Slow-And-Wide Transceivers Shouldn’t Be Color Blind

Lukas Rollin Sushovan Das
roellinl@ethz.ch susdas@ethz.ch
ETH Ziirich ETH Ziirich
Abstract

Modern Al interconnects face hard trade-offs: copper links are
efficient but have a short reach, optical transceivers are long-reach
but more costly and energy-hungry. Similar trade-offs occur in the
switching domain: packet switching is flexible but power-hungry,
while circuit switching is efficient but coarse-grained. Recently,
slow-and-wide transceivers have closed the gap between copper
and traditional optics by exposing many low-rate optical channels,
but limit them to a single logical point-to-point link.

To address this, we propose CHROMATILE, a potential exten-
sion of slow-and-wide transceivers with multicolor transmission
and passive color steering. It would enable channels to be inde-
pendently allocated across destinations simultaneously, creating a
novel switching abstraction, i.e., optical micro-circuits. We outline
the optical components that could be leveraged for the data plane,
present one possible control-plane algorithm for collision-free chan-
nel assignment, and discuss use cases. Our analysis suggests that
CHROMATILE can extend the scale-up domain beyond tightly packed
racks and reduce scale-out network infrastructure requirements —
using CHROMATILE with 8 colors reduces the number of switches
by ~40% while improving the network latency by one hop.

As a position paper, we introduce optical micro-circuits as a
new switching abstraction and hope to spark broader collaboration
across academia and industry to evaluate and realize this vision.
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1 Introduction

Modern AI clusters require communication fabrics for both scale-
up and scale-out domains that simultaneously provide high band-
width, low latency, and extended physical reach, all within tight
power constraints. In scale-up domains, GPUs exchange latency-
sensitive synchronization, collective, and memory-coherence traffic,
while scale-out networks demand high aggregate bandwidth across
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Figure 1: CHROMATILE uses concurrent optical micro-circuits
rather than electronic forwarding (left) or point-to-point
coarse-grained optical circuits (middle).

thousands of endpoints with minimal hop count. Meeting these
requirements is becoming increasingly difficult as network speeds
continue to increase rapidly [9].

Current approaches. Existing interconnect technologies expose
fundamentally different tradeoffs (Table 1).

NVLink-like copper fabrics provide low latency and high energy
efficiency, but their limited reach of a few meters [6] forces GPUs
to remain physically close, leading to very dense rack deployments
with 72 GPUs and very complex cooling and power requirements of
over 100 kW per rack [13]. As Al workloads continue to push scale-
up domains to connect more hosts, packet-switched Ethernet and
optical circuit switching (OCS) are increasingly moving towards
the accelerator fabric.

Packet-switched Ethernet provides highly flexible any-to-any
communication over longer distances when using optical transceivers,
but incurs substantial optical-electrical-optical (OEO) conversion
overhead, switch latency, and power consumption of ~20W [6, 12]
at every hop. However, this flexibility often exceeds what Al work-
loads require: communication across dynamic endpoint subsets
rather than arbitrary any-to-any patterns.

Optical circuit switching avoids packet processing overheads, but
exposes communication through coarse-grained circuits: endpoints
receive high bandwidth only during scheduled circuit windows,
forcing traffic to either wait for reconfiguration (~ 50ms) [31, 35] or
traverse indirect paths [2, 5]. Such point-to-point communication
is too rigid for AI workloads. These trends underscore the need for
a new interconnect design combining moderate flexibility with low
latency, high bandwidth, long reach, and high energy efficiency.

Slow-and-wide optical transceivers. We believe that recent works
on slow-and-wide optical transceivers, e.g., MOSAIC [6] and Avi-
cena [4], open up new opportunities. Instead of using a small num-
ber of high-speed optical lanes, they expose hundreds of low-speed
optical channels per port using microLED arrays and imaging fibers.
This approach already promises significantly lower power usage
(>50%) [6] than conventional optical transceivers while provid-
ing longer reach than copper. However, we argue that the real
opportunity is broader: the large number of low-speed channels
creates a useful switching granularity between packet switching
and coarse-grained optical circuit switching,.
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Table 1: Trade-offs between switching technologies.

