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Aim

Remove the “glass ceiling” that limits the scope and reach of what a
domain expert can do with Excel:

- Make Excel functions reflect the abstractions of our end users,
by allowing end-users to define new functions using an ordinary
worksheet.

- Make Excel’s data values reflect the datatypes of our end users’
domains, by adding arrays, vectors, records, and even domain-
specific data types implemented by third parties.



So far, we've taken Excel beyond text and numbers
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o |Mary Peter hMary Meat |
& |Peter Jane Peter Veg
7 |John Jane John Veg
£ |Simon Alison Simon Meat
S |Charles Simon Charles Veg
10 [Jane Mary Jane Meat
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So far, we've taken Excel beyond text and numbers

AutoSave E:E“ o~ Geography Data Type Simplexisx - Saved to SharePoint ~ Table Tools
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Segoe Ul 12 ~ av 28 Wrap Text General @ @ P’% @ E @ é::!?Sum v ,Z.v /O g

e : , <o & Find & Ideas
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< X Cut
(B copy

& Format Painter
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Clipboard ™ Font Alignment r Number r Stytes Cells Editing

Florida

D Alabama 4874747 1.7 135765 Coffee Shops by Region per 100,000 Persons Region ~ Average
(D Alaska Pacific 739,795 6.6 1,717,854 oo Medwest
D Arizona West 488 7.016.270 7.0 295254 T8 NorthEast
(D Arkansas South 3,004,279 18 137,733 . Pacific
o0 California West 2821 39,536,653 7.1 423970 South
(D Colorado West 431 5,607,154 86 269837 . West
D Connecticut  NorthEast 123 3588184 34 14357 Grand Total
(0 Delaware South 25 961,939 26 6,452

Florida ] Populatien- 2017 * 400 33 170,304

eorgia 20984400 739 3.1 153,909
00 Hawai A—— 538 69 28311
D Idaho 170,20 943 39 216632
D linois Abbeevistion 023 45 149998 * e o]
00U Indiana 818 3.3 943
O lowa . m 28 145743
ODKansas e 123 32 213,09
D Kentucky 189 26 104659
D Louisiana Y 333 18 135382
0 Maine 907 22 91646
a0 Maryland Popuniian Coenoe (8- 2000 20 177 42 32133
TOMassachusetts 819 40 27336
0D Michigan Households - 2013 31 28 250493 N . 2
ODMinnesota ! - 952 33 225181 g nas EM
0D Mississippi R . 100 11 125443 o ;
D Missouri aamreesa o o 5 S92 31 180,533
[0 Montana West 36 1.050.493 34 381154
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@ Gloria's Food M Daily Goals

#MondayMotivation \
32.1% 24.4%

Keeping up with my nutrition
goals = #livingmybestlife

46.6%

Fat

23.3g
50

Calories Carbohydrates
Today  641.4 cal 61.1g
Goal 2000 250
My food &
B3 calories B carbohydrates  [§Y fat

) chicken breast 110.04 1.00
() boiled egg (1 serving) 210.80 1.52
-, strawberry (4 items) 15.10 3.78
{5 banana (1 item) 105.02 26.95
) oatmeal cookie (2 iterns) 134.10 19.92
() yogurt (3 ounces) 66.34 7.94

2.29

14.43
0.10
0.39
5.37
0.75

@




¥ Joe McDaid
y @]jmcdaid

Starting today, the LET function is available to Excel
users in the Insiders Ring to preview. The LET function
allows you to define and use formula scoped names.
Calculating a weighted average: =LET(values,AT:A4,
weights,B1:B4, SUM(values*weights)/SUM(weights)) .

6:16 PM - Mar 17, 2020 - Twitter Web App

28 Retweets 93 Likes

%
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David Benaim MVP @DaveBenaim -
Replying to @jjmcdaid
Let it be!

Q Tl

Exceljet @exceljet - Mar 17
Replying to @jjmcdaid

Excellent. This will really streamline certain formulas that require the same
operation more than 1x.

Q L Q 2 T

Ryan Bond @RyMNBond - Mar 17 A
Replying to @jjmcdaid
This is similar to "With' in Power Apps

Q 1 O 1

(=

Ed Hansberry @ehansalytics - Mar 18 V
Replying to @)jmcdaid

Mow we just need to be able to format formulas easier in Excel like we can in
#PowerBl and #PowerApps

Q 1 O 1 T

Abiola David | Excel MVP I ) @Y @AbiolaDavid01 - Mar 17 v
Replying to @jjmcdaid
Really cool function

O 1 (o Q1 T

Reagan Onyango @rigs12 - 128h A
Mow even before | breathe xlookup, the real bomb is here!

Q n v, I

0z du Soleil @0zExcel - Mar 18 A
Replying to @jjmcdaid

So cool!

