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Photonics-Based CPU Architecture with Free-Form
Memory and Environmental Adaptation

Introduction and Design Overview

This report presents a novel CPU architecture and memory system that leverages photonic technology
and environmental awareness for optimal performance per watt. The design is inspired by recent research
on ambient light modeling and advanced memory systems, integrating optical (photonic) substrates for
computation and communication, with electrical conduction as a secondary fallback. Key features of this
architecture include:

* Photonic computation and interconnect: Using light (photons) for data transport and processing
to drastically improve energy efficiency by eliminating frequent electrical conversions 1 . An all-
photonic data path allows higher throughput per watt by avoiding resistive losses, with electronic
circuits only used as needed for backup or fine control 2 .

Triple-domain interrupt prioritization: A coordinated IRQ controller that dynamically prioritizes
interrupts from the CPU, GPU, and memory (RAM) domains based on real-time load and workload
sensitivity. This ensures latency-critical tasks get serviced first, whether the interrupt originates in a
compute core, graphics unit, or memory controller.

Free-Form Memory with multi-mode access: A new memory hierarchy that supports random-
access read/write memory, read-only memory, and one-time-use “disposable” memory ejection.
Memory is treated as a free-form resource pool with defined bandwidth floors and latency classes,
exposed via descriptors at boot for system attestation.

Photonic corridor interconnects: The system'’s on- and off-chip interconnect is conceived as
photonic corridors composed of multiple wavelength lanes (A-lanes). Each workload or data flow is
assigned a dedicated optical wavelength band, with mechanisms for preemption, traffic shaping,
and continuous photonic calibration (dubbed HELIOPASS) to minimize bit error rates.
Environmental feedback loops: Built-in sensors and control logic tie the architecture to its
environment. Using models of skewed-aperture ambient light, blue-band intensity tracking, and
glint gain detection 3 , the system dynamically adjusts power, routing, and memory access to
maintain optimal operation in varying light or thermal conditions. This makes the design particularly
suited for human-centered deployments (e.g. shelters, field hospitals, remote labs), where ambient
conditions fluctuate.

Overall, this photonic CPU and memory design aims to push computing towards the physical limits of
energy efficiency and adaptability. In the following sections, we detail the circuit-level implementation
and architectural-level integration of these features, including scheduler hooks for the operating system,
quality-of-service enforcement in memory and interconnect, and adaptive calibration for photonic signals.
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Photonic Substrates for Computing (with Electrical Fallback)

At the core of the architecture is a photonic substrate that carries out data processing and communication
using light. Instead of traditional transistors switching electrons, this CPU uses optical components -
waveguides, modulators, photodetectors, and interferometers - as the basis of logic gates and arithmetic
units. Photonic integrated circuits can generate, transport, and process optical signals on-chip 4 , using
photons in place of electrons. Key benefits of this approach include high bandwidth and low transmission
loss, enabling more operations per unit energy. In fact, industry trends show a push to replace electrical
interconnects with optical links to drastically increase efficiency 1 . By extending this to computation itself,
our design eliminates almost all electro-optical conversion overheads ' , allowing data to remain in the
photonic domain through memory, ALUs, and networking.

Light interference and inference: The architecture exploits optical interference in structures like Mach-
Zehnder interferometers and ring resonators to perform computations. For example, signals encoded as
light waves can interfere constructively or destructively to compute analog matrix products (useful for Al
inference tasks) or to implement logic gates via thresholding the interference output. Optical inference
refers to the ability of photonic circuits to naturally perform certain computations (e.g. matrix-vector
multiplication for neural networks) in a single step using physics, as light beams mix. An array of
waveguides and phase shifters can serve as a photonic neural network, performing multiply-accumulate
operations with far less energy than digital electronics. The result is a substrate that excels at parallel, high-
throughput computations, leveraging the physics of light. Recent demonstrations have shown general-
purpose all-optical processors capable of running conventional software purely in photonics 2 ,
underscoring the feasibility of this approach.

Photonic induction and memory: In addition to interference-based logic, the design uses photonic
induction mechanisms for memory and state retention. Phase-change materials or photonic resonator
states act as latching elements to store bits. For example, a micro-ring resonator can hold a particular
resonance state (high or low transmission) corresponding to a stored 0 or 1, effectively functioning as an
optical latch or bit. Such photonic memories have been demonstrated with nonvolatile retention and zero
static power dissipation 5 . By using light to both write and read these memory bits, the system avoids
costly electrical refresh cycles. Stimulated processes like photon-phonon interactions (Brillouin scattering)
may also be used to induce brief memory effects - for instance, storing an optical waveform as a phononic
excitation for a few nanoseconds (a form of delay-line memory). These photonic memory elements are
placed both in the CPU (for registers and caches) and in main memory arrays.

Electrical conduction fallback: While photonics is the primary medium, the architecture integrates a
parallel electronic subsystem as a safety and efficiency fallback. Certain operations (especially low-
throughput, control-heavy tasks or very low power idle states) are handled by conventional transistor
circuits that mirror the functionality of the photonic units. For example, a small electronic ALU shadowing
each photonic ALU can take over if the optical circuit needs re-calibration or if the workload is so small that
firing up a laser would be overkill. Similarly, all photonic memory arrays have an analogous electronic
access path (through e.g. CMOS sense amplifiers or an SPI interface) that can be used in case the optical
access is down or to perform low-level maintenance (like scrubbing for errors). This hybrid design ensures
reliability and efficiency: photonics carries the heavy load at high efficiency, but for very low-power
conditions or emergencies, the electrical fallback can maintain basic operation. Importantly, when the
photonic substrate is active and stable, the electrical pathways can power-gate themselves off to save
energy, achieving optimal performance-per-watt during normal operation 1 .
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The CPU's execution model remains similar to a von Neumann machine (fetch-decode-execute), but all data
fetch, instruction decode, and execution stages are implemented with optical signals. Only the clocking and
final commit to state may use a synced electronic pulse for determinism. In practice, a mode-switch
mechanism decides per cycle or per quantum of work whether to use the photonic path or the electronic
path, based on a cost heuristic (data volume, required precision, current calibration status, etc.). This
dynamic handoff ensures graceful fallback so that performance is maximized without sacrificing
correctness.

Triple-Priority Interrupt Controller (CPU/GPU/RAM IRQs)

Traditional systems primarily prioritize interrupts in the CPU domain. In our architecture, we introduce a
triple-priority interrupt controller that spans the CPU, GPU, and RAM domains. Each of these subsystems
can generate interrupt requests (IRQs) - for example: the CPU cores may issue timer or I/O interrupts, the
integrated GPU may issue completion or vsync interrupts, and the memory system may issue interrupts for
events like memory pressure thresholds, correctable error alerts, or one-time-use memory expiration. The
novel aspect is a unified controller that can triage and prioritize interrupts across all three domains
according to system context.

