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Understanding Language Response: X, Image Generation Generated Image: X,
Text De-Tokenizer J S Image Decoder J
Auto-Regressive Transformer J
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Figure 2 | Architecture of our Janus. Different from previous approaches [77, 85] that typically
assume visual understanding and generation require the same visual encoder, our Janus de-
couples visual encoding for visual understanding and visual generation. “Und. Encoder” and
“Gen. Encoder” are abbreviations for “Understanding Encoder” and “Generation Encoder”,

respectively. Best viewed in color.
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Figure 6: Overview of the Qwen-Image architecture. It adopts a standard double-stream MMDIT
architecture. The input representations are provided by a frozen Qwen2.5-VL and a VAE encoder. The
model employs RMSNorm (Zhang &Sennrich, 2019) for QK-Norm, while all other normalization layers
use LayerNorm. Additionally, we design a new positional encoding scheme, MSRoPE (Multimodal
Scalable RoPE), to jointly encode positional information for both image and text modalities.
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(a) Previous Straightforward Benchmark (b) Our World Knowledge Evaluation

Figure 1: Comparison of previous straightforward benchmarks and our proposed WISE. (a) Previous
benchmarks typically use simple prompts, such as "A photo of two bananas" in GenEval [9], which
only require shallow text-image alignment. (b) WISE, in contrast, uses prompts that demand world
knowledge and reasoning, such as "Einstein’s favorite musical instrument," to evaluate a model’s
ability to generate images based on deeper understanding.



lustrative samples of WISE

Cultural

Festival

Traditional food of the Mid-
Autumn Festival,

Most representative sport of South
Africa.

Religion

A geometric symbol often associated
with Jewish identity and heritage.

Craft

The craft that embodies Swiss precision
and artistry.

Construction

\

on Sydney's harbor.

A sail-like structure, an architectural icon

Commen

o
Sense /

\

Plant

A famous flower that symbolizes
wealth in China.

Animal

A large animal, a symbol of
national pride in Thailand

A triangular stringed instrument, often
used in Russian folk music.

Celebrity

The iconic hat of the protagonist
of One Picce in Japan,

Life

The common tool used for eating
steak in Western culture.




ustrative samples of WISE

Horizontal time

/

S

Spatio-

lemporal

Reasoning

[ = SOREEN
The Pyramids of Giza at 8 PM
Tokyo time

-

Longitudinal time

The signature instrument of the rock and
roll ers in the 1950s

Geographical location Relative position

Different view

£

¥

A view of a dense forest from within
the canopy, looking up

A bird and a dog, with the smaller unimal
on top and the farger below

A typical beverage produced in the country
where Bordeaux is located

/

State

A maple tree with leaves exhibiting
chlorophyll breakdown

Physical Properties

The bulb connected to the battery
through copper wires

Behavior

Moming rooster, emphasizing its
behavior

Combustion

The lithium is burning,
highlighting the color,

Mechanics Optics

Thermodynamics

f—

|

A balloon filled with helium ina
room,

A pond at nunus ten degrees
Celsius

A laser beam passing through a
dusty room

Metal Corrosion Chemical Properties

Solution Chemical Reaction

Sulfurie acid stained the T-shint

An iron block that is rusted. A clear solution of copper sulfate



Result

Model
GPT4o
Qwen-Image
BAGEL
UniWorld-V1
MetaQuery-XL
Liquid
Emu3
Harmon-1.5B
Janus-1.3B
JanusFiow-1.3B
Janus-Pro-1B
Janus-Pro-7B
Orthus-7B-base
Orthus-7B-instruct
show-o
show-0-512

vila-u-7b-256

Cultural
0.81
0.67
D44
0.53
0.56
038
0.34
0.38
0.16
0.13
0.20
030
0.07
0.23
0.28
0.28

0.26

Time
0.71
0.67
0.55
0.55
0.55
042
045
048
0.26
0.26
0.28
0.37
0.10
0.31
0.36
0.40

033

Unify MLLM

Space

0.89
0.80
0.68
0.73
0.62
0.53
0.48
0.52
0.35
0.28
0.45
0.49
0.12
0.38
0.40
0.48

037

Biology
0.83
0.62
0.44
0.45
0.49
0.36
0.41
0.37
0.28
0.20
0.24
0.36
0.15
0.28
0.23
0.30

0.35

Physics
0.79
0.79
0.60
0.59
0.63
047
045
0.44
0.30
0.19
0.32
042
0.15
0.31
033
0.46

0.39

Chemistry
0.74
0.41
039
0.41
0.41
0.30
0.27
0.29
0.14
0.1
0.16
0.26
0.10
0.20
0.22
0.30

0.23

Overall
0.80
0.67
0.52
0.55
0.55
0.41
0.39
0.41
0.23
0.18
0.26
0.35
0.10
0.27
0.30
0.35

0.31
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UnifyfUIBR%F al LA e SE piS?

