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1. Additional details of motivation

The similarity visualizations of instruction and image to-
kens in Figs.1(b) and 2(a) of the main paper are based on our
base model, BAGEL [1]. To better highlight high-similarity
regions, we retain the top 50% and generate masked im-
ages. We group layers into four sets (0-7, 8-15, 16-23, 24-
27) based on the layer function analysis from [6]. In Fig. 2,
we further show representative similarity and masked im-
ages for each group.

Observation 1 (Comparison between understanding and
generation experts) The understanding expert captures
more distinct semantic information from the image than the
generation expert, as its image-token hidden states exhibit
higher similarity to the instruction-token hidden states. It
attends more strongly to instruction-relevant regions, such
as candidate subjects.

Observation 2 (Comparison across layers of the under-
standing expert) Although similarity remains high at lay-
ers 16 and 24, region discrimination is strongest at layer 8,
which provides more distinctive semantic cues for genera-
tion guidance. We therefore choose layer 8 to provide the
semantic mask, and apply it to the later semantically dis-
criminative layers 9-15.

2. Additional details of training data
2.1. Synthesized data for data pool

As described in Sec.5.1 of the main paper, we synthesize
15K samples with 3-4 input images to fill gaps in the data
pool and improve the composition capability of Scone. Ex-
amples are shown in Figs. 4 and 5.

Prompt for distinction scoring

#it# Given

- A **subject description**.

- The **first image™* is the reference image.
- The **second image** is the target image.

#iHt Task

1. *Identify** the subject in the reference image based on the given description.
2. **Judge presence** in the target image:

- Focus strictly on **presence**, not on appearance similarity or instruction
compliance.

- Assign **1** if the subject is clearly identifiable in the target image.

- Assign **0** if the subject is not identifiable.

### IMPORTANT: Your response must be either 0 or 1.

Figure 1. Prompt for distinction scoring in SconeEval. It de-
termines whether the described reference subject appears in the
target image.

2.2. Data filtering for refined single-candidate data

As described in Sec.5.1 of the main paper, refined single-
candidate samples are filtered by scoring subject con-
sistency and instruction following with the VLM model
Qwen3-VL-30B-A3B-Instruct. Key prompt contents are
shown in Fig. 6(a), with emphasis on facial identity, text,
and quantity. Each sample is scored from O to 4, and only
those with a score of 4 are retained, as shown in Fig. 6(b).

2.3. Details of multi-candidate data

Single-subject data Multi-candidate single-subject data
are derived from single-candidate multi-subject data by re-
versing the reference and target images, so that the orig-
inal reference becomes the target and the original target
becomes the reference. This avoids the cost of generat-
ing new images. For instruction construction, Qwen3-30B-
A3B-Instruct-2507 [3] identifies subjects, provides distinc-
tive descriptions, and generates instructions based on the
prompt in Fig. 7(a). The final dataset contains 2 case types,
each with cross-category and intra-category candidate sub-
jects. Examples are shown in Fig. 7(b).

Multi-subject data Multi-subject data are constructed
from single-candidate multi-subject data by editing a sub-
set of the reference images. Specifically, we use GPT-
4o [2] to generate prompts for subjects from different cat-
egories, and then add at least one subject to the reference
images using Qwen-Image-Edit-2509 [4]. The instruction
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Figure 2. Representative similarity and masked images for each layer group. Similarity visualizations of instruction and image token
hidden states from understanding and generation experts are based on our base model, BAGEL [1]. Masked images retain the top 50% of

regions for clearer observation.

construction consists of two steps: (1) subject identifica-
tion and (2) subject replacement. Subject identification fol-
lows the procedure described in Sec.4.2 of the main pa-
per, with additional details provided in Sec. 3. Subject re-
placement uses Qwen3-30B-A3B-Instruct-2507 [3] and the
prompt in Fig. 8(a) to replace the original subject descrip-
tion with the distinct description obtained in Step 1. The fi-
nal dataset contains 5 case types, each including both cross-
category and intra-category candidate subjects in the refer-
ence images. Examples are shown in Fig. 8(b).

