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FuseGate: A Confidence-Gated Mechanism for Token-Level Parallel
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Abstract: In the AI-Model Network, heterogeneous models deployed at different edge nodes can complement one an-
other through collaborative inference, thereby enhancing the system’s reasoning capability on complex tasks. Token-level
parallel collaboration enables fine-grained model cooperation by combining predictions from multiple models during autore-
gressive decoding. Existing methods commonly adopt full token-wise synchronous collaboration, in which multiple models
are invoked at every decoding step for candidate token generation and result aggregation. Although this strategy can im-
prove token generation quality, multi-model collaboration does not yield meaningful benefits at every decoding position.
When the base model already has high confidence in its prediction, continuing to involve additional models introduces un-
necessary computation and synchronization delays, increasing the average per-token generation latency. To address this
problem, we propose FuseGate, a confidence-gated mechanism for token-level parallel collaboration that can be integrated
into existing collaboration frameworks as a lightweight module. FuseGate requires neither additional pretraining nor model
parameter updates and does not alter the original autoregressive decoding paradigm. At each decoding step, it measures the
prediction confidence of the base model using the logit difference between its Top-1 and Top-2 candidate tokens, records re-

cent confidence variations through a sliding window, and dynamically adjusts the collaboration threshold according to the
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historical confidence distribution. Based on this adaptive threshold, FuseGate determines whether multi-model collaboration
should be triggered at the current decoding position, thereby concentrating collaborative computation on low-confidence po-
sitions and reducing the redundant computation and synchronization overhead caused by full collaboration. We evaluate
FuseGate using multiple heterogeneous model combinations on tasks including computational reasoning, reading compre-
hension, multi-step mathematical reasoning, and cross-domain knowledge understanding. Experimental results show that
FuseGate is compatible with different token-level parallel collaboration frameworks and reduces the average per-token gen-
eration latency by approximately 46% while maintaining overall inference accuracy comparable to that of full collaboration.
Further analysis shows that FuseGate remains effective across model combinations with different capability gaps, reducing
ineffective collaboration while preserving the reasoning gains brought by beneficial model cooperation. These results dem-
onstrate that confidence-based selective collaboration achieves a more favorable trade-off between inference accuracy and
generation efficiency, providing a lightweight and framework-compatible mechanism for efficient token-level collaborative

inference among heterogeneous models in the AI-Model Network.
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Figure 1  Relationship between margin quantiles and inference accuracy
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S A

gate, = FuseGate(Margin,.q, W)

I AEYMET T 155 gate, , FE i i 202 75 fil A I F Ik M
9. IF gate,=1 THEN:

1175 251 Margin T S 2517 BZ L, 0k 2 SRR D1

10. FOR n=2,3,---,N DO:
11. logits,, =G,
12. C,, =F(logits,, K. P)
13. END FOR
14. U=C,UC, - UC,,

11K WMERER e — Bk 25 [l
15. Score(u)= i[logits w o uel

n=1

PR B BB G LR T 1 SRR 43
16. ELSE:
17. U=C,,
18. Score(u)=[logits,, ],.u e U

11R A SR X 1) 6 Y SRRy

19. ENDIF

20.  u,=argmax, Score(u)

IR MG 2 (8] T B L5 15 20 de i (31T
21, I, =1,Qu,,
22. Ax+1 :A/® Upext

11 G TR TTIB AN B A _E T SCRIAE SRS
23. t=t+1
24.END WHILE
25.RETURN 4
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3. gate,=1
11077 923 S P RREAR AT SR 1 I BRI Mk K DI
4. ELSE:
5. 7,= Quantile(H, g)
11225 [ S Sl PR AR S 1A 0 R S S e sl 1 PR EE
q A RAE A SIS B
6. IF Margin <z, THEN :

7. gate,= 1
8. ELSE:

9. gate,=0
10.  END IF
11. ENDIF

12. H «— Append(H, Margin, )
1144 241§ Margin, 5 A7 52 ¥ 3 B
13. 1F [HI>W THEN :
14. H < Dequeue(H)
IRBR DI S W 3l 87 H i e AR —> Margin
15. END IF
16. RETURN gate,
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Table 1  Models used in the experiments
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Table 2 Datasets and prompting templates used in the experiments
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What is the answer to the question? The final answer must be

an Arabic numeral.\nQuestion:{question}\nAnswer:
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Read the passage and answer the question by replying true or
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Figure 3 Inference accuracy of different model combinations under varying quantile parameter ¢
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HERFFRR L Z |, 5] A FuseGate J5 X 4351 i —
T2 2.40% F12.15% . X — 25 F UL B | B SEAFAE
— 5E F 0] 19 JE M | T FuseGate [ 145 AL i1 BE 0% i /0>
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Table 4 Comparison of average inference accuracy across parallel collaboration frameworks with FuseGate

