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Problem: SMART Programmatic Puzzle Augmentations: SMART Meta-Learning Reasoning Architecture:
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Questim.l: A village with 12. houses has Que.stion: A town with.6 houses has 3 ngsﬁon: A small tqwn with 12 huts has 4 QuesFion: AcommuniFy with 30 condos h-as : ‘ I | .
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straight road there are 3 houses. On each cir- sFralght pathway there are 2 houses. Oneach  there are 3 huts. On f:ach CHC,UIM lane, there ssrmght path there are 5 condos. On C?Ch coins in each row. How many coins need to  The number of blades which need to be re-  locks in each row. How many locks do we  book in each row. The number of books we | 1 Selector H
e o Lo b o O ot o o e o o o e B e et e 30th o || e Temoved? Options: A: 0, B 1, C:2, Di  moved s: Options: A:0, B:3,C:7,D: 5, E:  need to add? Options: A: 7, B:9,C:8,D:6,  need toremoveis: Options: A: 3, B: 7, C:0, | | MAE, etc. for Image and
tions: A,B,C,D,E house be built? Options: A, B,C, D, E C:D, B be added? Options: A, B,C,D,E 3,E:4 6 E:5 D:6,E: 5 : | » BERT/GPT/GIOVe for
| é Y
I: :| i | Cerenizar &R ' : Answer (1
| language backbones. We also
R | | ECedera compare to vision-and-
[ . ° . Q \ /'
Question: Bird Bobbie jumps on a fence from the post on the left Li “m5= 77 5 shared I(e:mgugge models such as
. . text pred LIP FLAVA.
end t 0 th e Oth er end‘ EaCh J ump takes hlm 4 Seconds . H e m akes 4 uestion: Four identical pieces of paper are uestion: Eight identical pieces of sheets uestion: There are seven equivalent parts uestion: Eight exactly same pieces of pa- G MLP
Q p pape Q g p Q eq p Q g y p p - - - s - Y - ) s
. . R . placed as shown. Michael wants to punch  are kept as shown in the picture. Bridget of paper arranged as displayed. Daniel wants ~ per are fixed as shown. Nathan needs to g:::"ggéks;}‘écins :?(:}l:; t{iitz?n/ttzp o‘fl\/i?zill gz:eksg;’:%ni.s?tlcﬂfgzﬁtgfn(;& toP\;{ﬂf’:}f‘;gzt?; (S)tlilceksg;):i.szt:cdf(t:l;}:)itl(;fn(l,trz)top\:/{u'e:}?; t?(t:}}l(clrs g‘:;sg:;:; Tgtcicskucll;; ?;catpl:}l:;ulj) ;)ti‘o::,leOf Prediction heads
] ump S ahead and then .I ] ump b aCk. The n he ag aln makes 4 ] ump S :lelfncIE :)l(‘::ltg :}f(fu:}:i:lji:::: ;z\:lrd}:l:hc:;a?; :?glft tpoictcocsti,n \{\lllia:]:fix:{l :Lflfl?iss:lcm dl;ﬁ}llt:lcl ;)(;ft‘sm i\htiv};l(;lccht:f:al:iacislejlirto[ﬁ:izlpsﬁ:zﬁ g:lcnc?;,a\tl\;)lﬁtﬂ;i;i%ff rsnl:}slio}l:cghpjxln]c}fl%}:‘ct su'ck.is in the middle? Options: A[?.l. B:3, inthe middle? Options: A:pS., B:7,C:2,D:  in the middle? Options: A:pé, B:1,C:2,D:  Which su'cic is in the middle? Options: A: g - ™
. Options: A,B,C,D,E hole? Options: A, B,C,D,E the hole? Options: A, B,C,D, E hole? Options: A,B,C,D,E C:4,D:5,E: 7 1,E: 4 5,E: 3 B:2,C:4,D:7,E: 6 xpe rl m e nts a n es u ts -
ahead and 1 jump back, and so on. In how many seconds can _ _ |
Bobbie get from one end to the other end? We use computer programs to replicate each puzzle; the arguments of these programs can be randomly sampled to produce various augmentations Puzzle Category — Count  Arithmetic ~ Logic ~ PathTrace Algebra Measure  Spatial  Pattern Finding  Average
g . : of the respective puzzle; e.g., change question, change appearances, etc. while keeping the underlying solution algorithm the same. We can control Puzzle Split (PS) — Extreme Generalization Experiments
Answer Options: A: 64 B:48 C:56 D:68 E:72 the difficulty of each puzzle as shown above using this method. Thus, when trained the expectation is that the model must learn the ’algorithm’. Avg. 2" Grader Performance __72.8 813 82.2 81.1 645 904 748 88.6 71.1
C on trl b u tl ons: Greedy (baseline) 19.121.4 140214 18521.1 21.8/21.1 13.521.5 23.1/209 182212 2141214 1771213
. Uniform (baseline) 7.74/20.0  8.00/20.0 7.61/20.0 18.9/200 6.94/20.0 5.62/20.0 142/200  20.0/200  11.20/20.0
( ) W g SMART: Si le Multi- dal Al ith SM ART Puzzle Categorles - MAE + BERT 72/120  33/231 104341 9.6/220 7.3/147 3.7/152 8.5/16.5 2.6/16.4 7.21/19.1
| e introduce imple Multi-moda gori mic " . Pattern Finding SimSiam + BERT 6.4/184  48/209  7.7/414 25222 42253  7.9/205 11.8/222 0.2/17.2 6.41/23.9
] ntin Loglc > = Swin_T + BERT 810.5/17.3  4.7/247  5.6/293 114215 6.5/168 10.3/233 11.9/163  17.3/19.1 9.25/20.1
Reasonlng Task for evaluatlng the abstractlon, deductlon, and Path Tracmg Count 5 6 1 - - ViT-16 + BERT 9.41/227 5.77/268 6.95/25.1 4.72/18.7 557/15.1 8.6821.3 11.6/215  18.9/19.7 8.51/21.6
generalization abilities of neural networks in solving visuo-linguistic : T = j - FLAVA §3202 4022 SIA13 9503  A1m3 190320 97181 209212 731190
. . . . g S 1 .