Dynamic Prioritization Mechanism

The interrupt controller maintains three pools of interrupt signals (one each for CPU, GPU, and Memory).
Instead of fixed priorities (as in a typical interrupt vector table), this controller uses a dynamic priority
matrix that adjusts based on: (a) current load on each subsystem, and (b) workload sensitivity to latency.
For instance, if the GPU is running a real-time visualization task while the CPU is mostly idle, a GPU interrupt
(e.g. a frame buffer swap request) will be given highest priority, even over routine CPU timer interrupts.
Conversely, if the CPU is executing a critical real-time control loop, CPU interrupts rank highest. Memory-
originated interrupts (for example, a signal that a critical data buffer is ready or that a memory module is
overheating) are ranked based on how memory-bound the current workloads are.

The controller essentially implements a small scheduling policy: it can re-rank interrupts on the fly. Each
interrupt line is tagged with metadata including its source domain and a sensitivity level (low, normal, high)
provided by the OS or hypervisor. The sensitivity could be derived from workload profiles - e.g., a high-
performance computing job might mark memory bandwidth events as high sensitivity, or a Ul process
might mark GPU vsync as high sensitivity. Using this, the hardware computes a three-way priority ordering.
Only one interrupt is delivered to the processors at a time (to avoid livelock); others are queued in order.

Priority Matrix Example: The table below illustrates how priorities might shift under different conditions.
“H" indicates highest priority, “M” medium, “L" low priority among the three domains at a given time:

System Load Condition E:g;;Q SrPi(L)JHISIQ Eﬂr?c::i(z;y IRQ
Idle/Normal (balanced load) M (Medium) M (Medium) M (Medium)
CPU-bound task (CPU heavy) H (High) L (Low) M (Medium)
GPU-bound task (GPU heavy) L (Low) H (High) M (Medium)



CPUIR GPU IR Memory IR
System Load Condition Q Q yIRQ

Priority Priority Priority
Memory-bound task (streaming data) L (Low) M (Medium) H (High)
Real-time graphics UI (GPU critical, CPU . .

M (Medium) H (High) L (Low)
secondary)
High Priority I/0 (CPU and Memory critical) H (High) L (Low) H (High)

In the “High Priority I/0" scenario, for example, a memory interrupt indicating new sensor data arrival
might be treated as equally critical as a CPU interrupt for a control loop, while GPU interrupts are
deprioritized until the data is handled. The controller can even promote or demote priorities in real-time: if
multiple GPU interrupts queue up such that a GPU thread is starved, the system may temporarily boost
GPU IRQ priority to clear the backlog, then revert. This adaptability ensures balanced responsiveness
across the system.

Implementation and Scheduler Hooks

The triple-priority interrupt controller is implemented as a photonic/electronic hybrid module. Each
interrupt source (say a GPU unit) sends an optical signal into a photonic arbiter - essentially a set of coupled
resonator switches that combine and select signals by wavelength and intensity. The arbiter uses three
distinct wavelengths (one per domain) as channels for interrupt signaling. By measuring the optical power
or pulse frequency on each channel, it gauges which domain has a more urgent signal. The arbiter logic
(backed by a small electronic microcontroller for complex policy) then routes the highest-priority interrupt
to the CPU's handling pipeline. Lower-priority interrupts are buffered in optical delay lines or in small
electronic queues. The use of photonic signaling here means the arbitration can be extremely fast (light-
speed comparison) and can broadcast priority decisions simultaneously to CPU and GPU so they know
where to pause or continue.

From a software perspective, the OS (or CorridorOS, the hypothetical operating system tailored for this
architecture) interacts with this interrupt controller via scheduler hooks. The OS scheduler can inform the
hardware about the current nature of the workload: e.g., flag a process as GPU-intensive or memory-
intensive. It does so by writing to a control register interface (CRD - Corridor Resource Descriptor, described
later) that the interrupt controller reads. These settings influence the dynamic priority logic (for instance,
the OS can set a bit that says “prefer GPU interrupts for the next 100ms because a high-framerate task is
running”). In addition, the OS is informed of the interrupt decisions made - so it knows, for example, that
some memory interrupt was delayed due to low priority, and it can adjust by perhaps allocating more time
slices later to any handler that was waiting.

This tight OS-hardware co-design ensures that the triple-IRQ mechanism behaves predictably and can be
tuned for different scenarios, much like an advanced interrupt controller with quality-of-service. The result
is that latency-critical events in any part of the system are serviced promptly, improving real-time behavior
even in a heterogeneous photonic-electronic environment.



Memory Access Modes: Random, Read-Only, and Disposable
Memory

The memory subsystem of this architecture is unconventional: it supports multiple access modes and even
one-time-use memory for security or caching purposes. Memory is not a monolithic DRAM; instead, it is a
composition of different physical memory types integrated under a common addressing scheme (hence
“free-form” memory). Each type is optimized for a certain mode of access:

+ Random Access Photonic Memory (R/W): This is the main system RAM, composed of photonic
memory cells (e.g. micro-ring resonators coupled with phase-change materials or other nonvolatile
photonic storage). It behaves similarly to conventional RAM, allowing arbitrary read and write of
addresses. Because it uses photonics, a read or write operation involves sending light into the
memory array and detecting the output. Recent research has shown photonic RAM prototypes that
eliminate O/E conversion losses and operate with very low insertion loss 6 . In our design, random-
access photonic memory provides the primary working space for programs, offering high bandwidth
and low latency access to the photonic CPU. Data in this RAM can be updated many times per second
as usual.

Read-Only Memory (ROM), Photonic: Some memory arrays are designated read-only and may be
implemented in a way that optimizes stability and cost. For example, a holographic memory module
could store fixed data (like boot firmware, OS kernel, or Al model weights) as an interference pattern
in a photonic crystal. This data is written (or “printed”) once - for instance at manufacturing or
deployment - and thereafter is only read. The advantage is that the structure can be highly
optimized for read performance (with multiple parallel photonic readout channels) and can even be
more energy-efficient because no write lasers are needed during operation. The CPU can access
ROM data via photonic waveguides that decode the stored interference pattern, effectively retrieving
many bits in parallel with one optical query. This is analogous to shining a laser on a hologram to
retrieve an image - here, we retrieve a block of data. The read-only nature also lends itself to
integrity (it can be attested that the data never changes) and potentially radiation-hard or
environment-stable storage for critical code.

One-Time-Use Ejection Memory: A unique feature is a class of memory that supports one-time
read or one-time write and then disposal. We call these Disposable ROMs or OTM (One-Time
Memory) segments. One implementation is an optical data packet that is generated on the fly and
self-destructs after being read. For instance, a bank of photo-fuse links initially stores a secret key;
once the CPU reads those bits, the act of reading (which could involve a strong optical pulse)
physically blows the fuses or alters the medium such that the data cannot be read again. Another
approach uses quantum photonic states: a single-photon encoded qubit memory that yields its state
only once (as measuring a quantum state destroys it). The purpose of one-time memory is enhanced
security - ensuring that sensitive data (cryptographic keys, one-time passwords, or digital rights
media) cannot be retrieved or reused after the intended single access. After ejection, that memory
address could be either left blank or re-provisioned with a new one-time data (like loading the next
key in a chain). Disposable memory could also be used for caching compute results that should be
invalidated automatically after use to prevent stale data issues. The hardware enforces one-time
semantics by design: once the photonic readout is done, either the material state changes (e.g., a
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phase-change cell permanently switches) or the optical pathway is re-routed. This mode is supported
as a special type of load instruction for the CPU, which indicates “consume-on-read” behavior.