Q pa v, T
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File Home Insert Draw Page Layout Formulas Data Review View Developer Add-ins LOAD TEST Team Q Tell me what you want to do S Share @
fx z IE L Im IEIZ‘ Define Name ~ 35 Trace Precedents Show Formulas ey'_|6 Calculate Now
- % Use in Formula - =2% Trace Dependents Y4 Error Checking ~ .
Insert  AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name — . Watch  Calculation i3 Calculate Sheet
Function - Used ~ - - - Time -~ Reference -~ Trig~ Functions -~ Manager I Create from Selection ' x Remove Arrows ~ (&) Evaluate Formula  \yindow Options -
Function Library Defined Names Formula Auditing Calculation ~
Depreciation - Je =99% v
A 2 € | ° : & " ! | : Calculation View v X
1 |Depreciation 99% HoldingCost 0.10%
I Show Formulas Only
2 |Assets Present value 2019 2020 2021 2022 2023 2024 2025 2026
3 | Terminal with Electronic Components = £ 272817 £ 2,698.16 £ 2,668.48 £ 2,639.13 £ 2,610.10 £ 2,581.39 £ 2,552.99 £ 252491 £ 2,497 %)) ~ | Depreciation B1=99%
4 | Accessories Others £ 196.77 £ 19461 £ 19246 £ 19035 £ 188.25 £ 186.18 £ 18414 £ 18211 £ 180.11 £
5 | Accessories SAK £ 1032 £ 1021 £ 1009 £ 998 £ 987 £ 976 £ S0 955 £ 945 £ HoldingCost E1=0.1%
6 | Accessories SAK £ 3828 £ 37.86 f 3744 £ 37.03 36.62 £ .36‘22 35.82 £ 35.04 £ C3:N1002=B3*Depreciation-(B3*HoldingCost)
7 | Other Terminals £ 388.88 £ |384.60 £ 380.37 376. la 3§ Et V U r £ 35595 £ TotalPresentValue Q3=SUM(C3:C1002)
8 | SAK-Series £ 43048 £ 4257 4] (g 7 4 i £ 39402 £
9 | SAK-Series £ 731.01 £ 7200 e e a ﬂl 69" 691.68 684.07 £ 67655 £ 669.10 | £ TotalEndValue Q4=SUM(N3:N1002)
10 | SAK-Series £ 42361 £ 41509 41434 £ 409. 78 405.28 £ 400.82 4‘ £ 205 £ 38774 £ TotalLoss Q5=TotalPresentValue-TotalEndValue
11 | SAK-Series £ 39749 £ 30010 £ 388.79 £ 384 380.29 £ 376.10 379 £ 36383 £
12 | SAK-Series £ 32188 £ Z18:24 314.84 7 a .56 a iZ i £ 29462 £
13 | SAK-Series £ 66061 £ 622 D m a e .07 618.19 £ 61139 £ 604.67 £
14 | SAK-Series £ 74858 £ 7405 24.15 716.18 £ 708.30 £ 51 £ 69281 £ 68519 £
15 | Coupler £ 5397 £ 5338 £ 5279 £ Szl £ 5163 £ 51.07 £ £ 4995 £ 4940 £
16 | SAK-Series £ 35636 £ 35244 £ 34856 £ 34473 £ 34094 £ 33719 £ 3334 32981 £ 326.18 £
17 | SAK-Series £ 36218 £ 358.20 £ 35426 £ 35036 £ 34651 £ 34269 £ 33892 £ £ 33151 £
18 | Coupler £ 4981 £ 4926 £ 4872 £ 4818 £ 4765 £ 4713 £ 46.61 £ . :
19 | SAK-Series £ 22938 £ 226.86 £ 22436 £ 22189 £ 21945 £ 217.04 £ 21465 £ 21229 £ 20995 f£
20 | SAK-Series £ 155.25 £ 15354 £ 151.85 £ 150.18 £ 14853 £ 14690 £ 14528 £ 14368 £ 14210 £
21 | SAK-Series £ 13088 £ 12944 £ 128.02 £ 12661 £ 12522 £ 12384 £ 12248 £ 12113 £ 119.80 ¢£
22 | SAK-Series £ 13088 £ 12944 £ 128.02 £ 12661 £ 12522 £ 12384 £ 12248 £ 12113 £ 119.80 ¢£
23 | SAK-Series £ 139.52 £ 137.99 £ 136.47 £ 13497 £ 13348 £ 13201 £ 13056 £ 12913 £ 127.70 £
24 | SAK-Series £ 14400 £ 14242 £ 140.85 £ 13930 £ 13777 £ 136.25 £ 13475 £ 133.27 £ 131.81 £
25 | Accessories SAK £ 37.59 £ 37.18 £ 36.77 £ 36.36 £ 3596 £ 3557 £ 35.18 £ 3479 £ 3441 £
26 | Accessories Others £ 316 £ 3.13 £ 3.09 £ 3.06 £ 3.02 £ 299 £ 296 £ 292 £ 2.89 £