R Et SRR

L AAREZOBINET, E— I RIETERANET, REMETHIRRAFE—S1ESER (Unified Multimodal Model) &9
"R "se W 2RI R E U mH k1155, AEIX—BiR, FIVEEE IR "8 IREEitb o iR
J**HNR (Knowledge) 5 #EHE (Reasoning) **WNMEE. XIS EREXEEN, EACRTERIIEBRIZ
DESARITNEE: WEIMERANCIZSIRE (F1R) , URNEFRMARNSONESEE (E8) . B,
BN RBENERNHTEGARENITE ST, BREIREERERESIEAMEIRER, REEBRTIRN
EZ RIS,

SREIRIETE

AT WE B R HREIEEFERFER EUESHR" (Data Contamination) FI'##{2¥3" (Shortcut

KEERFER"X—HIR, KB ER—KFKTRELNEFER"NES. Am, RERITERARRAER)I%

g, “PHENEMER XBYACESEHE R EERN, NIBIEIZeRTES, XHFEIREESR
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o, XBEERMURIE (LIVIBR SHEIEEC SRR LI, TIERRAREIAMET, MR TR

BRETEOIMTAETE BUARKYS. 00



v BN : SFERSFTSIRG]

L EHEERERNHEEE, BRIIBRETHFEESHTSME]. 1ERXFR IS EEEREOHEIERE HRVIERIRE,
HIBET: 85, iIZTFTEFRCAEE, st530lBEgUREENG, FX, EMErLIERRE. RRERS %R
(PIANIEINEELEEIRETRE) . FEEENE, BIEFREEHRREEN, ZRTHERE. EFRHNFSE
e, NIMMSEEZRZEEIER N ST HFINRREF R, BEEHMREAEASY (compositionality) SRE&#HZ

{t. (systematic generalization) tRIZFEI, HEAEHEIEGEHRNIAR,



HF: BRERLIAIEE
LERER: MAEFRBBRSEF—X (RitE—X, LiiRS4, 2+2F) 58

{"Question": "Provide the same number of erasers as calculated by 3 - 2.", "Answer": "1
erasers"”

2.2XEAiEHE, 2+RS4F (XERzE I NAMARNSFRENESHEEEEE

TRLZHERRES. )

3.ZXEGITE, W AN2ESHERFIRS, REEER (XREE I NR=MARRIHFE
(FREREHT=SHIERNES. )



iRG): ERITRANME, BER—EZEREAIMEENprompt, —4 'prompt_A —4
Prompt_B

Prompt_A: "Rule 1: The number 1 represents apples. Rule 2: The nhumber 2
represents pears. Please generate the fruit represented by the number 2."

Prompt_B: "Rule 1: The nhumber 1 represents apples. Rule 2: The nhumber 2
represents pears. Please generate the fruit represented by the number 1."

2.2 Firgt (2, EEH_HRSIAREREENSR)

Prompt_A: "Rule 1: The number 1 represents cats. Rule 2: The number 2
represents dogs. Rule 3: The letter 'A’ represents the number 1. Rule 4: The
letter 'B' represents the number 2. Please generate the animal represented by
the letter 'A'."

Prompt_B: "Rule 1: The nhumber 1 represents cats. Rule 2: The number 2
represents dogs. Rule 3: The letter 'A’' represents the number 1. Rule 4: The
letter 'B' represents the number 2. Please generate the animal represented by
the letter 'B'."



3.3 THE “BAG-OF-WORDS” BOTTLENECK IN UNIFIED MODELS

Table 1: Comparison of model performance on the Math and Mapping tasks. Mathl-3 and
Mapping1-3 represent three increasing levels of difficulty for mathematical reasoning and sym-
bolic mapping, respectively. Bold values indicate the best performance in each column. This table
will be beautified later

