Revisiting Graph Contrastive Learning from
the Perspective of Graph Spectrum
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Rethinking Graph Augmentation The General Augmentation (GAME rule)

Contrastive Learning (GCL)

In  Graph

The General Graph Augmentation Rule

Given two random augmentations V; and V5, their graph spectrums are ¢y, (A) and oy, (A).
Then, V A,,, € [1,2] and A, € [0,1], V7 and V5 are an effective pair of graph augmentations if
| Embedding Hy, ! the following condition s satisfied:

" DV (Am) = O, (Am)| > [0v; (An) = Pv (M)

l We define such pair of augmentations as optimal contrastive pair.
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» Our target Is to uncover some general rule across
different graph augmentation strategies, and use this
rule to validate and improve the current GCL methods?
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Impact of Graph Augmentation
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A4 . Hy F F, Methods GraphCL | GCA |

Type | Subgraph | Node dropping | Edge perturbation | Degree | PageRank | Eigenvector Distance

| Results | 349+3.5 |  29.8£2.3 31.7+44 402441 | 38545.0 | 42149 46.147.5
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InfoNCE loss
senerated ¥ O Theoretical analysis --- Why does GAME rule work?
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g\(} o o Theorem 1. (Contrastive Invariance) Given adjacency matrix A and the generated augmentation
/H\ - GCN Augmentation in FL Augmentation in FH V', the amplitudes of i1-th frequency of A and V' are \; and ~y;, respectively. With the optimization of
Cé(b Hy InfoNCE loss L1, foNcCE, the following upper bound is established:

Linfonce < X Z 0; [2 — (s — %‘)2] ,
where 0; is an adaptive weight of the ith term.

Case study model Generating V
» We are the first to indicates that GCL can make encoder

capture invariance between two contrastive views.

» Result & Analysis:
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» Node classification

» Optimization Objective

Datasets |Metrics| GCN GAT DGI DGI+SpCo | MVGRL | GRACE GRACE+SpCo| GCA |GraphCL|CCA-SSG CCA+SpCo
Ma-F1 |79.6+0.7(81.3£0.3[80.4+0.7 81.1+0.5 [81.5+0.5/79.2+1.0  80.3:0.8 |79.9+1.1|80.7+0.9 | 82.940.8  83.6+0.4 ,

Cora — 2 _— T -
Mi-F1 |80.7+0.6|82.3£0.2(82.0+0.5 82.8+0.7 [82.840.4(80.0+1.0  81.240.9  [81.1+1.0/82.3+0.9 | 83.6£0.9  84.3x0.4 J = <C, &A-i— >+ eH (&A+) +< f. ﬂ‘AL+]1H a>+<4g, ’AA-i-]lf”- b >
Ma-F1 [68.120.5|67.5£0.2[67.7+0.9 68.320.5 |66.8+0.7|65.1£12  65.1£0.8 |62.8+1.3|67.8+1.0| 67.9£1.0  68.5x1.0 atehi - »

Citeseer | — k Matching Term  Entropy Reg. Lagrange Constraint Conditions
Mi-F1 |70.9+0.5|72.0£0.9|71.7+0.8 72.4+0.5 |72.540.5(68.7+1.1  69.4%1.0  [65.9+1.0|71.9+0.9 | 73.120.7  73.6%1.1

BloaCatalog | MEFL|712£12]67.6£22/68.241.3 715408 |80.3+3.6/677+12 682404  |71.7:0.4|63.942.1 | 72.040.5 72.8£0.3

ogCatalog
Mi-F1 |72.1£1.3|68.3£2.2(68.8+1.4 723+0.9 [80.943.6(68.5+1.3  69.4x1.3 [72.7+0.5|64.6+2.1 | 73.040.5  73.7%0.3 > S | t

fic, | MaFL|489+41.6|350408|312416 33.740.7 |312429|35.7+1.3  36.3:14  |412405|32.11.1) 37.0+1.1  38.7+0.6 oldtion

1C

Mi-F1 |50.2+1.2|37.1£0.3|33.0£1.6 35.2+0.7 [33.443.0(37.3x1.0  38.1%1.3 [42.2+0.6/34.5£0.9 | 39.3£0.9  40.4%0.4 A ,

pubMed | MaF1[78.5£0.3|77.4£0.2|76.8+0.9 77.6:0.6 |79.8+04)80.040.7  80.3:0.3  |80.8£0.6|77.0404| 80.7406 81303 A4 — dmg (‘lL) exXp (2 < C, A A+ > C / E) dmg (’U) — U_|_K + V_|_
Mi-F1 [78.9+0.3|77.8£0.2|76.7+0.9 77.4£0.5 |79.740.3|79.940.7  80.7+0.2  |81.4+0.6|76.8+0.5| 81.0£0.6  81.5+0.4
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