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

Theoretlcal ImpllcathnS - Trained with 66 text-only tasks

tuning and gains +2.7 on 8 multimodal benchmarks.

- Task Conﬂict Centralized Trainin M . . Method Knowledge QA Commons}ense Text Inference Problem Solving Avg.
g g erg | ng ga iN MMLU  GPQA  HellaSwag  WinoGrande BoolQ XNLI ARC-C HumanEval
P Base model 655 295 74.5 70.1 773 429 556 378 56.7
° @ o B IRIE IRIE IRIE ] _ ._..
/ !X‘ T Joint training (1 ep) 65.8 30.1 74.0 69.9 839 41.9 55.5 39.7 57.6
) C | IE| I =2 THVM 1 S w: L(60:) — L(6 = LY, A, Var.,.(u,0) = 0 Joint training (2 cp) 661 306 763 69.2 829 419 565 27 83
°® .Q [ ] :Z > [ IRIE INIE | I )| — 1 1 ( 1) ( W) 7 W( ? ) - Random (2 groups) 65.8 295 74.4 70.3 853 424  55.1 42.4 58.2
o 0 Instruct Tuning |5 )| G )| G | (G ] . . . Random (4 groups) 660 303 74.7 703 857 425 549 421 58.3
o Curvatu re-weig hted variance reduction : Conflict-induced (2 groups) 658 287 74.0 69.4 853 422 538 42.1 57.7
N x GPU servers c Uniform soup (2) 65.9 30.6 74.0 702 839 419 552 402 57.7
T taSkS (leed) (Requ]res ngh_Performance Cross_node Communlcatlon) N eve r WO rse th a n ave ra g I n g th e |Osses' Uniform soup (3) 65.7 30.8 74.0 70.2 84.2 42.1 55.7 39.0 57.7
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 30.0 74.7 70.8 861 424 553 415 58.4
Resolve Task Conflict MERIT (Ours)
., partition into N groups = | 2 PCA-aligned splitting maximizes the gain Qwen 2.5-3B VL
e %04 ] CPU— @ v peA 2 5 - Trained with 136 Vision-FLAN tasks
[ J I:]
al o ; A °o ® ¢ —_— > E erge PROP 1 gvar Oc A ° a Method General MCQA User Preference & Fluency Text-Rich VQA  Image Reasoning Avg
/ .{XI oo ...' ™ — SeedBench  MMBench LLaVA-W MM Vet TextVQA  AI2ZD MathVista MMMU
& .’XJ PY : S0 — 88 % ’ % Gl — PCA aligned split wins : Base model 66.8 797 532 34.0 612 638 296 412 537
L ° - 5 Joint training (0.5 ep) 67.4 79.4 402 33.1 672 609 314 416 527
‘. P '. n. | Adva ntage scales cu b|ca||y with curvature gap. Joint training (1 ep) 69.2 80.5 419 36.4 68.0  62.6 34.2 419 543
C—| GPU o Joint training (2 ep) 70.0 81.4 428 37.6 63.4 62.5 36.5 43.0  54.7
T tasks (mixed) Decentralized (== 5 Random (¢ rouee) %4 80 406 w7 04 61 M0 408 sea
) ) . . . .. . . Random (8 groups) 69.5 79.9 422 35.0 737 617 335 405 545
Instruct Tuning I 3 S pect ral f| Ite ri ng + 1M pl |C|t norm reg u |a rlzatl on Conflict-induced (2 groups) 70.7 80.6 426 35.4 700 629 344 423 549
(Proposed) % GPUs = 0 Uniform soup (2) 70.2 811 45.0 353 689 634 368 422 554
= 0) 0) Uniform soup (3) 70.1 81.1 423 36.3 688 631 358 425 550
. . SEC 4.3 K K K, ” 6 — @ ” < ” 6 -6 ” Uniform soup (4) 702 811 418 363 684 634 359 422 549