Latency Power Reach Downtime

NVLink (copper cable) + + - +
Ethernet (optical transceiver) - - +

0Cs " + + -
CHROMATILE (our proposal) + + aF +

Optical Micro-Circuits. Our key observation is that these chan-
nels should not just be static but act as independently steerable
optical micro-circuits. Rather than allocating an entire high-speed
circuit to a single source-destination pair, channels can be allocated
to connect multiple endhosts simultaneously. This new abstraction
falls between the two extremes: more concurrent and flexible than
time-multiplexed optical circuits, while avoiding per-packet elec-
tronic forwarding overheads (Fig. 1); thus, it aligns naturally with
Al communication patterns.

This work: CHROMATILE. As a potential realization of this vision,
we propose CHROMATILE, a color-steered slow-and-wide switch-
ing substrate that extends each microLED channel with multiple
transmission colors and uses passive optical steering, enabled by
micro-lens grating arrays [28], to route different colors toward dif-
ferent endpoints. Changing a channel’s destination only requires
selecting the emitted color, avoiding the downtime associated with
reconfiguration in conventional optical circuit switches. The re-
sult is a fabric of many parallel low-rate optical connections whose
bandwidth can be dynamically allocated across endpoints.

This new paradigm combines low-latency communication with
reduced switching overhead and power consumption, while still
enabling longer-reach connectivity and flexible bandwidth alloca-
tion. The design provides benefits in both scale-up (e.g., extended
physical rack domain) and scale-out networks (e.g., flexible multi-
plane fabrics), for example, reducing the number of switches in the
topology by ~40%.

Key contributions. In summary, our key contributions are:

(1) CHROMATILE: We propose to leverage the large number of
channels in slow-and-wide optics to introduce optical micro-
circuits, a middle ground between packet and coarse-grained
circuit switching.

Data-plane: We outline a CHROMATILE data plane that com-

bines multicolor microLED transmission with passive optical

color steering.

Control-plane: We sketch one possible solution of a con-

trol plane algorithm providing collision-free channel assign-

ments from traffic matrices using Birkhoff-von Neumann
decomposition.

(4) Evaluation and potential: We evaluate the promise of
this approach through decomposition analysis and scale-
up/scale-out case studies demonstrating potential reductions
of ~40% in network switches.

@
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“OCS latency is low, however, adapting circuits is comparatively slow.
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Beyond proposing CHROMATILE as one possible realization, this
position paper advocates for optical micro-circuits as a new switch-
ing abstraction that better matches emerging Al communication
requirements. While we outline the opportunities enabled by this
design point, significant work remains to evaluate its feasibility,
explore alternative realizations, and build practical prototypes. We
hope this work motivates collaboration across networking, systems,
and photonics communities to validate and realize this vision.

2 Motivation

This section examines the challenges of Al clusters and motivates
how existing switching paradigms fall short.

2.1 Challenges in AI Clusters

Large-scale Al workloads increasingly combine highly concurrent
communication patterns with growing cluster scale, pushing both
scale-up and scale-out networks to their limits.

Scale-up communication. Modern accelerator systems increas-
ingly depend on large scale-up domains connecting tens to poten-
tially hundreds of GPUs [10]. These systems must support low-
latency collective communication among many endpoints simulta-
neously [33], often under highly dynamic communication demands.
Currently, systems rely heavily on copper interconnects, which pro-
vide low latency and low power [22], but also have limited reach at
high speeds. This forces GPUs into dense rack deployments with
increasingly complex cooling and power-delivery requirements.
Extending communication domains beyond a rack with optical
transceivers, on the other hand, significantly increases both power
consumption [13] and switching overhead.

Scale-out communication. As communication increasingly ex-
tends to more GPUs, maintaining locality in large Al clusters with
hybrid parallelisms [11, 15, 21, 26, 29] becomes difficult. But, build-
ing fully non-oversubscribed fabrics at this scale is expensive [9,
25]. Recent proposals suggest splitting the network into multiple
planes to reduce switch radix requirements and improve network
depth [10, 18, 34]. However, bandwidth partition across planes is
still static: an 800 G host interface may be divided into four fixed
200 G connections. These systems rely on complex fine-grained
load balancing to utilize the available bandwidth [3]. Under fail-
ures, where a ToR or network plane is unavailable, the bandwidth
assigned to that plane is effectively lost, even if spare capacity in
other planes is available.

