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How Much of “Gradient Conflict” Is Due to the Tasks, | >

A change of ruler can flip the conflict sign, but rarely does. 1le

and HOW Much to the Coordinates? step s.ize moves tﬁ.e conflict rate by ?4 pooz'nts: at large steps,

conflict hides behind one Hessian direction.

] WHAT

Rescale the layers: the network and

its training run stay identical.
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Positive homogeneity keeps the function; 0L/0(c; W) =
cl_1 g1 keeps every GD step, so W'l(c) (t) = ¢ Wi(t) Vi.
Measured: weights agree to 410712, losses to 4x1071.

But the reported conflict, the sign of the trunk
cosine, 1S not invariant:

Z =2
cos.(g1,92) = Hgli‘Cng;ﬁ : a; = (g}, 95)

HOW OFTEN CAN IT FLIP?
of training states have

layer inner products of
O both signs

95% CI [36.8, 38.5] over 1000 seeds; it grows with depth:
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Fic. 2 Mixed-sign states by trunk depth L (50 seeds each, 95% intervals).

SO WHAT?

Gauge dependence appears insufficient to explain why
these methods fail to beat loss summation (Kurin et al.
'22; Xin et al. °22). The sign is coordinate-defined, but its
frequency may primarily reflect optimization.

PAPER, CODE, REAL-DATA RESULTS
" & FULL REFERENCES

I tirth5828.github.io/gradient-conflict-gauge

rulerc=(1,1, 1, 1)

—_—
shrink W, by 4, so a; < 0 weighs 16X

g2

ruler ¢*= (¥, 1.53, 1.82, 1.44)
5 WHY IT MATTERS

Multi-task methods act on this quantity, in

a metric they never state.

0 PCGrad (Yu et al. 20): the sign
Hgl H <gl ; 92> of the boxed entry.

G =
< go g1> H go ||2 CAGrad, MGDA, Nash-MTL,
91 ’ Aligned-MTL: all of G.
g,Z g 1 PCGrad moves the step iff cos @ < 0, by exactly | cos 6| ||usum ||, @ median

1.5% where a /2 gauge flips the sign: no benefit from the flip is

’\ detectable.
6 THE RESULT

The ruler barely moves contlict. The step
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Fig. 1 A real training state, angles exact. One of the largest swings among 12,500 states; most flips sit near 90°. - ; ; ; .
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The verdictis coordinate-free <= no two layers disagree. '
Observation. At a fixed step, sign cos is the same 0% - ' B - '
N 42 " a4 ) . P hg (9 i’ 92) 0 100 200 300 399
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— + + + Y 5US Y pp 5 Fic. 4 Top: each knob, one scale. Bottom: conflict over training, 200 seeds X 5 p.
Proof. The denominator is positive. (<) N(c) = >, ¢; “a; is a positive
combination of same-sign terms. (=) Ifa; < 0 < aj,setc; =€, ¢; = ¢ -1, 7
16 045 00 0P N —ooase — 0;swapi,jfor N — +oo. B THE TWIST
Tawie L The Fig. 1 state: signs of arand oo dant form. gy, g2)n = 3, may is gauge-invariant and, to first order, Conftlict hides behind one direction.

weights c;"_z. The lone negative layer is
amplified 16x.

the lookahead affinity of TAG (Fifty et al. "21); with uniform 7 the

, , , At the edge of stability (Cohen et al. "21; nApax — 2), 98-99% of
Euclidean sign equals it.

|g1+g2||? oscillates along the top Hessian eigenvector v. Project it out:
states flipped

i 100% - e ——— conflict rate as reported
0/ -
HOW HARD MUST YOU STRETCH? 250/, - one nsumns fan in/out: 100% 100% 1196
. . . . ¢ 509 -
Nearest flipping gauge: median factor 2.0x S0 - perTayer: 38% = the mixed states /b N d
per layer, 3.4x for one neuron. P . 0% . — Wi w Temove
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Ordinary conventions rarely get there: input-layer 0% J 1 | GD step %\
: 1 2 2 3 S 10 30
step x1/16...x16 tlips 4.0%; random +/2 factors, .
p 1/ P ! \/— largest rescaling factor allowed, ¢ g1tgy =~ sv = P vld1 ~ —L,109

1.2%; trained layerwise step decay, < 4.3 of 125

states.

Fic. 3 Share of 12,500 states flipped by some gauge whose largest

factor is at most ¢; 95% seed-bootstrap bands. Fi. 5 1 =0.05, 200 seeds, post-init. Off v the anti-alignment is bookkeeping; the finding is

that the summed gradient collapses onto v at n = 0.05 and not at n = 0.01.



