HiCoGen: Hierarchical Compositional Text-to-Image Generation
in Diffusion Models via Reinforcement Learning
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HiCoPrompt

Amidst the serene backdrop of a glacier, a
gentleman wearing a tailored charcoal gray
overcoat with a sleek silhouette and
structured shoulders holds a pair of snug
leather gloves dyed a rich burgundy, featuring
subtle stitching details for an elegant finish.
On his head sits a stylish black fedora
adorned with a wide grosgrain ribbon band,
adding a touch of vintage charm to his
sophisticated ensemble. Nearby, a young girl
dons vibrant blue surf shorts decorated with
colorful tropical patterns, complemented by
stylish rubber flip flops in sunny yellow that
feature a cushioned sole and comfortable
straps, while she holds a playful beach towel
printed with bright ocean waves and
surfboards, made from soft, absorbent
material ideal for sunbathing. At their side, a
golden refriever wearing a vibrant graphic fee
featuring a playful cartoon dog with oversized
glasses and bright colors exudes a fun and
youthful vibe, complete with a playful beaded
necklace crafted from various multicolored
beads, adding a sense of whimsy and charm,
while in its mouth the dog holds an assortment
of colorful candy pieces, including glistening
gummy bears, lollipops, and chocolate bars, all
showcasing sugary sweetness.
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Figure 1. The intermediate results of the Chain of Synthesis.
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Subject Parse

SubPrompt-1
A gentleman wearing a tailored charcoal gray
overcoat with a sleek silhouette and structured
shoulders holds a pair of snug leather gloves dyed
arich burgundy, which feature subtle stitching ®——
details for an elegant finish. On his head sits a
stylish black fedora adorned with a wide
grosgrain ribbon band, adding a touch of vintage
charm to his sophisticated ensemble

SubPrompt-2
A young girl is wearing vibrant blue surf shorts
decorated with colorful tropical patterns,
complemented by stylish rubber flip flops in
sunny yellow that feature a cushioned sole and
comfortable straps, while she holds a playful
beach towel printed with bright ocean waves and
surfboards, made from soft, absorbent material
ideal for sunbathing

SubPrompt-3
A golden retriever wearing a vibrant graphic tee
featuring a playful cartoon dog with oversized
glasses and bright colors exudes a fun and
youthful vibe. Around its neck is a playful beaded
necklace crafted from various multicolored beads,—
designed in an alternating pattern that adds a
sense of whimsy and charm. In its mouth, the dog
holds an assortment of colorful candy pieces,
including glistening gummy bears, lollipops, and
chocolate bars, all showcasing sugary sweetness
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SubPrompt-1
SubPrompt-2
SubPrompt-3

Subject: Golden refriever

avibrant graphic tee featuring a
playful cartoon dog with
oversized glasses and bright
colors, exuding a fun and youthful
vibe

Attributel:

an assortment of colorful candy
pieces, including gummy bears,
lollipops, and chocolate bars, all
glistening with sugary sweetness

Attribute Parse .
Attribute2:

a playful beaded necklace crafted
from various multicolored beads,
designed in an alternating pattern
that adds a sense of whimsy and
charm

Attribute3:

Figure 2. The intermediate prompt of the Chain of Synthesis (zoom in for details).

1. Implementation details of de-noise steps is set to 16 when sampling. The 7). and
Nmin are set to 1.0 and 0. The output image size is set to
512 x 512, with the reference image size being 320 x 320.

The total training step is set to 300 with a batch size of 12.

The weights of the reward are set to weip = 0.7, Whps =
1.4, wgino = 0.7, wym = 0.7. The size of the trainset and
testset is set to 12,000 and 3,000, respectively. The number
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In a harrow city street, a beautiful woman with long hair, wearing
a bright blue graphic tee featuring a vibrant, cartoon-style
panda graphic with oversized, playful eyes and a wide smile. She
also wears a glasses, holding a sturdy wooden board sign with
'HiCoGen' shaped from glossy candy letters, each stroke
resembling smooth, colorful jelly with translucent layers. The
candy surface catches light like a sugar glaze, giving the text a
sweet, vibrant shine while staying crisp and clear. Nearly, a
handsome man wearing a vibrant, horizontally striped shirt
featuring a mix of bold colors like turquoise, red, and yellow,
tailored in a relaxed fit with short sleeves, with a wide-brimmed
sun hat crafted from breathable straw with a decorative band,
offering stylish sun protection and ventilation. He holds a
vibrant bouquet of deep red and sof*t pink roses, elegantly
wrapped in delicate greenery and adorned with silky ribbons
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Ina snowy forest, a tall and stylish woman wearing a stylish
black trench coat made of sleek, water-resistant fabric with a
double-breasted front and a cinched waist, featuring a
sophisticated collar. She also wears a fluffy cream-colored
earmuffs with a soft, cozy fabric and a braided headband for a
snug fit, and holds a shiny black leather briefcase with a
sturdy handle and sleek design, emphasizing professionalism in
its polished appearance in her hand. Nearly, a young girl wearing
a vibrant quilted jacket in shades of teal and orange,
featuring a unique geometric pattern and plush, luxurious fabric,
and a cozy knit scarf in shades of deep burgundy and mustard
yellow, intricately woven with a herringbone design, draping
elegantly. She holds a vintage

, chrome accents, and a large manual lens, capturing the
essence of nostalgia in photography.

