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“[...] Spiking neural networks [...] efficient [...] event-driven computing [...]”
- me, at some point
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“[...] Spiking neural networks [...] efficient [...] event-driven computing [...]”
- me, at some point
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What is the equivalent of Boolean logic for event-driven computing?!

“[...] Spiking neural networks [...] efficient [...] event-driven computing [...]”

- me, at some point
297
e o o

/

event-driven Boolean logic Functions

computing
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Computing with events
A very simple proposal

“Hidden” state: (c8°°? € N,cP2 € N, T € R)

* System of interconnected nodes
Y “Visible” state: x; = £(cE°°%, c?24,T) € {on, off}

* Each node:

* binary “visible” state

* state changes communicated via events*

*Event: message at time t, containing only #ID

* Jocal, hidden state + dynamics
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Computing with events

Boolean conditions for switching
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Computing with events

Xo|—F ¥ 'R
Boolean conditions for switching Xb 1
®* Turn on for input: e
put: %, — —
good g
Ci = Z Wi Xj = ngod x| £ %

J
® Turn off for bad input: Xq + Xp +xc+xd ﬁ 3
1 | S
G ZWB *Xj > Opaq
j Y @\

* - S-Rlatch with logic Xe+ Xa + X > 2

* Justcount up & down edges!

* But: not “autonomous” yet!

UCSan Diego
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Computing with events

Internal timeout = time-scale

* When turning on: f f 1
T <1

* |nternal countdown timer:

d
—T =-1
dt
* Turn off if:
T
T<O0
* Autonomous “off” events! . T
* “async. monoflop with reset”
ton tOff = ton 4+ 7

UCSan Diego
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TickTockTokens

Single node

R M

Outputs:

weamg) output

SAnf |

SinglePlace

e 0/1,-0/1
R @ s

* Single node: input pulse = output pulse

UCSan Diego
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TickTockTokens

Generic pulse generator

Inputs

O probe[0] Q

) start Q

euE Q IE Outputs:
trigger m— output
Active a»
S
R = UM

E) Add output|

E Add input

pulse
+0/1,-0/1

delay
+0/1,-0/1

* Three nodes: pulse generator

* Input pulse = output pulse with fixed delay & duration

/ UCSan Diego
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TickTockTokens

Memory cell

Inputs:
: +0/180/1
trigger

Active a»
R M

reset ( D
Active a»

R I

E Add input reset
+0/1,-0/1

Inputs
D output Q

D output Q

Window:

R M

Outputs:

) .outPor

Sl

* Two cross-coupled pulse generators = oscillator/memory
° Exc.input pulse = starts oscillation / sets memory

* Inh. Input pulse = stops oscillation / resets memory

/ UCSan Diego

11 Johannes Leugering | TickTockTokens @ NICE 2024



Tl [

A Segmented dendrite B Dendritic plateau process

branchlets

Inputs: \ ‘
A
‘\\;;,,-/ ¢
in1 )

Active @ Synapse 1 (Exc)
+0/1,-0/1

QEC—/)

Active a»

RO

@=spine 8 AMPAr channel
g €XC. Syn.g NMDAr channel
=@ inh. syn.8 GABA,;; channel
I segmentg VGCC

[

Active

R M dendrite_~
- segments C Simplified mechanism
Active a» { \
R
R
®* 6 nodes=2 exc.synapses, 2 inh. sy p;%Xr:qn;;L&\
segment AND-operatio

. thresholdin
* Implements asimple 2-compartm1 JJ'_I_ purlse genlergation
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TickTockTokens

A very simple (minimal?) model

* Turnon (x; « 1,T < 1) if con A —1Cosr

Turn off (x; < 0) if coee A —1Cop

_ g

Coff = Xj N\ (Zl lei) - X; > ebad VT < 0)

one “hidden layer” - arbitrary constraints (= paper)

Could be implemented in

* Analogelectronics?!

* Digital electronics = Tiny(Neuromorphic)Tapeout

good

good live

bad live
token count

token
generator

token

output ECT ( clk trigger clocks
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TickTockTokens

Implementation in hardware

0O 2 6 @ tinytapeout.com ¥

FROM IDEA TO CHIP DESIGN IN MINUTESI

YE
2
hb:)
AL
|
@
»
@

TT07 e —
B 20 16 | 40 | 51 (=
Closes in DAYS. HOURS MINS SECS PCS [ ]

Design #7 of TinyTapeout 5 (ETA June 15t)
(https://tinytapeout.com)
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https://tinytapeout.com/

Key take-aways
+Monoflopsareatbyouneed!

o discrete state 2 Astate 2 events
e an LIF neuron is almost enough, but:

o event-based processing needs autonomous dynamics
—> at minimum: monoflop

maybe rebound spikes?

multiple neurons?

multiple time-constants?

o (TickTockTokens as building block?)

UCSan Diego
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Thank you!

-

TickTockTokens paper:
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INTEGRATED .
SYSTEMS Telluride 2023
NEUROENGINEERING

) HW @ GitHub:
https://github.com/jleugeri/tnt-ticktocktokens

@ Simulator @ GitHub:
https://github.com/jleugeri/ticktocktokens

Dendrite paper:

https://tinyurl.com/dendritic-computing
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https://github.com/jleugeri/tnt-ticktocktokens
https://github.com/jleugeri/ticktocktokens
https://tinyurl.com/dendritic-computing
https://jleugeri.github.io/docs/ticktocktokens.pdf