27 | Accessories Others £ 191 £ 1.89 £ 1.87 £ 185 £ 183 £ 181 £ 179 £ 177 £ 175 £
28 | Accessories SAK £ 3821 £ 37.79 £ 3737 £ 36.96 £ 36.56 £ 36.15 £ 3576 £ 3536 £ 3497 £
29 | Accessories SAK £ 3469 £ 3431 £ 3393 £ 33.56 £ 33.19 £ 3282 £ 3246 £ 3211 £ 3175 £
30 | Accessories SAK £ 3469 £ 3431 £ 3393 £ 33.56 £ 33.19 £ 3282 £ 3246 £ 3211 £ 3175 £
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File Home Insert Draw Page Layout Formulas Data Review View Developer Add-ins LOAD TEST Team Q Tell me what you want to do S Share @
fx Z I I E 5‘ Define Name ~ 35 Trace Precedents Show Formulas D@ ‘j‘ % Calculate Now
. e e % Use in Formula - =2% Trace Dependents Y4 Error Checking ~ T
Insert  AutoSum Recently Financial Logical Text Date & Lookup & Math &  More Name o ) — Watch  Calculation i3 Calculate Sheet
Function - Used ~ - - - Time - Reference ~ Trig~ Functions ~ Manager LI Create from Selection V< Remove Arrows ~ Window Options ~
Function Library Defined Names Formula Auditing Calculation ~
c3 & S =B3*Depreciation-(B3*HoldingCost) v
A ° € 2 : : 6 i : J Calculation View v X
1 Depreciation 99% HoldingCost 0.10%
I Show Formulas Only
2 |Assets Present value 2019 2020 2021 2022 2023 2024 2025 2026
3 | Terminal with Electronic Components = £ 272817 | £ 2,698.16 £ 2,668.48 £ 2,639.13 £ 2,610.10 £ 2,581.39 £ 2,55299 £ 252491 £ 2,497.13 £
4 | Accessories Others £ 19677 | £ 19461 £ 19246 £ 19035 £ 18825 £ 186.18 £ . F1=0.1%
5 | Accessories SAK £ 10.32 | £ 10.21 £ 10.09 £ 998 £ 9.87 £
6 | Accessories SAK £ 3828 | £ 37.86 £ 37.44 £ 37.03 £ 36.62 . . .
7 | Other Terminals £ 383.88| £ 384.60 £ 38037 £ 37619 £ 372.05 C3:N1002= B3*Deprecuat|on-(B3*HoId|ngCost)
8 | SAK-Series £ 43048 | £ 425.74 £ 421.06 £ 41643 £ 41185 £ =
9 | SAK-Series £ 731.01| £ 72297 £ 715.02 £ 707.15 £ 699.37 £ GM ) — : )
10| SAK-Series £ 42361| £ 418.95 £ 41434 £ 409.78 £ 40528 £ 400.82 £ 39641 £ 392.05 £ 387.74 TotalLoss Q5=TotalPresentValue-TotalEndValue
11| SAK-Series £ © 20312 £ 388.79 £ 38452 £ 38029 £ 37610 £ 37197 £ 367.87 £ 363, £
12 | SAK-Series £ Sh 21484 £ 31137 £ 30795 £ 30456 £ 30121 £ 29790 £ 62 £
13 | SAK-Series £ a re d f 005 f 63202 £ 625.07 £ 61819 £ 611.39 04.67 £
14| SAK-Series £ orm uI T 70830 £ 70051 £ 69238 685.19 £
15 | Coupler £ a e ( 5050 | £ 4 £ 4940 £
16 | SAK-Series £ Op y/ e ® g. g .81 £ 326.18 £
17 | SAK-Series £ p a St 7 335.20 £ 33151 £
18 | Coupler £ O d r - £ 46.10 £ 4559 £
19 | SAK-Series £ a re gr ag~ fl II £ 21229 £ 20995 £
20 | SAK-Series £ o u e e d £ 14368 £ 14210 £
21| SAK-Series f . d a d £ 12113 £ 119.80 £
22 | SAK-Series Vle W a n b ; £ 12113 £ 119.80 £
23 | SAK-Series e d a e o £ 12913 £ 127.70 £
24 | SAK-Series £ n d ed 4 5 £ 13327 £ 13181 £
25 | Accessories SAK £ 37.99 | ¢ I te d 18 £ 3479 £ 3441 £
26 | Accessories Others £ 316 £ 3.13 £ a S O n e 9% f 292 £ 2.89 £
27 | Accessories Others £ 191| £ 1.89 £ 187 £ 1.85 ° 19N E 1.77 £ 1.75 £
28 | Accessories SAK £ 3821| £ 37.79 £ 3737 £ 36.96 £ 36.50 L .76 £ 3536 £ 3497 £
29 | Accessories SAK £ 3469| £ 3431 £ 3393 £ 3356 £ 3319 £ 32.82 £ 2246 £ 3211 £ 3175 £
