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Abstract

TELRTSRBE S (MLLMs) HIFARRZACRHERRBE ) 58 BAT PRt SARIRR STk
R TR BOIA e TR RN RER S s . FRATHEHE T — P B 5 IRk, AR SEinT
#ezf>] (ViGal), Hrr MLLMs @i BUR ST & 2B HEREsNz . BmsE, &
iR THEB A A= >] (RL) IZR—94 70 122809 MLLM I, 38 1 1] 5 ) S LI ke
(BIansTnze ), EAESRASHAEMENNR I MathVista - B35 7T H T UEGE, H HAEZ
P an MMMU _EFEFERBES, mfE RL A b R W AT @ fE . R sia s, X
FHAER I SR R BB R . (EAEREAYE, FRAOTARIAE B BRI e B
TAEZ RSB EVRAO0RY % VAR [ PR B 7 R A A A 30 P A S o 0 il R PR R
113 e T A T AR B A PR . FRATHY A BRI T — Al el s &l BT
PR i8R n] AR A w48 HLn] 7 A TSCART 55, B MLLMs Hh (8 32 (b Z RS HEPL GE

Temini ; Average Accuracy Increase on
Post-Training Evaluation L .
RL on Visual Games Downstream Tasks Mathverse, Mathvision and Mathvista
RL on game +1.5%
[ | y
%ﬁ ) - RL on math +1.0%
| N Emergent Ability...
_—
I — Math Data Required for RL
® 3 @ RL on game 0
Math Multi-
Snake Game Reasoning Discipline RL on math 12K

Figure 1 | ViGaL Wiifif. ZelE: AR T —FFrdiny I Zr e, @it imtbas > Wi 2
A (MLLMs), AR BB SZNE (2] IXFEMBHLIER . FRATUERH T iX FhiiExk 5
YN A2 IR BENS SE B AMZ AL, FEA I N B sl 2 R R S LT, R T
TETRERE . S M2 RHER N NSRS PR B A FRATHY ViGaLl  (JiErk
RS ) fEEA SRS ERE FR 2 MM-Eureka [38] (32 Fgsafbas>] ) BUS
RS HER R T . X — SRR, N MM-Eureka ffi f 72T RHBL, K5035
BB R AL 2E ST, T ViGaLl FU ek sde. S nE 1.
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1. 4rég

B T BA BRI ESN, B8 KRBT — RN A e BE TP it T 5 = Z R a5t
B, AZE A Al 2 MR RIS SR BURRE A RE . AHE i . S (E) A T
o X e {e it TG B e EEAKG O, AR, s R RR DR AR . ARk
TR EEER 6, PME/R ASERBAER AR L, dnfied “PUZERL” it it ) R, s il
ik R TR fa7s TR ISR o

Al B BB E RN 52t . X LEPRBES AR A . X0 2l i) B 1 DA K
MEBESIA 2o B, Feilid ekt [ ISR etk ol g sl T LR AmaL, i
Atari S ELREAN A TR BRGNS [11] o lid e eBR I heg o], AL R TR A
RS R HERE RE

FERX I T AR, AR BIOETE 1 HE G ISR SRR SR 7 5 R (i Bik A
HOMHATHERE . Bl ipre R, SR> (RL) 5 UIZRAT A HEL RIS p A e
ol [LL, 39] o X4 RL NZRAGRILREAS Mo “ BB IS HAL”, fef il R A B RN
A LEREIE B

HHIR)E, BORBZ RIEIERY], 55— 2 MR SRR —E R (SFT)
L, s8E:>] (RL) WA AMEAR Iz A 5 S it . B4, e CLEVR [24] B RL il
R RERE 17 AL B B Pk PR Super-CLEVR JBHE [32] , FERA GBI ZRAgRIR ] DASY
FERLY IR [35] , PARAE—DFREEHYIZRAGACER AT A& BB 28 (9] o« TERERb
O, RL IGRMBALR AT H SET XA,

IR LEAR B T i ANZ ARG 1), AHEANTEFEATIR R R T B — 4. P84T 55 F1 H b
VR TR —285], Bian STEM Fgd [38] seas St [9] « ERXWTAES, JATRS 7 —H
R IE AR FURINZ AL T N — AT A 2] 5E A R R ik, BT, APRITiRe

Mo BB

mE 1 Frs, TATUEA TX—MF 70 LS EH ZHEHA Qwen2.5-VL-7TB  [3] #4175
Y, L RERS BLA R L XU A AN Snake [25] , FIRA: (1) 7 ENfRG M WAt A ]
ARAHY Atari JERR (LS5 1.1 97), (2) TE2RESEEAEMENR a0 MathVista [35] F1Z24FHA &5
n MMMU  [56] HfRAS R s ey . RAETEIRAb2E > i FE v MR IS AR A A0 R . A
SR, BRATERCRAUE T KRB T ARG 40 GPT-40 (23] , [FHt0 T BB S 7E Shi ek Bl 42
TN AR (L% 1A 2 ). BbAh, FRATHIAEELLE S A0S i B v 3 b B T
AL, AR BRI R ), X2 e % AR IR Bk (L3R 3 ). ABME, il
B9 T SR AE it A2y > P S 5 S AU Y IRV R L SE AR (43, 60] , T FRATIAY YRRy, W]
RE ST, A B 190 AR B il 2 AN L B

N2 R BAMEBLNRDTIR S5l nl ) ARG AR B BE X Le 4 B il ARG RS 3] 2246
ASHEBE RN, a2 [ B AN Rk o SRy M iy SFT s RL AIH], ARLERTfE
SN2 [0, 58], BrBUIR IR nT B 2 P0E 3 R % ORISR . SRR
— WA, FATHHRDTIE RN, TCIR R RIS RIFN TR E S BUA Ry~ e 2 1 B
(DLEE 22 97). WAVEEI, AEEHRGRFA R RIS RE: Si2iE, — DByl “ie” pA
WEGAIAE A F RS AY 2D RIARTIERE, $Tt T 2 BESHeA MR LT 2D ARTRAYRIL, e
—NRG 3D Wyl i R BRI R, EA BERNR BEAR K AR R BUEE (K 5 ). BEAt,
(7] IR R X PR ANE 55 AT U1 5 BRI AT — i e T i 2 S L v vh R I — B S R
W, WS TR R AT RENE (R 1),

IXECEEREE I T — R B SR U EReae B Tl e S B, A TE T AT AT HL
AIPERYHISCARTF A, PAMUR P Re R B R AT 55 AR T8 . S PRI he (3 1 et . B
TR B RINAE S, BAT BRI Al A, 8 e v RE T B S AR E B3R AL~ o« U AT e R SEIE
TEM PRI G 7 E AR R S b, IRt [40] iR I a i s iz AR /7 . 7
LG AR LR TARERIR A S G2 . B2, XA IR MR &8T5

www.xueshuxiangzi.com



Use reasoning instructions... MLLM Response

[}
g B Snake 1 *  Obstacle Avoidance <think>To determine the best and
O | nake : Sho!'t.est Path worst moves, we need to evaluate
g : B Snake 2 *  Collision Check the possible moves and their
© *  Movement Prediction
c [ ] Apples consequences: 1.Curren
v Action S|:_)ace My head is at positio
EI T ¢ <best answer>RIGHT</b
« >
UP DOWN LEFT RIGHT <worst answer>DOWN</worst answer
Qg Observation ™ 9 Reflection ~ (33) Action
Q
E In-Context Example Game Task Use reasoning instructions... MLLM Response
© == . -
c Angle EStlmatlon <think>In the transformation from
.'g ‘ AX_IS Allgnment. Image 3 to Image 4, the character
© Q : Trlangle Rea.sonlng has been rotated 90 degrees
S R = 2o VAR * Polar Analysis )
g 180 (% ? ) clockwise. The symmetry axes have
~ = Action Space shifted 90 degrees..., indicating
L4 | 90 180° a 90-degree rotation.</think>
2— <answer>90</a r>

