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ABSTRACT CONTRIBUTION

We propose GeoUni, the first unified geometry expert model capable of generating » We propose the first unified multi-modal geometry expert model,
problem solutions and diagrams within a single framework in a way that enables the GeolUni, capable of solving geometry problems, generating precise
creation of unique and individualized geometry problems. Traditionally, solving geometric diagrams using both formal and natural language, and
geometry problems and generating diagrams have been treated as separate tasks in creating geometry problems based on knowledge points, supporting
machine learning, with no models successfully integrating both to support problem both English and Chinese.

creation. However, we believe that mastery in geometry requires frictionless We propose Geo-MAGVIT, a module specifically designed for the
integration of all of these skills, from solving problems to visualizing geometric tokenization of geometric diagrams. By introducing topo-structural
relationships, and finally, crafting tailored problems. Our extensive experiments awareness loss and text region loss, 1t significantly improves the
demonstrate that GeoUni, with only 1.5B parameters, achieves performance accuracy of geometry structure and text reconstruction.

comparable to larger models such as DeepSeek-R1 with 671B parameters in We innovatively combine GRPO and LoRA to train the
geometric reasoning tasks. GeoUni also excels in generating precise geometric Geo-Reasoning-Adapter, which effectively boosts geometric reasoning
diagrams, surpassing both text-to-image models and unified models, including the capability and seamlessly integrates into the unified model architecture.
GPT-40 image generation. Most importantly, GeoUni 1s the only model capable of We establish novel diagram generation evaluation metrics, which
successfully generating textual problems with matching diagrams based on specific include the Geometric Semantic Matching Scores (GSMSs) and
knowledge points, thus offering a wider range of capabilities that extend beyond Geometric Pixel Matching Score (GPMS) to comprehensively evaluate
current models. the geometry generation task.
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Overview of GeoUni

<formalization>
consCDL:Shape(OAC,CA)....,Cocircular(O,ACBDE)
imgCDL:Equal(MeasureOfAngle(ACE),20) </formalization>
<think>

According to the problem, - ACE=20°, and AB is the diameter of
circle O. By the properties of arcs, the angle subtended at the
circumference (.ADE) 1s half of the angle at the center (~OEA/2).
Similarly, ~ACE can also be expressed as ~OEA/2. : :
Since we know - ACE=20°, WeI::an conclude that ~OEA=40°. i ST @D A0
Next, using the known value of - ADE=~OEA/2, we substitute the A5

value of ~OEA to find that / ADE=20°. Furthermore, it is common .

knowledge that - ADE can be expressed as --BDA+_.BDE. ](3; }(1) Sca n the QR CO(.:Ie fOI’
Since AB is the diameter of the circle, BD is perpendicular to AD, D: 22 1 h e fu | p re p rint.
indicating that .BDA 1is a right angle. Combining this information
allows us to conclude that .BDE=110°.

In summary, the final result obtained is .BDE=110°. </think>
<answer>\boxed {110} </answer>

As shown in the diagram,
AB=5x, CA=3x+4,
WX=22, XY=22,

the center of circle A is A,
AB1XB,
XC 1s perpendicular to AC.
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Draw a geometric image based on As shown in the diagram, 5 = ; ' o RMSNorm
consCDL: .ACE=20°, the center raw a diagram and create a question (multi-choice) .

Shape(ZCB,BC)...., of ©0 is O, the based on the given knowledge point.

- : _ : Knowledge point:
Cocircular(Z,CBAD) and imgCDL: diameter of ©O » e L .
Equal(MeasureOfAngle(AZB),104)..... s AB. Find the C Definition of vertical lines, substitution and calculation,

ParallelBetweenLine(AB,DC). e theorem of perpendicular diameters,
, of .BDE theorem of adjacent supplementary angles,

HL theorem, properties of congruent triangles, :
solving algebraic expressions. ] <think>, </thin>

<formalization>, </formalization>

Draw a geometric image based on this ,
description: -AZB=104°, the center of Bl <answer>, </answer>
circle Z is Z, the center of the inscribed ’
circle of quadrilateral ADCB is Z,
ABIDC.

