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Introduction Non-Markov Dataset Construction
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Conversational image generation is non-Markovian: many user requests Rollback-Style Non-Markov Multi-Round Editing ~ Name-Based Non-Markov Multi-Round Personalization Image token | DIT(Ors) gy SPXL SDXL 1 Condition
. . . . . T2: remove the flying T3: add a paragliding T4: replace the city T5: change the style of x 1 1 Visual Encoder " Learnable query : 1FT on Person Stagelv Stag__?z' . of Stagez
depend on Vlsual States or blndlngs 1ntr0duced Several turns earher. s 2 machine in the bottom right in the top left with a river the image to poly art 3 : I (from Qwen-VL ) Textlmage interleaved 0k - » iy~
2 = =R 1 ext-Image interleaved token - ) “—m :
° ° ° . g g Y Wﬂ | I :
Existing benchmarks and models exploit a Markov shortcut, leading to = E o Last Frame SR | | <o [NST] Generateaperson .. celebration <img> | v+ | <fimg> <> [have . image <img>[Jf - [ <fimg> <>
. . . . ... . . . g 3 > —" l
_ 2 = e ! Visual Encoder 1
systematic failures in multi-round editing and 1dentity consistency [1, 2]. 2 | [ iual Bncoder J:
We address this with non-Markov datasets and a history-conditioned FEP T = . .. . | ! Multi-Model LLM
to f k gb b ,ié-‘ T3: add a paragliding in the top left ; (SEED-X Pretrained LLaMA)
genera lve ramewor 2 %‘) § T4: replace the city with a river W :
. . - 7= T5: change the style of the image to poly art . isual Decoder :
* Non-Markov multi-round data: * token-level caching 253 [ (SOXUDIT) J | etk
________________ }51};1;;;;&1;}1_1;_"_"_,T;n;;;_;_r;r;;;i;_;_""""_""""""_"""""""""' The image shows an elderly woman <ID1> in a : ~ Hexitoken predioon . — : -
o Rollback-style editing dataset * high-fidelity detokenization M“ priing e wheelchair being assisted by a young nurse { UNST) Genersteaperson .. celbraton <ing>[ff] -~ [l <iog> <> [have ... image <imgrfl -+ M <ing> <o
<ID2>. The older woman on the right has gray hair I
. . . . o« . Capti di i light bei , looki :
o Name-based personalization dataset < staged personalization training == fhe lef at the young woman next to her wih & : Visual Decoder
calm expression. The woman on the left has dark : (SDXL/DIT)

hair, is wearing a blue medical uniform. She is

; _ . . i
T2: remove the flying T3:addaparagliditeg T4 rollback 2 stons and holding the older woman's hands, offering support

machine in the bottom right in the top left replace the city with a river L and reassurance. _| SEED-X [1] Framework
________ . S S I S A S i —_

Non-Markov Multi-round Image Generation
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Step2: Modify prompt and rearrange samples

: . . . — e [t treats 1mages as a visual language via a tokenizer [3] —
We represent a conversation up to turn t as an interleaved history i Prompt: The image shows . : S . stds [3] ) . '
_ Guasi in o wheelchair being ¥ detokenizer [4] interface. 10.72dB
Ht — {(Tl’ Il)’ (Tz, 12), e (Tt, It)} : ; i § E -_ St the right l}'llas gray'hair and is ’ ' L. N . . . St 1 St 2 St 3
. : . . . . Thtemovethe fying - 13:addaparagidng Ta;eplace e ity T':gor from serschand change  Wearing a light beige sweater, T2 ey , , sl * However, vanilla framework suffers from reconstruction drift and Condition face Baseline  + Prompt age age >tage

where T; 1s the user instruction at round i and /; is the model-generated image at g Wbafivr e syloof the mage opolyart  looking up to the left at Naomi S , ) , copy input face2image paired data

. . . . s next to her with a calm . Prompt: Generate £ J Prompt: Render o ¥ 1dent1ty de gradatl()n. , "~ s
that round. Given H; and a new instruction T;, 1, model generates next image: expression. The womm on the | aclossup/photo Aimi] 2 close view of i 8

left has dark hair, is wearing a | of Naomi Gracie

blue medical uniform. She is | ' Token-Level Caching Ht = {(Tl, il)' (Tz, iz), ey (Tt, it)} not (D(It)

holding Gracie's hands, offering
support and reassurance.

token-level: pg (I3 |T3, Hy) =~ pg(I3|Ts, Tl(e),ll(e))

It41~po (I [Tes1, He)
Many existing multi-turn editing benchmarks [1, 2] are effectively Markov
poU |Ter1, He) = po (I |Tp41, I)

At round t, the model produces image tokens I, (before detokenization)

We cache I, and reuse it as the history representation for later rounds

ﬂjv‘r\\‘ .