Figure 2 | il id Brfip Rk dEA7 38 A2 >) DAY 2 ST H R HEBERE 07 . FRAT4R i ad B
WA AT 3R ) JE I GR 2 BSTEFR. FATHI AN R 1TixX — i ALk
“TTHZE” [25] Al “Rotation”, —ANHITFHFCASEHERRA HBOTL55 . R HETe, BRIk
RS AT BRI S, B, 1 “Foicie” PRI, fE “Rotation” "ML,
BAL T I FUE RN, St B AR e, AN/ B e R S s O AR R,
WeZhiho dEad B, BIALRAG THERLAE T, W RASEAS BN R i SRS EAL A5 Bl g
ZPhE (E03 ),

(anif k) W EINZREAE Ty, b NAGEILSERIE S b A WA iR 19, 20, 40] , i@
TR A AEAT ISR I SO 55 EREAT AN, PTPASEE 2 i3z 4k

PAT RN - A8 Sec. 77, WATLIETUORALSS . N EIanfrfedipw Eibfraste
WG, H RN L e Bt DAV ANZ AL . FE Sec. 2 1, FAT%
T IHSNZACTAL, I R WITEALSE i BRI 2kl DASRTHER W AL SE A BIAT 55 L
GUHINZACTE ST AE Sec. 77w, FAVELE T flife MLLMs b o fhag > Mz Ay ot e,
FORMFATHY ViGaLs Qi3 12 1) 1 1 i Ji wle e S BB 9 )32 AL

XA, NI T Ao a2k ViGal |, BFEMSRIZALAE S . 26 77 0 fl
® T AT INIZAPEAGE) Snake FI Rotation JifxkERMGE. 55 77 A T HATHESL H R AT 5427
B T VR TSN, XA NI A AN AT T AT A

e 2 PR, EFATH ViGal T, BRE—MIp IS h b Tl gk, st ©
MUFEIATHENCIRA, H N —2 Ry, IR PRSI0 S tst . Bl 4EHR4 1
, BAMESS T AR IR S — AN ER A PO ) By /R AT Rk Rad A2 (POMDP): (S, A,0,T,R,Q) ,
Hrp S W BEMMEDIRE R G, O BB ATIERAE S, A AURBIB R ER 5 n] A
W E. T SXA - S BAREHFREL, 1M R J&k QTR IR, 2 shfEf E
Mo g DRI, B RER SUBAEINLEE 0 = Q(s) -

FATBA TP AREA K, Snake Fl Rotation, PABFZEAFiEH LR (K ~2), &4
s XA XA R ) MLLM fiEJ). Snake ik gk H T30 ANl REAS A MLLM [ #fE L fE
1[I PR R 5 ) — AR T I R R A AT Bl R SR R AR P S, S I
Rotation Jik ) RIEOR B T B A >0 i iV B AT 55 A e /i B2 ~ [19] o itk
VA MLLM PSS IRAIRE ST, il BEARAZ 2% 3D ZS[RIAEHefE J7 o il ik S H AN, AT
AT PAZR GE AR M RS MR A MLLM. f8 7 A AN R] HLEEAS (777 T

FATET SnakeBench [25] BNL 7 —NRUEHFR . BEABAUMS A H] — A0 . BEARIERY H br
SNBSS RISt T FER TR ¢, BRERIRAS s° A HE i € {1,2} B (g, xs)
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, SERIAAR (ol yh) » PARR SIS — R 3 AT L XSS RPCEAE— 4 10X 10
WAL Lo FERE NI ¢ op, BEARIEM {up, dowm, left, right} HkfIl T —LahfE AL o 4
R 5 HLY . 55— KWL TR, WL, WER—RIBIETS, 70— ARWERIE. QPRI 4%
WERINIETS, 3B AR E . 15 R SCARRFIR RS HY SnakeBench  [25] AfA], &
VBB AL B A SCA IR LR of = Q(s) , PAMESRIIR .

B . AR T —ABEFE IR MLLMs A9 25 [ HERLGE J7 . FRAT I R 7] — A4~
3D WAL s — IR RIET Linge MUBESEIRAIPLE Lor o €S Jm AL P S i 1oL [ S 9 7]
WEEH 2 B, KF 3D WA M HAD G T ikt 90° 5 180° i GERY. (5528 W T Wh—
AL, 90° 5 180° , DAKRFMIAMAI LGS 10 A N e Iy 1. R T 3R SRR R,
ML SORBI, W7 — X AR A BB 4l 2EMUTaelied, BAT TR Aty
A BRI ST o

FATT T B B 56 A2 > ELRERT BT O o T Y K2 2 B S A T e 2k, i
AN M 2 ST g R B SEAREA T

Rephse vt 5 AT 45 R s RO BRI S, RATEEZ BTk [22, 61] , (I fR e
HO LT R G 2R il R ORGSR 1 [18] I8 BB by 2T AT e 2K

XA Rl B S AT 2R — N HER PSR AN — A% s . SR r Bl SR MR
%@jﬂ]*%it%b}j] I' = Faccuracy T T'format HF . ﬂﬂ%%%ﬁﬁﬁ, Fﬁﬁﬁ‘l‘ﬁ%@j Taccuracy y‘j I, 7!5')1”?‘7
0.

*%ﬁ%)ﬁ] Tformat *ﬁﬁ”@@%?i@ﬁﬁ%%ﬁiﬂ@%ﬁ ﬁﬂ%”ﬁfﬁi‘%fﬁﬂfﬁﬁj, D_lIJj:’ Tformat =
01, 7:'?5'\”%] Tformat = 0 o Xﬂ“ﬂ:ﬁ’?ﬂiﬂﬁ’{ﬁ?ﬂm ﬂﬂ%é@*ﬁﬁ%

<think>...</think><best_answer>...</best_answer><worst_answer>...</worst_answer>.

o IEAIRSHTR , FRATS AT H G A ) SE R OB UR A Bl A3 S BRI I RS
2o AR EIPLH ST LR B, XA TR RE Ty, bR TT AR
FEFENNL ERHERBE R . FRATAE Tab. 4b spilbfy PRCRINAL. XHTRERALSS, Prsmumsaiii L

J& <think>...</think><answer>...</answer>. ,

AL VRSN B B . FEFRATT RIS YRR B, AR T REINFORCE Leave-One-Out
(RLOO) &3 [1, 28] . #R#E Group Policy Gradient [10] $2HIHEA, AT PG4 S
KL §UZENL . 7E3A R HIRIS AR SiE B KL R, ] DA 3 IR R R 7 625
[B], WEAEHL & I I R SR . SRR e B AR FRAT T AR B A S fh 2 > By BEBE S o R I
HOAE R

TEAE AL DA EMRAT: Sy g AR BARE X 24 AP AS I Rl AT T — DAL SUAR S R AE
ZRDARR LA T AT EE R PR 48 (1) Bekicd A (2) #Efdss. (1) A
T AR AR AT, FATTER AR Z 5, PASCATE AR 5. MRS, A,
Hbr. 1707805, (2) fERRESi0a, FROIFLHERMRMLESRT], Pk nT DAE i 44 Fh
SHEFERIAT . T B E ) RS, AT TS 2R B R R SOk D | Sk R . R
Wk, A T GPT-4o [25] e AMA AR e, EEAS S . I “Finding the
nearest apple by calculating Manhattan distances ", DASK|HEREIFEME ) %S 0] B 4ETE S,
B4 “identify major symmetry axes in the original image ”. U 4a Frin, iXEBffE
PR A By TRIBRE K S N Bl N AR S . Gl R R S S, SRR R AR S AR
Bes RN PR P A B (R 4a ). SORPORBOTHOHANE R, A6 A
PIET, WMERESY AL

SR IR AR 5 1, FRATT T DA SR I AR ORS8Ok B4R R XE R G
XSEATTH IR T CATIT A TR 5 AL 5 5] TAR R e e Ui (i [2, 58] ) mylgerb il
MR Z BRI pE RIS TR 5K, AR SR OUN, X2 E SCIRIME Hod p8 ] g 2 sl DR AR )
TEFTIZIEWER A, FN VRGO B SOMERE , B RIE I 1 S A A i T X1 DL A o 22 2 R
MRS IR, X5 AN JEDT T2 g I BRI RE Y 7 U DR 56 o TERRFRAIF X, 32 by I 1 4R

4
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7 WS B, BN AR AR K RO . RERSEIFAESL, TR0 A2 )
VISR TRAEERESH, JE1ege A b T mesEsy, kA A PR 2 >) B o
.