15 g Sep UniTE DuetNet
UniTE UniTE+FuseGate DuetNet DuetNet+FuseGate
Ds&Q1 | 0.605 | 0.638(+3.30%) 0.680(+7.50%) 0.671(+6.60%) 0.669(+6.40%)
PEREAH T Q1&Ds | 0.603 | 0.638(+3.50%) 0.644(+4.10%) 0.642(+3.90%) 0.687(+8.40%)
-4 0.604 | 0.638(+3.40%) 0.662(+5.80%) 0.657(+5.25%) 0.678(+7.40%)
M3&Q1 | 0.651 | 0.638(-1.30%) 0.681(+3.00%) 0.645(~0.60%) 0.691(+4.00%)
M3&Ds | 0.651 | 0.666(+1.50%) 0.692(+4.10%) 0.574(=7.70%) 0.654(+0.30%)
L3&M3 | 0.724 | 0.657(=6.70%) 0.682(~4.20%) 0.567(~15.70%) 0.614(~11.00%)
L3&Ds | 0.724 | 0.636(-8.80%) 0.657(=6.70%) 0.649(~7.50%) 0.562(~16.20%)
TR P RO T DM EARE Y L3&Q1 | 0.724 | 0.622(~10.20%) 0.682(~4.20%) 0.687(~3.70%) 0.695(~2.90%)
Hy&Q1 | 0.697 | 0.627(-7.00%) 0.689(~0.80%) 0.716(+1.90%) 0.694(-0.30%)
Hy&Ds | 0.697 | 0.656(~4.10%) 0.647(=5.00%) 0.673(~2.40%) 0.680(~1.70%)
Hy&M3 | 0.691 | 0.710(+1.90%) 0.757(+6.60%) 0.670(=2.10%) 0.702(+1.10%)
-4 0.695 | 0.652(-4.34%) 0.686(—0.90%) 0.648(~4.73%) 0.662(-3.34%)
Ds&M3 | 0.582 | 0.665(+8.30%) 0.676(+9.40%) 0.641(+5.90%) 0.628(+4.60%)
QI1&M3 | 0.581 | 0.638(+5.70%) 0.648(+6.70%) 0.685(+10.40%) 0.633(+5.20%)
M3&L3 | 0.653 | 0.660(+0.70%) 0.666(+1.30%) 0.567(~8.60%) 0.598(~5.50%)
Ds&l3 | 0582 | 0.621(+3.90%) 0.657(+7.50%) 0.657(+7.50%) 0.621(+3.90%)
ST () 1 R 55 T P EAR Y QI&L3 | 0.581 0.623(+4.20%) 0.650(+6.90%) 0.687(+10.60%) 0.672(+9.10%)
QI1&Hy | 0.581 | 0.632(+5.10%) 0.676(+9.50%) 0.716(+13.50%) 0.673(+9.20%)
Ds&Hy | 0.582 | 0.694(+11.2%) 0.695(+11.3%) 0.673(+9.10%) 0.709(+12.70%)
M3&Hy | 0.653 | 0.665(+1.20%) 0.675(+2.20%) 0.669(+1.60%) 0.718(+6.50%)
Ty 0.599 | 0.650(+5.04%) 0.668(+6.85%) 0.662(+6.25%) 0.657(+5.71%)
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Pk Re B AL e AL AR SR TE . DLUMB&OQITH A N
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XL FuseGate 2L MERI AL 1Y 2 5T 2 ) B 45 6
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AN TR TG B LR Y e 25 R o R AR 55 B MR AR R RE
FE G I, IR K PR AR W] R4S R 00 HE R ME A R 4R T
FuseGate MLl W GE7E M JEfilh 1 E—26 9 K5 . 4
SERE LR RR O T UMERLAY | 2R I UME 2 PR 55 PME
FREAY ) P 0 S PR B E T R R ¥, FuseGate 18 13 I
D TC RO I PN % it 41 B UE A R A Pk o 24 A

55 T PMERC YN, HE R AE AR 2 00 48 T 32 BEU TR B E
TR ) 25 1 B 3R] T, FuseGate U] B DLBAR A9 38T
R IZ WS, T e B AE R YRR e Pk .
3.4 BIAIJTARFHRIES T

55 3.3 B HE A 2R 5 BT XL, AS /N BB TR ]
SRR PMER AL B9 BE ) ¢ & T 1Y HLR) oo AR P 1
BFSE . SC 25 AR 5 FoR , 3R A i 28 5040 i) 506
22 F1 43 17 5T (millisecond per token , ms/token ) . Hor,
UniTE+FuseGate 5 DuetNet+FuseGate 533~ 7E UniTE .
DuetNetfEZE th 5| A FuseGate [ 135 ; “Ds&Q1” SRR A3
7N FER T 5 PR B R FE I SC R H S By (Y9 ) &
78 AH X T DuetNet [ B3] J6 AE B 35 B 4E 1) AH X R
W@, EMH S IE R R I GE R B BOE S TR R I SE
.

