





:'frontiers Event Abstracts 6th HBP Student Conference on Interdisciplinary Brain Research

FIGURE 2: Range and mean ERPs of trials plotted per hemisphere and stimulus category
(animals vs. fruits vs. objects) across N-Back levels. Trials were rejected prior to including them in
the plots when their amplitudes were higher than 30 pV. The labeled ERP components are those
that were significant for p<0.05 or <0.01.

(Figure 2). In addition to the well-established N1 and P2 amplitude changes,
our observations provide evidence of the impact of stimulus category on fast
PL in terms of amplitudes and latencies of other ERP components. In line
with the study of Proverbio et al. (2008), we did not observe any significant
correlation between ERP components and behavioural responses. In conclu-
sion, our outcomes highlight that both behavioural and neurophysiological
responses, in particular ERP components, reflect the impact of fast PL even
when performing a single N-Back training session. Differing from existing
literature, we considered several visual stimulus categories (objects, animals,
etc.) and showed significant latency variations in different ERP components.
Finally, the variety in used training lengths and stimulus repetitions (e.g., Song
etal, 2008; Mishra, et al., 2015) led to changes in different ERP components,
which we hypothesize to reflect fast or slow PL effects.

Keywords: Perceptual learning (PL), Event-Related Potential (ERP), Fast learning, N-Back task,
stimulus category
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INTRODUCTION/MOTIVATION

Aging-induced memory impairment results in loss of muscarinic receptors
(MACHhRs) (1). This causes massive oxidative damage by generating uncon-
trolled oxidative biomarkers (MDA, GSH and SOD) in the brain, commonly
found in Alzheimer's disease (AD) (2). Studies have shown that mAChRs play a
vital role in different learning, like spatial learning, contextual fear conditioning,
and trace eyeblink conditioning, and serial feature positive discrimination tasks
(3). Other studies showed that among the five subtypes of mMAChRs, the M1
receptors are closely associated with learning (4). Several behavioral studies
showed that the mImAChKR plays a vital role in attention and is a promising
target for memory functions (4). Another study showed that m1mAChR con-
trolled oxidative stress in the brain (5). Therefore, the mImAChRs could be a
promising target to improve memory in aging-induced AD (6). VU0357017 is a
highly selective and potent m1 allosteric agonist having a substantial effect on
hippocampal-dependent learning in rodents (7). Several studies showed that
VUO0357017 exhibits antioxidant properties by stimulating b-Arrestin pathway
(7.8). However, no studies have investigated the beneficiary role of VU0357017
in aging-induced memory impairment and their associated biomarkers. Our
study aims to find an effective treatment approach for AD using selective
MIMACHhR agonist VU0357017 by (i) establishing its cholinergic activity in
mice via two commonly used behavioral tasks and (i) identifying its regulatory
activity in AD-associated oxidative stress biomarkers via a bioassay technique.

METHODS

A. Passive Avoidance (PA): On the first day, mice were free to roam in the
testing chamber, considered habituation. Then they were subjected to a
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mild foot shock (US) every day for seven days. Days 8-11 were devoted to
the examination (testing period) (9). We computed the latency needed to
pass through the gate that separates the two compartments (Diagram 1) (10).

B. Contextual Fear Conditioning (CFC): CFC includes keeping the animal
in a novel environment, delivering an unconditioned stimulus (US: from the
shocking device) associated with a conditioned stimulus (tone: CS), and then
getting rid of it (day 1. conditioning session). When the animal was kept in

. Cued test (day 26 & 315)
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FIGURE 1: Effects of VU0357017 on (A) PA and (B), (€) CFC. Data were analyzed by one-way
ANOVA followed by post-hoc tukey test and expressed as mean + standard error of the mean. ns

= not significant and p<0.05 is considered as significant (10).
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FIGURE 2: Effects of VU0357017 on oxidative stress biomarkers (A) MDA (B) GSH and (€) SOD. Data

were analyzed by one-way ANOVA followed by post-hoc tukey test and expressed as mean +
standard error of the mean. ns = not significant, and p<0.05 is considered as significant.
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the same environment again, it showed a freezing response if it could recall
(day 2a & 3la: context) (11). The responses were analyzed by changing the
shape of the chamber (day 2b & 31b: cued session) (Diagram 2).