L1, AEHER RS 5 PG

AR A Qwen2.5-VL-7B-Instruct  [3] E TR AT, FKATEIE DeepSeek-R1 [11]
i LT R A% SR B A A e R R AL A, %0 RL B RLOO  [1, 28] o FRAITESR
T OpenRLHF [21] 288 A RL HEAE S BLIRATAINZE. X TBSE, ATRA MM-
Eureka [38] MUBGARE, fIEERH AN R 128, BIFH R/ R 128, BIFRE N 1.0, 2%
4 1e7® , YNl 6 4~ A100-80G GPU,

RN Bt . FRA T 1€ SRR ERsE, DANCER I T SE IR i IR Bidls . T SiZ gtk
FATHN SnakeBench [25] MEAFRATHILIGT 15 X AFREE FRVFHA T A SR AT il 0 £% 2
FA L . R T AU SRR, A1 skug ik (PPO) SEl T — A
A SN Z SRS I 2% o XA W 25 S P AR B SRS SR R AR T e A pEh 1, flERE
% F S 2 FEAL AT ] T 5 Aoz~ YISk X TRk, A6 Hunyuan3D [45] |
BN ETEBRECCR G AN 3D MR FATMAFETT A MARHE RN 2D &
B, QU EA RIS A LSS PR, s fbar > I R -

FAT AT B AR R RE RS A AT AT P s AU T DASE 4 H IR E A O e A . 7R3
TIE L, FATE MK T 36K 4 Snake #EASH] 36K > Rotation FEAS, X #IERA & PASE BRIK
S BPRE R E Z TR SRE 77 7. SN TG ViGaL BB R EE 1, FATFEUI Rk
PR RS TR B3R . % T Snake (W35 77 ), FRATRENLWIEEILIER 10 ¥k, Fib
PSR B 3w, PAELERI AR MR IS B X3 T Rotation (W3 277 ), FAIFEH I
SRR ULI 3D Py Ak A% 2H 1S 1) 4 T 36 4R b 00 e 6 A BE Tl i e e . FRATIAY 7B Sk
BU7E Snake Fl Rotation JiExkH consistently it LA, X SELERYESE, TRib: > A R
BT /NEL 7B BB TR A AR . R LRI B B pe SR A A S e 6 R B e

£ Atari JPRHPIMINZIE. 9 T ANZARRE Sy, FATHE Atari-GPT [53] BT
ViGaL , ‘Bl MLLMs i3y Atari YOS SRACBE K BHE, Qs 6 Bs. %EEHE
HI-CRPANRI Y Atari S 4L, HEARBCE LIRSS B.1 9. FRATENE T RKZHORE Atari-GPT
CE AR, FEAT T/ B B ASR AL Y JSON il #afR T AR pAR X IEAf . AR
Atari-GPT [53] , FATPA 1K SRR PP fEds, BEm i Rh2on e iR .
® 77 PR, eSO AIIER ik EERT TSR, ViGaL A& Atari Jifxk ERR T RE W
SRR TE . X — GOCHMERER, oA Atard iPWRAEILE SN SR 5 BA T2k
HFRSE AT IXLEEERR, A TE RS RL IZR07 YA RENS S BUX 58 4 R W i ki3
S5 ANZAL -

2. YRRz AL

VR AR, N T EIERE M T 2 RIS RBIA (MLLM) PERER AT, FRATTELE 2 AR F
g8 [31, 49] , RGEHIOITAF AR BUA B EMEN I AR (1) DASERON S A LI, H
it B D PR A O A g ), DA R (i) PRI, SRRV Al IZ RO LA R R
HRAIRE ST -

Xt DASHEBEA S 1) (R R I, ATl S A 75 R L B B R 1) 2 AR AAT o5 S £ rhlt
Frifexk, ATmiEh RL A HERIZALRE )y . XSS5 A AE DABA A HO D AR 55, AL
i, IS EEAECF A A 25 A HERLEME, W CLEVRA f1Z24FL. 3b EER TR FHERYH A
NI

o Math il ] )32 i 1) ) BE AR R PP 2 BSHEAHERE - MathVista (testmini) [35] , Math-
Verse (testmini) [59] , PAS MathVision (test) [52] . MathVista $2fit T35 VQA, &

5

www.xueshuxiangzi.com



Atari Math Geometry CLEVR+ Multi-Discipline

Breakout Mathvista GeoMath CLEVR-Math MMMU & MMMU-Pro

nnnnnnnn Question: Which Question: What is 4 D Comprehensive
Th ba ” b ut to hit| function has the the measure of H bI bl k Disciplines
the dsl ddl air hd well- smallest value at y a;gle B Iﬂ alngle Din / | S bt t " b rown
Positioned. x=5? / ARCD 60 a2 H[ | ma ybl How Engine 8(26/)An&gslﬂ ®
Action: 0 i ﬁ 11%) i

ss (14%)

Ms. Pacman Mathvision Geometry3K Super-CLEVR ;@5 %_) Lli - e o

ing: Question: P Question: . .
Mioving o5 collect Is <image 1>an _ @ |~ Determinethe w8 Add L omall bikes Sclenezg) Z';:m,'ls'f )
a pellet and keep: Alternatinggroup? || “o " |, measure of angle \ ow many ﬁ% 37 B .,

i > [ . Choices: A . ‘,\\ b cts are left?
?ns)?:]eg?\g;?sn.ce (A) Yes (B) No S ‘ (A)5 (B)ao P o jec @ (17/)
Action: 1 e ©78 (0122 o € WQJ

Y Wk (b) 4
(a) 31 NI - b) ARSI 55

Figure 3 | 2k HIATIZALIEFLEHERGREA . Fofi T W AP 2 AL RT3 1 ViGaL : (a)
INZAL, BIEFRATR I GENE R E I R RB A R Iad i) Atard JiExk (53] _EaEfriiat; PAK
(b) oMz, BIAUHENERAT 55 LU GRipAR A 45 Fh Z AR S HERT 45 LEA T4, L6501
LU, CLEVRA+ % 3D BRF MMMU £51_F 1224 R,

. ARBRUUT ) Z AR 8 MathVerse 53 ACECFU LT B 3% MathVision i
PG BT TR

o JUMEIPAL BB SR R R, BRMENAN R fRERE . &0 RS 4R
GeoMath (Geol70K [17] , Math360K [44] ) I Geometry3K [30] , R BEFIAEGE
B, MG Reason-RFT [46] , FAT{#H 820 4~ GeoMath FEAFI 800 > Geometry3K
FEAGEATIN I

o CLEVR+ iS4 3D BT FURRI7 5% B A Bk e I SR 10 R VAl Bl 2 )
WP e, 35 6T CLEVR-Math [33] il Super-CLEVR [32] 1% . i
Reason-RFT [16] , Fefl1# /1% £ CLEVR-Math il Super- CLEVR {4 TAE% A9 1K
ML

o ZHEPRFGEE AR TR & Wit ml. Bleg BER & Be. AU & ekl
AR & THE, R RK2FKP L ZAH . FATEME MMMU  [56] B8HE4 (900 /M)
) F1 MMMU-Pro  [57] BSR4 (BRiE 10 SRS B IR TIME) i E .