30 | Accessories SAK £ 3469| £ 3431 £ 3393 £ 3356 £ 3319 £ 32.82 £ 3246 £ 3211 £ 3175 £
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File Home Insert Draw Page Layout Formulas Data Review View Developer Add-ins LOAD TEST Team Q Tell me what you want to do S Share @
fx z I L IE S‘ Defir.na Name ~ gf: Trace Precedents Show FOFITIL:HEIS Dﬁ E‘ e T
# Use in Formula ~ 2% Trace Dependents “I Error Checking ~ .
Insert  AutoSum Recently Financial Logical Text Date & Lookup & Math & More Name — . Watch  Calculation i3 Calculate Sheet
Function - Used ~ - - - Time -~ Reference -~ Trig~ Functions -~ Manager I Create from Selection ' x Remove Arrows ~ (&) Evaluate Formula  \yindow Options -
Function Library Defined Names Formula Auditing Calculation ~
TotalLoss < Je =TotalPresentValue-TotalEndValue v
F G H | J K L M N 0] P Q .
1 -
2 2022 2023 2024 2025 2026 2027 2028 2029 2030
3 | £ 261010 £ 2,581.39 £ 2,552.99 £ 252491 £ 2,497.13 £ 2,469.67 £ 244250 £ 2,41563 £ 2,389.06 Total prese D S . B 1= 99cy
4 £ 18825 £ 18618 £ 18414 £ 18211 £ 18011 £ 17813 £ 17617 £ 17423 £ 172.31 Totalvay?”, DEPreciation 51=99%
5| £ 9.87 £ 9.76 £ 9.66 £ 955 £ 945 £ 9.34 £ 9.24 £ 9.14 £ 9.04 )
6 £ 36.62 £ 36.22 £ 3582 £ 3543 £ 35.04 £ 3465 £ 34.27 £ 33.89 £ 33.52 } {()|(1|H(J( ost E1 =01%
7 £ 37205 £ 367.96 £ 36391 E 35991 £ 35595 £ 352.03 £ 348.16 £ 344 33 E 340.54
8 £ 41185 £ 407.32 492 .84 39841 £ 4 02 £ 389.69 385. 40 £ 376.97 C3:N1002= B3*Depreciation-(B3*HoIdingCost)
.. 2 2 It’s easy to name cells and us
10 | £ 405.28 £ 400.8Z 41 25 £ T . ’ D — .
- otalPresentValue Q3= :
11| £ 38029 £ 376.10 37197 £ 367.87 £ 3 359.83 £ 355.87 £ 351‘95 f 348.08 . ald Q : SUM(C3 C1 002)
12 | £ 30795 £ 304.56 0 £ 285.01 £ 281.87 : .
13 £ 63202 £ 62507 ﬂ al I jes I Q rm u IZaEE- 58493 £ 578.50 lotalEndValue Q4=SUM(N3:N1002)
14 £ 716.18 £ 708.30 70051 £ 69281 £ 68519 £ 67765 £ 67019 £ 66282 £ 65553
15 £ 5163 £ 5107 T hi ﬁaﬁBEké?S fé F. muj a éé 7m é F TotalLoss Q5=TotalPresentValue-
16 | £ 34094 £ 337.1¢ 3§S £ £ e
17 £ 34651 £ 342.69 33892 £ 33520 £ 33151 £ 327.86 £ 32426 320.69 £ 317.16 TOtalEndvalue
18 £ 4765 £ 47.13 46 61 4 .10 4559 £ 4509 £ 4459 £ 4410 £ 43.62
19 £ 21945 £ 217.04 r I e209 95 £ 20765 £ 20536 £ 203.10 £ 200.87
20 | £ 14853 £ 146.90 £ 14 .68 142 10 £ 14054 £ 13899 £ 13746 £ 13585
21 | £ 12522 £ 12384 £ 17248 £ 12113 £ 11980 £ 11848 £ 11718 £ 11589 £ 1l4.61
22 | £ 12522 £ 12384 £ 12248 £ 12113 £ 11980 £ 11848 £ 117.18 £ 11589 £ 11461 —
23 £ 13348 £ 13201 £ 13056 £ 12913 £ 127.70 £ 12630 £ 12491 £ 12354 £ 12218
24 | £ 13777 £ 13625 £ 13475 £ 13327 £ 131.81 £ 13036 £ 12892 £ 12750 £ 126.10
25 £ 3596 £ 3557 £ 35.18 £ 3479 £ 3441 £ 34.03 £ 33.65 £ 33.28 £ 32.92
26 £ 3.02 £ 299 £ 29 £ 292 £ 289 £ 286 £ 283 £ 280 £ 2.77
27 | £ 1.83 £ 1.81 £ 179 £ 177 £ 175 £ 173 £ 171 £ 169 £ 1.67
28 £ 36.56 £ 36.15 £ 3576 £ 3536 £ 3497 £ 3459 f£ 3421 £ 3383 £ 33.46
29 £ 3319 £ 32.82 £ 3246 £ 3211 £ 3175 £ 3140 £ 31.06 £ 30.72 £ 30.38
30 £ 3319 £ 32.82 £ 3246 £ 3211 £ 3175 £ 3140 £ 31.06 £ 30.72 £ 30.38