' . <Jso1|>, <Jeo1|> text token

Diagram Tokenization Pretraining:

* We propose Geo-MAGVIT to improve the tokenization of geometric diagrams. Building on MAGVIT, we introduce geometric topo-structural awareness loss and text
region loss to better reconstruct the topological structure and the text within the diagrams.

Multi-Task Instruction Tuning:
* To achieve the geometry expert unified model, we propose the Diagram Formalization Unified Prompting method in multi-task instruction tuning for text-to-diagram
generation, problem solving, and problem generation, achieving next-token prediction training. This training phase equips GeoUni with the capability to accurately
generate geometric diagrams, solve basic geometry problems, and generate problems based on knowledge points.

Reasoning Enhancement:

* We combine LoRA and GRPO to train the Geo-Reasoning-Adapter, which significantly improves the model's geometric reasoning ability while preserving its precise
geometric diagram generation capability.
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Table 1: Geometric Diagram Reconstruction Performance
Comparison of Various Models Across Different Matrices

it. The diagram indicates that ZCED is 30° and £DAB is 55°. The
points A, D, E; A, B, F; D, C, F; and E, C, B are collinear.

the diagram, 4

Draw a geometric image based on this description: The diagram =
features a circle centered at O with points A, B, C, and D lying on

As shown Q

AB=0A, the Anole-7B GPT-40 GeoUni (Ours)
center of : : :

Model C-AA C-PA I-AA I-PA CI-PA|GPMS """ Feoie.

UniTok[23] 81.43 54.29 69.95 4894 31.44 | 39.65 N o

QLIP[44] 77.82 50.63 638.73 48.10 30.06 | 52.87
MAGVIT[22] 80.78 52.10 66.4 43.52 27.52 | 86.73
The given diagram shows a circle Draw a geometric image based on consCDL: Shape(DA,AH,HD), \

GGO-MAGVIT(OUI' S) 83.10 55.05 75.98 55.71 35.24 | 91.32 Withieenter9Q; ane Hiescondition Shape(DH,HF,FC,CD), Shape(CF,FB,BC), Collinear(AHFB) and

AB=0AAB=0A, which suggests
that triangle OABOAB is an imgCDL: Equal(LengthOfLine(AH),y), Equal(LengthOfLine(DA),8),

isosceles triangle. We are asked to — Equal(LengthOfLine(DH),x), Equal(LengthOfLine(HF),6),
Table 2: Text-To-Diagram Performance Comparison of Various Models Across Different Matrices HindEheimeasyee of 4 RDALBDA Equal(MeasureOfAngle(DAH),30), Equal(MeasureOfAngle(FBC),45),
To solve this, let's analyze the situation: ParallelBetweenLine(DC,HF), PerpendicularBetweenLine(AH,DH),
1. Since AB=0AAB=0A, triangle OABOAB is PerpendicularBetweenLine(CF,BF). /

Construction/EN Image/EN Construction/CN Image/CN Iseseeles: Therefons<0nb=-0RAZ0ARSCORG: 7
. . . n - . = -
Caption CDL GPT | Caption CDL GPT | Caption CDL GPT | Caption CDL GPT SPeBAE A, From e prosseies of inscrbetl rles i gy | [ e0H

arc BABA. From the properties of inscribed angles,

Show-0[38] 2939 2501 24.84 | 3451 2458 3401 | 3267 29.82 3563 | 33.80 3133 34.00 e the ool aocle Tt subtonds the C
JHHUS'PI'O'7B[7] 14.55 17.72 20.85 30.22 29.7 33.02 34.85 3547 34.69 29.09 20.56 26.55 same arc. NS\ e i L 4528
Anole-7B[8] 16.84  18.68 13.63 | 2411 3073 2373 | 1242 1955 1425 | 3401 2859 34.40 3 The weniral ansle 2BOALEOR subtends are 0 o
Emu3[36] 2206 1876 16.00 | 2089  19.88 19.90 | 21.20 2525 1878 | 2096 2265 19.75 BABA. Since triangle OABOAB is isosceles,
Unified-IO[19] 3227 2937 31.63 | 1784 1641 1674 | 37.62 3381 3251 | 2795 1943 29.44 £0BA=ZOABLOBA=OAB, 50

