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Motivation
First Order Optimizers

Second Order Optimizers

Suboptimal convergence 

High computation overhead

AdaFisher 

Can we design an optimizer that balances 

computational complexity (time and space) with 

strong generalization (fast convergence)?
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Machine Learning Model

Data

Learning 

Figure 1: Visualizing optimization trajectories for various 

optimizers overlaid a loss landscape.



Methodology

New efficient approximation to the FIM 

Figure 2: Illustration of EFIM computation using K-FAC 

[1] for a given layer i

Figure 3: Gershgorin disks and eigenvalue perturbations in the 37th Convolutional 

layer of a ResNet-18 at steps 5200 (middle of training)

And 9800 (end of training). Left: Gershgorin circles; Right: Eigenvalue spectrum 

with/without noise.

[1] Martens, James, and Roger Grosse. "Optimizing neural networks with kronecker-factored approximate curvature." International conference on machine 

learning. PMLR, 2015. 3

Fisher Matrix Insights 



Better 

Generalization 

than Adam 

Methodology

Figure 4:  Comparison of FIM 

diagonal histograms during 

ResNet18 training on 

CIFAR10: The figure displays 

the FIM diagonal elements for 

the first convolutional layer 

with Adam and AdaFisher over 

1,000 training iterations.

4



Results

Image Classification

Language 

Modeling

Table 2: Validation of ImageNet-1K / 

ResNet50 by different optimizers reported 

on Top-1 and Top-5 accuracy.

Figure 5: Training loss and validation error 

of ResNet-50 on ImageNet-1k. AdaFisher 

consistently achieves lower test error as 

compared to its counterparts.

Table 3: Performance metrics (mean, std) of different networks and optimizers on CIFAR10 and 

CIFAR100 using batch size 256 with a 200-epoch AdaFisher training cutoff

Table 4: Performance comparison of different networks and optimizers on CIFAR10 and CIFAR100 using 

ImageNet-1K pretrained weights. Evaluation is based on wall clock time of 50 training epochs with AdaFisher.

Table 5: Language Modeling 

performance (PPL) on Wikitest-

2 and PTB test dataset (lower is 

better)
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Stability Analysis

Figure 6: Performance comparison of AdaFisher and other optimizers using the ResNet50 network on the CIFAR100 

dataset. (A) Test accuracy by batch size. (B) Accuracy vs. learning rates. (C) Accuracy related to epoch time across batch 

sizes. (D) Epoch time for different optimizers with a batch size of 256. 

Code 

Paper
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AdaFisher: Adaptive Second Order Optimization vis Fisher 

Convergence, Generalization Capabilities

Computational Efficiency
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