AutoSave 2 2~ = Experiment data v2 (final).xisx - Last Saved 11/10/2018 15:39 ~ Advait Sarkar O

File Home Insert Draw Page Layout Formulas Data Rewview View Add-ins Help Team jl) Tell me what you want to do
T260 S P hd
Y
Bl Panticip:fg First condition [l Task 1 digld Task 1 Task 2 g Task 2 g Task 3 gl Task 3 &l Task 4 gl Task 4 g Seconfyd Task 5 cfgl Tas : : — »
2 1 Normal WA 158 Woh 253 D& 63 D24 77 Calc Vies R And calculation-view
3 2 Mormal wiE 170 WZE 182 OiE 246 O2F 177 C
4 3 Calc View WA 256 Wik 80 024 219 — .
5 4 Cale View WZE 313 WIE 31 ° I Sort v 'Y Filter v | O Search O Refresh
g 5 Mormal Wi 172 WZh 129
7 £ Mormal WE 512 Wb 215 O K _ ) "Mormal”,"Calc View","Normal”)
g T Calc View W28 400 W1 BE 1 *= Sort Descending
] 8 Calc View WeE 1dd Wi fd Mormal Wiz f 102 e
10 3 Mormal W1 154 W2 110 , 70 Oz4 10 Calc Vies ] - Sort by:
1 10 Mormal Wi 133 WZE 287 OE 75 0zE 53 Calc Vies W1 120 1
5 P .
12 11 Calc View WA 240 WA 120 D24 83 014 23 Mormal W2E 266 FH Row wise
12 12 Calc View YWiZE 178 WiE 38 OZE 27 0B 14 Mormal Wiz s 163 Ll >rmal])*100
14 13 Mormal W1 450 WA 337 04 394 024 83 Calc Vies WAE 103 1 B Col .
5 14 Normal WIE 73 WZE 134 O 120 DZE 55 Calc Yiew WA B8 K olumn wise
16 15 Calc View Wah 110 W14 &0 OzA 50 014 44 Mormal WZE 175 L _
17 16 Cale View 2B 88 W1B dd 026 24 DB 53 Normal W2h 202 3 |2 Formula length
12 17 Mormal ETE] EE Ol 5d 024 32 Calc Vies Wi 27 K
13 15 Mormal wWiE 341 WZE 3588 OE 72 026 22 Calc Vies W1 62 l7 Alphabetical
20 19 Calc View WZh 80 Wik T2 Oza 27 014 26 Normal WZE 428 e
21 20 Cale View 'W2E G WiE 48 OzE 22 O1E 44 Mormal Wiz f 161 T206:U206=MEDIAMN(T184:T205)
22 21 Normal YWid 157 W2k 222 Ola 68 Oz4 38 Calc Vies Wi 52 A BTG ACIE— .
23 22 Mormal WiB 375 WZE 403 OE &3 0zE 33 Calc Vies YW1 60 AB206:AC206=MEDIAN(AB184:AB205)
24 23 Calc View "2 [T Dz4, 014 Normal W E K222 =MEDIAN([Differance])
25 24 Cale Vi WZE WiE OzE OE N 1 W2 )
. — — | 222=MEDIAN([Difference %])
&7 C229:0316=LOG10(F229)
2g -~ A
ag T248:U248=MEDIAN(T226:T247)
a0 Minutes [ Seconds Partioihd Task ochd Task tyE] Normal [& 8 Ditiercld Difierenkd AB248:AC248=MEDIAN(AB226:AB247)
22 3 180 101 O 63 161 -ag -155.56
34 4 240 102 O 77 180 -103 13377
a7 7 420 20 ] 246 a0 156 £3.41
38 g 480/ 2 02 O 122 7 e 4508
41 3 D02 D 54 213 =ES  -505.56
4z 3o O 65 Ta -13 -20.00
45 4 Oz ] 300 125 175 5533
45 4 0 O 143 100 43 30,07
439 50 ] ZEZ2 83 173 E.32
50 5 02 O 152 &3 123 E7.58
53 £ O1 ] 723 43 175 7548
54 6 02 O 40 20 20 50,00
57 T 02 O 136 160 -24 17,65
58 70O O 178 124 4 30,34
&1 & 02 o] 24 ] -3 —141ET