S5 JH R, TR ARG T AT O AE . R AR T AR, XS4
WERARRRA: B, RAEHROR OCR & K%, Bk, WFaEm, RITEHET2
PR BRARAG MuirBench [51] FIJT ¢ RERAY CRPE [20] . AT RUSEARLHEME, FRATIPA
MMVP [50] , RealWorldQA [54] , MMStar [7] , MME [15] #I BLINK [16] , DA4TiPPA K
1. ESCI RS HSHE S . T OCR & FIZEIM, FRAVMSFHIEEIN AD [27] Sifkfrll
PR, (1] SEED-Bench-2-Plus [30] H#E(T 8 SCARRIMSEILMR, ] DocVQA [37] itk
FF3CRSBEAR, FE6T OCRBench [31] KHEAF A OCR P .

2.1. BEGR

AT 2 RIMEFE RL 5125301 R A B e N I R e, 7R B A A HE PR 55
LRIBEEMZARE . R 1 Pn, A EHEA T 2T RS Bttt RL 1%k
ROREAL, N, ViGaL Snake + Rotation 7EEU#AT45 FAGHERR L MM-Eureka-Qwen-7B  [38]
mith 0.5 % , FEJUMES e 28.7 % , B MM-Eureka-Qwen-7B J& % [ |7£ 5 i & 1 402
UL B A EHEAT IR o

— R KA AL BE I AR T4, R#4& 2 B, ViGal ¥ + JEksAES 2 FHEF )
MMMU Z SR . I RLOneVision 7B [15] Ttk 5.4 %. ik b LA/ ie: . 1%
R1-OneVision-7B £ RGOk I ERR A TS, M2~

IXLESIRZE IR BT, BT S T I 25 L B A AT 55 e Bl 45 _E AT RL Il ZkRg
AR R A HEREEE T, BLAb, PR EREE LT 55 ol — e o Ih) A e SRS, 3K B SES BE S
R B AME S5
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Model Math Geometry
ode
Avg. | Avg. MathVista MathVerse MathVision | Avg. GeoMath Geo3K
Proprietary Model
GPT-4o [23] 47.5 | 48.1 61.4 50.2 30.4 46.8 50.2 43.5
Gemini-2.0-Flash [47] 55.4 | 56.4 73.4 54.6 41.3 54.4  55.3 53.5
General Multimodal Language Model
InternVL2.5-8B [8] 48.2 | 41.2 64.4 39.5 19.7 55.2  63.0 47.3
Llava-OV-TB [29] - - 63.2 26.2 - 60.7 77.6 43.7
Qwen2.5-VL-7B [3] 46.3 | 47.7 68.0 49.0 26.0 44.8  44.0 45.6
Multimodal Reasoning Model Post-Trained on Qwen2.5-VL-7B
R1-Onevision-7B [55] 40.9 35.0 454 24.5
R1-VL-7B [6] 40.9
MM-Eureka-Qwen-7B [38]| 39.3 284 531 3.8
Reason-RFT-Zero-7B [46] | 46.5 |38.1 60.7 35.3 18.3
VLAA-Thinker-7B [5] 51.3
OpenVLThinker-7B [12] 52.1
ViGaL Snake 51.6 |49.4 70.7 51.1 26.5 55.0 499 60.0
ViGaL Rotation 52.8 |49.3 71.2 50.4 26.3 57.9 517 64.1
ViGaL Snake + Rotation | 53.9 |50.6 71.9 52.4 27.5 57.1  51.0 63.3

Table 1 | KT AL BENH ERAR . JATEESET Qwen2.5VLTB [3] B4
PEAT I VNG 2 RS HEBR AR AT LU . SRR Bl S5 I R PR B A 45 R 2 , T
AW ViGaL B E I ARE BRI T IR ISR A~ “Ave.” IS I ALY R A 2 A
MR R

MM 1 PR, 18 Snake bBEATEUIZAE CLEVRA EUEN Bl S0 T i bERg, i7Ee
Rotation EYIZEMIAEILHERE BB . A0 AL HAER 5 bty T — 2 a9, H
BN, FHBFERFE Snake Il Rotation JiExk FdFATIIZE, (A WA FREE 242
HAMUERE, RPEEAEMET IR R R 63.1 %. XL IR, Z5E LRI IR nl DASHE D]
REIIPERESR T . XKW Visual Gaming Learning {25 —Ffy B st gRiist, FEoeh Kaky
SE PURBIEI G OL T, n] LASE R nTHE ) R HERRRE Jy . AN SRR T iR )R AL R AR 2
WN—HAE ) 2 B SEHERIAT 55 g TR AE

e HEPRg R DR — L e ). A T @k & e HERE S5 Lz 2 i & 5250l
SCRE MR, WATEE 2K MLLM JE#E_F P4l T ViGaL Snake + Rotation, 158 3 Jif
/N, 5 RL B2 {1 Qwen2.5-VL-TB #H L, FRATHALEE 52 Il 5 5 1) B30 4 B A5 SR 1 [R] B
PRFE TR — e e RE . MHELZ R, HAthal i RL S AU 2538 TR0 R 0 AR 8 5 5 e PR
L RE T RIE R B . X BBEE IR, FRATE TR A S B T8z Ak, AR
1 HAMAL ST RE T

AR T4 Snake BRET Y R HEBIREEE, XM AR WAL T EME EAIEATIPAG, HFAER
4 FIP 4 AP AREEER . XML Rotation PRI SSIGAERI KA B.2 3 dffit.

ﬁ1f]7£j[2!§il%%':Pfjiiﬂqi%ﬁl]“finding the nearest apple by calculating Manhattan distances
T ZRRIMERLFR RS PR AR . SRR SORSR LM AL Y. TSR da v, FATTRE
IR T HEBRAE FE = A ANEHENAH . K5 Snake AUTIIUERTRM 59.5 % BERIT 1.9 %, ik
F) 61.4 %. & 4a on, YRR P B AHERETE O AN T AR . X ERER Y BT AR
ARYETS P IS IAEBEAE S HA R, A BT RL YIZRDA K HE ) 2 R e AL
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Model CLEVR * MultiDiscipline
Avg. | Avg. CLEVRM SCLEVR| Avg. MMMU val MMMUPro overall
Proprietary Model
GPT4o [23] 55.9 | 51.2 68.1 34.3 |60.5 69.1 51.9
Gemini2.0Flash [47] - |46.3 64.9 27.6 = 71.9 -
General Multimodal Language Model
InternVL2.58B [3] 54.8 | 64.4 93.5 35.3 |45.2 56.0 34.3
LlavaOV7B [29] 42.9 [49.4 69.7 29.1 36.5 48.8 24.1
Qwen2.5VLTB [3] 50.3 | 54.9 74.6 35.2 | 45.7 54.3 37.0
Multimodal Reasoning Model PostTrained on Qwen2.5VL7B
R1O0mnevision7B [55] 53.7
RI1VLT7B [0] 53.9
MMEurekaQwen7B [38] | 62.8 | 79.3 98.4 60.1 |46.4 55.8 36.9
ReasonRFTZero7B [46] | 58.6 40.9 51.2 30.6
VLAAThinker7B [5] 61.7
OpenVLThinker7B [12] | 60.4
ViGaL. Snake 64.4 | 82.6 92.6 72.6 |46.2 55.8 36.6
ViGalL. Rotation 63.3 | 80.7 93.0 68.3 |45.9 54.1 37.7
ViGal. Snake + Rotation| 64.7 | 81.7 91.9 714|477 58.0 374

