b)  27.98% 62.34% 58.74%  24.98%  48.13%
gt SEIZEH SZRE vk M g =B H s No sampling (GPT-3.5) 27.60%  60.12%  56.20%  14.10%  47.42%
za e T I_J I 7K1E|é 73{£ ri He % EARC a: HA)\ ) No sampling (GPT-3.5, truncated) 23.54% 43.54% 52.12%  23.12%  30.42%
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- WE/EEY .
SQA FEVEROUS TabFact HybridQA ToTTo
« FHEER Augmentation Aspect ~, . peja  Acc  Delta  Acc Delta  Acc Delta BLEU-4 Delta
o EMKAD baseline 28.32% 0.00% 63.32% 0.00% 59.80% 0.00% 24.32% 0.00% 49.14% 0.00%
. ) D/M + SF 30.12% 1.80% 65.72% 2.40% 62.67% 2.87% 26.12% 180% 5125% 2.11%
o Guitdrie o/ Table Size 28.85% 0.53% 63.40% 0.08% 6030% 050% 24.94% 0.62% 49.03% -0.11%
e Statistics Feature 31.22% 290% 66.51% 3.19% 6233% 253% 26.13% 181% 5057% 143%
© HAER x Header Hierarchy . - . - . . . " 48.64%  -0.50%
2 F T B g Docs Rel'en:ex?c'es | 3345% 5.13% 63.13% -0.19% 61.32% 152% 25.12% 0.80% 52.74%  3.60%
Term Explanations

. HIA - LLM-based 31.59% 327% 64.12% 0.80% 62.32% 2.52% 2624% 1.92% 5321% 4.07%
- Heuristics-based  29.59% 1.27% 63.72% 0.40% 61.58% 1.78% 25.24% 092% 5121% 2.07%
o RiZMH Self Prompting 3045% 2.13% 6524% 1.92% 62.32% 2.52% 26.64% 232% 52.36% @ 3.22%
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SQA FEVEROUS TabFact HybridQA ToTTo

Componenizol TAPILLM Acc  Delta  Acc  Delta  Acc  Delta  Acc  Delta BLEU4 Delta

All 34.12% 0.00% 68.32% 0.00% 64.78% 0.00% 27.87% 0.00% 54.93%  0.00%
w/o table sampling 26.54%  -1.58% 61.54% | -6.18% 58.12%  -6.66% 24.12% | -3.15% 48.47% -6.46%
w/o table augmentation - all 29.12% | -5.00% 63.74% | -4.58% 60.23% | -4.55% 25.14% | 293% 53.42% -1.51%
w/o table augmentation - metadata-based  33.87% -0.25% 64.38% | -3.94% 62.78% -200% 2698% -0.89% 53.42% -1.51%
w/o table augmentation - retrieval-based ~ 31.42% -27% | 66.23% -2.09% 62.97% -1.81% 26.33% -1.54% 52.67% -2.26%
w/o table packing 31.87% -2.25% 67.42% -090% 63.28% -1.50% 26.32% |-1.55% 52.87% | -2.06%