Chain of Synthesis

Figure 3. More visual results of the HiCoGen

2. Chain of Synthesis

Fig. 1 shows the case of how the HiCoGen performs Chain
of Synthesis. The first row showcases the CoS of three sub-
jects in HiCoGen. It first generates two subjects in one in-
termediate output, and then includes the third subject in the
final output. Besides, we also present the scaling results of
four subjects in the second row. The third row shows the
result of the HiCoGen on how to generate subjects with hi-
erarchical relationships. For example, it generates clothing
and items of the subject, and then generates the final image.
Fig. 2 indicates the whole workflow of the parse and rewrite
LLM. For a long and complex HiCoPrompt, it is first parsed

according to subjects (e.g., gentleman, young girl, and
golden retriver). Then, the sub-prompt is continued to be
parsed if it contains multiple attributes that can be gener-
ated. Thus, we replace the long and complex prompt with a
structured prompt composed of several semantic units.

3. More Visual Results

Fig. 3 presents additional visual results produced by HiCo-
Gen, as well as the results from other methods. We
also illustrate the CoS process involved in the generation.
Through CoS, HiCoGen generates all the concepts from the
HiCoPrompt.



Subject Generation Attribute Rewrite

Role:
Please be very creative and generate 20 groups of components for the
given character.

Follow these rules:

1. You will be given a <character>, you need to create its wearing, hold-
ing, and accessory items.

2. These items must exist in the real world (no fantasy or fictional materi-
als).

3. Do not repeat the same words between outputs; use your imagination
and common sense of real life.

4. Each item must contain **no more than two words**.

5. Output multiple unique sets if possible.

6. Given a final complete and brief prompt for text-to-image generation

Output format:

[character]: <character name >
[clothingl]: <real-world clothing>
[holding1]: <real-world object>
[accessoryl]: <real-world accessory>

Example:

[character]: dog

[clothingl]: superman’s costume

[holding1]: sign

[accessoryl]: goggles

[brief_prompt1]: a dog wearing a superman’s costume with a goggles,
holding a sign

[clothing2]: space suit

[holding2]: book

[accessory2]: glasses

[brief_prompt2]: a dog wearing a space suit with glasses, holding a book

(Up to [asset20])

[character]: character

Role:
Please be very creative and generate a detailed prompt for text-to-image
generation.

Follow these rules:

1. You will be given 3 {assets}, you need to create an asset (detailed sub-
ject prompt) based on the {assets}.

2. These descriptions can refer only to appearance descriptions/or to cer-
tain brands. e.g., “Elon Musk in pajamas”, “a tiger in a black hat”, “A
Mercedes sports car”, “A blonde”, “A rotten wooden door”, “a book with
cover written ‘Magic™’

3. Do not repeat the same words between outputs; use your imagination
and common sense of real life.

4. Describe this asset in one sentence. No more than 40 words

5. Focus on the asset itself, and must contain the asset in each output.

6. Do not describe its background and environment.

7. You may rewrite it based on its contextual meaning within the original
prompt.

8. Do not include any users, wearers, or owners. Describe only the object
itself.

Example:

[input_assetl]: book

[input_asset2]: lab coat

[input-asset3]: necklace

[original_prompt]: a beautiful woman wearing a lab coat with a necklace
and holding a book.

[output_asset1]: an open ancient magic book with a thick dark brown
tanned leather cover, adorned with hand-embossed golden runes and in-
tricate patterns

[output_asset2]: a crisp white lab coat with embroidered name and pen-
stained pocket

[output_asset3]: a whimsical necklace with animal-shaped pendants

Now, please generate the detailed prompt for the following assets:
[input_assetl]: {subjectl}

[input_asset2]: {subject2}

[input_asset3]: {subject3}

[original_prompt]: {ori_prompt}

Role:
cally coherent prompt.

Follow these rules:

. Do not delete or rewrite any key information from the subprompts.
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. Do not describe its background and environment.

[input_assetl]: {subjectl}
[input_asset2]: {subject2}
[input_asset3]: {subject3}
[original_prompt]: {ori_prompt}

Prompt Reframing

You are a professional prompt structure optimization and synthesis expert, skilled at merging multiple prompt segments into a single, well-structured and logi-

Generate a unified prompt based on the provided ori-prompt (original prompt) and subprompts (refined sub-prompts). Please strictly follow these rules:
. Preserve the internal structure, hierarchy, and semantics of each subprompt.
. You may adjust sentence structures or logical order slightly during merging to ensure overall fluency and coherence.

. You may adapt the language style according to the tone or purpose of the ori_prompt (e.g., analysis, creation, reasoning, Q&A, etc.).
. The final output should clearly reflect the role and integrated content of each subpart.
. Output one complete prompt paragraph — no explanations or additional commentary are needed.