C. Bioassay: Oxidative biomarkers (MDA, GSH, and SOD) were measured
from the hippocampus.

D. Animals: We divided forty mice into the following five groups: Group 1:
Saline Iml (n=8) (Intrapertonial; i.p) Group 2: D-gal (n=8): D-gal 100 mg/kg
(12) (i.p) Group 3: VU0357017 (VU) (positive control; n=8): VU 0.15mg/kg (i.p)
(13) (i.p) Group 4: VU0357017 (VU) + D-gal (n=8): VU 0.15 mg/kg (13) (i.p) and
D-gal 100 mg/kg (12) (i.p) Group 5: Astaxanthin (Ast) (Standard Antioxidant) +
D-gal (n=8): Ast 20 mg/kg (14) (oral) and D-gal 100 mg/kg (12) (i.p); After ten
weeks of treatment, firstly, all groups were exposed to the passive avoidance
(PA) task. After seven days of completion of PA the same group of mice has
experienced the Contextual Fear Conditioning followed by collecting brain
tissues to assay oxidative stress biomarkers.

RESULTS

Effects of VU0357017 on PA and CFC: After 24 and 48 hours of training, the
RT value was decreased to 11643 + 2.62 sand 105.87 + 3.58 s, respectively in
mice that received D-gal injection. Contrarily, the RT was prominently elevated
to 255.62 + 14.11 s after 24 hours and 246.81 + 14.38 s in case of 48 hours of
training after administration of VU0357017 in D-gal mice. In the conditioning
session, day 2A and 31A, the FR value was decreased to 42.5 + 3.60 % and 35
+ 245 %, respectively after administration of D-gal. Intriguingly, FR increased
to 67.60 + 2.62 % (day 2A) and 62.18 + 6.57 (day 31A) after treatment with
VUO0357017. In context and cued test, similar results were observed.

Effects of VU0357017 on oxidative stress biomarkers: The level of oxi-
dative stress biomarkers was changed in D-gal mice. The MDA level was
remarkably increased (115.9 + 749 nmol/ml) whereas GSH and SOD level
was significantly decreased (2.54 + 0.23 pmol/mg and 10.85 + 0.94 U/30s;
respectively; P <0.0001). However, the GSH and SOD levels were increased
(11.62 + 0.53 pmol/mg and 30.89 + 0.89 U/30s; respectively) whereas MDA
was significantly decreased (31.34 + 6.11) nmol/ml after administration of
VU0357017 (P<0.0001).
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DISCUSSION

In this study, the D-gal mice exhibited a low level of learning, whereas an
improvement of learning was detected in mice treated with VU0357017.
These results suggested that VU0357017 can potentially affect learning and
memory-impaired by D-gal (Fig.1). The biochemical study revealed significant
changes in oxidative biomarkers in D-gal treated mice, whereas the expres-
sions of biomarkers were regulated after using VU0357017 (Fig.2), suggesting
VUO0357107 has the potential antioxidant properties. Other studies showed
that MImAChRs have antioxidant activity (15). Therefore, it could be stated
that VUO357017 improves memory by increasing the amount of mImAChRs
via modulating the oxidative biomarkers in the brain. The probable underly-
ing antioxidant mechanism is due to the stimulation of b-arrestin pathway
(7.8) by inhibiting NADPH oxidase 4 (7), a key generator of ROS in the brain
(16). A study on human cell line have shown an outstanding selectivity of
VU0357017 towards the mImAChR and is regarded as a novel approach
for AD (7). However, there is a lack of evidence to find the advantages and
propitious effects of VU0357017 on AD. Therefore, the results obtained from
animal studies might be transformed in human cases in the treatment of AD.
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INTRODUCTION/MOTIVATION