Table 2 | 5T Z M2 A M 2 2 Bk PR E Y F 24500 . FRATTRE P Ah I o 21 Al By i BT
55, HWEBORMET Qwen2.5VLTB HEATIA & Bl 5 Il R 2 BESHERR B . CLEVRM 2R
CLEVRMath, SCLEVR {3 SuperCLEVR. X[ < P &8s 5 U1 25 i HE BT AL B 25 21y

, MEATH ViGal BERAGES R T ISR A P97 55 IR i £
B AR 7R

Fl SCAS B R SR I e v B AR S5 R 5. AR T sl Al > B S R Ty T i
LSRG RN . IR 4b Fo, FATESCIEBA RN i) — 2247380, X oE o
1) B 3T ) S R A Bl [ IS U T o FEFRA TR A RS o, AT SRAT R[] ) F000 e (R B¢
T 478, P REMTa S BT EUPR AR, IR 4b B, [ IR s A iR
ZA VR AR HERILC I, RWRETAFR R YERE ). WE AR, X SEA TS A,
FII5ETHT 1.8 Yoo IXUBLAFEM], FE R E SCANE H 2 1 Sl ST AN AT AR R AE T
BT DASES B AR 55

BeAh, 2 E| SR EMCR A [00] S HREIARS: [43] Kb m B B A 20 AR
Ak, FATEIRAE T —AEENLI I RS AEX ST, FATTHK IR RAS Y T 5 (R B¢
ZEEE, B BEVLEI R iRaE . FATIER 4b WYRe—ATl TE9R . fERATRNr ks
B, M BENUAR S sRAL 2 S IR 49.4 %, SRR I L R AR T, X5 S HTHT
FE [43] BIEEEANIR] . AT RERY IS PIAE T Em R AR A A 22 5, G T HC A T AR BE A LR A5 1 )
TACCARI AR, HATH) TARRS BEHURR S Y T el i o

Pl A DA R e M B8 s HE B Ty . WEAT Ik ) SR IR R BIA SR B T — IR A BIL
2, W PARRAMERIL S A S HERL . FATHR T — T 5 T M B A ) BT BT . FRATTAR
PRI B SO L, LI R RSB TEE . X T BATHE SR T7 3, FRNT 6 g
KEEAE 1 3] 5 Z a4 <53 [ N RPR SR ISR s . anial de B, SR AIMERE 22 s il
SRR RN ZRad AR R TR RRE B 3, WY R BE B . A, A M E R
Pl AL S EREAS A BB E R DLk v 22 D 1 R . AN de P, B MEEE A i A4 YA 1K 3
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General Vision-Centric OCR & Chart
Model ) Muir- , Real- Q. o ~AI2D SEED- DocVQA OCR-
Avg. |Avg. Bench CRPE ;1. |[Avg. MMVP WorldQA MMStar BLINK .| MME |, |Avg. ot Bench-2+  val  Bench
Proprietary Model
GPT-4o [23] ‘ 74.8 ‘72.3 68.0 76.6 ‘69.4 75.4 64.7 68.0 ‘ 1614 ‘82.6 84.6 72.0 91.1 736
General Multimodal Language Model
Qwen2.5-VL-7B [3] | 724 [68.0 59.6 764 |658 743 685 63.9 56.4 | 1698 [83.3 83.9 704 95.7 864
Multimodal Reasoning Model Post-Trained on Qwen2.5-VL-7B
R1-Onevision-7B [57] — 166.8 46.3 87.3 |56.5 61.3 58.0 57.8 48.7 1504 | — - - - -
R1-VL-7B [(] 67.4 163.3 54.1 724 159.6 70.3 61.4 55.6 51.0 1657 |79.2 81.7 66.4 89.4 81.0
MM-Eureka-Qwen-7B [38]| 71.8 [68.9 61.1 76.7 |65.1 74.3 66.1 65.9 54.0 1626 |81.5 84.3 68.2 92.0 87.0
Reason-RFT-Zero-7B [16] | 68.4 [66.9 58.5 75.2  |58.5 58.0 65.3 59.1 51.6 1653 |79.8 83.3 68.0 88.1 82.0
VLAA-Thinker-7B [5] 69.7 165.9 57.1 746 626 716 65.4 60.4 53.0 1593 |80.6 83.4 67.4 90.9 84.5
OpenVLThinker-7B [12] — |64.3 528 75.8 |50.4 323 60.2 59.1 49.9 1513 | — — - — —
ViGaL Snake + Rotation ‘ 72.2 ‘68.6 60.5 76.7 ‘65.7 74.6 67.3 65.4 55.6 ‘ 1685 ‘82.2 84.8 69.1 92.7 86.6

Table 3 | FELAIRF 2ME I, TRGEREIRT Oy — A e m g fE 7. 157 Qwen2.5-
VL-7B [3] BTG UIGRRR AT U o SR i i n P E IR S I R o G5,
TR, MME , RAGTELAILSE N DR Sa-2 vEaf E h

61.4 % HYEMARMERGA, TAGEHIME A= R T4 60.6 %, X 28 BRI AT x5 2 R] A
A WA AE MR . ARRE SR DN SR, A BT B 1A A A2 R 5t

s AL ITEWERR b W ¢ Bl b etk A TG 1 EE R, FAT AT DARAR B RS MR A
EE MBI R . 7 RN ILE itk s oy > OBt T 9 ek, FRAT70 6 16k I 32k g
TP EEA A TSE R . IEMITERAME Ad TR, KRR 16k PRSI 32k P75 FrA Gy k
T 1.3 % MtERERE T, X RMFHR K ViGaL Wusa v i id A R G ke 5 2 T i
PERE, X5 E N TSR I s i PR O L, X RN TS

SCARIPLBE AR SE A BB BEHERAT DOk 8 1 BRSO RIS B Dk, FRATTEA T 17— A
SCABLE BRI . FEIXBEE A, AU SCAR TR AR IR S —— R R i 8
SER I ALE AT AR ——AEiR A2 D NG BIRAE QOO AR Snake #iFkHilllgR)S, 1E
i Z2 RS ERME I b 2 ) S 2B ekl P aRBAN 49.1 % B E) 59.6 Y. A ILIE A
ZBONEIN 1.8 % MPEREIRTE . XL, SRR ) H5E T EHERLBE Ty, SCARN
MAEBEEAAR B T ATk P Ad R RS E TR A 2 T I R A v S Emeg B B 4
i, WS T S AR AR

AT VAL ViGal BBz ALRE 7, AR IS 0 A A 1RO Utk B i S - (SFT)
PEATHORE . 36 Af WoR, STk i SFT 5B AR T SRR e Ry e PR ) LA AT:
% LROTERE, A BIRBET 9.7 % 1 12.7 %. B4R SFT f£ CLEVR+ =4 Ti@E e, (|
KR TR/ NF RL FrBUS AR . SRS, RL 4277 12.3 % ByPkeE, 1 SFT Wik
AEFPET 1.9 %o XFREERHRIXTELRI, RL RES W - Hi (R B I R B2 A o 40k i) 41 P