SEED-X[14] 3420 3178 27.84 | 1480 1047 1230 | 30.78  31.40 2740 | 1560 1137 14.89 £BOA=2x£OBALBOA=2x0BA.
4. Now, we focus on the relationship between the

PixArt-3[5] 1851  17.94 17.14 | 1935 19.44 1539 | 2855 2367 2829 | 17.89 2140 1645 contral and inseribed angles. The messure. of a Draw a diagram, create a question (multi-choice)

Model

\

SD-v1.5[29] 21.69 1951 23.06 | 2246 2071 2226 | 25.03 2514 2730 | 1411 1334 16.72 £BDAZBDA is half of ZBOAZBOA, i.e., and answer based on the given knowledge point.

SDXL-Turbo[11] 12.94 11.12 14.76 13.86 1593 1176 30.36 17.86  29.62 19.52 10.84 18.38 £BDA=1/2x2BOAZBDA=1/2 x2BOA. Knowledge point: definition of a parallelogram, properties

DALL-E-2[27] 24.38 19.75  18.30 2829 24.74 19.27 2250 19.56  20.78 20.31 21.36 1747 5. Since £BOA=2x£0BA£BOA=2x£0BA, and we of a parallelogram, definition of the
can deduce that the measure of ZOBAZOBA is

GeoUni-1.5B(Ours) | 73.00 73.43 7241 | 78.46 79.65 77.53 | 73.72 73.00 72.77 | 79.40 79.54 77.82 related to the geometry of the figure. midpoint of a line segment, methods for solving equations)

This approach requires additional information

Table 3: Geometric Reasoning Performance Comparison of Various Models Across Different Matrices about specific angle measures or relationships , e :
between points to arrive at a more precise In parallelogram ABCD below, M is the midpoint of line

G A quadrilateral with both

answer. Without extra data or segment BC. What is the value of x? Definition of s Parallclogtam |
Formalgeo7K Geometry3k GeoQA assumptions, we can calculate A { s s
ibae! EN-C EN-OE CN-C CN-OE | EN-C EN-OE CN-C CN-OE | EN-C EN-OE CN-C CN-OE ot recie vlues may et : e
further details. 18 Properties of a Parallelogram
Show-0[38] 17.90 2.57 16.57 0.29 16.44 2.31 17.59 0.46 18.93 2.75 15.86 2x =
a
B Zo D [

0. 1 6 « Opposite sides are congruent

Chameleon-7B[32] 1038 590 11.81 3.62 | 9.03 394 1134 301 | 1133 7.28 1214  3.01 * Opposite angles are congruent
Janus-Pro-7B[7] 25.62 13.05 838 1057 | 2338 12.04 6.25 10.65 | 27.18 13.75 9.87  10.52

Emu3[36] 4524 714 2133 352 | 40.05 394 2153 208 | 48.87 939 2120 4.53 ' ;,
SEED-X[14] 1390 133 724 343 | 11.81 0.69  5.09 1.85 | 1537 1.78 874 4.3 (&) <formalization> consCDL: e
GPT-40[25] 4752 20.10 49.71 28.48 | 50.69 23.38 52.08 28.70 | 45.31 17.80 48.06  28.32 Geolni | Shape(BO,OE,EB), Shape(BE,EA,AB), A) 8 o)) s

Shape(OAB,BA), Shape(ED,DA,AE), B) : Two expressions are equal, set themeall
G-LLaVA-13B[12] 4781 1410 556  34.95 56.80  20.06 (Ours) ' shape(0DA,AD), Shape(C0,08,80) {

Definition of the Midpoint of a Line Segment
Divides a line segment into two equal segments