Intentionality is a basic component of understanding the minds and behaviors
of others. In this regard, the temporal lobe (anterior temporal lobe, superior
temporal sulcus, middle and superior temporal gyrus) and the precuneus and
temporo-parietal junction constitute a "mentalizing” network 2 that encodes
intentionality. Within this network, the Superior Temporal Sulcus (STS) and
regions surrounding it have been related to being especially involved in pro-
cessing communicative intention for interactions by means of gaze (direct
vs. averted) in social perception *7. Approach intentionality has been linked
with greater activation of posterior right Superior Temporal Sulcus (rSTS) than
avoidance & STS could be an area required for processing intentionality for
social interactions. Regarding transcranial direct current stimulation (tDCS)
effects on the STS and relationship-actions processing, Marrero et al. ® found
a greaterimprovementin discriminability of approach sentences in a memori-
zation task after applying anodal tDCS on the rSTS, compared to either sham
or cathodal stimulation. However, the question whether the advantage of
approach contents could start before memorization (as during sentence read-
ing) remains open. The goal of this study has been to see whether improve-
ment in information encoding could start during the reading process. Based
on Marrero et al. °, we hypothesized anodal tDCS would produce a greater
improvement for approach sentences. Moreover, we explored whether an
effect of tDCS on reading speed could be moderated by behavioral activation
system (BAS, approach trait) and behavioral inhibition system (BIS, avoid-
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ance trait) 2. Low approach **2 has been found as benefitting from anodal
stimulation, but high avoidance trait has been shown to disturb attentional
allocation ¥ in previous research. Hence, we would expect participant with
high BAS and high BIS traits to be less capable of taking advantage of extra
processing resources probably provided by anodal tDCS for the reading task.
Therefore, we predicted a poorer reading improvement in approach as well
as in avoidance sentences in high compared to low-BAS and BIS participants.

METHODS

62 healthy right-handed students (54 females M= 19,95, SD = 2,33) voluntarily
participated in the experiment. All participants provided informed consent.
Inclusion criteria included: being right-handed according to the Edinburgh
Handedness Inventory . Exclusion criteria were suffering from epilepsy (or
having close relatives affected), migraine, brain damage, cardiac, neurological
or psychiatric disease. 31 participants were assigned to the anodal condition
and 31 to the sham condition. The behavioral inhibition system (BIS) and
behavioral activation system (BAS) scales were measured by the scales of
Carver & White . The difference between anodal and sham groups relied
on stimulation duration: anodal-tDCS participants received stimulation for 20
minutes at 2 mA plus 15 s for fade in and 15 s for fade out, as the sham group
did for only 15 s plus 15 s for fade in and 15 s for fade out as well. Participants
were given one list before receiving tDCS (pre-test) and the other list after
tDCS (post-test). Participants were randomly assigned to one of the four sets
of sentences resulting from the counterbalance. Sentences were randomly
presented to the participants in each of the counterbalanced sets. At the start
of the experiment, participants were given seven sentences to practice. Then,
they were given 60 sentences, 20 for each direction (Approach, Avoidance,
Neutral). Sentences presentation was segmented (see Table 1). Each seg-
ment was displayed till the participant pressed the corresponding button.
After 750 ms a new sentence appeared. Sixteen sentences were followed
by a yes-no question on the content just read. Feedback on correctness and
time required for it was given. These questions were aimed at keeping the
attention of participants on reading comprehension.
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Table 1: Examples of sentences with questions

Sentence Direction | Question Example | Correct
Answer

Pedro/aceptd a Rosa/ | Approach | ¢Dice que Pedro

en Whatshapp aceptd a Rosa en | Yes
(Pedro/accepted Rosa/ Whatshapp?
in Whatsapp) (Is it stated that

Pedro accepted
Rosa in Whatshapp?)

Pedro/bloqued a ¢Dice que Pedro
Rosa/en  Whatshapp | Avoidance | aceptd a Rosa en| No
(Pedro/blocked Rosa/ Whatshapp? (Is it
in Whatshapp stated that Pedro
accepted Rosa in
Whatshapp?)
Verdnica/dedujo el ¢Dice que Veronica
precio/del abrigo | Neutral dedujo el precio| Yes
(Verdnica/deduced the del abrigo? (Is it
price/of the coat) stated that Verodnica

deduced the price
of the coat?)

RESULTS AND DISCUSSION

Two 3 X 2 mixed Two-Way ANOVAs were performed with Direction (Approach,
Avoidance, Neutral) as a within-subjects and Stimulation (anodal, sham) as
a between-subjects factor. The dependent variable (d) was the difference
between time required to read both the second and third segments before
and after the Stimulation condition (anodal or sham). Latency to answer
guestions after neutral sentences was considered as covariate. Anodal tDCS
was able to enhance reading speed for all the three types of sentences (F (1,
58) = 4.174, p < .05, np? = .068). No interaction effect between Stimulation
and Direction was found.
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FIGURE 1: Reading speed improvement (d) in the second set of sentences for low-BIS (1) and
low-BAS (2) participants.