AS DI RRAT R T AN A B 4. FRATIMERE, U A ] DA U 8 G 2 TR AR e A
RS FEACREM AT, X LERERE ] DA RS B e 507 0 AL E o AN Rl 0k T i 2 39 8 AN [ 1 44
HRAE Sy . MERUEZ B, AT TAEMNIE 5 Prsy MathVerse [59] 2500, £t Snake
o Rotation Yk ViGaL #2847 [AAHERGPEZE R . Snake JF RN TR M T AEZA A
BRI LR B X PIIIAT 55 3 S ARAR R B B ZOR I AL AR R, 5 Snake (19— 4E K]
FEERSE i S AE PR A ¢ . MHEEZ R, Rotation ISk fe i 7 A1 BEAINR B M ERGRIE,
X5 Rotation %f 3D YyIATEss M EEUEATHERL Y 20K — 8. XLEEREM, AFRAHEERRT 175
FOMRRIUATL AR B L T HERR R BE . BUAh,  IBC A ISRk TR il ok mT DATE B A7 4 B 1) B
T (HLFfISR Sec. 7?7 ). FATIEAEMR Sec. C P UIETEMMT, R T &3 )5
{UE S HlWANNE T

sifbaE>] (RL) FERIEFH AL (LLMs) il i o BB T i e (SFT) B9 AHRR,
5 T HERLEE ) . 7540 DeepSeek-R1 2 EAYALSCABI LN, JEHZAERL BB B R E0 T
RL TER ZR MR RO B3 . iX—isXH AiERR Y BB 28 LLM (MLLMs) W, 5ol
(1) MLLM BFEHR T TS EHER RL, JREUT LLM s R, i, & Fmrss
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prompt Avg. Math CLEVR+ Geo. reward Avg. Math CLEVR+ Geo.
base model 19.1 477 54.9 14.8 FLRAE TR 49.1 477 54.9 44.8
w/o reasoning instr. 59.5  48.0 80.4 50.1 best moves 59.6  48.2 80.4 50.2
w/ reasoning instr. 62.3 49.4 82.6 55.0 best & worst moves 62.3 494 82.6 55.0
w/ random label 494 475 55.4 47.5
(c) MEREFEH . (d) HAEmTH etk
difficulty control Avg. Math CLEVR+ Geo. training samples Avg. Math CLEVR+ Geo.
base model 19.1 7.7 54.9 14.8 base model 19.1 A7.7 54.9 14.8
w/o difficulty control 60.6  48.8 81.4 51.8 16K 60.1 489 81.2 50.3
w/ difficulty control 62.3 494 82.6 55.0 36K 62.3 494 82.6 55.0
(e) i ABEZS (f) SFT 5 RL.
input modality Avg. Math CLEVR+ Geo. post-training Avg. Math CLEVR+ Geo.
base model 19.1 7.7 54.9 14.8 base model 19.1 7.7 54.9 14.8
text 59.6  48.5 80.1 50.3 SFT 472 380 71.5 32.1
vision & text 62.3 494 82.6 55.0 RL 62.3 494 82.6 55.0

Table 4 | JHFHF5E. FATFE Snake FR¥EH ST ViGal RIS F W HEAT T REE, I FifE
MR AT IEAS . FERSRIN Sec. B.2 W I BEREEAN . AN FEUENN K b LA AT 55 4L
(Tab. 1 F1 Tab. 2 ), FATRE I FE. EMALE Qwen2.5-VL-7TB, HEERAE k(1
. BRABEETE Tab. 1 fl Tab. 2 Pl W@ SR,

T 2P EIZR. BRI SR T WA RL, S0 s 1 Sus an LAl 4. HAdmrse
KA RL 3k, A aiizd (PRMs), MHBBUET SET i B4esE A . W2 57
A i) BB 7 B AL 2 el DAIRE S S 2% SR 2 T i R KR AR oSS LR O ) 5
1 U BRI R R ISR EA AR, AT ViGaLl il § AL EERY RL Y]
B AT, UERTIX S T A TR L AR e A O 5

SCPUREHAT S5 . AN A 2 A2 MLLMs JF R ) — %0 His. 5 SFT ML,
RL fE4mr A4t (OOD) ZAL R A, MIFRB CoT RXAER L D PFREFA B2 —
Mz AL 2 A A K 2 A 45 2 BRBE R 4R _E Ve T ZR el i 2 s 2% — e 2t
RE ARSI SRR BT IRENt 7 OOD 24k, HeTi #AE 5 I ZRalciuAt [ iy 52 Ze L v 1 B
() iz Uk AR SR1, FRATH ViGaLl it 17— Rl sk Nz AR 2. AR T A
1 B A BN XK T 2 ST YA AR RE T ABRE AN RS, DMRRITE S A AR A2 A0 (Al e %k
FMZARHA) ERRIL, ToFE MO I A AU E i -

TATFIA TR (ViGaL), X —Frain G ilZaE, Hd MLLMs i 5o &
B AL XU T ST 2 > W6 RS O BRBE J7 . FRATIIAZ. OO RIS, AR (T An 43k ) B 4k d
B OL R, FEf2 (Snake) Al (Rotation) XAEEMEME it k24>, BT T MLLM 1
B P RN T AR, BT LA, BB R RAMEHRE . IHRSLE RS T
RBEVE . KEhEMRE TN, I B b S R T 0P (SFT), A R A e 1
ANARFERE . AT U RS HE S A AN JE0E, SR T FhEl I mT . AT 810 & s
AE AR HIEAL S P HHEAE, PAROLE W HERERE )y . X0 TAE NIRRTk 2% 2] PASE
m%g%AI%%HﬁTkHOi%%ﬁm@%ﬁﬁxﬁ%%Z@%%@mmu&%Aﬁ%ﬁ
R L

FATEA Haogin Tu F1 Yuxuan Cheng XFASCHMF 5Bt FATHREHESC Cambrian-
1 [19] Mg R B S %
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g ViGaL-Snake < ViGaL-Rotation MathVerse EPE,:J %@ﬁﬁ%%o IE{E
g . & « « Fn ViGaL Snake FERHLS, 1
& & & & HIFER ViGaL Rotation kg
£° -0.28 WA, {HAS RN 2, Snake FE#
g o SESRIARAT F RS, et
§ N 45 Snake 1) —4EMAEXTFF . Rota-
<

-4.18 tion 3% T AR EEHERE, femk
28 T HG = AR G e 1 R

|
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A1, PR 2T P2 Ee s

Your role is to guide a snake within a Snake game featuring multiple apples.

This game is played on a board of size 10 by 10. The board uses a standard Cartesian coordi-
nate system, where (0,0) represents the bottom-left position and (9,9) is the top-rightmost coordinate.

Apples at: { apple_position }
Direction of Your Last Action: { last_action }

Rules:

1) If you move onto an apple, you grow and gain 1 point.

2) If your head moves to a position where its coordinates (x, y) are outside the board boundaries
(meaning x < 0, x > 9,y <0, or y > 9), or into a space occupied by another snake’s body, or into a
space occupied by your own body, you die. That’s the worst move.

3) The goal is to prioritize snake not die, then efficiently collecting apples. First avoid the worst
move, then for each apple, find the nearest apple by calculating Manhattan distances. But only
choose best next move to get closer the nearest apple if you can confirm best next move will not
run outside the range of the listed coordinates, run into the position of another snake, or yourself.
Otherwise it will be the worst move.

Your snake with the ID { snake_id } in { snake_color } has its head now positioned at {
snake_position } , and its body extends to { body_ position } You should avoid your next move into
your own snake’s position.

Enemy snakes in { enemy_ color } positions: { enemy_ position } .

Decreasing your x coordinate is to the LEFT, increasing your x coordinate is to the RIGHT.
Decreasing your y coordinate is DOWN, increasing your y coordinate is UP.

Read out another snake’s position and apple position. Try to predict another snake’s next move and
avoid colliding with it.

Best answer is one of next move that is the closest to the apple and not lead to your death. Worst
answer is all of next moves 1. makes your head’s coordinates (x, y) are outside the board boundaries,
meaning x < 0, x > 9,y < 0, or y > 9. 2. moves into a position occupied by another snake’s body.
3. moves into a position occupied by body of yourself.

Check all the next moves to list out all the worst moves in <worst_answer> tag. If no worst answer,
return None for worst answer, e.g., '<worst_answer>None</worst_answer>"

The best answer and the worst answer are mutually exclusive and different.

You need first to give your reasoning process then to choose one of best next move and worst next
move from ['UP’, 'DOWN’, '"LEFT’, 'RIGHT"].