To orchestrate these varied memory modes, the memory controller maintains a map of which addresses or
ranges correspond to which mode. The address space might be segmented: e.g., lower addresses for
standard R/W RAM, a certain range for ROM (mapped to photonic ROM devices or NVRAM), and specific
addresses or tokens for one-time memory pools. The CPU ISA could include opcodes that specify the
desired mode (for instance, a “LOAD.once” instruction that triggers a one-time read and invalidation).

Crucially, all these memory forms are accessible through the photonic corridors described later - meaning
whether it's reading from ROM or RAM, it's done optically when possible for speed. However, if the photonic
path for a one-time memory fails or is tampered, the design may fall back to electrical (which in this case
might simply flag that the memory is not reusable - possibly causing a fault if re-read is attempted).

This multi-mode memory approach increases the flexibility of the system, allowing it to treat memory not as
a single uniform entity but as a range of resources each with different guarantees. Next, we detail how we
manage performance (bandwidth/latency) across these memory resources in the Free-Form model.

Free-Form Memory Model with Bandwidth Floors and Latency
Classes

“Free-Form Memory” refers to the idea that system memory is composed of heterogeneous modules with
different performance characteristics, yet they are managed under a unified framework. In our design, each
memory module or segment advertises a bandwidth floor (minimum guaranteed throughput) and a
latency class (a rough tier of access latency). These are exposed to the system via Corridor Resource
Descriptors (CRDs) at boot time, which are cryptographically attested by the hardware. Essentially, at boot
the memory controller presents the OS with a list of memory resources, each with properties like “capacity
X, bandwidth =Y GB/s, typical latency ~Z ns.” The system can trust these parameters (attestation ensures
no spoofing), allowing the OS and applications to make informed decisions about where to place data for
desired performance.

Bandwidth Floors and Latency Classes

We categorize memory resources into latency classes (e.g., L1, L2, L3...) analogous to cache levels but on a
broader scope. For example:

* Class LO (Ultra-low latency): These might be on-chip photonic cache banks or scratchpad memory
within the CPU die. Latency on the order of a few nanoseconds, with a bandwidth floor perhaps in
the tens of TB/s. Very limited capacity (megabytes).

+ Class L1 (Low latency main memory): The primary photonic DRAM modules directly connected via
short optical waveguides. Latency ~50-100 ns, bandwidth floor e.g. 1 TB/s. Capacity in the order of
few GB.

* Class L2 (Extended memory): Perhaps memory modules connected via CXL photonic links
(Compute Express Link over optics). Latency in the microsecond range (due to longer distance or
protocol overhead), bandwidth floor maybe 50 GB/s. Large capacity (tens of GB or more).



+ Class L3 (Storage class or disposable): This could include one-time memory pools or NVRAM that is
slower. Latency maybe tens of microseconds, bandwidth floor 1-10 GB/s. Very high capacity
(hundreds of GB) if needed, but used for infrequent access or write-once-read-many data.

These classes ensure the system can maintain quality-of-service (QoS). A “bandwidth floor” means the
memory controller will enforce that each module gets at least that much bandwidth when in use, by
throttling others if necessary. For instance, if Class L1 memory guarantees 1 TB/s and multiple devices
contend, the arbiter shapes traffic so that each at least gets its guaranteed share (or the sole requester gets
full bandwidth). The latency class is more of an informational tier - it doesn't guarantee an exact latency but
indicates the range. Software (or the firmware) may place critical realtime data structures in L1 or LO class
memory to ensure low latency access, while bulk data or logs might reside in L2 or L3.

We can illustrate an example set of memory resources and their QoS parameters:

Latency Bandwidth ,
Memory Segment Access Mode Capacity
Class Floor
L1 (=50 Random R/W
Photonic L1 DRAM (on-board) ( = 1024 GB/s . 8 GB
ns) (volatile)
Photonic L2 CXL Memory (optical Random R/W
L2 (5 ps = 64 GB/ 64 GB
CXL module) (5 Hs) > (volatile)
L1 (=100 = 512 GB/ Read-Onl
Holographic ROM (boot code) ( > y 1GB
ns) (read) (nonvolatile)
One-Time Key Memory (secure LO (=10 = 128 GB/s Read-Once (self- 1 MB
element) ns) (read) destruct)
NVM Storage (PCM) via photonic Write-once or File I/
e ge (PCM) via p L3(50ps) > 4GB/s 5 178

Each of these would be enumerated in CRDs at boot. The system attestation means that the hardware
(through a secure enclave) signs off on these specs so the OS can trust, for example, that the Photonic L1
truly provides 50 ns reads and won't suddenly slow down. This is important in multi-tenant or critical
deployments - it prevents a malicious or faulty module from misrepresenting itself. It also allows dynamic
additions: if a new memory module is hot-plugged (say a new optical memory card is added via a photonic
corridor), it will provide a signed CRD that the OS can verify and then integrate into the memory pool.

Memory Bandwidth Reservation and Enforcement

Enforcing the bandwidth floors and limiting interference between memory classes is handled by the
memory bandwidth arbiter in the controller. Because our interconnect uses wavelengths for different
purposes (discussed in the next section), one simple way to allocate bandwidth is to allocate separate
wavelengths (or sets of time slots) to each class of memory. For instance, Class L1 memory might use a
dedicated set of optical lanes that no other traffic uses, ensuring its bandwidth is isolated and guaranteed.
Additionally, within a class, if multiple requesters compete, a token bucket or credit-based scheme ensures
each gets at least a minimum service rate. If a device (CPU or DMA from GPU) tries to exceed its allocated



share on a lower priority class, the arbiter can delay those photonic packets (or momentarily reduce their
light intensity effectively) to shape the traffic.

Hardware counters monitor the data transferred per unit time for each class and compare against the
promised floor. If any fall below (in sustained terms), the scheduler is alerted or the arbiter further throttles
lower classes to compensate. The OS might also be informed via an interrupt (one of those memory-domain
IRQs) if, say, a certain class's bandwidth fell short of guarantee, so that it can migrate some workload
elsewhere or take action.

This free-form, QoS-aware memory system means the architecture can seamlessly incorporate everything
from ultra-fast cache to slow durable storage in one address space, while keeping performance predictable.
It's especially powerful in heterogeneous deployments (with CXL-attached memory, etc.) since the OS can
rely on the attested classes instead of guessing performance.

Photonic Corridor Interconnect (A Lanes and HELIOPASS)

Connecting all components is the Photonic Corridor - a network of optical pathways that link CPU, GPU,
memory, and I/O devices. The name “corridor” evokes a hallway with multiple lanes, which in our case are
wavelength lanes. Using wavelength-division multiplexing (WDM), a single optical fiber or waveguide can
carry multiple signals concurrently, each on a different wavelength (color) of light. We exploit this by
assigning wavelength bands per workload or traffic class. For example, one workload’s memory traffic
might be on a 850 nm band, while another’s GPU communications use 1310 nm, and so on. By having
distinct A-lanes, we effectively create parallel “corridors” of data that do not interfere (much like separate
lanes on a highway).