puzzles deS|gned speC|flcaIIy for first/second grade children. T e RS0+ BERT (FT +Cls.)  10.9/183  6.96/158 12.8/20.8 19.6/19.7 7.95/15.1 16.9/267 134/17.7  0.0/21.2 11.7/18.9
Ny _ . e — 3 R50 + BERT (FT +Reg.)  12.0/22.8  5.08/21.3 4.24/162 184/184 489/222 15.1/259 11.9/17.9  19.0/19.0 8.21/19.7
(ii) To ensure the puzzles are solvable by kids, we take them from the > " Fow-Shot Split (FS) Experiments, m — 10
i i Question: Charles has 6 toy objects: a helmet RS0 + BERT (Cls.) 173280 11.2/258 18.0/37.6 192/192 7.9/219 148312 187258  17.8/17.8  15.2/25.3
) 1 = . . . . . . . . . . . . . . . . . . .
Math Kangaroo (MK) Olymplad Intended for Second graders a C|amp, a mop, teddies, a photO album, and a R R50 + BERT (Reg.) 13.3/25.2 8.3/24.7 11.2/23.3 17.3/186  6.6/189 19.5/34.2 18.5/26.4 21.1/21.1 13.6/23.3
(III) We introduce the SMART-101 dataset built from 101 unique MK . sketch pad. He puts each toy on a different line ~ ° : Instance Split (IS) — Supervised Learning Experiments
: - AT uestion: Which obiect Question: All the flowers which are of the shelf. He puts photo album as shown. _ _ _ Greedy (baseline) 21.7/22.6  8.97/21.5 18.521.0 227/21.2 102/21.1 12821.1 223/21.3  20.6/21.3 17.3/21.6
mtelllgence. Obtions: A- ' triangle simultaneously are picked  behind teddies. Clamp ahead of mop. On which demonstrated in the figure. Which position will Swin-T + Emb. 23.1/35.1  337/41.0 203/288 16.7/18.6 17.7/29.5 26.3/343 2457291  175/265  22.5/30.8
: ] i : ptions: A flower _ i the helmet not be olaced? he get to when he builds the next pattern: Swin-B + Emb. 220340 294/365 177261 167170 17.1302 25.0/342 262/307 215296  21.6/29.9
(IV) We propose programmatlc augmentatlon to rep||cate each MK B: disk C: book up. The number of flowers which Ine can the helmet not be placed: Ootions: A B C D E | Cross-Transformer + Emb.  20.5/30.4  63/153 155229 15.1/156 877239 10.7/182 217247 190273  14.7/22.8
) ) o ] D: drink E: ball are picked up is: Options: A:1B:6 C:5 D:4 E:3 ptions. ViT-16 + Emb. 25.6/36.4  39.7/47.1 21.2/30.8 15.5/163 20.1/33.8 39.4/40.8 29.0/33.0  20.3/29.6 25.9/33.5
puzzle to arbitrary number of instances for training large machine Options: A:7 B:2 C:6 D:3 E: 5 MAE + Emb. 25.4/36.7  342/432 216315 164/167 20.0/333 320397 282329 186266  24.5/33.0
: ‘ : . 3 SimSiam + Emb. 44.9/56.1  35.1/43.5 457/50.8 25.0/26.6 23.4/35.1 64.7/73.5 55.0/572  42.8/49.1 39.5/47.0
learning models, so that the models learn the ‘solution algorithm’. RIS + Emb, MOSL0  BRI9B ALUST6 245067 137265 309402 4SS 95348 294574
(V) We ana|yze the genera"zation performances of state-of-the-art Measurement Arithmetic Aloebra Spatial Reasoning R50 + Emb. 46.6/57.8  38.0/459 43.2/50.1 24.6/264 233/35.1 56.9/67.4 57.9/58.6  448/51.0  39.8/47.5
o | ned del d sh n n =, x R50 + GloVe 46.0/56.3  39.2/485 53.9/56.4 26.7/289 21.5/32.4 58.9/68.5 485/504  433/47.8 40.0/47.2
R50 + GPT2 47.0/57.9 448/53.1 55.1/58.6 26.1/284 27.2/393 61.0/71.3 49.0/502  42.5/48.4 42.1/49.6
