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MERIT removes cross-partition gradient sync from instruction Qwen 2.5-3B Instruct

Theoretlcal Impllcatlons - Trained with 66 text-only tasks

tuning and gains +2.7 on 8 multimodal benchmarks.

Knowledge QA Commonsense Text Inference Problem Solving

: R . . ] . . Method Avg.
<—: Task Conflict Centralized Tralnlng 1 Merg|ng g aln MMLU GPQA HellaSwag  WinoGrande BoolQ XNLI ARC-C  HumanEval
®° Base model 655 295 74.5 70.1 773 429 556 378 56.7
'/. .'31 E J| (L J| (L J| L J — T Joint training (1 ep) 65.8 30.1 74.0 69.9 839 419 55.5 39.7 57.6
X o . C )| |C )| |C )| |C ) M ¥ wy L (91) — L (HW) = 15> ? A ? Varw (u Y, Fo) ) > () soint training 2 cp) 66.1  30.6 76.3 69.2 829 419 565 27 583
) .&, '.:Z Tnstivet Tu;ling % : { : : } : } » Random (2 groups) 65.8 29.5 74.4 70.3 85.3 424 55.1 42.4 58.2
. C : 0 . . . Random (4 groups 660 303 74.7 70.3 857 425 549 42,1 58.3
Curvature-weighted variance reduction : = — — = == =
N x GPU s Conflict-induced (2 groups) 658 287 74.0 69.4 853 422 538 42.1 57.7
: X servers 9 5
) Uniform soup (2) 659 306 74.0 70.2 839 419 552 402 57.7
T tasks (mixed) (Requires High-Performance Cross-node Communication) Never worse than averaging the losses. Uniform soup (3) 657 308 74.0 702 842 421 557 39.0 577
I MERIT (Proposed, 1D split, 2 groups) 660 306 74.4 69.9 863 421 542 412 58.1 I
MERIT (Proposed, 2D split, 4 groups) ~ 66.1 300 74.1 70.8 86.1 424 553 415 58.4
Resolve Task Conflict MERIT (Ours)
L artition into N ouns = | 2 PCA-aligned splitting maximizes the gain Qwen 2.5-3B VL
P =] GPU 8 - Trained with 136 Vision-FLAN tasks
0ce, %0 =] Merge PCA * 23 2
2 ; & o S— =) PROP 1 g o - a Method General MCQA  User Preference & Fluency ~ Text-Rich VQA  Image Reasoning
=7 N sss e "ses ) SeedBench MMBench LLaVA-W ~ MMVet  TextVQA AI2D MathVista MMMU
° .’XJ 00, °® | —» %o o : % GPU: — 6, PCA aligned split wins : Base model 66.8 79.7 532 34.0 612 638 296 412 537
o, o® ® o T Joint training (0.5 cp) 67.4 79.4 40.2 33.1 672 609 314 416 527
° % %, (=] Adva ntage scales cubically with curvature gap. Joint training (1 cp) 69.2 80.5 419 36.4 680 626 342 419 543
\ I == P Joint training (2 ep) 70.0 81.4 4238 37.6 634 625 365 430 547
3 5
- ) — - Random (2 groups) 69.4 80.1 445 34.7 704 627 340 412 546
T tasks (mixed) Decentralized (= o Random (4 groups) 70.4 81.0 40.6 34.7 704 631 340 408 544
: O | . . . . o . o Random (8 groups) 69.5 79.9 422 35.0 73.7 61.7 33.5 40.5 545
Instruct Tuning == —— I 3 Spectral fllterlng + ImPIICIt norm regl.IIa rization concinaca 2 groups) 70.7 80.6 426 35.4 700 629 344 423 549
(Proposed) 2 Uniform soup (2) 702 8L1 450 353 689 634 368 422 554
Y (0) (0) Uniform soup (3) 70.1 81.1 423 36.3 688 631 358 425 550