Notably, this concept is partly inspired by the seven-direction ambient light model - just as ambient light
through a window can be decomposed into a basis of seven directional components for analysis, we can
decompose our network traffic into multiple optical channels. In fact, one could imagine using seven
primary wavelengths (A;...A;) for on-chip communication, mirroring the seven directional basis of light; this
provides a rich set of channels while staying manageable. Each channel (or a group of channels) is then
allocated to specific purposes or loads.

Wavelength Lane Allocation and Preemption Guards

When a program or data stream is scheduled, the system allocates it one or more wavelength lanes. For
instance, a high-bandwidth GPU texture fetch stream might get a dedicated A=980 nm channel. A lower-
bandwidth control stream might be time-multiplexed on a shared A=1550 nm channel with other low-rate
signals. Allocation is dynamic: the scheduler and network controller coordinate to light up a
wavelength (turn on the laser for that channel) when needed and shut it off or reassign it when the
workload is done, to save energy.

Preemption guard: Because wavelengths are physical channels that might be reused by different tasks
over time, there is a need for guard periods when reassigning them. We cannot instantly cut one workload'’s
optical signal and give the lightwave to another without risking data collision or confusion. Therefore, when
preempting a wavelength from one use to another, the controller enforces a guard interval - a brief time
where the channel is quenched (no transmission) to ensure the old data has flushed out and the new data
can start fresh. Additionally, the system might send a special optical idle pattern during the transition,



which receivers recognize as a delimiter. This is akin to sending a few cycles of idle characters in high-speed
serial links during reconfiguration. The guard times are calibrated to the link length (longer fiber = longer
guard until all photons from previous burst are gone) and to the data rate. With these guards, preemption
of an optical lane is safe and does not cause cross-talk between workloads.

It's worth noting that because we have multiple lanes, true preemption (cutting off an active high-priority
channel by an even higher priority task) is rare - typically the high-critical task can be given a different free
wavelength if one is available. Preemption might happen more in the sense of reassigning resources after a
task finishes or when consolidating under load.

Traffic Shaping and Policy Enforcement

Within each photonic lane, we implement traffic shaping policies to maintain signal integrity and QoS.
Optical interconnects, while high-bandwidth, can suffer from non-linear effects if overloaded (e.g., too much
intensity causing wavelength shifts or fiber heating). To avoid this, the corridor’s controller uses shaping: it
can modulate the launch power and rate of signals on each wavelength so that they remain within design
limits. For example, if a core suddenly tries to blast data at a higher rate than the photonic channel was
characterized for, the controller might enforce an inter-packet gap or reduce the modulation depth,
effectively throttling it slightly to preserve an error-free transmission.

Shaping policies also help enforce fairness. If one wavelength is shared among several lower-priority flows,
the controller uses time-division multiplexing on that wavelength. It might give each flow a certain number
of optical pulses per microsecond, for instance. This is all handled by fast optical switches (like electro-optic
modulators gating each input onto the shared wavelength) under control of a scheduling algorithm
(potentially implemented in a small FPGA or microcontroller supervising the photonic router).

Additionally, at the edges of the corridor (e.g., entering memory controllers or CPU sockets), we employ
optical buffering using resonator loops or fiber delay lines. These act as equivalent of network buffers to
smooth out bursts. Because optical RAM is not as straightforward as electronic buffering, the design uses
just-in-time scheduling: the sender will only transmit if the receiver has signaled readiness (credit-based
flow control). This prevents overrunning any receiver buffers.

HELIOPASS Calibration for Low BER

Perhaps the most critical aspect of the photonic corridor is maintaining a minimal bit error rate (BER)
despite environmental fluctuations. We introduce a calibration system called HELIOPASS. HELIOPASS stands
for Heliotropic Photonic Adaptive Signal Stabilization - a nod to Helios (sunlight) and the need to adapt to it.
This system continuously monitors the optical signals and environment to adjust the corridor’s operation.

Key components of HELIOPASS include:

* Optical Pilot Signals: Each wavelength lane has a low-overhead pilot tone or pattern that the
receivers analyze in real-time. By checking this pilot (for example, a known pseudo-random bit
sequence), the system can measure the current BER, drift, or intensity drop for that lane. If BER
starts to climb (indicating noise or misalignment), HELIOPASS springs into action.



« Dynamic Wavelength Tuning: Photonic circuits often allow tuning of the laser frequency and phase
(using thermal or electric tuning in ring modulators, etc.). HELIOPASS can nudge the wavelength if,
say, temperature changes have detuned a resonator. It can also adjust the phase shifters to ensure
interference-based switches remain in calibration. This is done via a feedback loop: small dither
signals are introduced and the effect on pilot error is measured to guide the tuning.

Power Scaling: In an environment with variable light or thermal conditions, the optical power
needed for error-free communication may change. For instance, if ambient light leaking into the
system creates noise at certain wavelengths (perhaps the environment has a strong light component
around 500 nm, affecting nearby channels), HELIOPASS may decide to increase the power (within
safe limits) of the affected channel’s laser to boost signal-to-noise ratio. Conversely, if conditions are
very quiet and stable (e.g., at night in a dark, cool shelter), the system can scale down laser power
to save energy, since the BER would remain low even with less power. This dynamic power scaling is
guided by both direct BER measurements and by environmental sensors (detailed in the next
section).

Spectrum Shaping: HELIOPASS can also adjust the modulation format or error-correction on the fly.
For example, if a particular A-lane is experiencing interference, the system might temporarily switch
that lane to a more robust modulation (like from 16-QAM down to QPSK, or enabling forward error
correction) to reduce error rate, albeit with some loss of bandwidth. Once conditions improve, it can
revert to the higher throughput mode. These decisions are made periodically based on channel
monitoring.

The end goal is to keep the photonic corridors running with minimal error - ideally zero corrected errors -
to avoid data retransmissions that waste energy. The term “helio” also implies using ambient light awareness:
the system leverages knowledge of environmental light (intensity, spectrum) to preemptively calibrate. For
example, if sensors detect a sudden surge in the blueband light level in the room (perhaps the sun came
out from clouds), the system knows that its blue-leaning wavelengths might get noisier. It can proactively
tighten their modulation or increase power before error rates spike. Similarly, if a glint (a sudden intense
ray) is detected by sensors 3 , HELIOPASS might briefly pause or heavily error-correct the affected
channels to ride it out.

Photonic Security: A side benefit of dynamic calibration is that any attempt to maliciously tamper with the
optical channels (like shining a laser at the device to induce errors) can be detected by the pilot signals and
environment sensors. The system could then isolate those channels or alert the security subsystem. The
attestation of lanes at boot (ensuring each lane is calibrated and secure) is maintained by continuous
HELIOPASS checks (if a lane’s characteristics deviate wildly from the attested values, it could indicate a fault
or attack, triggering mitigation).