M HE] T A BB FE R AR, FuseGate X B 3a] J6 A= B,
B AE () e W B o 38 5 R 25 R WK | 78 BURE A A
Y& , Lite5 UniTE 45 &, i & 5 DuetNet 25 5,
51 A FuseGate Ji 1Y ~F- 32 fff i BF 42 337 41K T X6 o7 79 4= 7
JEEEUME T . LA DuetNet N2 M8, UniTE+FuseGate Fl
DuetNet+FuseGate I E ) T R 42.4% F145.1%.

4G FR A M WE AR R LS Rk — 2L A AT AN, B A
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Table 5 Comparison of average per-token generation latency for parallel collaboration with FuseGate

Yy MNe DuetNet UniTE DuetNet+FuseGate UniTE+FuseGate
Ds&01 131.9 116.0(12.03%) 73.5(44.28%) 69.5(47.29%)
PEREAHT Q1&Ds 128.1 114.8(10.40%) 65.5(48.91%) 69.4(45.83%)
Ty 130.0 115.4(11.23%) 69.5(46.56%) 69.5(46.57%)
M3&Q1 130.3 133.6(-2.52%) 78.7(39.61%) 93.8(28.02%)
M3&Ds 161.7 133.1(17.69%) 79.7(50.70%) 95.2(41.13%)
L3&M3 131.0 158.6(~21.04%) 81.3(37.96%) 99.7(23.91%)
L3&Ds 130.3 107.7(17.34%) 74.3(42.99%) 83.2(36.14%)
TR AL P RE UL T DM EAE Y L3&Q1 130.6 111.1(14.96%) 78.7(39.78%) 82.1(37.16%)
Hy&Q1 153.1 142.5(6.92%) 80.1(47.68%) 91.1(40.50%)
Hy&Ds 148.5 142.3(4.18%) 79.9(46.20%) 88.9(40.13%)
Hy&M3 162.8 147.0(9.71%) 100.1(38.51%) 84.1(48.34%)
1 143.5 134.5(6.31%) 81.6(43.16%) 89.8(37.47%)
Ds&M3 161.7 133.0(17.75%) 82.0(49.29%) 85.6(47.07%)
Q1&M3 1303 133.6(-2.52%) 73.6(43.56%) 87.3(33.01%)
M3&L3 131.0 158.6(~21.04%) 75.2(42.64%) 84.6(35.44%)
Ds&l3 1303 107.7(17.34%) 71.5(45.14%) 71.9(44.82%)
SRS RE S T MR QI1&L3 130.6 111.1(14.96%) 68.8(47.31%) 76.3(41.60%)
Q1&Hy 153.1 142.5(6.92%) 87.9(42.59%) 81.0(47.09%)
Ds&Hy 148.5 118.4(20.27%) 86.4(41.82%) 77.6(47.74%)
M3&Hy 162.8 138.7(14.80%) 80.2(50.74%) 87.4(46.31%)
Ty 143.5 130.5(9.13%) 78.2(45.53%) 81.5(43.25%)
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Table 6 Ablation results of the sliding-window mechanism

UIRES IR | HERR% | PMER%
DuetNet EFEPME 64.2 100.0
DuetNet+StaticGate =2 64.4 23.2
DuetNet+StaticGate =4 65.3 39.7
DuetNet+StaticGate =6 66.7 51.0
DuetNet+StaticGate =8 65.9 60.3
DuetNet+FuseGate WEhE O 68.7 49.67
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Table 7 Ablation results of different gating strategies

Tk [WEEE S HEW 1% MEZ/%
DuetNet SRYME 64.2 100
DuetNet+RandGate | FfifLi 195 61.8 50.2
DuetNet+FuseGate TR 68.7 49.67
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Table 8  Ablation results of different confidence signals

T q=0.3 q=0.5 q=0.7
DuetNet+RandGate 62.2 61.4 62.5
DuetNet+GaCGate 66.0 66.1 65.2
DuetNet+FuseGate 67.5 68.7 67.7
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Figure 4 Inference result patterns under different gating strategies
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