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dZ/dt = i(—log p) — efficient circuit

the only computation is —log p (one junction); the X/ rotation is wires

INPUT —log p (PHYSICS DOES IT) xi (JUST WIRES) f dt (EVOLVE 2)

=—log o} | s i I> :‘he IZdTp
2-rail signal a + bi 1 e
1
surprisal ! |\
Ire lin
y : > ImZ= fsdt
: (info grows)

1 swap + sign
lin=p in 1 9 g
D= linllrer V = Vn(lredlin) = =V7rinp 1 Rein =0 = Imout =s
I
Each f =1 op-amp + 1 cap
Vourlt) = =& [Vip dt

Log-ratio amplifier Rotation by i

prob. as a current 1

]

Why this is the efficiency optimum
The transcendental —log p is computed by the Shockley law / = /s€"/V": one junction,

no clock, lookup, or iteration. It mirrors the paper's own p = e~ — the junction physically

V= kT/q drifts with T. Use a matched Q1/Q2
pair + ratiometric /¢ (or PTAT gain) so only

Temperature compensation (required)
the ratio /Irellin = 1/p survives — cancels T.

IS that relation. The xi rotation and rail routing add zero active devices. Total active
computation in the whole datapath: effectively one matched transistor pair.
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Core kernel: one junction computes —logp After xi + integrate:

(error < 0.1 mV over 4 decades) info grows, probability fixed (paper's claim)
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Translinear loop = a closed area-path, conserved in the log domain
around the ring, ridges (log-ratios) sum to zero — KVL — so the product of currents is conserved

Q1 Conservation law (exact)
li-la=13"14
> loye=ll/l5 (also x, +,x%,VX,

RMS, |vector|) — all in current mode.

SPICE: residual 0.003% (ideal junctions).

ZVphe=0

(closed loop)

Q2 Q4

vs. the log - value - antilog route

« no op-amps in the multiply

« no voltage round-trip —» wider bandwidth
« exact by construction (geometry, not trim)
« lower power (current-mode)

Balance needed: even # junctions, equal
Q3 each way 2 paper's even-degree criterion.

The loop must close (be balanced) to compute — the circuit echo of
"Eulerian/even-degree = a consistent single-pass traversal."
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