


Figure 1: (top) Whole brain circuit diagram and anatomy. (bottom) Circuit diagram and
anatomy of the vision system.

NeuroGFX whole brain level exploration The fruit fly brain is decomposed into some
50 neuropils. Based on [4], we laid out the circuit diagram of the network of Local Processing
Units, i.e., model abstractions of neuropils. In Figure 1, the circuit diagram on the brain
level is shown side-by-side with the anatomical representation of neuropils (blue) and tracts
(bright-colors). Through the interface, the circuit diagram can be reconfigured to include any
subset of neuropils. On the bottom of Figure 1 only the neuropils of the early vision system
and their interconnects are shown. Circuit models of neuropils and their interconnects can be
subsequently retrieved from NeuroArch and be explored through execution in Neurokernel.
Although it is still far from having the needed data to execute the entire fly brain, NeuroGFX
on the whole brain level lays out the guidelines for the development of whole brain emulation,
allowing us to elucidate the functional role of individual neuropils in a subsystem.
NeuroGFX neuropil level exploration The antennal lobe (AL) is the first neuropil of
the olfactory system in the fly brain, consisting of some 50 subregions called glomeruli. In
Figure 2, we reconstruct the antennal lobe to interrogate its functionality, and visualize the
structure of glomeruli along with the reconfigurable circuit diagram of the antennal lobe.
The effect of pathological synapse activity in the antennal lobe is evaluated by increasing
the synaptic strength of the inhibitory local neurons. In the same figure, the simulation
results of healthy and diseased circuits are presented in both biological view (upper) and
interactive plots (lower).

Figure 2: (top) Antennal lobe circuit diagram and anatomical visualization. (bottom) Com-
parison of simulation results between healthy and diseased models.
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NeuroGFX local circuits level exploration The lamina is the first neuropil of the early
visual system of the fruit fly, receiving inputs directly from the retina. The retinotopic map is
preserved in the lamina by columnar circuits, called cartridges. We use NeuroGFX to explore
the function of these local circuits. The complete shape of neurons and connectivity between
neurons in a single cartridge of the lamina have been determined by serial electron microscopy
[5]. Using NeuroGFX, we visualize both the morphology (skeletons) of the neuron and the
circuit diagram side by side (see Figure 3 top). By clicking on the Load Cartridge button,
NeuroGFX is instructed to fire a series of queries to NeuroArch database where a model of
the retina and lamina network resides. Upon retrieving the circuit model, information about
individual neuron can be shown by hovering the mouse over the neuron in the circuit diagram.
Similar to the case of the brain and neuropil level, NeuroGFX enables users to add/remove
any neurons in the circuit diagram. The configured circuit is then sent to Neurokernel for
execution. The inputs to each of the photoreceptors are rendered on the top of the result
viewer while the response of all neurons are shown on the bottom (see Figure 3 bottom).

Figure 3: (top) Data retrieval of a lamina cartridge model and executable circuit construction
using NeuroGFX. (bottom) Results of circuit execution.
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