2.2 Why Existing Paradigms Fall Short

Existing interconnects expose fundamental tradeoffs between flexi-
bility, latency, power, and communication granularity.

Packet switching: flexible but expensive. Packet-switched fab-
rics provide flexible any-to-any communication over long distances.
However, each switch hop incurs OEO conversion, packet for-
warding, and buffering, inflating both latency and power consump-
tion [6, 12]. These overheads become increasingly prominent in
large-scale accelerator fabrics spanning multiple switching layers
[9, 25]. In summary, packet switching may provide substantially
more flexibility than the workload actually requires while still pay-
ing the associated forwarding and power costs at every hop.
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Figure 2: The CHROMATILE data plane. Each endpoint uses a multicolor slow-and-wide transceiver. Passive color-steering
routes colors per channel to distinct destinations, enabling simultaneous connections across endpoints.

Optical circuit switching: efficient but coarse-grained. Optical
circuit switches avoid packet-forwarding overhead by establish-
ing circuits between endpoints. Recent traffic-agnostic [2, 5] and
ML-aware [27, 35] approaches rely on coarse-grained optical cir-
cuits and time-division multiplexing, connecting only a limited set
of endpoint pairs at a time. Communication to other destinations
must either wait for future configurations or traverse indirect paths,
creating a throughput vs. latency trade-off [2]. Optical switches
also suffer from reconfiguration downtime, during which commu-
nication is disrupted as it transitions between configurations. In
summary, coarse-grained optical circuits are efficient but problem-
atic for workloads with many concurrent, dynamic communication
pairs, such as expert parallelism [19].

3 A New Paradigm: Optical Micro-Circuits

Recent slow-and-wide transceivers like MOSAIC [6] use microLED
arrays and imaging fibers to expose hundreds of low-speed optical
channels, providing the substantial channel-level parallelism that
traditional narrow-and-fast optics lack. Our primary insight is that,
instead of treating these channels as one indivisible high-speed
circuit, subsets of channels can be independently allocated across
multiple destinations simultaneously. Conceptually, these channel
groups behave as optical micro-circuits: coarser than individual
packets, yet more flexible than conventional optical circuits. This
enables concurrent communication across multiple peers while
dynamically allocating bandwidth at channel granularity.
Realizing such a system requires solving two key challenges.
First, channels must be switched efficiently without incurring the
coarse reconfiguration overheads of traditional OCS. As the CHRo-
MATILE data plane, we propose using multicolor microLED trans-
mission with passive optical color steering, which can enable light-
weight channel switching without mechanical circuit reconfigura-
tion (§4). Second, endpoints must coordinate channel assignments
while adapting to changing traffic demands. Unlike packet switch-
ing, where arbitration occurs at packet granularity, CHROMATILE
allocates channel resources directly across communicating end-
points. We sketch one possible control-plane algorithm that com-
putes collision-free channel allocations from traffic matrices (§5).

4 CHROMATILE Data Plane

We propose the CHROMATILE data-plane (Fig. 2) which consists
of two key modules: (i) a slow-and-wide optical transceiver with
color-selectable transmission (§ 4.1) and (ii) a passive optical switch
with color steering capability (§ 4.2). We also highlight the benefits
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over physical subchannels (§ 4.3) and seek community input on the
data plane’s feasibility (§ 4.4).

4.1 Multicolor Slow-and-Wide Transceiver

The CHROMATILE transceiver extends a Mosaic-like slow-and-wide
transceiver with the ability to independently select the transmission
color of each channel. Importantly, this modification primarily
affects the transmitter side, while the receiver remains unchanged.

Transmitter. On the transmitting side, each channel is extended
with multiple possible LED colors instead of only one. This can
be realized either by using multiple colored subpixels per channel,
similar to RGB display pixels, or by using tunable microLEDs [23]
capable of dynamically changing wavelength. The transmitter elec-
tronics select both the channel and emitted color, where the selected
color determines the destination after passive optical steering (§4.2).
Conceptually, color therefore acts as a lightweight routing primitive
embedded directly into the transmission process [20].