Significant effect of anodal tDCS was found in low-BIS (avoidance/anxiety,
F (1,19) = 8502, p < .01, np? = .321) participants and in low-BAS (approach/
impulsivity, Stimulation, F (1, 19) = 6.53, p = .02, np?= .205). Anodal tDCS
enhance reading speed more for approach than avoidance sentences in
low-BIS participants, F (2,19) = 3.181, p = .067, np2 = .272, (Figure 1).

In conclusion, anodal tDCS had no effect on reading approach content as
we predicted but an overall effect on reading speed. However, affective
traits have emerged as a modulator for tDCS effects. As we hypothesized,
high levels in BIS/BAS traits predicted a poorer benefit from anodal tDCS.
In contrast, low level BIS/BAS traits see, to be benefited from tDCS. More
gender-balanced and older groups are needed. This may be interpreted as
interference of personality traits as in previous research V!¢, Since the reading
task was somewhat passive, a recognition task after reading is suggested to
find tDCS improvement in information encoding.
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INTRODUCTION/MOTIVATION

Modern artificial agents demonstrate well-established performance in terms
of accuracy, speed, and reliability in operating on single task instances after
the exposure of a long stationary learning. However, they might exhibit
worse performance in non-deterministic environments, i.e., human real-case
applications characterized by sources of uncertainty and variability such as
unpredictable cues and constraints [1], [2]. Meta-learning, also known as
‘learning-to-learn’, applied to reinforcement learning may empower the
design of flexible control algorithms, where an outer learning system progres-
sively adjusts the operation of an inner learning system [3]-[5]. This approach
could lead to practical learning optimization benefits, such as the reducing
of the explicit hand-tuning of the hyperparameters of the learning schema
and the generalization error [6], [7].

METHODS

Our work inherits the meta-learning principles in the neuromodulation theory
proposed by Doya [8]-[10] and the neural architecture developed by Khamassi
and colleagues [11], [12] for agent-environment interaction. The neuromod-
ulation theory propounds a direct equivalence between the dynamics of the
four major neurotransmitters (e.g., acetylcholine, serotonin, dopamine, and
noradrenaline) and the computational role of the hyperparameters which
shape the meta-learning processes.

In this brain-inspired meta-learning framework for inhibition cognitive con-
trol we included meta-learner representations of the distributed learning
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systems in the human brain ,e.qg., cortical areas such as the prefrontal cortex
(e.g., Posterior Parietal Cortex (PPC), Anterior Cingulate Cortex (ACC), Ventral
Tegmental Area (VTA), Lateral Prefrontal Cortex (LPFC), Premotor Cortex
(PMQ)) and subcortical regions such as basal ganglia circuitry (e.g., Striatum,
Substantia Nigra reticulata (SNr), Thalamus, Substantia Nigra compacta (SN¢))
(Figure 1). Each layer is composed of three firing rate neurons (the output of
the differential equation of each neuron is mapped from 0 to 1 with a sig-
moid activation function) that topographically codify different space regions
[13]; we used two neurons to encode two different opposite directions, e.g.,
left and right, and one neuron to encode the action inhibition [14]-[16]. The
connection between neurons is only inter-layers (i.e., no intra-layer recur-
rent connections) mediated by one-to-one excitatory or inhibitory synapses
[17] The visual perception and the external reward modules regulate how

Meta-parameters:

PPC B: Exploration/Exploitation Rate
&: Temporal-Difference Error
a: Learning Rate (fixed)
7: Temporal Discounting Factor

Layers:

PPC - Posterior Parietal Cortex

ACC - Anterior Cingulate Cortex

Visual

VTA - Ventral Tegmental Area
Input

AR

LPFC - Lateral Prefrontal Cortex

Striatum

SNc - Substantia Nigra compacta

Thalamus Striatum
I . Motor SNr - Substantia Nigra reticolata
- Output Thalamus
B PMC - Premotor Cortex
S
Excitatory Synapse 5 [ X X
Inhibitory Synapse ~ ] T Stimuli
~» Modulation Action
——— Connection ) A 181
‘ ‘ Neuron'’s Activities Left Right
Inhibition

FIGURE 1: The model architecture inspired by [11], [12] and the meta-learning mechanism
based on principles of Doya's neuromodulation theory [8]-[10] are illustrated. The volume of
the cubes displays the intensity of the neuron’s activity, topographically associated with the
two directions (Left (blue), Right (orange)) and action inhibition (Inhibition (Green)).
Excitatory (black arrow) and inhibitory (black circle arrow) neural synapses, reinforcement
learning, meta-learning mechanisms (e.g., action values , dopamine , serotonin ,
noradrenaline , etc.) (black dashed arrows), and input/output connections (red line) are
displayed. Stimuli are fed in the model by simulating a square wave ( (amplitude) = 1 [a.u],
(duration) = 100 [samples], (inter-stimuli interval) = 200 [samples]) for neurons codifying
Left or Right movement.