Model Mathl Math2 Math3 Mappingl Mapping2 Mapping3 Average
Janus-Pro-7B 0.04 0.03 0.03 0.00 0.00 0.00 0.0167
UniWorld-V1 0.11 0.06 0.02 0.00 0.00 0.00 0.0317
OmniGen2 0.08 0.07 0.08 0.00 0.00 0.00 (0.0383
Qwen-Image 0.13 0.07 0.10 0.00 0.00 0.00 0.0500
BAGEL 0.07 0.06 0.04 0.00 0.00 0.00 0.0283
BAGEL + CoT  0.60 0.44 0.23 0.74 0.60 0.45 0.5100
gpt-image- | 0.66 0.36 0.19 0.75 0.53 0.36 0.4750

nano-banana 0.66 0.64 0.42 0.44 0.44 0.50 0.5167




Our methodology is motivated on two key observations:

e CoT as a “Teacher”: As demonstrated in the preceding section,, CoT effectively guides
the unified model (Uc,7) to execute correct logical reasoning, yielding high-quality
reasoning-generation pairs. This process serves as a reliable source of “teacher” signals
for supervised fine-tuning.

* Inherent Self-Verification Capability: The unified model’s powerful visual understand-
ing endows it with an inherent capability to evaluate its own generative output. This allows
the model to accurately assess the semantic consistency between a generated image and a
textual instruction. In other words, the understanding module (Uy/.,-) can serve as its own
“verifier” to determine if its output faithfully adheres to the prompt.
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Table 2: Performance of BAGEL trained with STARS on mathematical operations datasets of vary-
ing difficulties. Math1-3 represent three increasing levels of difficulty for mathematical operations.
Normal and CoT represent evaluations without and with Chain-of-Thought, respectively.

Model Normal CoT Average
Mathl Math2 Math3 Mathl Math2 Math3
BAGEL 0.07 0.06 0.04 0.60 0.44 0.23 0.24

BAGEL + STARS on Mathl 0.29 0.27 0.16 0.60 0.42 0.27 0.34 (+0.1)
BAGEL + STARS on Math2 0.17 0.26 0.12 0.57 0.41 0.25 0.30 (+0.06)
BAGEL + STARS on Math3 0.26 0.26 0.16 0.55 0.43 0.29 0.33 (+0.09)




Table 3: Performance of BAGEL trained with STARS on symbolic mapping datasets of varying
difficulties. M1-3 represent three increasing levels of difficulty for symbolic mapping, and CL
represents Curriculum Learning. Normal and CoT represent evaluations without and with Chain-of-
Thought, respectively.

Model Norni Col Average
MI M2 M3 M1 M2 M3
BAGEL 0 0 0 0.75 057 046 0.30
BAGEL + STARS on M1 0.69 0.10 0.10 066 039 038 039 +0.09)

Round 1  0.04 005 0.04 070 0.18 0.13 0.19 coan
BAGEL + STARS on M2 Round2 0.02 0.09 005 039 0.18 0.09 0.14¢0.16)
Round3 0.04 0.00 0.00 063 0.00 0.00 0.11 019

Round 1 0O.11 006 0.01 072 023 028 0.24 (-0.06)
BAGEL + STARS on M3 Round2 0.01 005 0.02 063 025 0.17 0.19coan
Round3 0.02 0.05 002 059 023 0.16 0.180.12)

Round 1  0.69 0.10 0.10 066 039 038 0.39 +0.09
BAGEL + STARS withCL  Round2 0.61 047 022 068 062 040 0.50+02)
Round3 0.64 046 027 075 0.65 050 0.55 +0.25)




Table 5: Profiles of Ten Fictional Characters for Large Language Model Knowledge Injection.

Name Gender Age Hair Color Skin Color Favorite Fruit Favorite Flower
Lysendria Female old black African/Indigenous apples carnation
Kaelorix ~ Male kid blond Caucasian strawberries sunflower
Jovianne  Female  middle-aged brown East Asian oranges lily
Zefyria old Male white Caucasian bananas rose
Aurelius  Female kid black African/Indigenous grapes tulip
Nyxella Male middle-aged black African/Indigenous peaches daisy
Valerian Female  middle-aged brown African/Indigenous watermelon orchid
Thalassia  Male kid brown East Asian apples rose
Orionax Female  middle-aged black Caucasian oranges carnation
Evandriel Male kid red Caucasian bananas sunflower




IERHEE:

Question: ZEp—iKFFE AYIAAARHERI B RRR
Question: “4FKAAARZRIKER

Question: £ELAAARERITESR:

REEE:
I54ERA BRREAVKREZRAVAMIAY
154 RKA BRRENEAEAIBEAVAIMIAYD

o

Task Uniworld-V1 OmniGen2 Qwenlmage JanusPro Bagel I

Forward Retrieval 0 0 0 0 0
Inverse Search 0 0 0 0 0