The number of colors defines the radix of CHROMATILE as each
color corresponds to a destination port. Previous work [20] shows
that roughly 8-color microLEDs without overlapping spectra can
be used within the visible spectrum. Reducing the spectral width of
microLEDs (e.g., by using quantum dots [17]) or using colors outside
the visible spectrum both improve the radix. Additionally, recent
work [1] and our own analysis in § 6 demonstrate the usefulness of
even low-radix switches.

Receiver. The receiver-side camera-like photodetector arrays are
agnostic to transmitted wavelength and convert incoming photons
into electrical signals — color discrimination occurs only when opti-
cal filters are applied. Therefore, receivers do not require destination-
specific optical hardware, allowing the same design to operate
across all wavelengths.

Minimal transceiver changes. We expect the modifications in the
CHROMATILE transceiver module to have a limited impact on man-
ufacturing complexity. Commercial microLED fabrication already
supports multiple colors per pixel in display technologies [24, 30];
CHROMATILE largely repurposes such existing capabilities for com-
munication. Moreover, the changes are primarily required on the
transmitter, while the receiver remains unchanged.

4.2 Passive Color Steering

The second key component of CHROMATILE is a passive optical
steering fabric that routes channels based on transmitted wave-
length, i.e., based on the color of the transmitted light. Logically,
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Figure 3: The 3 X 3 traffic matrix is first transformed into a doubly stochastic matrix and then decomposed into permutation
matrices, which are then mapped onto physical channels (10 in total).

the switch performs two operations: (i) separating incoming chan-
nels by color, and (ii) recombining channels destined for the same
endpoint into outgoing imaging fibers. We acknowledge that, as
future work, a more in-depth feasibility analysis is required.

Color separation. The first stage acts as an array of miniature
prisms, one for each incoming channel. Different transmitted colors
are spatially separated and redirected towards different outputs.
While steering hundreds of channels independently may appear
challenging, similar structures already exist in multi-channel spec-
trometers [28]. These systems use micro-lens grating arrays to
separate wavelengths across thousands of parallel optical paths.
Prior work demonstrates arrays with more than 2000 micro-lens
elements, which is sufficient for the channel counts envisioned in
CHROMATILE. Each of those micro-lens elements separates colors
along only one dimension, but because it is a 2D array of such lenses,
it creates the rows of colors shown in Fig. 2. Those micro-lens el-
ements have been shown to work well over a wide wavelength
range, from at least 400 nm to 700 nm [28].

Channel recombination. After wavelength separation, channels
corresponding to the same destination are redirected towards the
appropriate outgoing imaging fiber. This routing could be imple-
mented using glass waveguides [8, 32] or by splitting an imaging
fiber row by row. Finally, a lens stage focuses the redirected channels
back into the outgoing imaging fiber connected to the destination
transceiver. Conceptually, this stage performs the inverse operation
of the initial wavelength separation.

Passive switching. As we observe, the CHROMATILE steering mod-
ule is entirely passive. Changing the destination of a channel only
requires selecting a different emitted color at the transmitter; the op-
tical fabric itself never reconfigures. Thus, CHROMATILE avoids the
reconfiguration downtime unlike MEMS-based optical fabrics [31].

4.3 Why Not More Physical Subchannels?

An alternative design would be to physically subdivide each imaging-
fiber channel into many smaller, static subchannels, each connected
to a different destination. We instead use wavelength selection be-
cause it preserves the physical channel geometry while introducing
flexibility in destination selection. Increasing the number of physi-
cal subchannels would significantly complicate alignment, cabling,
and optical isolation. As channels become smaller and more densely
packed, crosstalk between the channels and fabrication complexity
become increasingly difficult to manage.

Just as with conventional slow-and-wide transceivers, CHRO-
MATILE does not require every channel to function perfectly, since
spare channels can be allocated without much overhead [6]. This
should improve manufacturability and increase yield.
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4.4 Call to Arms: Data Plane Feasibility

While we outline the opportunities enabled by this new paradigm
of optical switching, many questions remain open. We invite the
community to help with validating many aspects of our proposal.

