Text S1: The computational model of theta phase precession

The computational model of the object-place memory based on theta phase coding [1]
2] consists of input layer, the ECII layer and the CA3 layer. All model parameters were
identical to the previous study, except for the object and scene features in the input layer.
The input layer consists of 9 object features and 36 scene features (Fig. 1b). According
to the eye fixation location, the output of the i-th unit, I;, is given by a binary value (0 or
1). For example, during a fixation at a left-upper grid square in Figure 1a, the PR unit
representing object feature 4 and the PH units representing scene features 10, 19, 25, 31,
34 , 37, 41, 43, and 45 will be activated (indicated by 1) and the rest of the units stay at
rest (indicated by 0). The dynamics of the ECII and CA3 layer units are described by the
”phase model”, where a single variable, the oscillation phase x(t) (mod 27) can describe
either neural oscillation or excitation [3, 4]. Output of the i-th unit with phase ¢;, p;, is

given by

cos(¢;) (cos(¢;) < 0),

0 (otherwise).

bi =

i-th ECII unit oscillation is activated by input, I;, and phase coding is generated
by phase locking with the theta rhythm of the local field potential, cos(wot). It is as-
sumed that the native frequency, w;, gradually increases, dependent on the input, I;. The

dynamics of ¢F“! are given by,

exc

GECI — o, — (CECHL- + CEC cos(wot) — C’(I;:CH) sin (M)

with

Towi = wr, + (wg — wn); — w;

where wy is the angular frequency of the theta oscillation with period Ty = 27 /wg. This
dynamic results in phase locking between the activation of the individual units and the
theta rhythm. Phase precession is thereby realized in the output pF = P(¢FCH) |

The i-th CA3 unit accepts a single excitatory input from ¢-th ECII unit. The dynamics



of pFCA3 is given by,
ZCA?) — o — (Cec}:(/z%iaCH + OCAs Z wyj pCA3 _ CCA3 Y™ CA3 COCAs) sin($CA3)
i#j i
where CS23 and CS3 denotes recurrent connections and the global inhibition, respec-
tively.
In the memory encoding stage, the connection weights w;; are determined using a

modified Hebb rule with the STDP. For convenience the time evolution of w;; is described

by a delta function as,

mutsy = p{A (P (E = T) = CopP (= Tu)p§™ () — (p73(8) + p52%()) wig

where 7,, and T}, are the time constants of w;; and the time window of the STDP, respec-

tively.
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