M ERIT pl pel I ne eff ]OI“nt MERIT (Proposed, 1D split, 2 groups)
S T A G E 1 MERIT (Proposed, 2D split, 4 groups)
. . o . MERIT (Proposed, 3D split, 8 groups)
Faster optimization & tighter PAC-Bayes bound.
0° basin : Gradient extraction at the shared init. (n = 200 calibration / task) Qwen 25-7B VL
STAGE 2 - Trained with 176 Vision tasks
PCA on cosine sim : Merge- readiness Model Irain Data _ Oeneral MCQA  User Preference & Fluency Text-Rich VQA  Image Reasoning
Top_r PCA, then recursive tOken‘Weighted median Spllt LM SeedBench MMBench LLaVA-W MM Vet TextVQA AlI2D MathVista. MMMU
DISPLACEMENT TRAIN & HELD-OUT PERTURBATION LLaVA-7B 0.6M 37.0 38.7 57.2 25.5 - 483 254 34.1 -
LLaVA-1.5-7B 0.7M 65.9 64.3 59.6 311 582 548 256 353 494
STAGE 3 0.0 x10 2.4-2.9x +049 —» 1.27 o < 0.1 LLaVA-15-13B 0.7M 68.2 67.7 66.1 36.1 613 595 277 336 525
K = or b h . o ] ) + Joint FFT (Xu et al., 2024b) 0.7M + 0.2M - 69.8 38.5 334 - - - 344 -
= ranches : Communication-free flne—tunlng per branch. All 10 barriers merged 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
) h R + Joint FFT 07M+1.6M  70.1 76.2 58.8 325 738 586 329 364 549
STAGE 4 = 0.0 (3B, K = 4) to 07 across epochs | held-out — implicit reg.| € {0.01, 0.05, 0.1} + MERIT (Proposed, 2D)  0.7M + 1.6M  70.6 757 592 35.1 724 584 354 36.1 554
ra) . . Scaled base VLM 7B 3.6M 69.8 74.5 67.1 34.0 724 692 394 451 589
0 mel’ge . One-shot token-Welghted avg. iﬂjszsxf—r 36M+16M 713 75.3 50.2 415 802 716 497 474 609
+ MERIT (Proposed, 2D)  3.6M+1.6M 715 758 66.2 39.1 798 719 430 448 615
No cross-branch communication. - One-shot merge.
1.00 0.36 _{a} Mean Loss (Epoch 1) 0.36 _{b} Mean Loss (Epoch 2) 0.36 _(c) Mean Loss (Epoch 3) Slagﬂ V 100 S}’hlﬂm A ]- 00 S}'H[ﬂm
0.95 1 0.34 0.341 0.34 1 Basin preparation (pre-alignment) 4h 24m/ 20h 13m (LLaVA recipe stage 1/2) 39 h
0.90 4 0.32 0.32 0.32 1 : :
0.30 0.30 0.304 Gradient extraction Ih 38m (136 datasects) 1h 59m (176 datasets)
0.85 - [ " w w . e er . .
R 8 0.281 8 0.28 80.28 Cosine similarity matrix computation 28m 38m
0.80 - ] ] | . T .
0.26 026 __/ 026 .__.’___/' PCA on cosine similarity matrix 0.7s (load) + 0.2s (compute) 0.6s (load) + 0.12s (compute)
0.75 0.24 0.24 0.24
.—.—'—_'___—.__. " - "
070 o|e——" x| 0.22{ Joint training (1 ep) 43 h 18m
0.65 . : . . M oot oo o1 % oot oes o1 0 oo oos o1 [Jointtraining (2 cp) 8h 40m -
0 200 Ca“bﬂ;-(;(gion Saﬁrg(‘))les (n?OO 1000 Perturbation magnitude o Perturbation magnitude o Perturbation magnitude o MERFI‘ (CU‘HSim PCA, SD HP“[] 5h 24m 43 h jgm
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