Tabular Representation, Noisy Operators, and Impacts
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DFLoader Format Json Format Data-Matrix Format
- - .
on Table Structure Understanding Tasks in LLMs P e— ‘ (
Name : [Alice, 'Bob, Chertie'], L% AL it a2 - [, ‘Name!, ‘Age’, 'City'),
Age - (25, 30, 22). o g:m .ﬁf:ﬁ,;ﬁgg&?&:&w {0, ‘Alice, 25, New York,
City : ['New York', "Los Angeles!, 'Chicago’] Bl o = ~op g [1,°Bod’, 30, 'Los Angeles’),
N : "2"{"Name":"Charlie” Age":22,"City":"Chicago”} [2, ‘Chariie’, 22, Chicaga’)
Ingex=[0, 1, 2]) | iA
Ananya Singha José Cambronero Sumit Gulwani HTML Format Al
Microsoft, India Microsoft, USA Microsoft, USA SR Comma Separated Format Tab Separated Format )\
t-asingha@microsoft.com jcambronero®microsoft.com sumitg@microsoft.com ‘:,,w,.,
<> . Name, Age, City Namne Age City
Ghacats 0, Atice, 25, New York o Alice 25 New York
Vu Le Chris Parnin SthoName=AR> 1, Bob, 30, Los Angeles 1 Bob 30 Los Angolas
Micmsufl. USA MiCl'()Sl)fl,US A ;;u'§'5c1<nn> 2, Charle, 22, Chicago 2 Charlie 22 Chicago I‘t
levulmicrosoft.com chrisparnin@microsoft.com ;;:"’m
</thoad>
NeurlPS 2023 ol Markdown Format HTML No Space Format
::::m::m, ‘ <table><thead><tr><th></th><th>Name</th><th»Age<ih>
| IName |-AgsiCity | AN>CIyAN<th>Saxe A< Ar><tead=<thody=<tr=<th>0
<td>F<ftd> el B 3 ’ <th><rd>Alice<td><td>25<Ads<td>New York=Ad><ta>F<
< |0|Alice | 25 [NewYork | Hd><ftr>alrseth> 1< <1d>Bob</d><d>30<d><1d>Los
...... |11Bob | 30 |Los Angoles| Angnles</tds<td>Mecltd><tr<tre<th>2</th><td>Charlie</
<ABody> | 2{Chariie | 22 [Chicago | 10><10>22<10> d>CNICHR0 AT ><td> Mg <A< DOy
<Mabie> <Mtabla>
SequentialColumnNames ShuffleRows SerializeRow
col @ col_1 | col_2 col_3 | | Mame | Age | (lty | sex | | What type (using Pandas datatype notation)
{l‘! ________ ! ............. | saka: R s It e Pt et i i...;|: ....................................... } o Datalype LookupTest | g column Age?
| @ | Alice | 25 | New York | F | 1] Bob | 30 | Los Angeles | ¥ | | ® | Meme:Alice,Age:25,City:New York,Sex:F |
| 1] eob | 30 | Los Angeles | M | @ | Alice 25 | New York | F | | 1| Mame:Bob,Age:38,City:los Angeles,Sex:M |
| 2| charlie | Chicagp | M | 2| harlte 22 | chicage | M || || 2] Neme:Charlie,nge:22,City:Chicago,Sex:M | y Column Lookup Test What column is the value Emily in?
| Kama Agl | City Sex r = (5
| BES PSSR FAtine) yRE e oy
ShuffleColumnNames ShuffleColumns ColumnMerger B4 i ﬁ{:; s 1k H Rew Lookup Test What row is the value Seattle in?
- | 1] Charlse 22 | tMcago "
e Sex city |1 ||l | Age | Sex | Name | city 1 ]l | Mamee-e--AgRe-sn | 1| David 28 | Soston n
---.}:? ------ I ------ _!: ------------ I:---?---{ :...:=...ﬁf:}:fff...:_?.’;‘.....l'sff? ........ l :.-.':'TT? ..... ?7 ..... fff? ...... |‘?f?---{ l ‘lh‘ly )5' Qn‘rmf.“fo ¥ - g m‘n‘ue‘sal 7and°°w n
o | Alice | 25 | MNew York | F Bl Ll el 2si¢  (atice | mewvork || |1 @f Alfce--e=-28-<---Mew York |E | Pk B ol oty A Nevigation Test} i ke
I 1 | Bob | 30 | Los Angeles | M | | 1] @M | Bob | Los Angeles | | 1| 8obevsss Wenen Los Angeles | M | 71 Hemey 32 | seattle "
2 | charlie | 22 | chicago In | | 2| 2| M | Charlte | Chicage I | 2| charlie----- > > PR Chicago | # | 21w 26| Denver 4
| 9| Jmck 33 | Houston » Table Transpose Test Can you transpose the table?
| 10 | Katherine 26 | Mlmta ' !
|11 | tiam 31 | Phoenix L
| 12 | mia a6 | #hidadelphia | ¥ ;
ArbitraryColumnNames TransposeTable B et B anoies (M |l rbien o Tost | €N YOU rECORStILCE the table by deserisizing
| i"e 1 [ 2 i | 12 | 0l5via 25 | Austin ¥  Table Reconstruction Test | thie tabla Abose
| | eMsTV | VidYd2Em | mXiqqe | xgFNEYIYRE | 2mnnes |3omesnsaas|fassacenanacs R
l...: ......... | EEEET T :| ............. lassssassscanne | Mame I Alice | 8ob charlie | :
| 0| Alice | 25 | New York | F | | Age | 25 | 30 22 |
| 1] 8ob | 30 | Los Angeles | M | | City | New York | Los Angeles | Chicago | fn?lng!umnReervTesl; co
| 2] charlie | 22 | Chicago I M I | sex | ¥ | M | n || |