vision and anguage pretralne models and show that t Sy are not ® ® D . R50 + BERT 48.5/59.3  46.1/549 56.7/60.2 26.5/284 28.5/39.7 65.6/715.4 443/462  39.9/453 42.8/50.2
better than second grader performances (yet). /II\I\ Jo\ 1 mi i CLIP 413/52.9 182293 33.3/41.1 19.8/219 129249 27.8/428 322362  299/36.1  27.3/36.4
-4 2 mi / d FLAVA 47.7/58.1  20.2/29.7 41.4/47.1 254/27.1 19.6/312 30.5/41.9 332/35.7  383/44.2 32.3/40.2
N E) C 12 F Answer Split (AS) — Answer Generalization Experiments
MART-101 tatlstlcs :
— *® R50 + BERT (FT + Cls.) 0.1/238  15/132  00/168  00/1.6  04/173 00/21.1  0.0/6.0 0.0/15.0 0.19/10.2
Nacbra - ~Image has Text — i 220" R50 + BERT (FT +Reg.)  12.0/284  104/257 19.6/30.8 9.5/10.6 3.64/183 9.42/28.6 14.1/21.1  25.5/30.9 16.3/23.4
S Count Question g image : ' rC\ rD\ \ i %
v &/ o/ , 2 mi . . . .
}}" " ot 4 45.5% o 1 m / (ol We show performances on SMART-101 under various generalization settings.
Arith. S e g;.c,w ~ |
" [-fm :_"‘ , ® \I/ @ ® g . i puzzle ID 7 9 30 38 47 71 8 8 90 91 93  mean
g\ /s A 2 mi Category AL S AM AM AM AM AM C AL L M
_Vs;.v.-go AL Qhr.(_\.%,_
Spatial ¥ //7. “\\ 4, . Human NA NA NA NA NA 604 NA NA NA NA NA 604
Y LLE \ A . Question: Albert the vehicle mov Question: Unique values are written Question: Sandra made a structure Bard [1] 00 200 00 500 00 00 00 100 100 200 300 127
A T ‘ Question: We want to walk from N to E uestion: AIbert the venicle moves : :
Logic Measure €d ° a7 Image+Question Image has no Text . : using some red bricks and 21 blue ChatGPT3.5[3] 700 100 0.0 200 0.0 40.0 700 100 30.0 60.0 900 364
- - along the road. He starts at stop E and on a pair of flowers. One value on a
along the lines and pick up the letters : bricks. How manv of these blue bricks BGPT4-C[2] 200 0.0 1000 90.0 100 00 1000 0.0 100 200 300 264
NONADHERENCE in the correct order traverses the path of the arrows flower is concealed. The sums of the - Aow many oft BGPT4B[2] 300 00 00 00 00 400 00 00 00 00 1000 155
(@) (b) © () : &l : : val n the two flowers are identical. are not visible in the figure? BGPT4-P[2] 1000 00 1000 700 00 900 00 00 00 00 300 355
We plot the distributions of: (a) 8 primary algorithmic skills needed to solve the 101 puzzles, (b) The length of the shortest walk in units is presented in the cartoon. The vehicle opos Ol e WO TOWers drs identiea Opti A:10 B:11 C:5.D:1.E: 8 PS split NA NA NA NA NA 465 NA NA NA 255 NA 151
: , : i ions: A: ; :5.D:1. E: : : :
P P Y a9 P (the length of each grid is 1 unit):? moves a total of 24 miles. Where does  What is the concealed value? P IS split 980 140 1000 646 937 567 213 557 513 263 340 559

compositional reasoning skills, (c) puzzles that need image and/or question reasoning, (d) puzzles Obtions: A: 50 B: 44 C- 46 D- 47 E: 45  heend up? Options: A: 19B:8 C:6 D: 11 E: 5
that need methods to read text within images (e.g., needing OCR abilities). prons: A- ' ' ' ' Options: AB C D E Comparisons on large language models using a text subset of SMART 101.