4. Prompt

4.1. Dataset Creation Prompt

In this section, we demonstrate the prompt used to construct
the dataset. First, a subject is randomly selected from a pre-
defined character pool. Then, this subject will be assigned

up to three attributes. After that, these attributes are rewrit-
ten into a more detailed version. Finally, these prompts are

reframed into the final prompts by LLMs.




Subject Reward

Role
You are an expert Al assistant specializing in the objective evaluation of the consistency of subjects in two images. Assign a specific integer score to subject.
More and larger differences result in a lower score.

Important Notes

- Provide quantitative differences in reason whenever possible.

- Ignore differences in the subject’s background, environment, position, size, etc.

- Ignore differences in the subject’s actions, poses, expressions, viewpoints, additional accessories, etc.
- Ignore the extra accessory of the subject in the second image, such as hat, glasses, etc.

You must adhere to the output format strictly.

The score ranges from 0 to 4:

- 0: No resemblance. The {subject} in Image2 does NOT appear in Imagel at all. No matching identifiable features.

- 1: Minimal resemblance. The {subject} in Image2 appears only minimally in the {subject} in Imagel. Only trivial or coincidental similarities.

- 2: Moderate resemblance. The {subject} in Image2 partially matches the {subject} in Imagel. Some major features match, but key identity traits differ.
- 3: Strong resemblance. The {subject} in Image2 is very similar to the {subject} in Imagel. Most identity traits align, with minor differences.

- 4: Near-identical. The {subject} in Image2 is identical to the {subject} in Imagel. Nearly identical; same character.

Output only the brief reason and score. DO NOT OUTPUT any other text.

Imagel: [brief description of Imagel]
Image2: [brief description of Image2]
Reason: [Brief Reason]

Output: [Score]

Relation Reward

Role:
You are a visual consistency evaluator. You will compare Image2 and Imagel.

Your task is to check two things:

1) Content Preservation:

Are the key visual elements from Image2 present in Imagel? Ignore differences in the subject’s background, environment, position, size, etc.
Examples of key visual elements:

- For a character: clothing type, accessories.

- For clothing: color, pattern, shape, length, structure.

- For a held object: object type, shape

2) Correct Assignment:

The elements of the character from Image2 must appear on the same character in Imagel.

They must not be assigned to another character or misplaced.

Then classify overall similarity using the scale below:

0 - Completely mismatched: Key elements are missing or assigned to the wrong subject. No meaningful match.

1 - Minimal similarity: Only small or generic resemblance. Most defining elements are missing or incorrectly reassigned.
2 - Partial similarity: Some important features match, but major elements are missing, altered, or incorrectly assigned.

3 - High similarity: Most key features are present and assigned correctly, with only minor inaccuracies.

4 - Fully consistent: All key features are preserved and assigned correctly. No confusion or mixing.

Output only the following format:

Imagel: [brief description of Imagel]

Image2: [brief description of Image2]

Reason: [brief explanation of match or mismatch]
Output: [0-4]

4.2. Reward Prompt



Accuracy of Existing Accuracy of Attribute

Check whether a specific object appears in the image.

Instruction:

Analyze the provided image carefully. Determine whether the specified
item is present or visible in the image.

Object: {user_prompt }

Output format:
Answer “Yes” if the object is clearly present.

Answer “No” if the object is not visible. Do not assume or infer its pres-
ence based on context.

If uncertain, answer “Unclear” and briefly explain why.

Output only the brief description, reason and answer. DO NOT OUTPUT
other text.

Description: [Brief Description of the Image]
Reason: [Brief Reason]
Output: [Yes / No / Unclear]

Check whether the object in the image matches the attributes described in
the given text.

Instruction:

Analyze the image carefully. Determine whether the object matches the
specific details (such as color, shape, material, pattern, size, part struc-
ture, or other explicit attributes) described in the text. Object description:
“{user_prompt }”

Output format:

Answer “Yes” if the object is clearly present and its visible attributes
match the given text.

Answer “No” if the object is present but clearly does not match the de-
scribed details, or the described object is not visible at all.

If uncertain, answer “Unclear” and briefly explain why.
Description: [Brief Description of the Image]

Reason: [Brief Reason]
Output: [Yes / No / Unclear]

Accuracy of Attribute

Check whether the specified object in the image interacts with the main subject in a correct and reasonable way according to the following rules.

Rules:

The object mentioned in the prompt must interact with the main subject in a reasonable, physically consistent way (no floating, no paste-on appearance).
The object must not appear in the hands or possession of another subject.

The object’s size and proportion relative to the main subject must be correct and not distorted.

Instruction:
Analyze the provided image carefully and judge whether the described object satisfies all the above rules.
Object: “{user_prompt}”

Output format:
Output “Yes” if the object is visible and satisfies all three rules.
Output “No” if any rule is violated or the object is not visible.

Description: [Brief Description of the Image]
Reason: [Brief Reason]
Output: [Yes / No / Unclear]

4.3. Evaluation Prompt
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