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Aim: apply Graph Neural Networks (GNN) to settings in which an
input graph is not available (or it is incomplete/nosiy)



LDS: Jointly Learning Structure and Parameters

Node classification/
regression problems

Formulation: bilevel programming problem (gradient-based HPO)

with discrete random variables =- discrete and sparse graph

Data points

00 4
O O
OOO

Initialize Sample graphs Compute gradients of and
parameters update GCN parameters

A~P
Graph e > te C@ B W= O(WA ) =W, - YVL(W,A))

generator: .

A~P,
GCN: w ’ * W™ Wil - YVL1+T-I(WI+I-15AI)

Compute hypergradients
and update 0 of graph generator

V,y E[F(wy., 0)] Validation

nodes

[ W L\Wl@] Wi ﬁg

See Franceschi et al. Forward and Reverse Gradient-based Hyperparameter Optimization, ICML 2017



Experiments: Semi-supervised Learning

Wine Cancer Digits Citeseer Cora 20news FMA

LogReg 92.1(1.3) 93.3(0.5) 855(1.5) 62.2(0.0) 60.8(0.0) 42.7(1.7) 37.3(0.7)
Linear SVM  93.9(1.6) 90.6(4.5) 87.1(1.8) 58.3(0.0) 589(0.0) 403(1.4) 357(15)
RBF SVM 94129 91731 869(3.2) 60.2(0.0) 59.7(0.0) 41.0(1.1) 383(1.0)

RF 93.7(1.6) 92.1(L.7) 83.1(2.6) 60.7(0.7) 58.7(0.4) 40.0(1.1) 37.9(0.6)
FENN 89.7(1.9) 92.9(1.2) 36.3(103) 56.7(1.7) 56.1(1.6) 38.6(1.4) 33.2(1.3)
LP 89.8(3.7) 76.6(0.5) 91.9(@3.1) 232(6.7) 37.8(0.2) 353(09) 14.1(2.1)

ManiReg 90.5(0.1) 81.8(0.1) 839(0.1) 67.7(1.6) 62.3(0.9) 46.6(1.5) 342(1.1)
SemiEmb 91.9(0.1) 89.7(0.1) 909 (0.1) 68.1(0.1) 63.1(0.1) 46.9(0.1) 34.1(1.9)

Sparse-GCN  63.5(6.6) 72.5(29) 134(1.5) 33.1(0.9) 30.6(2.1) 247(1.2) 234(1.4)
Dense-GCN  90.6(2.8) 90.5(2.7) 35.6(21.8) 58.4(1.1) 59.1(0.6) 40.1(1.5) 34.5(0.9)
RBF-GCN 90.6(2.3) 92.6(2.2) 70.8(5.5 58.1(1.2) 57.1(1.9) 393(1.4) 33.7(1.4)
kNN-GCN 93.2(3.1) 938(14) 91.3(0.5) 683(1.3) 665(0.4) 41.3(0.6) 37.8(0.9)

kNN-LDS 97.3(0.4) 944(19) 925(0.7) 715(1.1) 715(0.8) 464(1.6) 39.7(1.4)




Experiments: Semi-supervised Learning

Wine Cancer Digits Citeseer Cora 20news FMA

LogReg 92.1(1.3) 93.3(0.5) 855(1.5) 62.2(0.0) 60.8(0.0) 42.7(1.7) 37.3(0.7)
Linear SVM | 93.9(1.6) 90.6 (4.5) 87.1(1.8) 58.3(0.0) 589(0.0) 403(1.4) 357(15)
RBF SVM 94129 91731 869(3.2) 60.2(0.0) 59.7(0.0) 41.0(1.1) 383(1.0)

RF 93.7(1.6) 92.1(L.7) 83.1(2.6) 60.7(0.7) 58.7(0.4) 40.0(1.1) 37.9(0.6)
FENN 89.7(1.9) 92.9(1.2) 36.3(103) 56.7(1.7) 56.1(1.6) 38.6(1.4) 33.2(1.3)
LP 89.8(3.7) 76.6(0.5) 91.9(@3.1) 232(6.7) 37.8(0.2) 353(09) 14.1(2.1)

ManiReg 90.5(0.1) 81.8(0.1) 839(0.1) 67.7(1.6) 62.3(0.9) 46.6(1.5) 342(1.1)
SemiEmb 91.9(0.1) 89.7(0.1) 909 (0.1) 68.1(0.1) 63.1(0.1) 46.9(0.1) 34.1(1.9)