6th HBP Student Conference on Interdisciplinary Brain Research 163



:'frontiers Event Abstracts 6th HBP Student Conference on Interdisciplinary Brain Research

the agent interacts with the environment and the output module delivers
the corresponded motor commands of the selected action. We formalized
brain-inspired meta-learning hyperparameters optimization rules, mimicking
explicitly the dynamics and mutual interaction of the major neurotransmitters
in the brain. Briefly, (i) dopamine receptors D, modulate the noradrenergic
system (i.e. exploration/exploitation rate) with an inverse linear function that
relates dopamine to the entropy of the probability distribution of the actions
[18], (i)) dopamine receptors D, tune the striatum neuron’s excitability [19], and
(iii) serotonin regulates the overall dopamine release and the reward temporal
scale [20], [21]. The artificial agent was tested in two different well-described in
literature conflictual tasks that involve different types of action inhibition [22],
[23]: action restraintin NoGo Paradigm and action cancellation in Stop-Signal
Paradigm. In the former, we evaluated the ability to withdraw a not-yet-initi-
ated action from responding by the appearance of a hold signal before the
movement execution. In the latter, we investigated the ability to cancel an
initiated response triggering an unpredictable hold signal after a range of
delays from the action onset.

RESULTS AND DISCUSSION

The artificial agent, after the training session, learned how to adjust suc-
cessfully its hyperparameters (e.g., driving the system towards exploitation
regimes) in response to the appearance of the hold signal in both paradigms,
and hence, showing a proper encoding of the action inhibition command
(Figure 2). In particular, both right inhibition and global accuracy increased
significantly during the test phase in NoGo Paradigm (accuracy, training:
53.10 £1543% vs test: 86.74 £ 3.68%, t-test, p-value < 0.001; right inhibition,
training: 0% vs test: 7348 + 7.86%, t-test, p-value < 0.001) and in Stop-Signal
Paradigm (accuracy, training: 51.32 + 14.78% vs test: 75.78 £ 5.38%, t-test,
p-value <0.001; right inhibition: training: 0% vs test: 51.06 + 12.22%, t-test,
p-value <0.001). Finally, considering the Stop-Signal Paradigm, high serotonin-
ergic concentration acting on the dopamine release led to behavioral effects
as such it shifted of the agent's behavior towards non-impulsive regimes,
e.g., shorter reaction time and higher right inhibition as well as a reduction
in the Stop Signal Reaction time, i.e., the latency of the cancellation process.
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NoGo Paradigm
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FIGURE 2: Performance of the simulated agent in NoGo and Stop-Signal Paradigms. Results are
averaged across 40 simulations of 1000 stimuli during the training and test phases in NoGo
Paradigm (a=€) and Stop-Signal Paradigm (d~=i). Reaction time (RT) (a), Right Inhibition (b) and
Accuracy (€) are displayed for both training and test phases in NoGo Paradigm. The color of the
bar indicates the type of trials used to compute the metrics: Go trials (gray), NoGo trials (white)
and all trials (black). Stop Signal Reaction time (SSRT) (d), Right Inhibition (e) and Accuracy (f) are
displayed for both training and test phases in Stop-Signal Paradigm. The color of the bar
indicates the type of trials used to compute the metrics: Go trials (gray), Stop-Signal trials (white)
and all trials (black). SSRT is not defined during the training phase as the right inhibition is 0%. In
(a-f) results are expressed as Mean + SD and asterisks indicate the statistical significance (<0.05%,
<0.01** and <0.001***). Parameters ((g) Right Inhibition, (h) Accuracy and (i) SSRT) are plotted
against the serotonin concentration [y]e{0.1, 0.3, 0.5, 0.7, 0.9} and they are obtained averaging
across all the stimuli presentation in each simulation during the hold trials (both NoGo and
Stop-Signal trials) in training (dashed black line) and test (black line) phases (except for SSRT for
which in training is not defined). In (g~i) results are expressed as Mean + SEM.