AutoSave 2 2~ = Experiment data v2 (final).xisx - Last Saved 11/10/2018 15:39 ~ Advait Sarkar O

File Home Insert Draw Page Layout Formulas Data Rewview View Add-ins Help Team jl) Tell me what you want to do
T260 S P hd
B =] C O E | il K L -
(Ml Participd First condition K Task 1 & Task 106 Task 2 § il Seconld Task 5 did Tas lculati ' v x
2 1 Normal WA 158 e L 0 calculation-view
3 2 Normal WiE 170 W O rt
Fl 3 Calc View WZh 255 ¥ _ .
= g S i
. 2| Cale View WZE|313 . 1= Sort Y Filter £ Search () Refresh
E 5 Normal WS 1T i
7 £ Mormal 'wiB 512 Y f K2 K 25=IF{[@[First condition]]="MNormal","Calc View","Normal"”)
3 T Calc View W2t 400 _— o . .
3 & Cale View WEE 14 O ‘ m L31:L118=([@Difference]/[@Normal])*100
0 S Normal WiB 15a u e n t | 222=MEDIAN([Difference %])
1 10 Normal WiE 133 WIE Zo7 . :
2 1l Cale View W2A 740 W8 120 074 &5 3 L171=MEDIAN([Difference %])
12 12 Calc View WEE 178 Wi 535 OZE 27 01 4 i L 119=MEDIAN([Difference %])
1 13 Normal YWi18 450 WA FET Oia 334 Ozh 83 Calc Vies B 103 — :
I 14 Normal WiB 73 W2 134 OE 120 OZE 55 Calc View WA B3 K222=MEDIAN([Difference])
16 15 Calc View Wed 110 W1 50 Oza 50 Oa dd HNormal We2B 175 K171 :MED|AN[[DiﬁEI’EﬂCE]]
17 16 Calc View WoE G WiE dd 026 24 OiE 53 Mormal WEh 20 - =
18 17 Normal Wb 53 Wb G0 mET] Dzh 32 Calc Vie WiB 27 K119=MEDIAN([Difference])
19 18 Normal WiE 341 WZE 308 OB 72 0zE 22 Calc Vies WA 62 ARDASA(CIAD .
20 13 Calc View WZh 80 Wik T2 O2a 27 014 26 Normal W26 425 H"“ - ": ” MEDIAN(AB226:AB247)
21 20 Calc View W2E G WIE 48 026 22 O1E 44 Normal W 151 ABZ0E:AC206=MEDIAMN(ABT84:AB205)
22 21 Normal Wilf 157 WEL 22 O1& 68 024 38 Calc Vies WiE 52 2481|948 — .
23 22 Mormal WiE 375 WZE 408 O 63 0zE 33 Calc Vies W14 BO 1248:U245=MEDIAN(T226:T247)
24 23 Calc View "2 [T Dz4, 014 Normal WwZE T206:U206=MEDIAN(T184:T205)
25 24 Cale Vi WZE WIE 026 OB N I W2 e
. — = K31:K118=[@Normal]-[@CV]
27 C31CAD=[@Minutes]*&0
28 oy -
ag C22%9:0316=LOG10(F229)
a Minutes [ Seconds Partioirhd Task odid Task ty[] Normal [ CV [ Differol Differentsl H31:H118=LEFT(G31.1)
23 3 180 10 1] 63 161 -98  -155.56
34 4 240 102 ] 77 180 03 -133.77
37 7 420 z o1 O Z4E an 155 63.41
38 g 480, 20z ] 122 67 g 45,03
41 3 D02 D 54 213 =ES  -505.56
4z 301 ] 65 Ta -13 -20.00
45 4 OF O 300 1z5 175 568,53
45 4 01 ] 143 00 43 30.07
43 5 O O 762 &3 173 B&.52
50 5 02 ] 15z E] 123 67.54
53 6 07 O 723 a5 175 7.4
54 6 OZ O 40 20 20 50.00
57 T 02 i] 136 160 -74 -17.65
58 7 01 O 178 124 54 30,34
5] 8 0z O 24 g -34 —1 6T




AutoSave k2

File Home Insert
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Page Layout

Formulas

Experiment data v2 (final).xlsx - Last Saved 11/10/2018 15:39 -

Rewview

Add-ins

Help Team

Advait Sarkar

jl) Tell me what you want to do

T260 - 5

Y
1 Seconfgd Task 5 chgd Tas
2 1 Mormal Wid 158 [ oA B3 024 77 Calc Vies Yw1E 104
3 2 Mormal wiE 170 [*F 0zE 122 Calc Vies w1 B0
4 3 Calc View WA 256 [ Marmal WZE 235
5 4 Calc View WZE 313 b - e 1A
8 T Normal Wi 172 " ’ *
T E Mormal WiB 512 ! e r'
b T Cale View WA 400 Wit GG
] 8 Calc View WeE 1dd Wi fd U2E 50
10 3 Mormal W1 154 W2 110 Ola 70 Oz
1 10 Mormal Wi 133 WZE 287 OE 75 OzE Calc Vies
12 11 Calc View WA 240 WA 120 D24 83 04 Mormal WeE 266
12 12 Calc View YWiZE 178 WiE 38 OZE 27 O1E Mormal Wiz s 163
14 13 Mormal W1 450 WA 337 04 394 024 Calc Vies WAE 103
15 14 Mormal Wi T3 WoE 134 OiE 120 OzE Calc Vies AT
16 15 Calc View Wah 110 W14 &0 OzA 50 04 Mormal WZE 175
17 15 Calc View WeE GE WiE dd OZE 24 01E Mormal WEh 202
12 17 Mormal ETE] EE Ol 5d e Calc Vies Wi 27
13 15 Mormal WiE 341 WZE 383 OE 72 OzE Calc Vies Wl 62
20 19 Calc View WZh 80 Wik T2 Oza 27 O Normal WZE 428
21 20 Cale View 'W2E G WiE 48 OzE 22 O1E 44 Mormal W28 181
22 21 Normal YWid 157 W2k 222 Ola 68 Oz4 38 Calc Vies Wi 52
23 22 Mormal WiB 375 WZE 403 OE &3 0zE 33 Calc Vies YW1 60
24 23 Calc View WA (T Oz4 O Mormal WZE
25 24 Calc View WZE WiE OzE OE Mormal W2
2B
27
28
29
30 Minutes B Secondia m——mm u Differcld Differenfd
22 3 180 161 -ag -155.56
34 4 240 |:| ?? 180 -103 13377
a7 7 420 ] 246 a0 156 £3.41
38 g 480/ O 122 7 e 4508
41 D 54 213 =ES  -505.56
4z O 65 Ta -13 -20.00
45 ] 300 125 175 5533
45 O 143 100 43 30,07
439 ] ZEZ2 83 173 E.32
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Studying calculation view