In summary, the photonic corridor design - with multi-wavelength lanes, controlled preemption, traffic
shaping, and HELIOPASS calibration - provides a high-bandwidth, reliable communication fabric. It is
akin to having multiple fiber-optic networks on a chip, each tunable and monitored, to connect compute
and memory with unprecedented speed and adaptivity.
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Circuit-Level Design Details

At the circuit level, this architecture introduces several novel components. Here we describe how key
functions are implemented with photonic hardware blocks, as well as how they interface with electronics:

* Photonic Logic Gates: The fundamental logic gates (AND, OR, XOR, etc.) can be built using
interferometers. For instance, an optical Mach-Zehnder Interferometer (MZI) can act as a
programmable gate: by setting phase shifters, the interference of two input light signals produces a
certain logical combination at the outputs. An MZI plus a threshold detector (photodiode feeding a
comparator) can implement a binary logic gate. For more complex operations, networks of MZIs
(sometimes called optical neural networks) can compute arbitrary linear transforms quickly, then use
optical nonlinear elements (like saturable absorbers) for nonlinear activation. Circuit example: two
parallel waveguides with a coupling region can perform an optical XOR - light emerges in one output
port if inputs differ, and in another port if inputs are same, when appropriately biased 2 . Our CPU
uses parallel photonic pipelines of such gates to achieve wide datapath operations (e.g., 64-bit
addition done by splitting bits into multiple light channels that pass through cascaded MZIs
configured as half-adders).

Photonic Memory Cells: As mentioned, we use phase-change material (PCM) photonic cells for
nonvolatile bit storage & 5 . Each cell might be a tiny resonator whose resonance frequency shifts
depending on whether a bit of chalcogenide glass is in amorphous or crystalline state. Writing ‘1" or
‘0" is done by sending optical pulses (with an integrated microheater) to set or reset the PCM state,
while reading is done by sending a low-power probe laser and detecting if it passes (bit=0) or is
absorbed/deflected (bit=1). Another type of cell is an photonic SRAM using coupled ring resonators:
one resonator stores a circulating light (for a ‘1") that can be sustained, while a coupled second
resonator reads it out. Each SRAM cell also has a tiny transistor or MEMS component to latch or
release the light as needed (since purely optical SRAM is challenging, we allow a bit of hybrid tech
here for stability).

Optical Interconnect Fabric: The corridors themselves are implemented as silicon photonic
waveguides on-chip for short distances, transitioning to fiber or polymer waveguides for longer
distances (e.g., to an off-board memory module). At circuit level, we have wavelength multiplexers
and demultiplexers (like mini prism or AWG circuits) to combine or split the A-lanes. We also have
electro-optic modulators (using the Pockels effect or thermo-optic effect) that encode electrical
signals onto light for cases when an electronic component needs to send data into the photonic
network. Conversely, high-speed photodetectors convert received optical signals back to electrical
form when needed (e.g., at a GPU that might still be largely electronic internally). Each modulator/
detector pair is paired with a driver and amplifier circuit - these are one of the main power
consumers, so HELIOPASS tries to keep them in optimal bias to minimize energy usage.

Interrupt Controller Hardware: The triple-IRQ controller uses a specialized optical comparator
circuit. Imagine three optical signals representing “interrupt pending” in CPU, GPU, memory (these
could be simply presence or absence of a light pulse). They feed into a small photonic logic network
that decides the priority. One way is to convert their intensities to a voltage via photodiodes and
then use an analog circuit to choose the highest - but we prefer a photonic method: we encode
priority as light frequency or phase and use an optical filter that only passes the highest priority at a
time (dynamically tunable filter based on OS-set threshold). The selected interrupt then triggers an
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electronic interrupt line to the CPU (since ultimately handling the interrupt, e.g., running an ISR,
might be done by CPU in electronic logic or by a photonic state machine). The circuit includes an
optical memory (queue) for each domain’s pending interrupts - possibly a spiral waveguide that
delays pulses in line, or a tiny optical cavity that can hold a light pulse until released.

Scheduler Hooks and Control Registers: The OS interface (CorridorOS interface) is provided via
memory-mapped control registers that the OS writes to in order to adjust parameters (like those
CRDs, or IRQ priorities, etc.). These registers under the hood set the bias of optical components. For
example, writing a value to “GPU_IRQ_priority” register might rotate a polarizer or change a phase
shifter that affects how strongly the GPU’s interrupt light influences the arbiter. Many of these
control “registers” are in fact implemented by setting voltages on electrodes that tune photonic
elements (since direct optical writes from software are not typical). The attestation at boot also
covers these controllers (ensuring no unauthorized modifications to QoS settings can persist).

Calibration Circuits: HELIOPASS incorporates dedicated calibration circuits such as
microbolometers to measure local temperature near photonic components, and light sensors at
various points to sample stray environmental light. Tiny spectrometers on chip (e.g., a diffraction
grating with photodiode array) can measure how much ambient light of various wavelengths is
coupling into the system. There are also reference optical paths - e.g., a closed loop waveguide that
doesn’t carry data but is monitored to see if its phase drifts, indicating a global temperature change.
These circuits feed into a calibration controller (likely a small RISC microcontroller or DSP embedded
on-chip, because the complexity of calibration algorithms is high). The controller then adjusts DACs
that drive phase shifters, laser current, etc.

In summary, at circuit-level we have a tight intertwining of photonics and a bit of electronics: photonics
does the heavy lifting for data movement and compute, while electronics provides fine control, initialization,
and emergency fallback. The circuits are designed to be robust against environmental noise - many
components are differential or redundant (for instance, using differential optical signaling to cancel
common-mode noise from ambient light). The presence of multiple wavelengths also allows a form of
redundancy: the same data could be sent on two wavelengths and cross-checked to ensure accuracy in
critical cases.

Architectural Integration and Scheduler Design

On the whole-system architectural level, our design can be viewed as a cluster of photonic processing
nodes, photonic memory nodes, and hybrid I/O, all linked by the photonic corridors. We maintain a
conventional abstraction - processors, memory, I/0 - but fundamentally redesign their interaction.

A simplified architectural diagram would show the Photonic CPU (with its photonic ALUs, registers, and an
electronic control unit) connected to a Photonic Memory Controller via multiple optical links. Also
connected via the optical fabric is a GPU/Accelerator (which might internally be electronic, but has an
optical transceiver to communicate and offload data to the photonic memory). I/O devices like network or
storage have optical interfaces too, effectively becoming part of the corridor. The CorridorOS runs on the
CPU cores (or a management core) and is aware of the photonic nature of everything.
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Key aspects of the integration:

* Unified Address Space: Thanks to the free-form memory, all memory is in one address space
accessible by CPU and GPU. The GPU can directly fetch from photonic memory via the corridor
without going through an electrical PCle bus as in traditional systems. This resembles the CXL.io
model but entirely in optics. Memory pages may be allocated with a preference for a certain class
(the OS can tag a page as requiring L1-class latency, for example). The OS's memory allocator and
VM subsystem are extended to manage these classes and one-time allocations. For instance, a one-
time-use page is mapped and after one access, the OS automatically unmaps it and marks it
unavailable.