In previous works Khamassi and colleagues [11], [12] implemented a
brain-inspired meta-learning hyperparameter optimization framework
for reinforcement learning by linking the exploration/exploitation meta-
parameter with the activity of two types of neurons [24], [25] (i.e., correct
and error neurons) that react to positive and negative temporal difference
error , respectively. The model was tested both in silico and in a humanoid
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robot (i-Cub) in two problem solving tasks where environmental uncertainties
are included either changing the cue or by cheating.

In the framework of the Cyber Rodent project [26], Doya e Uchibe used
genetic algorithms to investigate the underlying mechanisms of self-
reproduction, self-preservation as well as foraging in artificial agents [26]-[28]
This evolutionary approach was adopted to co-evolve the meta-parameters
(e.g., exploitation/exploration rate, learning rate and temporal discounting
factor) in synergy with shaping reward, accelerating significantly the learning
curve in foraging [29] and mating [30]. Lowe & Ziemke [31] used genetic
algorithms to investigate meta-learned exploration and planning in a multi-
episode two-armed bandit navigation problem under different representations
(e.g., absence/presence) of external rewards and punishments.

We demonstrated that brain-inspired meta-learning rules may pave the way of
the design of cognitive control architectures for artificial agents that achieve
more flexible and accurate behavior when conflictual inhibitory signals are
present in the non-deterministic environment.
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INTRODUCTION/MOTIVATION

EBRAINS [1] comprises more than 130 European research organizations, each
with a large number of scientists, programmers, and technical coordinators.
Developing, operating, and using an immense infrastructure such as EBRAINS
is a complex task that bears the risk of an individual scientist getting lost in
details. The Scientific Liaison Unit (SLU) was founded to provide a helping
hand in navigating the complexity of EBRAINS services [2] and science [3].
This work details the structured methodology the SLU uses to guide its activ-
ities. The method creates a shared understanding of the research plans of
the scientists and the associated technical requirements for the engineers.
Secondly, it facilitates the identification of major scientific needs, which serve
as a precious source for defining the future direction of tool and service
development in EBRAINS.

METHODS

Here we present the process we followed to develop a technique that
describes scientific research as standardized requirements that conduces
to a workflow compatible with EBRAINS infrastructure.

Also, here is clarified how this process of gathering requirements, can be
applied to different types of research, and how it can help in similar cases to
transform the actual state of research into compatible description workflows
able to be integrated as a part of EBRAINS and how we designed tools to
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optimize this process. To exemplify we present showcases models and how
the evolution of the used tools in their research.

As a key tool, we introduce a descriptive template [4,5] that guides the scientist
through a couple of steps: from a scientific description of her/his science
case at the beginning, followed by a progressively technical presentation of it.
The technical representation also includes a diagram with symbols organized
according to specific rules that allow us to identify commonalities between
different scientific cases and infer major scientific needs.

RESULTS AND DISCUSSION

Based on an example of the hyper-parameter optimization framework ([6],
L2L in Fig.1) we demonstrate how the structure of the document leads the
reader from a scientific description into technical requirement analysis. In this
particular case, the technical requirement analysis focuses on different types
of data transfer needed for this workflow e.g. data needs to be transferred from
the super-compute site (ICEl site) in which the hyper-parameter optimization

ICEI site

L2L
0|M
_____ A | Post-
......... —_— processing | O

I @

RM

Raw model
creation

Non ICEI site Publication

RM/OM/PM

FIGUREL: Diagram description of the hyperparameter optimizaion framework. Lines indicate
data transfer between storages (cylinder) and processing sites (rectangles). Solid lines indicate
data transfer taking place in the actual use case. Dashed lines show alternative routes. ARD:
Archival data storage, ACD: Active data storage. RM: raw data model, OM: optimized model|,
PM: Post processing results, L2L: learning to learn framework.
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takes place, to another site (e.g. your computer) in which the analysis of
the result is carried out. Based on such a requirement analysis, potential
project challenges, as well as opportunities for extensions and interaction,
are identified early on.

This work gives an overview of the different areas of responsibility that the
SLU has. In particular, it explains our strategies for identifying and prioritizing
the needs of the scientific community and their formulation into technical
requirements based on scientific cases in a systematic and standardized way.
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