Sparse-GCN  63.5(6.6) 72.5(29) 134(1.5) 33.1(0.9) 30.6(2.1) 247(1.2) 234(1.4)
Dense-GCN  90.6(2.8) 90.5(2.7) 35.6(21.8) 58.4(1.1) 59.1(0.6) 40.1(1.5) 34.5(0.9)
RBF-GCN 90.6(2.3) 92.6(2.2) 70.8(5.5 58.1(1.2) 57.1(1.9) 393(1.4) 33.7(1.4)
kNN-GCN 93.2(3.1) 938(14) 91.3(0.5) 683(1.3) 665(0.4) 41.3(0.6) 37.8(0.9)

kNN-LDS 97.3(0.4) 944(19) 925(0.7) 715(1.1) 715(0.8) 464(1.6) 39.7(1.4)




Experiments: Semi-supervised Learning

Wine Cancer Digits Citeseer Cora 20news FMA

LogReg 92.1(1.3) 93.3(0.5) 855(1.5) 62.2(0.0) 60.8(0.0) 42.7(1.7) 37.3(0.7)
Linear SVM  93.9(1.6) 90.6(4.5) 87.1(1.8) 58.3(0.0) 589(0.0) 403(1.4) 357(15)
RBF SVM 94129 91731 869(3.2) 60.2(0.0) 59.7(0.0) 41.0(1.1) 383(1.0)

RF 93.7(1.6) 92.1(L.7) 83.1(2.6) 60.7(0.7) 58.7(0.4) 40.0(1.1) 37.9(0.6)
FENN 89.7(1.9) 92.9(1.2) 36.3(103) 56.7(1.7) 56.1(1.6) 38.6(1.4) 33.2(1.3)
LP 89.8(3.7) 76.6(0.5) 91.9(@3.1) 232(6.7) 37.8(0.2) 353(09) 14.1(2.1)

ManiReg 90.5(0.1) 81.8(0.1) 839(0.1) 67.7(1.6) 62.3(0.9) 46.6(1.5) 342(1.1)
SemiEmb 91.9(0.1) 89.7(0.1) 909 (0.1) 68.1(0.1) 63.1(0.1) 46.9(0.1) 34.1(1.9)

Sparse-GCN  63.5(6.6) 72.5(29) 134(1.5) 33.1(0.9) 30.6(2.1) 247(1.2) 234(1.4)
Dense-GCN  90.6(2.8) 90.5(2.7) 35.6(21.8) 58.4(1.1) 59.1(0.6) 40.1(1.5) 34.5(0.9)
RBF-GCN 90.6(2.3) 92.6(2.2) 70.8(5.5 58.1(1.2) 57.1(1.9) 393(1.4) 33.7(1.4)
kNN-GCN 93.2(3.1) 938(14) 91.3(0.5) 683(1.3) 665(0.4) 41.3(0.6) 37.8(0.9)

kNN-LDS 97.3(0.4) 944(19) 925(0.7) 715(1.1) 715(0.8) 464(1.6) 39.7(1.4)




Experiments: Semi-supervised Learning

Wine Cancer Digits Citeseer Cora 20news FMA

LogReg 92.1(1.3) 93.3(0.5) 855(1.5) 62.2(0.0) 60.8(0.0) 42.7(1.7) 37.3(0.7)
Linear SVM  93.9(1.6) 90.6(4.5) 87.1(1.8) 58.3(0.0) 589(0.0) 403(1.4) 357(15)
RBF SVM 94129 91731 869(3.2) 60.2(0.0) 59.7(0.0) 41.0(1.1) 383(1.0)

RF 93.7(1.6) 92.1(L.7) 83.1(2.6) 60.7(0.7) 58.7(0.4) 40.0(1.1) 37.9(0.6)
FENN 89.7(1.9) 92.9(1.2) 36.3(103) 56.7(1.7) 56.1(1.6) 38.6(1.4) 33.2(1.3)
LP 89.8(3.7) 76.6(0.5) 91.9(@3.1) 232(6.7) 37.8(0.2) 353(09) 14.1(2.1)