Qwen2.5-VL-7B[2] 61.71 2638 60.48 27.14 | 64.12 23.84 59.26 2245 | 60.03 28.16 61.33 30.42 Shape(OBC,CB), Shape(OCD,DE,E0,0C), C) 12
QWQ-72B[33] 51.62 16.57 20.19 7.14 | 50.69 23.61 1852 741 | 5227 1165 2136  6.96 Collinear(OEA), Collinear(BED), D) 24

Phi-4-Multimodal[24] 48.19 1448 4324 1000 | 5278 10.88 39.81  9.03 | 44.98 1699 4563  10.68 il ot 45 et oo

Qwen2.5-Math-1.5B[39] 4895 2412 4743 2086 | 4560 20.14 4745 2199 | 51.29 2690 47.41  20.06 s/iemnslizion>

DS-R1-Distill-Qwen-1.5B[9] | 40.38 1657 38.48 11.71 | 3750 19.68 3819 16.20 | 42.39 1440 38.67  8.58 oA e e e s : + S Question: As shown in the

Qwen2.5-Math-72B[39] 70.67 3790 6790 37.62 | 69.44 36.31 65.05 3333 | 71.52 38.67 6790 40.61 common knowledge that both OA and OB are the diagram, FK=3%*x-1,
DeepSeek-Rl [9] 64.86 31.05 77.24 31.71 66.90 36.34 75.23 36.57 63.43 27.35 78.64 28.32 radii of circle O. From this, we can conclude that JK=6*y-2, KG=4*y+3
DeepSeek-V3[10] 70.29 3346 65.71 2638 | 71.30 35.66 63.19 28.01 | 69.58 30.32 6748 25.24 triangle BOA is isosceles since OA = OB. Further 62 KH=2*x+,3 FIHG is a’!:I.

analysis shows that triangle OAB is also isosceles,

GeoUni-l.SB(Ours) 75.43 59.81 7352 55.33 | 71.76 50.00 69.68 45.27 [77.99 66.67 76.21 62.30 leading us to deduce that all three sides of i ¢ Find the value of y.

triangle BOA are equal, making it equilateral. A:1 B:25 C:3 D:5
Based on the properties of an equilateral triangle, Reference Answer:

Table 5: Impact of GRPO and formalization on our model’s we know that ZBOA = 60°. Since ZBOA = ~OAB, <think> According to the problem statement, FJHG is a

performance on the Formalgeo7K Table 4: Impact of Different Training Loss on Geo-MAGVIT ‘;’;pﬁ:ﬂy Tfatargo’:ﬁe - neg?;' Sﬁ‘;‘;g:ﬂgdg ;3 ::z parallelogram. Based on the properties of parallelograms, the

same arc at the circumference is half of the angle diagonals bisect e.ach other, which meang K is the. midpoint
Accurac _ _ X : at the center. Therefqre, .we can derive that 2BDA of segment JG. Given the ]ength expressions, JK is
Model EN-C EN-OF CI%I_C CN-OE Topo Text | C-AA  C-PA  T-AA I-PA~ CI-PA~ GPMS ZQA%A\ELE/ cazl-c j‘;ﬁt&‘;tt’"g the known value of represented by 6xy - 2, and KG is represented by 4xy + 3.
GeoUni (w/o GRPO) 5381 3990 5552 3033 - 5.86 1.90 3.28 267 0.00 58.66 / Since K is the midpoint of JG, we can establish the equation:

£BDA = 30°. Thus, we have . . .
GeoUni (w/o Formalization) | 70.57  53.33  70.19  52.86 v - | 4324 2638 1878 8.00 448 7111 comiblEtad the entlre Bl / 6xy - 2 = 4xy + 3. By solving this equation, we find that the

of a Line Segment

Divides a line segment into

Definition of the Midpoint
two equal segments

GeoUni 75.43 59.81 73.52 55.33 v v | 83.10 55.05 75.98 55.71 3524 91.32 process. </think> value of y is 5/2. </think>
<answer>\boxed{30}</answer> <answer>\boxed {B } </answer>