Bandwidth Reservation Enforcement: The architectural support for memory QoS includes
monitors at each source (CPU, GPU) and sink (memory controller) that track usage. If a core is
exceeding allocated bandwidth, hardware counters will signal the scheduler. The OS can then
throttle the process (e.g., by reducing its thread priority or inserting deliberate wait cycles) or move it
to a different class of memory if needed. In extreme cases, the hardware will stall that core’s memory
accesses until the bandwidth usage falls back in line (similar to how a Network Interface might
throttle a traffic flow). These mechanisms ensure that no single rogue application can starve others
on the photonic network. Given the high raw bandwidth of photonics, starvation is less likely, but
QoS is critical in multi-tenant or cloud scenarios which this architecture could support (imagine a
remote lab server running multiple experiments’' computations concurrently - each gets a slice of
photonic resources).

Interrupt Dissemination: The triple-IRQ controller actually also communicates with the GPU and
potentially other accelerators - if a GPU interrupt is high priority, it not only alerts the CPU but can
directly signal the GPU to take action (since GPUs often have their own control flow). The
architectural design allows cross-domain interrupts: for example, a memory module could directly
interrupt the GPU if that's the main consumer of a data stream (bypassing the CPU to reduce
latency). This is achieved by posting an optical signal on a GPU-reserved wavelength that the GPU's
interface listens to. The triple-priority logic then is extended: it decides not just what the CPU sees
first, but also whether an interrupt should be routed to CPU, GPU, or both. The OS sets policies for
this (some interrupts are CPU-handled, some can be handled by GPU kernel threads, etc.).

Heterogeneity and Extensibility: Architecturally, this system is designed to be extensible with new
photonic devices. If someone plugs in a new photonic sensor module (say a high-speed camera that
outputs data via an optical link), the system can integrate it as just another source on the corridor.
The CRD attestation at boot can also happen at run-time for hot-plug devices; a secure handshake
adds the device's resources (e.g., “here’s a new device that produces 10 GB/s of data on wavelength
A8") to the system resource table. CorridorOS would then perhaps spawn a driver that directly feeds
that data to memory or GPU with minimal overhead.

OS Scheduler and Power Management: The OS scheduler in CorridorOS is photonics-aware. It
schedules tasks not just onto CPU cores, but also considers wavelength scheduling: if two high-
bandwidth tasks are using different wavelengths that have some interference or share hardware, it
might stagger them or place them on different timeslices to avoid peak contention. The scheduler
also uses environmental info - e.g., if the environment is currently causing high error rates (maybe a
lot of optical noise at noon due to sunlight), the OS might avoid scheduling the most photonics-
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reliant tasks at that exact time, or might temporarily enable more error correction (in cooperation
with HELIOPASS) for tasks that must run. In essence, scheduling has a time dimension tied to
environment cycles (day/night, etc.), aiming to run heavy photonic workloads when conditions are
best (cooler temperature, lower ambient light noise at night, etc.) if possible. This is a new frontier
for OS design, blending in what traditionally would be considered external conditions into
scheduling decisions.

Boot and Attestation Sequence: On boot, the architectural sequence involves powering up the
photonic network (bringing lasers online gradually), performing a calibration sweep (HELIOPASS
baseline calibration), then collecting CRDs from all subsystems (memory modules, etc.). The secure
boot ROM (which could be holographic) is read to initialize the OS. The OS then verifies the
attestation signatures of each CRD - ensuring that all the memory classes and device lanes are as
expected and not compromised. Only then does it start normal operation. This secure boot process
is crucial for human-centered deployments where tampering could be life-threatening (e.g., in a field
hospital, one needs to ensure no malicious actor has inserted a faulty device that could corrupt
critical computations).

Environmental Feedback and Adaptive Control Loops

One of the defining features of this system is its ability to sense and adapt to environmental conditions
in real time. Unlike conventional data center hardware which assumes a controlled environment, our design
embraces the variability found in shelters, mobile labs, or solar-powered installations. This is largely
inspired by the Unified Model of Skewed Aperture Ambient Light research, which highlighted how ambient
light, heat, and sound can be modeled and predicted. We apply similar thinking: we treat the environment
as an input to optimize the computing system.

Sensing Skewed-Aperture Light and Thermal Conditions

We equip the device with a set of sensors that measure incoming light at different angles, similar to how
the referenced model uses a seven-direction basis for light through windows. For example, the chassis
might have photodiodes or tiny fish-eye cameras pointing in six azimuthal directions and one upward
(zenith). These feed the system an estimate of the ambient illumination distribution - effectively telling us
the intensity of light hitting the device from various directions. If the device is indoors near a window, these
readings will encode the time of day, sun position, etc., which correlate with possible glints or heating.
Using the model's approach, the system can decompose the illumination into components (some direct sun,
some diffuse sky, perhaps some reflections) and anticipate how that will evolve over time 7 8 . In
addition to light, we also have thermal sensors (and possibly acoustic sensors if relevant) to gauge ambient
temperature, airflow, and sound/vibration - these can indicate things like if a generator (with noise and
heat) just turned on nearby, which might affect temperature and power.

Blueband intensity tracking: We pay special attention to the blue portion of the spectrum (=460-490 nm).
A blueband sensor filters light to this range and measures its intensity. The reason is twofold: (1) From the
environmental model, blue light is tied to circadian effects and sky conditions 9 - high blue content
usually means midday sun or certain LED lights, whereas low blue (more warm light) means evening or
artificial lighting. (2) Photonic devices can be sensitive to specific wavelengths; if any of our optical channels
operate near the visible range, the blue light could be a source of noise. By tracking blueband levels, the
system can infer the circadian lighting environment, which is part of being human-centered (for example, a
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high blueband reading in a field hospital might mean it's daytime and staff are active, whereas low
blueband means night time, possibly quiet hours). This can guide power scaling (maybe run at full
performance during daytime when energy might be plentiful via solar and people need results quickly, but
shift to a quieter, low-power mode at night to save energy and not disturb sleep cycles). It also feeds directly
into HELIOPASS - e.g., if blueband is spiking, and our photonic lane A3 is a visible blue wavelength, we
might change that lane's usage.

Interestingly, the research hypothesis H1 from the ambient light paper was that a blue-weighted metric
correlates better with circadian-effective illuminance 0. We leverage that: the system computes a
Blueband Ratio similar to BRI in the paper (ratio of blue illuminance to overall illuminance 11 12 ). If this
ratio is high, it means the environment’s light is strongly affecting human circadian signals (likely daytime).
The system might choose to not emit any stray light at those wavelengths (to avoid adding to glare) or
ensure any status LEDs on the device are dimmed, etc., as a courtesy to humans. In low BRI conditions
(evening), it might avoid using certain flickering optical channels that could be perceptible. These are subtle
design-for-comfort choices that stem from environmental awareness.