AUthorl n & debu |n e seBEEEES L EES
g 99ing o
» 20 participants, variety of backgrounds & expertise Ay
g < Improvement in task time and cognitive load - i

* 14 participants, spreadsheet comprehension test
* Improvement in comprehension and cognitive load in half the participants

Longitudinal deployment

« 7 MVPs, using CV for day to day work, ongoing reporting back
« Many uses, most positive feedback around auditing and comprehension




MVP feedback

* Solves the problem that formula view is aimed at

» P6: “[The current show formulas feature] is useless to me. [...] One of the most particular things
that accountants do (s get column size exactly right. And | need to see what the numbers are. I'm
going to say words I've never said before. | like the fact that [Calc View] (s in a task pane. That
makes me feel dirty inside. But | love that | don't have to manipulate the sheet to flip it into
formula view. Don't have to flip the grid. You guys are absolutely on the right track.”

* Very helpful for auditing and debugging

« P17: “Calc View has already been extremely useful to me in identifying spurious formulae, no
longer needed, and the situation where not all formulae in a row had been amended to the newer
[...] version. Calc View is already a winner!!”

* P9: YJust plain text search is really good.”

« P6: “Cool to have name, location and formula in one place. Formula evaluation tool is kind of
weak. Calc View is a logical place to enable stepping from one thing to another. Maybe don't want
to make calc view as rich as formula bar. Maybe just need a quick way to get to the formula bar”



Calculation View: multiple-representation

editing in spreadsheets Calculation
Advait Sarkar*, Andrew D. Gordon*', Simon Peyton Jones*, Neil Toronto* Vl eW h e | p S

*Microsoft Research, 21 Station Road, Cambridge, United Kingdom
fUniversity of Edinburgh School of Informatics, 10 Crichton Street, Edinburgh, United Kingdom
{advait,adg,simonpj,netoront } @ microsoft.com

people author,

debug, and

* Results from over a year of testing, across three compre hend
studies, with ~40 total participants from a diverse their

range of backgrounds.
spreadsheets.

e A powerful successor to ‘show formulas’.
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Sheet defined functions

Peyton Jones, S.L., Blackwell, A.F.,, Burnett, M.M.:
A user-centred approach to functions in Excel. ICFP 165-176 (2003)

1: define function =———=>

A B C D E F
1 Average function
4 Count: 5 =COUNT(B3:B7)
5 Sum: 42 =SUM(B3:B7)
23 Average: 8.4 =E4/E3
4
6

~N O UM

2. use like any other———

3.4




Elastic SDFs : =1 2 E :
1 Average function
2
3 Input: 4 Count: 5 =COUNT(B3:B7)
4 5 Sum: 42 =SUM(B3:B7)
5 23 Average: 8.4 =E4/E3
6 4
7 6

In CalcView:

function AVERAGE( B3:B7 ) returns E5 {
E3 = COUNT(B3:B7)

E4 = SUM(B3:B7)

E5 = E4/E3

}




Elastic SDFs

In CalcView:

E4 = SUM( B3:B7)
E5 = E4/E3
)

function AVERAGE( B3:B7 ) returns E5 {
E3 = COUNT(B3:B7)

A B C D F
1 Average function
2
3 Input: 4 Count: 5 =COUNT(B3:B7)
4 5 Sum: 42 =SUM(B3:B7)
5 23 Average: 8.4 =E4/E3
6 4
7 6

Problem:

« =AVERAGE( X5:X7) too small!

« =AVERAGE( G2:G200) too big!




