
Vol.:(0123456789)

Annals of the Institute of Statistical Mathematics (2024) 76:35–37
https://doi.org/10.1007/s10463-023-00886-2

1 3

INVITED ARTICLE: FOURTH AKAIKE MEMORIAL LECTURE

Discussion of “Identifiability of latent‑variable 
and structural‑equation models: from linear to nonlinear”

Hiroshi Morioka1

Received: 23 June 2023 / Accepted: 4 July 2023 / Published online: 1 November 2023 
© The Institute of Statistical Mathematics, Tokyo 2023

I would like to congratulate Professor Aapo Hyvärinen for receiving the fourth Akaike 
Memorial Lecture Award. It is also a great pleasure for me as well to see such a great 
achievement of him as one of his collaborators. I believe no one would be doubtful about 
his considerable contribution in this field. I also admire his great personality, passion, 
and deep insight into a variety of fields. He is always open to new ideas, and now even 
trying to propose a new concept connecting learning by humans and that by artificial 
intelligence (AI) (Hyvärinen, 2022). I strongly believe his continued success in the com-
ing future, and am really looking forward to seeing what he is going to show us.

Our collaboration started almost 10 years ago, when I finished my PhD and was 
kindly invited as a postdoctoral researcher of his laboratory at University of Helsinki. 
That was exactly when he came up with the basic idea of the “identifiable” nonlinear 
independent component analysis (NICA) (Hyvärinen and Morioka 2016, 2017), and 
since then we have been working continuously on this completely new direction to show 
its great potential (Morioka et  al. 2020, 2021; Morioka and Hyvärinen, 2023). Since 
then, the concept of identifiable NICA has gained increasing attention, amid many rep-
resentation learning frameworks were being proposed based on deep learning, such as 
VAE (Kingma and Welling 2014) and GAN (Goodfellow et  al. 2014), without theo-
retical guarantee of identifiability (Hyvärinen and Pajunen 1999; Locatello et al. 2019). 
Thanks to the intensive works made by many researchers engaged in this field, we now 
have much deeper insight in which conditions NICA problems can be solved and made 
identifiable (Hälvä et al. 2021; Hyvärinen et al. 2019) (though some types of assump-
tions, such as local isometry of the observational mixing, can be controversial as shown 
in this article). Nowadays identifiability is considered to be a crucial property of nonlin-
ear representation learning models, which is expected to be clearly discussed by authors 
when they are proposed. This shows how significantly his works affected this field.

The Related Articles are https://​doi.​org/​10.​1007/​s10463-​023-​00884-4; https://​doi.​org/​10.​1007/​
s10463-​023-​00885-3; https://​doi.​org/​10.​1007/​s10463-​023-​00887-1.
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This article reviews his contribution and the surrounding areas, with being 
divided into four parts: establishment of linear ICA theorems (e.g., (Hyvärinen 
1999)), extension of linear ICA to causal discovery based on state-equation mod-
els (SEMs) (Hyvärinen et  al. 2010; Shimizu et  al. 2006; Zhang and Hyvärinen 
2009), extension of ICA to nonlinear models with theoretical guarantee of identi-
fiability (Hälvä et al. 2021; Hyvärinen and Morioka, 2016, 2017; Hyvärinen et al. 
2019), and then application of NICA to nonlinear causal discovery (Monti et al. 
2020). Especially linear ICA and SEMs seem to have established a solid position 
and are being used nowadays as the gold standard in a variety of fields, includ-
ing neuroscience. Extension of them to nonlinear models also gave a substantial 
impact. Although it still seems to be controversial how identifiability is essential 
in practice for nonlinear models, they would contribute to the developments of 
trustable (interpretable) AI and so on, as discussed by the authors.

Since this article reviewed those topics thoroughly and gave sufficient discus-
sions in which readers would be interested, I do not really have anything addi-
tionally to discuss about in theoretical aspects. I instead would like to ask him 
about his opinion of a more conceptual point, the possible connections of the ICA 
algorithms to the brain functions, which would be somewhat related to his recent 
interest (Hyvärinen 2022):

Discussion 1: Since we are also working on the neuroscience field, this ques-
tion would be inevitable; how ICA is implemented in the brain? Even though 
our sensory inputs from the outside world are very complex and highly nonlin-
ear, with dependency and a lot of confounders, we can somehow disentangle 
them into fundamental information. Proper understanding of such segregation 
(and also integration) of information in the brain is one of the unsolved prob-
lems in neuroscience. Although some studies proposed (possibly) bio-plausible 
algorithms of ICA (Asabuki and Fukai 2020; Isomura and Toyoizumi 2016, 
2019, 2021), there is still no clear evidence what kinds of algorithms and crite-
ria are used in the brain.
Discussion 2: The other question is the possibility of reverse engineering of 
those neuroscientific findings to the developments of novel ICA theorems or 
algorithms. It would be very exiting if we could show that a brain-inspired 
algorithm can defeat the current standard algorithms of ICA, in the sense of 
the robustness against outliers, noises, latent confounders, and high dimension-
ality, sample efficiency, generalizability, and so on.

Although I do not really expect there exists a clear answer, I still would be grate-
ful if Prof. Hyvarinen could give us his opinions about those points and tell us 
how promising he is feeling now about them.
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