3. Two-step decoupling instruction construc-
tion in SconeEval

As described in Sec.4.2 of the main paper, we adopt a two-
step decoupling strategy that separates visual understand-
ing from instruction generation, improving instruction sta-
bility and quality. As shown in Fig. 9, direct instruction
construction often produces unusable results, such as in-
correct image indices, ambiguous target subjects, and un-
related subjects. Our strategy first uses the vision-language
model Qwen3-VL-30B-A3B-Instruct [3] to identify the tar-
get subject and generate a distinct description from the raw
single-candidate and edited multi-candidate reference im-
ages, with prompt in Fig. 10(a). It then uses the language
model Qwen3-30B-A3B-Instruct-2507 [3] to generate in-
structions solely from the subject descriptions, with prompt
in Fig. 10(b).

4. Limitation and future work

Our Scone still shares a common limitation with existing
methods: unrealistic interactions. As shown in Fig. 3, the
generated dog passes through the chair, violating physi-
cal laws. This issue appears in both our Scone and Om-
niGen2 [5]. Future work will also explore more efficient
mechanisms to reduce redundant image tokens for scalable
generation in complex scenarios.

Instruction
The small dog in the center of
Image 1 is sitting calmly on
the wooden armchair, its paws
resting on the dark gray fabric,
with a striped pillow beside it.

Scone (Ours) OmniGen2

Reference image

GPT-40

Figure 3. Limitation of our Scone.
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Reference image Instruction Target image

il

Combine these elements in a picture

Character Character Object

.. |

P 4 Place the researcher from Image 1, who is T ,ﬁ
'/,/ H\ f ?\\ with short hair under a hair net, wearing the (i
| Ji | h royal blue corduroy yoga pants from Image 2.
W 4

£

y Adorn the researcher with the large hoop
earrings from Image 3
-
Character Object Object
B I
) ? Position the Coach from photo 1 on the left,
and the Lead scientist from photo 2 on the
4 right. In the background, display the study
wall map bristling with thumbtacks and notes
from photo 3
Character Scene
Place the Slow Cooker from the first image in
X the foreground, with the Brooch from the
= second image elegantly placed near it. In the
background, depict the scene of the fog-laced
morning with a pagoda tower visible across a
riverbend, as shown in the third image
Object Object Scene

Figure 4. Examples of synthesized data with 3 input images. These cover 4 case types, including character-character/object interactions,
characters with multiple objects, characters in scenes, and objects placed in scenes.

Reference image Instruction Target image

& ‘ Place the Adventurer in
<|limage_1|>, the Judge in

Character Character <limage_2|>, the Friend
mediator in <|image_3|>, and
the Bride in <|limage_4|>

Character Character

e

Place the cutlery set from the
fourth image on a dining table.

ﬁ The man from the first image is

standing in the foreground.

Character Character Nearby, the rider from the
/!_@\ second image is standing. In
{ l the background, the man from
UL/ the third image is seated using

Character Object a computer.

security person in <|image_2|>,
in a T-shirt and shorts, with
cter Character  gark skin. Place the mint oven
b' with a non-stick interior from
m A <limage_3|> in the background.
L Include the white cat from
Object Object <|image_4|> sitting nearby.

Depict the traveler in
<limage_1|>, alongside the

e

Reference image Instruction

A judge with a side-part

9 < = hairstyle stands dignified, the
I court badge visible on their
robe. Nearby, a gold rice cooker

Character Object sits. In the scene, an elder
1 butterfly in the midst of molting

Yw7 g displays its pale, shedding
fz_ shell. A playful orange kitten

Object  Object frolics around.

B o
o

Object  Object
afr

V, ]

o

Object  Object

Combine these items in a
picture.

2

Character Character ~ Combine these elements ina
. picture.

Character Scene

Target image Reference image

Instruction Target image

The ambiance is softly lit by the
gentle glow of fairy lights
d strung above a convenience

truck. Nearby, a bystander
Character Character stands casually. A player with
curly hair and a windbreaker. A
S baby albino ferret with its
s 18 distinctive white fur and red
eyes peeks.

=

Object  Scene

9 Depict a teacher wearing a
o ‘ blouse and skirt (Image 1)
S standing beside a cat (Image 2).
Character Object Surround them with leaves that
are dark green and vegetative
;& (Image 3). In the background,
3 an ancient city gate is glowing
_ at sunset (Image 4).
Object  Scene

Image 1 on a wooden table next
to the Tennis Racket from
Object Object Image 2. Position the Terracotta
] Saucer from Image 3 nearby,
O [ [l with the Violin and bow from
= Image 4 resting on a windowsill
in the background.

. Place the Jade Carving from

Object Scene

Figure 5. Examples of synthesized data with 4 input images. These cover 9 case types, including combinations of characters, objects,
and scenes, as well as their interactions and mixed compositions.



