Cumulative-Goodness Free-Riding in Forward-Forward Networks: éj:fT?‘fE’(ﬁgAL.NFORMAT.ON

Real, Repairable, but Not Accuracy-Dominant iy, PROCESSING SYSTEMS

olov4
o o®
Amirhossein Yousefiramandi | Independent Researcher | NeurlPS 2026 | Project page: amirhossein-yousefi.github.io/ff-free-riding

Background Free-riding is real ... but not accuracy-dominant
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wrong-label training score
Q: If later blocks free-ride on earlier ones, is that why
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O Result 4: The sum hides where the evidence is

Key idea: CumU|ative gOOdneSS o and repairable Re-splitting the sum changes no prediction (Prop. 3.2). Repairs are not

— exact re-splits: they change what the network learns, and that accuracy

hiStOfV¢Weight Separation: a block’s own margin againstthe | ¢ separation stays put on these readouts (MGC’s Stage-1 cost aside) is empirical.
G( d) (d) () . hardest of several sampled wrong labels,
= 09 + 7 >.i4S0 (g¥) (training only ) averaged. Is free-riding why FF lags backpropagation?
block d’s its own history: earlier blocks’ goodness, true  hardest —
. _ . wrong . . .
training score goodness detached: no gradlent flows back _ | Not the main bottleneck in our settlngs.
(sg = stop-gradient) ® History-free: remove the history (v = 0)
A Hardness-gated: gate it per example Repairs are diagnostic ] bigger suspects open lead
History rules Hardne;:s gate ¢ MGC (missing-gradient-compensated): add back, approximately, the tools, not accuracy gains. | v L
B cumulative: ~ = 0.7 always . (max)-A i threshold signal history removes
! block 3 rules
® history-free: v =0 . : : - - . o e
PR W - el N o cumaive -0 I 036
: 0 :
Prediction never uses . 0 | A Hardness-gated B 171 How much each suspect moves accuracy:
k=0 . under 1 29.85% — 89.03% 6.4
earlier blocks’ goodness for this input — @ History-free (y = 0) _ 4.78 removing or ggtﬁg FF: plain CNN — backprop: gr'gng VS.
the history our stripped backbone weak augmentation

& MGC _ 5.61 Sources: Result 3 and Sec. 1 (repairs); Table 2, CIFAR-10 (3 seeds; 89.03%: 1 seed, FF’s aug.)

training score (true label) = [l own goodness + [ ] inherited history (% = own share) . ! . . ! ! .

_ 0 1 2 3 4 5 6 Calibration: our FF CIFAR-10 90.50% vs. ASGE’s 90.62%  within 0.12 pp
B cumulative (y = 0.7) A hardness-gated CIFAR-100 block-3 separation (higher = healthier) backbone vs. the strongest ~ CIFAR-100  66.37% vs. ASGE’s 65.42% +0.95 pp
| 14% CIFARA00 - 4 blocks. width 256 - 3 seeds - mean - SD prior FF result we list Tiny ImageNet 48.54% vs. SCFF’s 35.67%! +12.9 pp'
S 489% 22% 96% 98% | single crop; ours: v = 0, 3 seeds - TSCFF is unsupervised: not like-for-like - Sec. 4.2, App. Tab. 29
>4 100% 100% 91% 9 Result 2: RemOVing or gatlng hiStOry restores SeparatiOn calibration, not a leaderboard: architectures, readouts, and augmentation differ
. . . Scope: softplus and squared-hinge (CIFAR-10, Code Paper
History-free and hardness-gated raise block-3 separation up to 5x on 4 blocks x 128 only) losses, one goodness statistic,
CIFAR-100. Caveat: MGC replaces the depth-scaled auxiliary that the CO-?eSiigne;' backb?nes, CIFAR-10/100, Tfiny I(;nageNet; [=]%
1 2 3 0 1 2 3 : , : : : controls reduce, not remove, a recipe confound. L.
block block history rules keep (a loss on each block’s own margln., welghted up with Open: ImageNet scale? Repairs a';’grea ter depth?
CIFAR-10 - 4 blocks, width 128 - seed 42 - Fig. 6 depth); in a CIFAR-10 control, 92% of MGC’s separation gain came from github.com/amirhossein-yousefif-free-riding
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Free-riding: with v = 0.7, block 3 makes only 14% of its training score itself. ASGE, arXiv:2509.12394 - SCFF, Nature Communications 16:5978
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