Multi-Stage Instruction Fine-Tuning

20 .Change the color of . Remove the steak and add Convert the image to resemble a ) ) ‘ ﬂ@?‘ e
o £ the plate to blue a grilled salmon fillet 19th-century still life painting Non-Markov Multi-Round Experimental Results W = Bel
= - - ulti-Stage Instruction
: b ) . .. . ..
= 2 = (Left: Multi-turn editing results) Finetuned on our dataset, MLLM supports both Markov and non-Markov editing Fine.T g
= S p— _ .
=l . . . . . <tinct indivi identity bindi ine-Tuning:
g = > | (Ml ddle: Multi-turn pers onalization results, ours vs bas ehne) S Ours: Correc'tly generates two dlStlnC'F individuals and preserves name 1dent1.ty b.1nd1n.gs across rpunds.
> g = SEED-X: Fails at two-person generation and defaults to text-to-image behavior, ignoring prior visual context. e Stacel: WhO i t iS
S - . . . . . :
2 = = : (Right: Further explorations on full-body multi-turn personalization.) &
"5 %‘3 - T2: Change the horse to a white horse; Full-body personalization: Fine-tuning enables multi-round full-body generation, though face fidelity is lower than in close-up portraits ° Stagez: W here 1t is
2 @ . T3: Convert the image into a watercolor painting This is due to noisier, diffusion-synthesized supervision and a smaller dataset.
LE Po(I2|1, T1) Po(3|I, T2) Po(l4|l5,Ts) S Non-Markov: T3’: Step back 2 times, Convert the image into a watercolor Non-Markov evidence: When early rounds leave attributes implicit (e.g., age), the model infers a plausible identity and consistently preserves it across later rounds—even with identical text prompts. . Stage3 .
Ch the color of R the steak and add Backtrack 1 times, Convert & pamnting_———— " 121 Besult Tl Reel Ui Mays TRt Olivia ' T2I Result Personalization Resul T2I Result Personalization Result . . .
. ange the color o . cmove the steak and a the image to resemble a 19th- = W o, i el Who it remains Arcf: 0.114 0.597 0327 02 93 '
o the plate to blue a grilled salmon fillet century still life painting > | $ ' ctace ] . . .
g = s '
% § T2I Prompt: Julian and Ruby, both smiling, are sitting T2I Prompt: Dr. Harrison is examining Maya's face. He T2I Prompt: Olivia and Julian are looking at a laptop
T on a couch. Julian, with brown hair and stubble, wears a has fair skin, short gray hair, and wears a white coat and screen together. Olivia, with long brown hair and bangs, O
> g ight-blue hooded sweatshirt and holds a potato chip. ue glasses, holding Maya's chin with his left hand an wears a gray sweater and has headphones around her C I
E Q ) £ }{i}‘tl)ty,bl wit}}i ridd shoultiélr-rltengt(:l hh:iir, WI::a:'st a htapil :guchgi:lg her 2h§31k gwI:/tIh};us ri}:;ht. I\Ey};, v{/iglhfairdskii neck, hol%lrin},:; a sih:er Mi:];loothrgpclaln her lap. ngil;n, O n C u S I O n S
E = Z cardigan and black pants, also holding a potato chip. and brown hair tied back, wears a beige shirt with black with a beard and mustache, stands to her right, wearing
1 % trim and sits on a beige couch. a yellow shirt and white over-ear headphones.
E ‘_MI E T21 Result/ Julian Mia T2I Result i Isabella T2I Result Amelia Oliver . o . . . . . o o .
g o 5 * : In summary, conversational image generation requires explicit history conditioning
'_Q . Jl: 3 . . . .
= E to resolve rollback edits and identity references across multiple turns. Our non-
> m e g . . - s /‘ . . . . . .
S Po(L2|11,T1) Pg(I3|12, T2) Po(lal ", T3) Y . i ok gt i, vith ok ki e king S W, i s S, oo bl 4 Amshs, wih T sk gnd brown b 5 ponya, Markov datasets and history-aware modeling pipeline can improve multi-round
[ G . = - @ - % § ’:‘ hair, wears glgsses, a gold shirt, b.h.xe jean§, anfi white beard, and mustache, wears black glasses and a maroon wears a white §hjrt and a golorful. ﬂora.l scz‘.lrf, holding . . . ea e . . .
. enerate a CIOSe-u ot Y / ! - ' 225 o~ ! sneakers, ho. € book and smiling. Mia, wi 1) utton-down shi smiling as he holds his one up. 1ver 1n her r1 arm. 1Ver, wi alr sKin an ue
S B Text-to-image T P Cleate.s detaied = Sin and cry brown i, wers 8 whic bous nd bl i i i a0 b e 3 o s ey wears s white b and 8 i ree, sweat editing reliability and personalization consistency.
2 8 photo Of J aS[!eI‘ portralt of Mla. Mal’kOV: Tl' Change the baCkgI' Ound toa Sunny beaCh scene; blue jeans, leaning against Julian and smiling, with her pearl earrings and a pale-pink knit sweater, leaning with a white bib, looking at the camera and smiling.
& 5 o T2: Replace the parking meters with palm trees; e jim | iR | Haolem Rt O i Future Directions:
=) g Jasper and Mia sitting on a T3: Convert the image into a Comic Book style e - i — —— - i s °
o= . . 5 . s
Z. 5 couch with their eyes closed. Non-Markov: T3’: Instead of Replace the parking meters with palm trees, . . . . .
5 Jasper has gray hair and a E Convert the image into & Comic Book style Standardized non-Markov conversational benchmarks for image generation.
O T . = —
@ gray beard ... Mia sits to his Sk g . .
3 By bed . E R I * More diverse and complex non-Markov multi-round datasets.
i right with her head resting & l e [
2 (] (@) i’A ; . . o ° .
£ f‘ga‘nst 2 =i cicst.lohiciliag el T * Memory mechanisms for long-horizon dialogue and visual state retrieval.
Z ong orown narr ... S i
5 * Improved image token- and detokenization for stable long-term generation.
Po(I,| T1) Po (L3115, ", T,) Po(Iyl ', ", T3)
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