Prompt for training data filtering

You are an Al expert evaluating how well the subjects in the target image match

the identities of those in the reference images, according to the given instruction.

#HHt Scoring Criteria

- 0: Completely inconsistent or subject missing.

- 1: Severely inconsistent; only minor similarities.

- 2: Some similarities but many mismatches (moderate).

- 3: Mostly consistent; only small differences (e.g., facial or text inconsistency).
- 4: Perfect match with all references.

### Deduction Rules

Deduct the score in any of the following cases:

- Characters: The facial identity is inconsistent or unclear; eyes, nose, mouth,
cheekbones, chin, wrinkles, makeup, hairstyle, hair color, or face/head structure
do not match. If the instruction does not specify changes, clothing or hairstyle
differs from the references. Body shape, skin tone, or other major physical traits
are inconsistent.

- Objects: The shape, pattern, or material is inconsistent with the references.

- Text: The text differs from the references in content or appearance.

- Quantities: The number of elements does not match (e.g., “three blue lights” vs
“one light”).

- Physical integrity: Any subject in the image shows unnatural deformities, such
as broken limbs, missing body parts, or distorted anatomy.

- Instruction consistency: The target image fails to follow the instruction
semantically. For example, misinterprets relationships, roles, or actions, adds or
omits key elements, or does not represent the intended meaning of the
instruction.

(a) Prompt for training data filtering

Instruction

Reference image

Target image

A man gripping a
gleaming sword in
one hand while the

other rests on a

console
tucked under his arm.

Score: 0
(completely inconsistent)

A young woman
stands confidently
with a skateboard
tucked under her

arm. Large
rest
around her neck.

skateboard

Score: 2
(moderate consistent)

Place the
from image_1
standing at a café
counter, talking with

the person from

image_2, who is
seated at a nearby

table.

Score: 4
(perfect match)
(b) Results of training data filtering

person

Figure 6. Data filtering for refined single-candidate data. (a) Prompt for filtering. Key prompt components are shown. (b) Filtering
results. Samples are scored from O to 4, and only those with a score of 4 are retained.

Prompt for instruction construction Reference image Instruction

Target image

#iHt Task

You are given two images:

- The **first image** is the reference image.

- The **second image** is the target image from a subject-
driven image generation task.

Your goal is to produce an instruction that can accurately
generate the **target image**.

*Step 1:** Identify which subject in the reference image
corresponds to the target subject in the target image.

The target subject is the **most prominent subject** in the
target image.

**Step 2:** Describe the corresponding subject in the
reference image with an **unambiguous, concise phrase**
that uniquely distinguishes it from others **within the
reference image**.

Use 1-3 cues if necessary:

- **Attribute:** age, color, clothing, hairstyle, facial feature,
expression, posture, or species

(e.g., “the woman with curly hair,” “the golden retriever dog”)
- **Position:** absolute or relative position within the image
(e.g., “on the far left,” “second from the right)

- **Size:** relative scale within the image

(e.g., “the tallest,” “the smallest”)

*Step 3:** Write a short, fluent **subject-driven generation
instruction** describing how the identified subject
**changes** from the reference image to match the target
image.

(a) Prompt for instruction construction

The woman with long
black hair is now facing
forward and looking
directly at the camera,
with a neutral expression

Character (cross,

ST

e T
Y - 2 Vi The woman in black
floral dress is now

standing against a white

background, with hands

in her pockets, looking

s directly at the camera
Character (intra)

-2 'Y _4 The man's wristwatch is
4 now a green malachite
stone bracelet with
brown leather and beads,
set against a plain white
background

The red fox figurine in
—~ | the front is now isolated
\‘_ on a plain white

background

Object (intra)
(b) Example demonstration

Figure 7. Multi-candidate single-subject data construction. (a) Prompt for instruction construction. The prompt instructs the vision-
language model to identify subjects, provide distinct descriptions, and generate instructions. (b) Example demonstration. It includes 2
case types, Character and Object, each with cross-category and intra-category candidate subjects in the reference images.



Prompt for subject replacement

You are an Al assistant skilled at revising subject-driven
image generation instructions.

##H# Task

Given an original instruction and a list of subject referring
descriptions (each corresponding to an input image
index) , replace the subject references in the instruction
with the provided referring descriptions. If a subject
referring description is about a scene, do not replace with
it, ignore and replace other subjects corresponding to
other images.