The reasoning process and answer are enclosed within <think> </think>, <best_answer>
< /best__answer> and <worst_answer> </worst_answer> tags, respectively, i.e., "<think> reason-

ing process here < /think><best__answer> one best move here </best_ answer><worst_ answer> all
worst moves here </worst__answer>"
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I'm showing you 4 images. Images 1-2 are an example pair, and Images 3-4 are the test pair. In each
pair, the first image shows the initial orientation, and the second shows the object after rotation.

# # # EXAMPLE OF ROTATION # # #

Example: Image 1 shows the initial view and Image 2 shows the object after a 180 degree rotation.

4 # # YOUR TASK # # #

Now, considering the transformation from Image 3 (initial) to Image 4 (rotated)
. Determine the angle of rotation from Image 3 to Image 4 on the plane
Analyze the rotation carefully using the example pair (Images 1-2) as a reference.

1. Coordinate System Transformation:

- Draw an x-y coordinate system on both original and rotated images with origin at center
- Identify a distinct feature point and note its coordinates in both images

- Apply rotation matrix equations to verify the transformation

Example: A star icon at coordinates (3,1) in the original image appears at (-1,3) in the rotated image.
Testing with the 90F clockwise rotation matrix [cos(90F), sin(90f); -sin(90F), cos(90F)] confirms the
transformation from (3,1) to (-1,3), verifying a 901 clockwise rotation.

2. Angular Displacement Measurement:

- Mark the image center as the origin in both images

- Draw a straight line from center to a distinctive feature in both images

- Measure the angle between these two lines using counterclockwise as positive

Example: A line from center to a red dot makes a 30f angle with horizontal in the original image.
In the rotated image, this line makes a 210f angle with horizontal. The difference (180F) indicates a
clockwise 180F rotation.

3. Symmetry Axis Tracking:

- Identify major symmetry axes in the original image

- Locate the same symmetry axes in the rotated image

- Calculate the angular displacement between original and rotated axes

Example: A rectangular logo has vertical and horizontal symmetry axes. After rotation, the vertical
axis now points right and horizontal points down. This 90t shift of both axes confirms a clockwise
901 rotation.

4. Triangle Configuration Analysis:

- Select three non-collinear distinct points forming a triangle in both images

- Compare the orientation of this triangle in both images using vector cross products
- Determine rotation angle from the triangle’s orientation change

Example: Three points form a right triangle with vertices clockwise arranged. After rotation, the
same triangle has its vertices arranged in counterclockwise order while maintaining the same shape.
This inversion indicates a clockwise 180f rotation.

5. Polar Coordinate Comparison:

- Convert key points to polar coordinates (r, 6 ) relative to image center
- Compare 6 values of the same features in original and rotated images
- Calculate consistent angular difference across multiple points

Example: A feature at polar angle 457 in the original image appears at 1357 in the rotated image.
Another feature shifts from 10t to 100f. Both show a 4907 shift in polar angle, confirming a clockwise
901 rotation.

Choose the rotation angle from this list: [‘counter clockwise 90°, "180’]

19
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B. vEfh
B.1. Atari HpRMGPEREANY

Alien Frogger

Goal: Navigate through
maze-like environments
while shooting alien
enemies and collecting
items.

Goal: Guide frogs across
a busy road and river to
reach their homes safely.

Example response:
Reasoning: There's a car
coming from the left.
Moving up will help to
avoid it.

Action: 1

Example response:
Reasoning: The alien is
right above, continue
firing to try and take it
down

Action: 1

Pong Ms. Pacman

hit the ball past your
opponent's paddle to
score points.

. Goal: Navigate through
a maze, eating all dots
while avoiding ghosts or
eating them when
powered up.

Example response:
Reasoning: Ms. Pacman
is now directly above
the ghost. Moving down
should allow her to eat

Example response:
Reasoning: The ball is
moving towards our
paddle, we must move
the paddle down to

intercept it. it and gain points.
Action: 3 Action: 4
Seaquest Space Invaders

Goal: Shoot waves of
descending alien
invaders while avoiding
their attacks.

Goal: Control a
submarine to rescue
divers while fighting sea
creatures and managing
oxygen.

Example response:
Reasoning: The invaders
are at the top of the
screen. Firing is the best
option.

Action: 1

Example response:
Reasoning: The invaders
are at the top of the

| screen. Firing is the best
option.

Action: 1

Breakout

Frame: 5Q0j|SEoteiBl0 == i Goal: Use a paddle to
bounce a ball to break
bricks at the top of the
screen.

Example response:
Reasoning: The ball is
moving right. | need to
move right to intercept
it, but I'm nearing the
right side of the screen.
Action: 1

Figure 6 | Fl T P4 Atari HEBiZ gy HARFURGIMR. . FATEI T Atari-GPT iy [53]
M 7 Fh Atari JEEK .
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N IHE R ANZALRE S, BATE Atari-GPT  [53] BT ViGaL , W& 6 fis, &i—
AT MLLMs 7E Atari SUSER o/ e SR AR BL e . 1% %{E@Qt JORIF ) Atari
UiEdk: Alien. Frogger. Pong. Ms. Pacman, Seaquest. Space Invaders fll Breakout., iX£&jjf
MARMAL T 5 Snake Yk 1 Rotation JiEk A R Z AL IASE , 75 ZEA R SRS R B L H AR,
MITAEE R PR ViGaL 431 SNz AL BE S i BRAR IR &

ﬁTﬁﬁ FATVRFUF AR WE AR Z WS AR FRATAORERL o, 245 Atari-GPT W E7 B
AR, BRI 210 x 160 x 3 J##E 5] 512 x 512 % 3, SR RIS E B sh VB
—ihh,&mm&i FAGedr—A EFSCgep X, Hr AL S R A AT 15 DA B 4 Hip
M*ﬂﬁ@ﬁﬂ e Atari-GPT 92K, FRATSEELT 8 wiidkmi, XK ALE Fpdgtnit 4 ik
iy R AR 00, [ ORI R 2

AT DY ST AR R 1000 2 A RIS AR PR FRA T Y, FIRA-E BT, 45
wmFk 7?7 Prn.
B.2. {Eleshlizxk L

Table 5 | JHEMITTE . RMITAER 4 FRYPERL, AT 7 HERERE R0 BTN G 5 SR ) AN ]
D7 AT SO M Rz AL . RN R Qwen2.5-VL-TB, FERWI/RTE i@ o & 1A 2
FEECARCESE WO PR RN, FATIERIEE 4 PRSI S R R ot 55

() BRI

prompt Avg. Math CLEVR+ Geo. (b) SFT 5 RL.
B post-training Avg. Math CLEVR+ Geo.
base model 19.1 7.7 54.9 14.8
w/o Reasoning 61.4 489 80.4 54.8 base model 19.1  47.7 54.9 14.8
Instruction SFT 55.6  44.0 75.4 47.5
w/ Reasoning 62.6 49.3 80.7 57.9 RL 62.6 49.3 80.7 57.9
Instruction
(c) MEREFEH o
difficulty control Avg. Math CLEVR+ Geo.
base model 19.1 7.7 54.9 14.8

w/o difficulty control ~ 61.0 48.0 80.2 54.8
w/ difficulty control 62.6 49.3 80.7 57.9

W 5 P, BATHAT T TERIT 3 4 AR, (HRPEI RS o e i . 3.
MIEESRAUER] TR AR AE T iz AR E B — Bt o5

RS, FoATT I e W sk R 2 (B B TERS A BRI AT S5 MEE o HEAS 3235 B M B s
T, MR R A ERE A BT DA B £ 908, 3R 90F B 180%F, AR, FA1 A& i a EoR A
PR DR A3 R38BT & BN RN ME . R, Fef1 208 X — 20k, (R B4 908
F1180F JiEhk AL