MERIT . |' SEC 4.3 Keff K, ” 9 — 9 ” < ” Hjoint 9 ” Uniform soup (4) 702 81.1 418 36.3 684 634 359 422 549
pipeline 506K samples - 9 tasks} 63K samples - 25 1o N\ - MERIT (Proposed, 1D split, 2 groups) 710 80.0 3.1 35.0 724 621 365  4l4 552
MERIT (Proposed, 2D split, 4 groups) ~ 70.8 78.4 474 36.6 741 615 360 407 557
S T A G E 1 Fa Ster Opti mization & t| g htel’ PAC_ Bayes bou n d MERIT (Proposed, 3D split, 8 groups) 70.5 80.1 52.0 37.7 75.2 62.5 35.4 42.7 57.0
0° basin : Gradient extraction at the ¢ ' Qwen 2 5 7B VL
shared init ckpt (n = 200 calibration / task) * J ) * ) o
STAGE 2 - Trained with 176 Vision tasks
PCA on cosine sim : Top—r PCA, then S o .0 ’ M erge- read l ness Model Irain Data General MCQA User Preference & Fluency Text-Rich VQA Image Reasoning v
rasve Samle-balanead Sl & ‘e I SeedBench MMBench LLaVA-W ~ MMVet  TextVQA AI2D MathVista MMMU
) ' SR LMc¢ DIEPLAEERENY TRAIN & HELD-OUT | PERTURBATION  j,ya.78 0.6M 37.0 38.7 57.2 255 - 483 254 341 -
. e o e e =0 LLaVA-1.5-7B 0.7M 65.9 64.3 59.6 31.1 582 548 256 353 494
STAGrE 3 L n. HA LSRN 0.0 x10 2.4-2.9x% +0.49 — 1.27 o <01 LLaVA-1.5-13B 0.7M 68.2 67.7 66.1 36.1 613 595 217 336 525
K = 2" branches : Communication-free et + Joint FFT (Xu et al., 2024b) 0.7M +02M - 69.8 38.5 33.4 - o & 344 -
fine-tuning per branch. . All 10 barriers mer%ed stays closer | higher train loss, better | robust at o Base VLM 7B 0.7M 64.5 67.2 572 289 576 465 269 328 477
T e = 0.0 (3B, K =4 to 8” across epochs | held-out — implicit re € {0.01, 0.05, 0.1} + Joint FFT 0.7M+16M  70.1 76.2 58.8 325 738 586 329 364 549
. Group 1 ' p g. AV QAL ) S y 7 ¥ g E i 5 : 5§ : .
STAGE 4 ‘{36“ camples - 58 tasks} + MERIT (Proposed, 2D)  0.7M+1.6M  70.6 75.7 59.2 351 724 584 354 361 554
_ ] Scaled base VLM 7B 3.6M 69.8 74.5 67.1 34.0 724 692 394 451 589
6 merge : One-shot token-weighted avg. PC1 + Joint FFT 36M+1.6M 713 75.3 50.2 41.5 802 716 497 474 609
+ MERIT (Proposed, 2D)  3.6M+1.6M 715 75.8 66.2 39.1 798 7.9 430 448 6LS
No cross-branch communication. - One-shot merge.
1.00 + 0,36 {3) Mean Loss (Epoch 1) 0.36 (B} Mean Loss (Epoch 2) 0 36.(c) Mean Loss (Epoch 3) SldgC | V100 Sys[cm A100 Sys[cm
> 0.95 1 ' el ]
i~ 0.34 0.34 0.34 1 . . . .
5 0.90 ________/-/. Basin preparation (pre-alignment) | 4h 24m / 20h 13m (LLaVA recipe stage 1/2) 39h
T 0.32 0.32 0.32
v 085 e 0.30 0.30 1 0.30 1 Gradient extraction Ih 38m (136 datasets) 1h 59m (176 datasets)
v n =200 (used) b i b | ] i - . R A E
8 0.80 §ozs SR §o28 Cosine similarity matrix computation 28m 38m
c 0.26 0.26 0.26 - : TR ’
§ 0.75 o o ._./ . .__*_’__/ PCA on cosine similarity matrix 0.7s (load) + 0.2s (compute) 0.6s (load) + 0.12s (compute)
s .24 24 24
——
0.70 - o—— ° . .
. 1 . | . T < Fe
0.22 0.22 0.22 Joint training (1 ¢ 4h 22m 43 h 18m
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