ManiReg 90.5(0.1) 81.8(0.1) 839(0.1) 67.7(1.6) 62.3(0.9) 46.6(1.5) 342(1.1)
SemiEmb 91.9(0.1) 89.7(0.1) 909 (0.1) 68.1(0.1) 63.1(0.1) 46.9(0.1) 34.1(1.9)

Sparse-GCN | 63.5(6.6) 72.5(29) 134(1.5) 33.1(0.9) 30.6(2.1) 247(1.2) 234(1.4)
Dense-GCN | 90.6(2.8) 90.5(2.7) 35.6(21.8) 58.4(1.1) 59.1(0.6) 40.1(1.5) 34.5(0.9)
RBF-GCN 90.6(2.3) 92.6(2.2) 70.8(5.5 58.1(1.2) 57.1(1.9) 393(1.4) 33.7(1.4)
kNN-GCN 93.2(3.1) 938(14) 91.3(0.5) 683(1.3) 665(0.4) 41.3(0.6) 37.8(0.9)

kNN-LDS 97.3(0.4) 944(19) 925(0.7) 715(1.1) 715(0.8) 464(1.6) 39.7(1.4)




Experiments: Semi-supervised Learning

Wine Cancer Digits Citeseer Cora 20news FMA

LogReg 92.1(1.3) 93.3(0.5) | 855(1.5) 62.2(0.0) 60.8(0.0) 42.7(1.7) |37.3(0.7)
Linear SVM | 93.9(1.6) 90.6 (4.5) | 87.1(1.8) 58.3(0.0) 589(0.0) 403 (1.4) |[357(1.5)
RBF SVM 94129 91731 | 86.9(3.2) 60.2(0.0) 59.7(0.0) 41.0(1.1) |38.3(1.0)

RF 93.7(1.6) 92.1(L.7) | 83.1(2.6) 60.7(0.7) 58.7(0.4) 40.0(1.1) |37.9(0.6)
FENN 89.7(1.9) 92.9(1.2) | 36.3(10.3) 56.7(1.7) 56.1(1.6) 38.6(1.4) |33.2(1.3)
LP 89.8(3.7) 76.6(0.5) 91.9(@3.1) 232(6.7) 37.8(0.2) 353(09) 14.1(2.1)

ManiReg 90.5(0.1) 81.8(0.1) 839(0.1) 67.7(1.6) 62.3(0.9) 46.6(1.5) 342(1.1)
SemiEmb 91.9(0.1) 89.7(0.1) 909 (0.1) 68.1(0.1) 63.1(0.1) 46.9(0.1) 34.1(1.9)

Sparse-GCN  63.5(6.6) 72.5(29) 134(1.5) 33.1(0.9) 30.6(2.1) 247(1.2) 234(1.4)
Dense-GCN  90.6(2.8) 90.5(2.7) 35.6(21.8) 58.4(1.1) 59.1(0.6) 40.1(1.5) 34.5(0.9)
RBF-GCN 90.6(2.3) 92.6(2.2) 70.8(5.5 58.1(1.2) 57.1(1.9) 393(1.4) 33.7(1.4)
kNN-GCN 93.2(3.1) 938(14) 91.3(0.5) 683(1.3) 665(0.4) 41.3(0.6) 37.8(0.9)

kNN-LDS 97.3(0.4) 944(19) 925(0.7) 715(1.1) 715(0.8) 464(1.6) 39.7(1.4)




Experiments: Semi-supervised Learning

Wine Cancer I Digits I Citeseer Cora FMA
LogReg 92.1(1.3) 93.3(0.5) 855(1.5) 62.2(0.0) 60.8(0.0) 42.7(1.7) 37.3(0.7)
Linear SVM  93.9(1.6) 90.6(4.5) 87.1(1.8) 58.3(0.0) 589(0.0) 403(1.4) 357(15)
RBF SVM 94129 91731 869(3.2) 60.2(0.0) 59.7(0.0) 41.0(1.1) 383(1.0)

RF 93.7(1.6) 92.1(L.7) 83.1(2.6) 60.7(0.7) 58.7(0.4) 40.0(1.1) 37.9(0.6)
FENN 89.7(1.9) 92.9(1.2) 36.3(103) 56.7(1.7) 56.1(1.6) 38.6(1.4) 33.2(1.3)
LP 89.8(3.7) 76.6(0.5) |91.9@3.1) | 23.2(6.7) 37.8(0.2) |353(0.9)| 14.1(2.1)