Glint detection and gain: Using the directional light sensors, the system also detects glints - sudden
increases in light from a particular direction, often caused by reflective surfaces catching the sun. The
model defines a glint gain factor for grazing angles 3 , which we adopt in sensing. If our sensor facing
west suddenly records a big spike near sunset time, we classify that as a glint event. What do we do with it?
If the glint corresponds to a direction where perhaps a fiber link is semi-exposed (imagine a scenario where
an optical link is not perfectly shielded and could catch that sunlight), the system could either temporarily
reroute traffic away from that link or increase error correction on that link because glint can introduce noise
or even saturate a photodiode. Additionally, glints often cause thermal spikes (sun heat). So a glint
detection triggers the cooling system to be proactive (spin up fans if available or notify user to shade the
device if possible). In a shelter or improvised environment, this proactive response can prevent crashes -
e.g., avoiding a thermal shutdown because the system knew a heat load was coming (the model's thermal
predictions could be leveraged to estimate how much temperature rise a given light influx causes 7 13).

Adaptive Control in Practice

All the sensor inputs are fed into a control loop that adjusts three main things: power scaling, routing, and
memory access paths.

* Power Scaling: The system can perform DVFS (Dynamic Voltage and Frequency Scaling) analogs for
photonics - essentially adjusting laser power (voltage) and modulation rates (frequency of data). If
the ambient temperature goes up, photonic devices might get detuned; instead of pushing them
harder (which could be inefficient), the system might actually down-clock the data rate slightly or use
a bit more power to maintain integrity, whichever is more energy-optimal. Conversely, in cooler
conditions, it might overclock the photonic network for a boost. The goal is to maximize
computational work per watt given the current environment. Furthermore, if running on battery or
solar, the power manager uses ambient light (which correlates to solar energy availability if solar
panels are present) to decide how aggressively to use resources. For example, high sunlight could
mean plenty of power, so it can run all photonic lanes at full bore (ensuring quick computation),
whereas low sunlight means conserve energy - maybe serialize some tasks on fewer wavelengths or
even switch some photonic logic to electrical mode if that would be more efficient at very low
throughput.
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+ Light-Based Routing Decisions: We have multiple possible paths for data - for instance, some data
could travel optically through free space (if the device uses any free-space optics between boards) or
through fiber or via an electrical cable as fallback. The routing logic, informed by environment, might
decide to use a shielded fiber route for critical data if it's very bright out (to avoid interference), but
could use a free-space line-of-sight optical link between modules when ambient light is low (like an
indoor dark environment), as free-space might be faster or have less connectors. Essentially, if the
device has any flexibility in how optical signals travel (some systems allow free-space optical
communication across a board or between nearby devices), it will choose the route with least
ambient disturbance. In some designs, one might have an internal photonic corridor and an external
one (maybe connecting to a nearby unit). If, say, heavy fog or dust (for an outdoor deployment) is
detected by environmental sensors, the system might choose to buffer data or use error-corrected
slow links rather than an unreliable free-space optical link.

Even on-chip, “routing” could mean selecting which wavelengths to use. For example, if the sensors say the
blue spectrum is noisy, avoid using the 480 nm lane, instead use other wavelengths for now. Or if thermal
conditions are shifting resonance of certain on-chip rings more (some wavelengths might be more
temperature-sensitive), shift data to lanes that are currently stable.

« Memory Fetch Path Adaptation: The memory system might have multiple ways to satisfy a
request. Typically, data is fetched from photonic memory through the photonic corridor. But suppose
the environment is causing high BER on that optical path at the moment. The system has the option
to briefly fall back to an electrical path (through the conduction fallback) for that memory fetch. For
instance, the memory controller could use a sideband electrical link to get a critical piece of data
with absolute fidelity if the optical link is questionable. This is similar to how some storage
controllers have an alternate path for reliability. Another scenario: if one class of memory (say the L1
photonic DRAM) is running hot (thermally) due to environment, the controller might shift some
traffic to a cooler but slightly slower memory (maybe an L2 module in shade) to prevent bit flips or
refresh issues. Essentially, the memory controller, guided by environmental knowledge, can load-
balance memory accesses across the available modules not just based on performance but also
stability. It can even postpone non-urgent fetches if a brief interference is predicted - e.g., delay a
prefetch by a few milliseconds if a big vibration or acoustic noise was just detected, on the theory it
might disturb fine optical alignment.

Human-Centered Deployment Optimization

All these adjustments aim to keep the system performing well in human-centered scenarios. What do we
mean by that specifically?

Consider a field hospital tent: Daytime temperatures can be high, sunlight can flood in at low angles
(through tent openings, etc.), nights are cooler and darker. Power might come from solar panels and
battery. Our system would, during day, possibly run diagnostics or heavy computations (like analyzing
medical images) when solar power is ample - the blueband sensor confirming daylight ° can trigger a
high-performance mode. It will also calibrate against the bright light (HELIOPASS ensuring no data
corruption). As evening comes (blueband drops, maybe light is from generators or lamps), it might dim
unnecessary optical links (to not add to visual light that could disturb sleep) and throttle down to save
battery. The system'’s ability to correlate blue light with circadian-effective light 1© means it can even
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inform users or adjust its UI - for instance, not using harsh interface lights at 2 AM in the lab. In a way, the
machine becomes a good citizen in its environment.

For a remote research lab, perhaps in a jungle or arctic camp, conditions might be very humid or have
sporadic sunlight. The skewed-aperture model helps it predict when sunlight might peek through canopy or
window slits, and pre-emptively calibrate. If a sudden downpour occurs (light levels drop, temperature
might drop), the system senses the acoustic pattern and increased humidity (maybe via a small sensor) and
can adjust cooling (maybe slow fans since cooler now) and optical modulation (rain might scatter external
optical comms, so switch to backup wired mode, for example). These feedback loops keep the system
globally optimal in terms of reliability and efficiency without needing constant human intervention.

From a broader perspective, by integrating environment signals, the architecture ensures resilience.
Instead of only working in air-conditioned, static conditions, it thrives in dynamic ones - delivering
consistent compute performance per watt. The design can tolerate what would normally be adverse
conditions (glare, heat spikes, etc.) by adapting in real time. This is crucial for humanitarian deployments
(like computing in disaster zones, where you might set up a server in a makeshift tent) - the system will
automatically modulate itself to last longer on limited power and avoid failures due to, say, midday heat,
using the very models developed for ambient environmental stabilization.

Energy Efficiency and Human-Centered Optimization

Energy efficiency has been a recurring theme in this design. By using photonics, we target much higher
operations-per-watt than conventional processors ' . Photonic communication, in particular, drastically
cuts down energy wasted in moving data, which is a major portion of total system power in modern
computing ' . Additionally, all-optical data processing avoids repeated optical-electrical-optical
conversions, which have been identified as a key source of energy loss ' 2 . Thus, at a baseline, our
architecture can do more with each watt of power available.