First, the passive optical component requires a more thorough
feasibility analysis, especially given the additional complexity of
operating over a wide wavelength range. More detailed compu-
tations and simulations of loss and crosstalk within this passive
optical component are essential to demonstrate the design’s feasi-
bility. Other important aspects include a more concrete analysis of
the signal propagation through different physical channels (waveg-
uides), and the recombination within the passive optical component,
where channels from many different angles are combined into a
single output channel.

Using broad-spectrum light sources such as microLEDs, the max-
imum achievable radix of CHROMATILE is another important consid-
eration, as it directly determines the range of use cases the design
can support (§6). An important open question is how many distinct
colors can be accommodated within the operating window of the
passive optical component.

5 CHROMATILE Control Plane

Assuming that the previously proposed CHROMATILE data plane
is feasible, this would enable many independently steerable low-
rate optical channels, allowing concurrent connections among end-
points (Fig. 1). However, the endpoints must select channel colors
such that collisions are avoided while adapting assignments to
changing traffic demands. More concretely, if multiple endpoints
simultaneously choose colors that route to the same destination on
the same channel index, collisions occur at the receiver. The control
plane objective is to compute collision-free channel assignments
while efficiently utilizing the available channels. We give a sketch
of one possible control-plane algorithm.

The endpoints can exchange communication demands using a
lightweight out-of-band control channel. One or more spare slow-
and-wide channels can be reserved for this purpose. Each endpoint
periodically communicates the number of channels it requests to
every other endpoint. These demands are aggregated into a traffic
matrix T, where entry T;; represents the number of channels re-
quested from source i to destination j. Based on this traffic matrix,
the controller computes a collision-free channel assignment and
distributes the resulting color schedule back to the endpoints.

5.1 Collision-Free Channel Assignment

A collision-free channel assignment can be naturally represented
by a permutation matrix; it corresponds to a valid communica-
tion pattern in which each source communicates with exactly one
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Figure 4: Our optimized decomposition reduces the number
of channel fragments while always staying below the number
of available channels.

destination and each destination receives from exactly one source.
Given a traffic matrix, the Birkhoff-von Neumann (BvN) decompo-
sition can express the demand as a weighted combination of such
collision-free patterns.

Spatial interpretation of BvN. Prior reconfigurable optical net-
works [14, 27] interpret the decomposition temporally: each permu-
tation matrix corresponds to a circuit configuration activated over
time. In CHROMATILE, the interpretation is fundamentally different.
Rather than using permutation matrices as temporal schedules,
we instantiate them spatially across the physical channels. Fig. 3d
shows the channel assignment for the resulting decomposition
in Fig. 3c. The coefficient 5 means that 5 channels are allocated
according to the corresponding permutation matrix.

This distinction is important. Traditional optical circuit switches
rely on time-multiplexing because only a small number of circuits
can be active at any given time. In contrast, CHROMATILE uses its
large number of slow channels to realize many communication
patterns simultaneously.

5.2 CHROMATILE-Aware Implementation

Applying BvN decomposition directly to CHROMATILE introduces
several practical considerations. First, arbitrary traffic matrices
must be preprocessed into a decomposable doubly stochastic form.
Second, different ways of doing the decompositions can produce
significantly different levels of channel fragmentation, motivating
fragmentation-aware heuristics.

Constructing doubly stochastic matrices. BvN decompositions
work best with doubly stochastic matrices, in which the sum of each
row and column must not exceed the number of available channels.
Intuitively, this constraint ensures that no endpoint requests more
channels than physically exist.

However, arbitrary traffic matrices do not always satisfy this con-
dition. Such a scenario can arise during traffic incasts where many
sources simultaneously communicate with the same destination.
For example, consider the input traffic matrix of Fig. 3. Source hosts
1 and 3 both require 6 channels each to destination host 2 (i.e., total
12 channels), which exceeds the available channels per host (i.e., 10).
To handle this situation, we proportionally scale the requests until
all column sums satisfy the channel constraints (Fig. 3a), similar to
what congestion control would do in the same situation.

Next, the values are increased until every row and column sum
equals exactly the total number of available channels, creating a
doubly stochastic matrix (Fig. 3b). At this point, the Birkhoff-von
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Neumann theorem guarantees that the doubly stochastic matrix
can be decomposed into a weighted set of permutation matrices [7]
(Fig. 3c). These permutation matrices can then be mapped directly
onto physical channels (Fig. 3d).