E RIS



DFLoader Format Json Format Data-Matrix Format
I
pd.DataFramef| { | )
Name : [‘Alice, 'Bob, 'Chartie'], 0 [Name*Alice’ Age":25 - City": NewYork}, ) Nnmc ‘Age’, 'City'),
o Mo et o8 Angetes, Chicager} | | 11 Nome"BobAge"30/Ciy" Lo Angatew') | | e Ch LILUECE,
L \ *2"{"Name":"Charlie”’Age":22 "City":"Chicago"} 2 Ot 22, Chi ]
Ineéx=[0, 1, 2]) |
HTML Format
ST Comma Separated Format Tab Separated Format
hesd>
2 . Name, Age, City Name  Age City
<thr<Ahp 0, Atice, 25, Now York o Alice 25 New York
SoNamexAR> 1, Bob, 30, Los Angeles 1 Bob 30 L0s Angeles
<m>5u< o> 2, Charlie, 22, Chicago 2 Charlie 22 Chicago
e
<Mthaad>
<abody>
<1r> ! Markdown Format HTML No Space Format
::::m:m> <table><thead><tr><th></th><th>Name</th><th>Age<ith>
,,,,,, | INae | AptiChy | Ah>City <A h<th>Sax <A><Ar></thead><thody><tr-<th>0
<td>Fend> iy foeeccft | <> <td>Alicecids<td>25<Ads<td>New YorkeAd><ta>F<
<nr> [ 0|Alice | 25 |NewYork | Hd><ftr>irseth>1<Ah<td>Bobed ><1d>30</d><1d>Los
...... 111Bod | 30 |Los Angoles| Angles</td<td>Metd><ro<tr><th>2</th><td>Charlie</
<Abody> I 2{Charte: | 22:{Chicago | 10><10>22</10> 10> CNICERO< AT <td> M/t <Ar=<Boay>
<Nabie> <abla>

Table 1: Average Pass @1 for fact-finding tasks. DFLoader provides overall high pass@1 performance.

Table Formats ColumnLookupTests DataTypeLookupTests NavigationTests RowLookupTests Overall
COMMASEPARATED 6443 9500 65,57 7814 7578
DFLOADER el 95.29 68.29 82,56 79.79
DATAMATRIX 62,57 400 56,57 5743 7264
150N 65.00 9643 7143 TH.86 1103
MARKDOWN 6143 8586 48.71 73.29 6732
TABSEPARATED 67.00 94.00 6443 7514 758
HTML 79.83 .67 58.83 5233 714
HTMLNOSPACE 7300 93.50 62.00 39.50 7200

Table 2: FI1 scores for transformation tasks. DFLoader and JSON format, with structural element

isolation and repetition, enable high performance on average across transformation tasks.