ManiReg 90.5(0.1) 81.8(0.1) [83.9(0.1)| 67.7(1.6) 62.3(0.9) [46.6(1.5)| 34.2(1.1)
SemiEmb 91.9(0.1) 89.7(0.1) (909 (0.1) | 68.1(0.1) 63.1(0.1) [46.9(0.1)|] 34.1(1.9)

Sparse-GCN  63.5(6.6) 72.5(29) 134(1.5) 33.1(0.9) 30.6(2.1) 247(1.2) 234(1.4)
Dense-GCN  90.6(2.8) 90.5(2.7) 35.6(21.8) 58.4(1.1) 59.1(0.6) 40.1(1.5) 34.5(0.9)
RBF-GCN 90.6(2.3) 92.6(2.2) 70.8(5.5 58.1(1.2) 57.1(1.9) 393(1.4) 33.7(1.4)
kNN-GCN 93.2(3.1) 938(14) 91.3(0.5) 683(1.3) 665(0.4) 41.3(0.6) 37.8(0.9)

kNN-LDS 97.3(0.4) 944(19) 925(0.7) 715(1.1) 715(0.8) 464(1.6) 39.7(1.4)




Experiments: Semi-supervised Learning

Wine Cancer Digits I Citeseer Cora I 20news FMA

LogReg 92.1(1.3) 93.3(0.5) 855(1.5) 62.2(0.0) 60.8(0.0) 42.7(1.7) 37.3(0.7)
Linear SVM  93.9(1.6) 90.6(4.5) 87.1(1.8) 58.3(0.0) 589(0.0) 403(1.4) 357(15)
RBF SVM 94129 91731 869(3.2) 60.2(0.0) 59.7(0.0) 41.0(1.1) 383(1.0)

RF 93.7(1.6) 92.1(L.7) 83.1(2.6) 60.7(0.7) 58.7(0.4) 40.0(1.1) 37.9(0.6)
FENN 89.7(1.9) 92.9(1.2) 36.3(103) 56.7(1.7) 56.1(1.6) 38.6(1.4) 33.2(1.3)
LP 89.8(3.7) 76.6(0.5) 91.9(@3.1) 232(6.7) 37.8(0.2) 353(09) 14.1(2.1)

ManiReg 90.5(0.1) 81.8(0.1) 839(0.1) 67.7(1.6) 62.3(0.9) 46.6(1.5) 342(1.1)
SemiEmb 91.9(0.1) 89.7(0.1) 909 (0.1) 68.1(0.1) 63.1(0.1) 46.9(0.1) 34.1(1.9)

Sparse-GCN  63.5(6.6) 72.5(29) 134(1.5) 33.1(0.9) 30.6(2.1) 247(1.2) 234(1.4)
Dense-GCN  90.6(2.8) 90.5(2.7) 35.6(21.8) 58.4(1.1) 59.1(0.6) 40.1(1.5) 34.5(0.9)
RBF-GCN 90.6(2.3) 92.6(2.2) 70.8(5.5 58.1(1.2) 57.1(1.9) 393(1.4) 33.7(1.4)
kNN-GCN 93.2(3.1) 938(14) 91.3(0.5) 683(1.3) 665(0.4) 41.3(0.6) 37.8(0.9)

kNN-LDS 97.3(0.4) 944(19) 925(0.7) 715(1.1) 715(0.8) 464(1.6) 39.7(1.4)




Experiments: Semi-supervised Learning

Wine Cancer Digits Citeseer Cora I 20news FMA
LogRe« Q113 033(05)  R{IS(15)  A2200 AOROM 42T T 373(0.7)
Lineal [7(1.5)
RBFY§ 208 B Same cl. B (1.0)
RF z Diff./Unk. P (0.6)
FFNN 2 0.6 R (1.3)
LP % 1(2.1)
Manif 2 0.4 b(1.1)
SemiH 1(1.9
- E g a9
Sparse 2 U (1.4)
Dense 0.0 b (0.9)
RBF- 1075 10~ 1072 10° 1076 107° 1072 10° 1075 107 1072 100 [/ (14)
FNN- Probability bins Probability bins Probability bins ‘8 0.9)
| KkNN- 7(1.4) I




Many Thanks!

Poster # 177
Github page: https://github.com/lucfra/LDS

Some learned representations by a GCN on Citeseer
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