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Introduction:

Accurately mapping cognitive processes to distinct brain regions [START_REF] Andrews-Hanna | The default network and self-generated thought: component processes, dynamic control, and clinical relevance[END_REF][START_REF] Bzdok | Subspecialization in the human posterior medial cortex[END_REF][START_REF] Dixon | Heterogeneity within the frontoparietal control network and its relationship to the default and dorsal attention networks[END_REF] requires meta-analytic synthesis of neuroimaging databases [START_REF] Yarkoni | Large-scale automated synthesis of human functional neuroimaging data[END_REF][START_REF] Laird | BrainMap: the social evolution of a human brain mapping database[END_REF][START_REF] Dockès | NeuroQuery, Comprehensive Meta-Analysis of Human Brain Mapping[END_REF], which have become crucial to human brain mapping. However, current metaanalytic query systems are limited to expressions of already known facts, which precludes the generation of new knowledge about functional segregation in the brain. A novel framework using a probabilistic logic programming tool called NeuroLang overcomes this shortcoming, enabling an expressively-rich formalism of functional segregation queries in a natural language syntax, while endowing results with probabilities of them being true.

Here, we leverage the expressive power of NeuroLang to study the functional segragation in the posterior cingulate cortex (PCC). A central node in the default mode network [START_REF] Buckner | The brain's default network: anatomy, function, and relevance to disease[END_REF], the PCC is widely known to subserve internally-directed cognitive processes [START_REF] Leech | The role of the posterior cingulate cortex in cognition and disease[END_REF]. However, recent evidence suggests that this region is associated with disparate cognitive processes [START_REF] Laird | BrainMap: the social evolution of a human brain mapping database[END_REF][START_REF] Leech | The role of the posterior cingulate cortex in cognition and disease[END_REF], with the dorsal PCC involved in cognitive control and ventral PCC supporting internally-directed cognition. The approach showcased in this study provides a tool that can validate findings and enable future investigations into uncharted brain regions.

Methods:

We use NeuroLang, a domain-specific probabilistic logic programming language [START_REF] Iovene | Complex Coordinate-Based Meta-Analysis with Probabilistic Programming[END_REF], able to express complex reverse inference queries on CBMA databases. Reverse inference asks which terms, generally associated with cognitive processes, are most probably associated with a given activation pattern. We use the DiFuMo functional parcellation [START_REF] Dadi | Fine-Grain Atlases of Functional Modes for FMRI Analysis[END_REF] to define two subregions of the PCC. For the CBMA database, we use NeuroQuery [START_REF] Dixon | Heterogeneity within the frontoparietal control network and its relationship to the default and dorsal attention networks[END_REF]. where '¬' is the logic negation operator. This is done for the vPCC, segregating the dPCC, and vice-versa. We run this query and analyse the resulting probabilities to identify cognitive functions most probably associated with each subregion, while performing subsampling of all NeuroQuery studies to derive empirical probability distributions(Fig. 2).

Results:

Consistent with recent evidence [START_REF] Leech | The role of the posterior cingulate cortex in cognition and disease[END_REF], our results suggest differential involvements of d-/v PCC in cognition(Fig. 2) Particularly, terms generally associated with "Cognitive Control" are more likely to appear in studies that report only dPCC and not vPCC activations. In contrast, terms associated with internally-directed cognitive processes, such as "Self Reference", are more likely to appear in studies reporting only vPCC and not dPCC activations. A code to replicate the findings can be found in [11].

Conclusions:

In this study, we used probabilistic first-order logic to assess the functional segregation in the PCC, with findings supporting recent evidence of differential roles for d-/v PCC. Through this methodological approach, we hope to empower the cognitive neuroscience community with an expressive and powerful language that can aid in exploring and developing new hypotheses of brain-behavior relationships.

Modeling and Analysis Methods: 

  NeuroQuery calculates term-to-study associations from the full text of studies and is well-suited for reverse inference. Peak activation coordinates and term-to-study associations reported by studies in the database are encoded in NeuroLang, alongside DiFuMo regions. Predicate logic allows us to represent this knowledge, using predicates such as TermAssociation(visual, 18183754), that encodes that study 18183754 is associated with the term 'visual'. Queries on this program can be expressed and used to infer new knowledge. Solving a reverse inference query is done by estimating conditional probabilities P[ TermAssociation(t, s) | Q ] of term t being associated with study s, given a query Q over CBMA data. To differentiate function across PCC subregions, we define Q as a segregation query that selects studies reporting activations in a PCC subregions but not in the other one (i.e. segregating the other component). More formally, this is written as

P[ TermAssociation(t, s) | RegionReported(vPCC, s) ∧ ¬RegionReported(dPCC, s) ]
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