Fig. 4a shows the number of channels needed to satisfy the traffic
matrix. The evaluation is run on 10, 000 randomly generated 8-color
traffic matrices with a total of 400 channels per host. We observe
that without first creating a doubly stochastic matrix, the decompo-
sition cannot always satisfy the traffic demand with the available
channels (dotted line). By first extending the traffic matrix to a
doubly stochastic matrix, we can guarantee that the decomposition
uses exactly the number of available channels.

Reducing channel fragmentation. In principle, many different
valid decompositions may exist for the same traffic matrix. Ideally,
we would like to minimize the number of permutation matrices that
are used in the decomposition to reduce channel fragmentation.
However, finding the minimum decomposition is NP-hard.

Instead, we design a greedy heuristic that iteratively selects
the permutation matrix with the largest coefficient. This heuristic
tends to generate larger contiguous channel groups and reduces
fragmentation in the resulting assignments. For example, in Fig. 3d,
host 2’s channel assignment has 5 red channels (index 1 — 5), 4 blue
channels (index 6 — 9), and 1 red channel again (index 10); meaning
3 contiguous channel groups or fragments. Fig. 4b shows that our
optimized decomposition heuristic effectively reduces the number
of channel fragments by almost half (same scenario as Fig. 4a).

Runtime. While our current implementation has a runtime of a few
milliseconds on a CPU, Chronos [27] has demonstrated that BvN
decompositions can be implemented on hardware with a runtime
below 1 s given an input size of 64 X 64. Selecting a different
microLED takes nanoseconds, enabling CHROMATILE to allocate
channels quickly enough for modern AI workloads that require
reconfigurations at the millisecond scale [16].

6 Architectural Use Cases

CHROMATILE would enable several new architectural opportunities
across both scale-up and scale-out AI communication fabrics. In
this section, we discuss how CHROMATILE could be used to: (i)
extend the communication domains beyond tightly packed racks,
(ii) provide flexible bandwidth allocation across multiple network
planes, and (iii) reduce the number of switches and transceivers
required in large-scale Al fabrics.

6.1 Extending Scale-up Domains

CHROMATILE could be used to extend the physical reach of scale-
up domains while simultaneously providing low-latency dynamic
bandwidth allocation without needing additional switching ele-
ments between communicating GPUs.

Expert parallelism. In case of expert parallelism, subsets of GPUs
repeatedly exchange all_to_all_v traffic. Unlike traditional opti-
cal circuit switching systems that cycle through circuit schedules
over time, CHROMATILE can maintain simultaneous connectivity
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Figure 5: CHROMATILE can be used for both the scale-up and
scale-out network at the same time.

across many communicating endpoints, enabling low-latency com-
munication between experts without waiting for future circuit con-
figurations. This is especially important for inference workloads
where end-to-end latency directly impacts responsiveness.

Demand-driven bandwidth. Scale-up domains without any switch-
ing usually resort to static full-mesh connectivity. Instead of uni-
formly partitioning bandwidth across all GPU pairs, CHROMATILE
dynamically allocates channels according to communication de-
mand. As a result, communication patterns such as all_to_all v,
rings or trees can utilize substantially more bandwidth than under
static full-mesh assignment, where each endpoint pair is limited to
~ ﬁ of the total bandwidth, and many links remain underutilized.

6.2 Flexible Multi-Plane Fabrics

CHROMATILE acts as a lightweight layer between hosts and ToR
switches, enabling more flexible multi-plane scale-out network
topologies. Unlike traditional multi-plane architectures (e.g., P-
Fattree), CHROMATILE retains more of the flexibility of a unified
network fabric and does not need complex fine-grained load bal-
ancing to extract available bandwidth.

Resilience. Dynamic channel assignment is particularly useful
when facing failures or temporary traffic imbalances in the network.
In conventional multi-plane networks, a ToR or network plane fail-
ure directly reduces the bandwidth available to all attached hosts,
as it is statically pinned to the failed plane. With CHROMATILE, end-
points can dynamically redirect channels to still-available planes,
preserving host bandwidth unless the remaining aggregate capacity
becomes the bottleneck.