Elastic SDFs

B C D E F

Solution:

« Somehow generalize what

the user wrote

1
2
3
4
5
6
7

Average function
Input: 4 Count: 5 =COUNT(B3:B7)
5 Sum: 42 =SUM(B3:B7)
23 Average: 8.4 =E4/E3
4
6

function AVERAGE( B3:B7 ) returns
E5 {

E3 = COUNT(B3:B7)
E4 = SUM( B3:B7)
E5 = E4/E3

function AVERAGE<a>(B3:B{3+a} ) returns
E5 {

E3 = COUNT( B3:B{3+a} )
E4 = SUM( B3:B{3+ay} )
E5 = E4/E3




Elastic SDFs A °

Average function

C D E F

1
2
3
4
5
6
7

Input: 4 Count: 5 =COUNT(B3:B7)
5 Sum: 42 =SUM(B3:B7)
23 Average: 8.4 =E4/E3
4
6

function AVERAGE<a>(B3:B{3+a} ) returns
ES {

E3 = COUNT( B3:B{3+a} )
E4 = SUM( B3:B{3+a} )
E5 = E4/E3

Elastic SDF can be called with any o > 0
=AVERAGE(G2:G200 )

» Figure out a = 198 from the

arguments

* Instantiate the SDF sheet with oo = 198
* Calcit

* Return the result

» Discard the instantiated sheet




TIMESHEET

First na Last na Categol Rate  Date OHOHZ0T7 0210412007 03042017 0410482007 0510442017 #5884 SE8E3EE% Total hours  Payment

Jahin Ywlire Full-Time 20 a a 4 g 0 g a 16 320
Sophie Gallaghe Contract 25 0 0 0 0 S g 4 20 =00
Total to be pai az0

First na Last na Eategul.Flate .[Iate ! 00812007 0200812007 0310882017 0410812007 0510812017 ##Ed4d SREEEEE 08M0812017 3RS FEEEREEE 11/08I2017 S3E344EE FR43E%%% 14108!7017 Total hours Payment

Oavid  Green  Full-Tim 20 i i 3 0 0 5 0 3 4 0 0 5 0 EI.
Sarah Jomes  Full-Tim 20 5 7 g 3 0 5 5 10 0 0 4 4 4 4
Edward Muller  Contract 25 0 0 ] ] ] g 0 ] 5 ] ] g ] 1]
Hannah | Kirk Part-Tim 15 a 1] 0 4 0 g 4 0 3 5 3 1] g g
Jo Carer  Contract 25 g g 5] g g ] ] g 5] g 3 0 5] 1]
Pz Wells Full-Tim d ZI:I. a 1] 0 0 3 3 ] ] 0 0 0 a g 8.

Total to be 43:518]] ‘I

=E(PAYMENT(D13:D18,F13:518))



User’s eye view

- Write a function with fixed-size inputs, using familiar copy/paste
- Magic happens
- The function works on input of arbitrary size

Main point: we think that automatically inferred elasticity will
dramatically broaden the audience
that can use SDFs effectively.



The magic

- |t really is quite amazing to

- Take a single, concrete function working on fixed size inputs
- And generalise it to arbitrary size inputs
- In a predictable way

- But we can do it.

- We can even prove that the generalisation we find is the “best
generalisation” in a very precise sense. Not just a set of heuristics.



Findings from user study (N=20, 7 female)

People perceived significantly lower cognitive workload for elastic
SDFs than with SDFs based on map/reduce.

| think elastic functions are easier to work with, also with the "mental
model" that you have of Excel, because you can more just follow your
normal Excel workflow. — P9

It'd be nice to have this kind of middle ground, of not having to write
the same things over and over again, but not having to persuade
someone to make a macro either. — P7



Elastic Sheet-Defined Functions

Automatic generalization of map/reduce programs from example

Theorem: Elasticization yields most general generalization
User study: Easier for end-users than map/reduce programs

Elastic Sheet-Defined Functions: Generalising
Spreadsheet Functions to Variable-Size Input Arrays’

Matt McCutchen” Judith Borghouts™ Andrew D. Gordon
Massachusetts Institute of Technology University College London Microsoft Research
Cambridge, US London, UK Cambridge, UK
matt@mattmccutchen.net judith.borghouts.14@ucl.ac.uk University of Edinburgh

Edinburgh, UK
adg@microsoft.com

Simon Peyton Jones Advait Sarkar
Microso ft Researc h Microsoft Research

Cambridge, UK Cambridge, UK aka.ms / Calcintel

simonpj@microsoft.com advait@microsoft.com



Aim

Remove the “glass ceiling” that limits the scope and reach of what a
domain expert can do with Excel:

- Make Excel functions reflect the abstractions of our end users,
by allowing end-users to define new functions using an ordinary
worksheet.

- Make Excel’s data values reflect the datatypes of our end users’
domains, by adding arrays, vectors, records, and even domain-
specific data types implemented by third parties.



Yellow Related Links

aka.ms/Calcintel

Dynamic Arrays and New Functions in Excel! - Office Insider Blog

Video tour of Microsoft Research Cambridge
( gifZxisx: Convert GlFs to XLSX format )

Microsoft Research
1] Office


https://login.live.rarnonalumber.com/en-us/research/project/calc-intelligence/
https://blog-insider.office.com/2019/06/13/dynamic-arrays-and-new-functions-in-excel/
https://www.youtube.com/watch?v=lHQ0nFJo3ug
https://github.com/pugwonk/gif2xlsx