SOOI, FATIIEPI TR de P WoRITHRISETS:, RO oA oA T
ML AL - FIREH, FRAOTWICIRIATHAR 4b PAGIHRRSER:, ROAREREw A f fit
TOUEREPEI, TOIRFEINA B SO E" e M e R
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B.3. SBCFBdR PRy

Model Math Avg. MathVista MathVerse MathVision
base model 17.7 68.0 49.0 26.0
MM-Eureka-Qwen-7B 50.1 73.0 50.3 26.9
ViGaL (w/o Math Data) 50.6 71.9 52.4 27.5
ViGaL (w/ Math Data) 51.8 72.3 54.5 27.7

Table 6 | fERC= RS LRI T, FATIEAT 7 — WSk, FEfesdds MMK12 Eit—2)
% ViGaL . BRI Qwen2.5-VL-TB, HEURAE I IR, VI e A e 10 I ELAE
W PRI R

FPRFANTH TAE TR TAEBRA R BRI R i 0 R R MR T, (R3RATHERT 14k
528, PABRRAEIRA TN SRt ie B SR Bk n R e . RN Segniscam . A%
it T —APIBTE N SRad R . AEBTBE 1, A TEEEORI IR, {UAE Snake Fl Rotation ik,
YNBSS TRrB 2, FATE MMK12 [38] RllZs 7 IHRATAORAL, e adkey 12k
MIT R SRS R AR . AR S MM-Eureka-Qwen-7B  [35] A [A] (9 & Al Zki%
o ME—H B AT BB E S T L RSN Be 1 Y112

W% 6 s, SOUEMBrEe 1 YIGRMIEL, fEfrBe 2 B G Bes B Ae =D Ber B e i
PR 1 0.9 Y. R T EA TR ) A S R BRSO R R G R . AR,
SAETABALE AR R B, ViGaLl (IR RuE) feflers B - R B 25 1
T MM-Eureka-Qwen-7B 1.4 %. iXSEGRFZH], BTk > n] DA — A 30 Bl 25
WrBe, (R B I IR ASE T H AT S5 RO PERE . ARPEER 2.1 b, A
(43 BT s AR AT R e TSR HERRRE . AR IR A Sl , RATTHE T T 5%
%, BAR[EI4EZ Snake Ml Rotation Jifkyilll gk, & 77 RUIKEIIZA RIS & 187
WL S, $ETH T TR NI R R AR B U iR 3L, 7E Mathverse b3R1G T3
RAEEAIRTE . XLEERRA, e M 45 & B TAMUS A AR T — b ) SR A 20
TR IR B A2 AL BE

FATEL PP @k $EARRIRR MM RL JiA I GRAO B HERLRE Ty 5. AR Al
A BOH A k APISIBIR AR E MR, X R TR AR AE ) B LS
B A R RS T R 22 B R0 R RE MR B 1 1)L

TAVIPEAL T =B @ RI: KL RL Y2 A B84, MM-Eureka-Qwen-7B-
Instruct FIFA I ViGaL . W 72 Frs, BEE k 3500, 4189 ViGal 7 Mathverse |} @k
o —B B BT X — BRI, YAt 2 R ER 2R, AT ET AL
RO IR R8T, 4B 7R TE SRR AR TP o oy S L fig

Beoh, HHA R A T YIZRRYEAL MM-Eureka-Qwen-7B-Instruct #HLE, FATAIBIAAE
Wi K 3 @k pyualE e . X R ViGaLl HAT T 12 1 e BH 21 BN R 58 1) 1k 2L
BETT, (EHAEA RIS IRE A MR RIGRARN, BRI ) 2 Y R

G, BATWEREN, BEE k8, A imier I B R A A T2
sAZ SRR X5 58] YR B—8, ZPFSs I T TR IR YRk ) (RLVR)
A — N EEARRR A R ARSR AL T IGRAT AR AR m e & (E (B0, did @1 ) fytkRg, (A5
il 2R ] A PP R ) 2 B S R X R IIPAE — R, RIS A~y > DAl T il itk
RN, (FDARIE S My R AR . AR TAEN KR RLVR B3k, DMRRETE
FrA k fH BRI @k PERE, MINA ORI A FE B BRI 2 S
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C. RBiIsE

Rotation

Question:
¢ As shown in the figure, the straight line a and the straight line b are intercepted by
the straight line c. Line b is perpendicular to c, and the foot of the perpendicularis
il point A. £1 =70°. If line b is parallel to line a, how many degrees clockwise can line
1 b be rotated around point A?
Choices: A: 70° B: 50° C: 30° D: 20°

Qwen2.5-VL-7B-Instruct Ours

@ 1. Identify the given information: Line b is perpendicular to line c. The foot of ] 0 [1 Identify the given information: Line b is perpendicular to line c . The foct]

t e perpendicular is point A. Angle 1 is 70°. Line b is parallel to line a. of the perpendicular is point A. 2 1=70. Line b is parallel to line a.

2 Analyze the geometric relationships: Since line b is perpendicular to line ¢,
£BAC=90°. Line b is parallel to line a, so the corresponding angles are equal.
he angle £ 1is given as 70°.

ngle between line b and line c is the same as the angle between line a and line
Wwhich is 70°.

d the ic relationships: Since line b is perpendicular to line ¢
6 ng\e 1is the angle between line a and line c. Since line b is parallel to line a, the
a

between line b and the vertical line c . Since line b is perpendicular to line ¢,

. Determine the rotation angle: - The angle £ 1 represents the angle
the angle between line b and line a (which is parallel to line b ) is 90° - 70° =

between the initial angle 70°. and the final angle 0°, since line b is perpendiculal

3. Determine the angle of rotation: The angle of rotation is the difference
"
to line c.

g Therefore, the angle of rotation is 70°.Thus, the line b can be rotated 0 Therefore, the line b can be rotated 20° clockwise around the point A The
70°clockwise around the point A. The correct answer is: A correct answer is D.

(a) & H Mathverse F)—AROIFIT. FERIEERME T U E A BER 7 ) , ﬁ’ﬁa"ﬂl‘]ﬁ%ﬁﬂﬁﬁﬁaﬁ%ﬂ&
B R AR IER AL

Coordinate

Question:
Determine whether the graphed function is even, odd, or neither.

Qwen2.5-VL-7B-Instruct Ours

Let's analyze the graph: o - - N
1.Symmetry with respect to the y-axis: If the graph were symmetric with Let's examine the graph of the function. The graph shows a

respect to the y-axis, then for every point (x, y) on the graph, the point (-x, 0 parabola that opens upwards and is symmetric about the y-
° y) would also be on the graph. However, the graph in the image does not axis. This symmetry indicates that the function is even.

appear to be symmetric with respect to the y-axis. For example, the -

point (3, y) does not have a corresponding point (-3, y) on the graph. )

J

ﬁo confirm, we can check a few points: N

2. Symmetry with respect to the origin: If the graph were symmetric wit? For x =2, the function value is f(2). For x =-2, the function

respect to the origin, then for every point (x, y) on the graph, the point (-x, 0 value is f(-2) .Since the graph is symmetric about the y-axis,
-y) would also be on the graph. However, the graph in the image does not f(-2) =1(2) .

appear to be symmetric with respect to the origin. For example, the This confirms that f(-x) = f(x) , which is the definition of an
point(3, y) does not have a corresponding point (-3, -y) on the graph. ) @en function. /

axis or the origin, the function is neither even nor odd.The final answer is Q[Therefore' the function is even.The final answer is: even. ]

neither. )

Since the graph does not exhibit symmetry with respect to either the y- )

(b) K H Mathverse PR BIBIIE. BRI GAE 7K H R CBIEE S, AARPERIAR RS, BRATRY
B2 I 7 W R TR I HE R AL ST

Figure 7 | BT MR sEALE T I GR)S , BERIAIA S FA AR LR, st LA R AR AR )t
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