Low-latency host groups. Hosts connected to the same CHRoO-
MATILE domain can communicate with low latency without travers-
ing additional packet-switching stages. This can be strategically
exploited for synchronization-heavy traffic or cache-coherent com-
munication among these hosts.

6.3 Reducing Network Layers

As CHROMATILE enables flexible communication across multiple
planes, larger scale-out network topologies can be constructed with
fewer switching stages. A 2m-color CHROMATILE allows the net-
work to be partitioned into m planes, but crucially supports dynamic
bandwidth allocation across them (Fig. 5). A total of 2m colors per
CHROMATILE are needed since there are m planes and m hosts
that need to be connected. For the same number of stages, more
endpoints can be accommodated than in a single unified network
plane. This is important for latency-sensitive AI communication,
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Figure 6: CHROMATILE connects more hosts with lower hop
count alongside reducing the number of switches.

as every hop adds forwarding latency. Fewer stages also reduce the
number of required switches and transceivers. Fig. 5 shows CHRo-
MATILE being used both for scale-up and scale-out. Leveraging the
high-bandwidth domain with a Rail-only topology [34] reduces the
overall network size further.

Quantifying savings. Fig. 6a shows the number of hosts con-
nected by 64-port switches and CHROMATILE radix while only using
2-stage FatTrees (2048 hosts). Fig. 6b shows the network switch
savings w.r.t. a single unified 3-stage FatTree. CHROMATILE can
reduce the number of switches by 40% (Fig. 6b) while connecting
more hosts (Fig. 6a) with a smaller hop count. By combining CHRO-
MATILE in both scale-out and scale-up with a Rail-only topology,
the number of hosts served by 2-stage networks grows even faster.
At a CHROMATILE radix of 16 and above, using the CHROMATILE +
Rail-only configuration (Fig. 5) even reduces the number of stages
from four to two. Additional discussion can be found in § A.1.

7 Discussion & Outlook

The primary contribution of this work is to identify an untapped op-
portunity in slow-and-wide transceivers and outline the associated
benefits. In particular, concurrent optical micro-circuits make this
approach fundamentally different from traditional optical circuit
switching, enabling communication among multiple hosts simul-
taneously, without relying on time-multiplexed circuit schedules.
Broadly, CHROMATILE suggests a path towards combining the ben-
efits of optical switching with those of slow-and-wide transceivers.
Since the large number of channels makes traditional optical circuit
switching too costly. But as power continues to increase with each
generation for both electrical switching and optical transceivers,
clearly, alternatives are needed.

Still, open questions remain regarding the manufacturability,
packaging, and system design of CHROMATILE, e.g., building a proto-
type to demonstrate CHROMATILEs feasibility. On the control-plane
side, improved algorithms could further reduce channel fragmenta-
tion or improve runtime under rapidly changing traffic demands. A
more comprehensive evaluation of how best to deploy CHROMATILE
across both scale-up and scale-out scenarios, e.g., low-radix switch
deployments for Al workloads [1], also remains future work.
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Figure 7: When looking at the interpolated formula, on aver-
age, the 8-color version of CHROMATILE needs around 20%
fewer switches.

A Appendix

This section provides additional context on evaluating the number
of switches needed for a FatTree.

A.1 FatTree Interpolated Formula

In practice, the number of switches in a FatTree follows a step
function. Once a radix-defined capacity is reached, adding another
host requires a discrete “jump” in infrastructure by introducing an
additional layer. Where this step occurs depends on many factors,
such as the switch radix used or the number of hosts, and should
be optimized on a case-by-case basis. To get rid of those arbitrary
jumps in our analysis, we use an interpolated version of the formula
that allows us to compare the radix of CHROMATILE over a wide
range, without arbitrary steps introduced by picking a specific num-
ber of hosts or switch radix. Intuitively, this interpolated formula
presents the average number of switches that can be saved. Eq. (1)
shows the interpolated Formula.

o)

. radix \F™?
Switches = [(2L-1) - 5

Fig. 7 shows the average number of switches that can be saved
when using the interpolated formula. On average the 8-color version
of CHROMATILE is able to reduce the number of switches needed
by around 20%. With the CHROMATILE + Rail-only version roughly
doubling that number. For higher-radix versions, the benefits begin
to flatten out, but there is still a benefit in using more colors.
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