Clearly indicate which image each specified subject
comes from.

Keep all other parts of the instruction unchanged, and
ensure the revised instruction remains fluent and
coherent.

### Example 1

Input:

Subject referring descriptions: the woman in a pink suit
standing on the right side of the image; the person in the
denim jacket standing in the jungle

Instruction: "Position the person from image_1, dressed
in a stylish pink suit and holding a cane, standing
confidently on a stage. Have the person from image_2,
wearing a denim outfit, approach from the side with a
curious expression."

Output: "Position the woman in a pink suit standing on
the right side of image_1, dressed in a stylish pink suit
and holding a cane, standing confidently on a stage. Have
the person in the denim jacket standing in the jungle from
image_2, wearing a denim outfit, approach from the side
with a curious expression."

(a) Prompt for subject replacement

Instruction

Reference image

The woman in the red dress from image_1
is walking down a red carpet. Beside her,
the man with green hair and clown
makeup from image_2 is standing with a
playful grin, dressed in a vibrant suit. The
woman looks over her shoulder with a
smile. The man gestures towards the front.

Character

Position the woman in the white t-shirt

and blue jeans from image_1 seated on

iy the sofa set on the right from image_2.
The person’s left arm should be casually

draped over the armrest, and the right

hand can be resting on the lap.
Object

An undivided, seamless, and harmonious
picture with two objects in the snow, the
yellow boat on the far left with large
windows and the green collapsible bucket
are placed together.

[o—

Object (intra) Object

|

Position the woman in the white top in the
center of image_1 standing near a colorful
bookshelf in the scene from image_2, with
her left hand gently touching one of the
whimsical light fixture's crescent moon
tips.

\

Character (intra)

il

Place the container from image_1 on the
small table at the end of the hallway in
image_2. Ensure it is centered on the table
and catches the light streaming through
the blinds, creating a warm and inviting
- atmosphere.

Object (Cross)

(b) Example demonstration

Target image

Figure 8. Multi-candidate multi-subject data construction. (a) Prompts for subject replacement. The prompts guide the language
model to replace the original subject description with a new distinct description for the edited multi-candidate reference images. (b)
Example demonstration. It includes 5 case types: Character+Character, Character+Object, Object+Object, Character+Scene, and Ob-
ject+Scene, each with cross-category and intra-category candidate subjects in the reference images.
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Figure 9. Comparison of two instruction construction strategies. The two-step decoupling strategy separates image-to-text and text-
to-text generation, reducing cross-image interference and avoiding errors in the direct strategy, such as incorrect image indices, ambiguous
target subjects, and unrelated subjects.



Prompt for subject identification

You are an Al assistant skilled at identifying
based on a reference image.

in an image

##Ht Task

You are given two images.

- The first image (reference image) contains the target subject.

- The second image (image to identify) contains multiple subjects.

Your goal is to **identify and describe only the subject in the second
image** that corresponds to the reference.

Provide an ** ** that uniquely distinguishes
the target subject **within the second image**.

### Use cues such as:
- **attribute**: ...

- **position**: ...

- **size*: ...

##Ht Task

Given a scene image,

1. Provide a one-sentence summary of the , including
whether it's indoors or outdoors and the general setting (e.g., city street,
park, living room).

2. List the main and most noticeable
animals.

, such as furniture, people,

(a) Prompt for subject identification

Prompt for instruction generation

You are an Al assistant skilled in composing subject-driven image
generation instructions.

#iH# Task
Given (each corresponding to an
input image index), write a single, coherent instruction that

- If there is only one description, describe that subject in a new state or
scene.

- If there are multiple descriptions, describe how the subjects appear or
interact together naturally in a new scene.

You are an Al assistant skilled in composing subject-driven image
generation instructions.

##Ht Task

Given a list of descriptions (each corresponding to an input image index),
write a single, coherent instruction that places all subjects in the specified
scene.

- The former description(s) refer to subjects.

- , showing the background or
environment where the subjects should appear.

Construct a natural, realistic instruction describing

(e.g., the bird is standing on the table
from the scene).

(b) Prompt for instruction generation

Figure 10. Prompts for instruction construction in SconeEval. (a) Prompt for subject identification. For Character or Object images,
provide a concise subject description; for Scene images, describe the setting and key objects. (b) Prompt for instruction generation.
Generate instructions from the subject descriptions, emphasizing subject-subject and subject-scene interactions.
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