Table TableColummReorderTests TableReconstrucon Tests TsbleTransposeTests Overall
COMMASEPARATED 95.33 7433 99.00 89.55
DFLOADER ¥9.33 98,00 98,33 98,55
DATAMATRIX 9267 W67 0.00 6L11
JsoN 9967 8500 100,00 9489
MARKDOWN 0.0 2433 Lo 6
TABSEPARATED 93.33 9213 S0.00 78.55
HTML 50.00 86.00 K3.33 xn
HTMLNOSPACE %333 84.00 333 8155

« DFLoader® /&1L,

MarkDown: GE%
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Table 4: Average FI score delta from original to noisy for transformation tasks. Statistically significant
values (p-value < %21 ) are marked with "**",

Table Formats Table Manipuligion TadeColumnReonderTests  TableR, fonTests  TahleTransposw Tesiy
Originallrata w67 #5300 100040
ShuffieRous 10— (1333
ShulfeColumis 033 BT
JSON ShuffleColumaNames 034 NS
SequentiadolumnNames 033 .9m
ArbitraryColumnNames 233
TransposeTahle
ColumnMerger +033
SerialineRow
OviginalData "33 G800
ShuftheRows +0.67
ShuteColumas +0.67
DFLOADER ShuffeColumnNames se?
SequentiColumaNames 007
ArhirzeyColumnNames 067
TransposeTable
ColumnMerger
SexialinRow
OviginalDuta 9533 7433
ShulfieRows -1,33 3
ShufeColumas 1940
CoMMASERARATED  ShuleColumnNanes .66
SequenidColumaNames -l!m
ArhitaryColumnNumes
Transpose Table &" o
ColumnMerger
SerialineRow
OviginaiDia 9333 92,33
ShuftieRows 400
ShulfeColumas 600
TASSEPANATED ShufteColumaNanes
SegueniadColumnNames
ArhitraryColumnNuames
TransposeTable
ColumnMerger

SenalincRow

SequentialColumnNames ShuffleRows SerializeRow
| lceol® | cot 1| col2 | col 3 : : Wame | Age = City ! Sex l } I =
fss=iftamrees | O 2] 3o cmenscnens S ] | B e i Lot seet|tesenesnsnnnianannesassinisresanacssnann
| e | Alice | 25 | New York | F 1 | Bob 30 | tos Angeles | M | | ® | Name:Alice,Age:25,City:New York,Sex:F |
| 1] b | 30 | Los Angeles | M @ | Alice I New York F | | 1 | Name:Bob,Age:30,City:los Angeles,SexiM |
| 2 | charlie | 22 | chicago | » 2 | Charlie 22 Chicago M | | 2 | Name:Charlie,Age:22,City:Chicago,Sex:M |
ShuffleColumnNames ShuffleColumns ColumnMerger
| age Sex | Name | city | I = Age ! Sex | Name } city city | sex |
R, [ ied AR (AR e RS RS PRe2nll tEPsaorasltanassnaliacrndsreamesy | | It e fssaes |
@ | Alice 25 | Now York | F | | 8| 25 | F | Allce | New York New York | F |
I 1 | Bob 30 | Los Angeles | M | | 1] 3@ | M | Bob | Los Angeles Los Angeles | M
2 | charlie 2 | chicago In | | 2| 2|m | Charlte | thicage || || 2 | charlie-----22----- Chicago | »
ArbitraryColumnNames TransposeTable
| | 8 1 | 2 |
| eMsTEY | Vid7d2Em | mXjqqe | xqfNEYIYRE | 3eenca|tonennccas]facsaccnanacs|ioannanea
...;I .......... Jovecnneaana: | ............ Jrenecnanacnnn. ' Name | Alice 8ob Charlie |
@ | Alice | 25 ’ New York | F | | Age | 25 10 22
1 | Bob | 30 | Los Angeles | M | | city | New York | Los Angeles | Chicagoe |
2 | charlie | 22 | Chicago Im | | ] sex |F M (]
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