However, efficiency is not just raw performance/watt in ideal conditions - it's also about maintaining that
efficiency across real-world conditions and usage patterns. Here's how our design prioritizes energy
optimization in a holistic way:

* Dynamic Energy Scaling: Through HELIOPASS and the environmental feedback, the system
continuously finds the lowest energy state that meets the required performance. For instance, if
current tasks only need 50% of peak bandwidth, the system will dim lasers and slow clock slightly to
save energy rather than always running at full throttle. If tasks have intermittent phases (common in
human-facing workloads like GUIs or interactive analysis), the photonic lanes can be turned off (laser
off) during idle periods almost instantly, since lasers can be modulated on/off quickly. This fine-
grained gating is harder in electronics (where clock gating helps, but leakage still draws power). In
photonics, truly dark means near-zero optical loss - achieving very low idle power. The triple-IRQ
system aids this by waking parts only when needed and allowing deep idle otherwise.

Thermal-Responsive Scheduling: Overly high temperatures can drastically reduce efficiency (due to
increased losses and need for cooling). Our environment-aware scheduler preempts that by
scheduling in harmony with temperature patterns. For example, it might schedule the most heat-
generating computations during cooler parts of the day or when an external fan is active. By
avoiding wasteful use of power when it would mostly turn into heat, the system gets more useful
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work per joule. And when heat is inevitable, it uses it beneficially - e.g., if a lot of heat is being
generated and the model's micro-environment equation predicts a certain AT rise 4 13, the
system might use that as a trigger to accelerate finishing the task (if we're going to heat up, better
finish quickly and then go to idle to cool down rather than sustain moderate heating for long).

Global Optimization for Humans: In human-centered deployments, “optimal” is not just about the
silicon - it's also about human comfort and safety. Therefore, our design sometimes deliberately
sacrifices maximum performance to save energy or reduce interference if that benefits the
human context. For instance, in a shelter with limited battery, the system might run at 80% of its
capability to double the time it can operate, because a human operator would prefer having results a
bit slower than none at all when power runs out. Similarly, to avoid disturbing humans at night, the
system might turn off any components that emit light or noise, even if they could be used, slightly
lowering performance but improving human-friendliness. These decisions are guided by the
environmental cues (e.g., low ambient noise might indicate people are resting, so the system goes
quiet). We consider these part of energy efficiency as well - efficiency in serving human needs, not
just computational metrics.

Use of Ambient Energy: The photonic architecture could potentially integrate with energy-
harvesting. For example, if ambient light is abundant, perhaps the system includes tiny solar cells
that recharge capacitors when lasers are off, or use light pipes to channel some ambient light into
aiding signal transmission (this is speculative, but one could imagine using the concept of “skewed
aperture” to actually route some environmental light into the photonic pathways to boost signals,
effectively recycling environment light!). Even without explicit harvesting, just aligning heavy
compute times with solar availability (via sensors) is a form of optimizing energy source usage.

Case Study - Remote Lab Operation: Imagine a remote lab running on solar power. In midday, the
system'’s sensors report intense light (including blueband). The system infers plenty of solar energy
is being generated. It thus goes into peak performance mode, using photonics fully (which might
consume more instantaneous power but gets a lot done quickly while energy is available). It might
run backlogged jobs or extra analysis. As sunset approaches (blueband falls and perhaps a drop in
overall illumination is sensed), it starts to gracefully degrade: it switches some tasks to lower power
mode, aggregates workload to fewer photonic lanes and turns others off, and perhaps signals to
users that it's entering power-conserve mode. By night, it might essentially idle or do only critical
tasks, preserving battery. This adaptive range ensures that at no point energy is wasted, and tasks
are completed in harmony with environmental power cycles. Traditional systems without this
awareness might either run out of power or waste potential computational opportunity during
sunny periods by not ramping up - our design avoids that by intelligent scaling.

Finally, to tie it back to the research inspirations: The unified environmental model taught us that multiple
domains (light, thermal, etc.) can be handled in one framework. We applied that philosophy here: multiple
domains of the computer (CPU, GPU, memory, interconnect) and even environment and power, all
integrated into one control loop. The “free-form” memory and “corridors” concepts echo the free-form
environment through an aperture - not fixed, but variable and directional. By unifying these ideas, the
architecture achieves a synergistic optimization: the environment is not an obstacle but a contributor to the
system'’s operation parameters.
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Conclusion

We have outlined a comprehensive photonic CPU and memory architecture that intertwines advanced
technological concepts (like all-optical computing and CXL memory) with environmental adaptive strategies.
The design uses photonic substrates for core operations, yielding high efficiency and bandwidth by
keeping data in the optical domain ' . It innovates with a triple-priority interrupt system that treats
CPU, GPU, and memory events with appropriate urgency, improving responsiveness across heterogeneous
workloads. The memory system is “free-form,” comprising multiple types of memory (volatile, nonvolatile,
disposable) unified under a quality-of-service framework that guarantees bandwidth and latency classes,
advertised via secure descriptors at boot. A photonic corridor interconnect provides the backbone, with
multi-wavelength lanes acting as highways for data, complete with policies for sharing and preempting
those lanes. Crucially, HELIOPASS calibration maintains signal integrity by continuously adjusting the
photonic channels to counteract environmental and device drift.

At both circuit and architecture levels, we see a blend of optics and electronics working in tandem - optical
for data transport/computation and electronic for control and edge cases. The scheduler and system
software (CorridorOS) are aware of these new resources and actively manage them, scheduling work and
data placement to maximize performance per watt. The entire system uses a network of sensors and a
deep understanding of ambient conditions to adapt itself. It tracks things like skewed-aperture light input
and spectral content (blueband) which correlate with human-centric factors like circadian cycles 9 . It
detects glint and other transient conditions 3 , feeding that into quick adjustments to avoid errors or
damage.

In a world where computing is moving out of pristine data centers into edge environments - clinics, disaster
sites, wild habitats - such resilience and adaptability are paramount. This architecture is globally optimized
not just for computational metrics, but for real-world deployment: it will aim to keep running efficiently
and accurately no matter if it's in a sweltering tent at noon or a cold damp cave at midnight, all while
coexisting with the humans around it in a helpful manner.

By inventing and combining these features, we demonstrate a possible future path for computer
architecture where photonic technology and environmental intelligence converge. This could yield
computers that are not only faster and more energy-efficient by physical design, but also situationally aware
and thus more reliable and effective in practice. The hypotheses from ambient environment research have
guided us to ensure our system can predict and adapt, rather than just react, to the ambient world -
leading to a robust, human-aligned computing platform.

Sources: The design draws on concepts from ambient light modeling 9 , recent photonic processor
research ' 2, and photonic memory breakthroughs 6 , combining them into a novel unified
architecture. The result is a system that embodies a true Corridor of Light - data racing on beams of
photons, shaped and guided by both computational needs and the environment it inhabits, achieving new
heights of efficiency, adaptability, and integration.

12 Structural diagram of a photonic processor. Two parallel, multilevel... | Download Scientific Diagram
https://www.researchgate.net/figure/Structural-diagram-of-a-photonic-processor-Two-parallel-multilevel-processors-
are_fig2_47385091
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4 Photonic integrated circuit - Wikipedia
https://en.wikipedia.org/wiki/Photonic_integrated_circuit

5 6 Electrical programmable multilevel nonvolatile photonic random-access memory | Light: Science &
Applications
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