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Fast optical switching, untested at scale

Source: Mellette et al., §1

In production: slow
Optical circuit switches already 
run in cloud and ML systems. 
They take milliseconds to 
change, which suits slowly 
changing traffic.

In research: fast but tiny
Microsecond and nanosecond 
switches exist. Prototypes have 
under ten ports, often custom 
transceivers, and many need 
network-wide traffic data.

Missing: a real test
Would fast optical switching 
work at practical scale, with 
commodity servers and standard 
TCP? Yield, timing and 
compatibility were open.

This paper: a 128-port rotor switch, 16 servers, and an unmodified Linux stack.
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W H E R E  R O T O R  S W I T C H E S  F I T

Fast or compatible: rotors aim for both

Source: Mellette et al., §2, Table 1

Optical switch type Time to change paths Works with any link or rate?

Tunable laser + wavelength router Nanoseconds No: needs a fixed wavelength plan

Semiconductor amplifier (SOA) Nanoseconds No: wavelengths interfere

MEMS mirrors Milliseconds Yes: moves light of any color

Rotor switch Microseconds Yes: moves light of any color

Logical transparency
Acts like a packet network. This depends on how fast 
the switch can reconfigure.

Physical transparency
Ignores link type and data rate, so one switch can 
serve many generations of optics.
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T H E  C O R E  I D E A

Cycle through fixed links; never schedule

Source: Mellette et al., §2.3, §3.1

Matching 1 Matching 2 Matching 3 Matching 4 repeat

A matching is a fixed pairing of inputs to outputs. Over one cycle, every node gets a direct link to every other node once.

No scheduler
The rotor repeats the same few 
pairings forever. Nobody collects 
traffic demand. The price: up to 
half the ideal bandwidth.

Bulk traffic
Waits for the slot when its 
destination is linked, or takes 
one extra hop to spread load. 
Gets 50–100% of ideal, however 
skewed.

Urgent traffic
Pairings are chosen so live links 
always form a well-connected 
(expander) graph. A short multi-
hop path always exists.
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T H E  H A R D W A R E

The rotor switch is a spinning disk

Source: Mellette et al., §4, Appendix A

128
Ports in a 3U rack box
Every port worked: 100% yield on all 
256 fibers.

7 µs
Worst-case switch time
About 1,000× faster than MEMS 
mirror switches.

10G
Per port, off-the-shelf optics
Commercial transceivers, no 
amplifiers needed.

How it switches
One disk, patterned in sectors, bends all 256 light 
beams at once. Spinning from one sector to the next 
changes the matching.

Why it scales
No moving part per port. The pairings are passive 
grooves in metal, and the motor is a repurposed 
hard-drive spindle.
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C O N N E C T I N G  T O  S E R V E R S

Making it work with ordinary servers

Source: Mellette et al., §3.2, §4.3–4.5, Fig. 13

Shared clock
PTP over the normal GbE 
management port keeps hosts 
within 1 µs. A control loop locks 
the disk’s spin to the same clock, 
to ±5 µs.

Smart NIC
An FPGA NIC sends each packet 
only in its timeslot, using the clock 
and the fixed schedule. Linux, TCP 
and ping run unmodified.

Defect masking
Flaws in the disk cause short 
dropouts at fixed, repeating times. 
The NIC stays silent in those slots, 
like bad-sector mapping on a hard 
drive.

89%
W I T H O U T  T H E  M A S K

6,780 TCP retransmissions 99.5%
W I T H  T H E  M A S K

0 TCP retransmissions
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R E S U L T S

Near link rate, with ordinary Linux

Source: Mellette et al., §4.4, §5, Fig. 13–15

99.5%
Of achievable TCP rate
Direct-link transfers, with defects 
masked. Switching overhead is 
about 2%.

93%
Of link rate, multi-hop
9.3 of 10 Gb/s using all four rotors. 
A few retransmissions come from 
packet reordering.

0
Packets dropped
Even when bulk TCP traffic shares 
paths with latency probes.

Latency matches a normal NIC
Median ping is comparable, and the tail past the 99th 
percentile is better. Under heavy load the worst 15% 
rise by about 15 µs.

The testbed is small
16 servers on one switch, at 10 Gb/s. At 25 Gb/s, about 
a quarter of the 512 connections performed poorly.
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A S S E S S M E N T

What the paper shows, and what to question

RotorNet · CSE561

Strengths
• A real 128-port switch, not a mock-up

• No scheduler and no traffic 
measurements

• Commodity optics and an unmodified 
Linux stack

• Turns a hardware flaw into a software fix

Open questions
• 10 Gb/s links and 16 servers, not a data 

center

• Bulk load balancing is not built yet

• Needs precise clocks and custom FPGA 
NICs

• No production deployment, and up to 2× 
bandwidth lost by design

8



D I S C U S S I O N

Questions for the class

RotorNet · CSE561

1 Iris switches in about 20 ms between data centers. RotorNet switches in microseconds 
inside one. What does each design give up?

2 A demand-oblivious network can lose up to half the bandwidth. When is that a fair price 
for simplicity?

3 The disk’s defects were hidden by the NIC rather than fixed in manufacturing. When is 
pushing a problem to the edge a good call?

4 Would you deploy this for AI training clusters, where traffic follows a few known 
patterns?
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T H E  P R O B L E M

Pod-to-pod bandwidth: costly or inflexible

Source: Farrington et al., §1–2

Full bandwidth: costly
A non-blocking core for 64 pods 
needs 1,024 switches and 
65,536 wires. Optical 
transceivers alone would cost 
$26M.

Oversubscribed: inflexible
With 100 uplinks for a 1,024-
server pod, worst-case traffic 
gets 1 Gb/s per server. The fixed 
capacity cannot move to where 
it is needed.

The opening: aggregation
Traffic summed over a whole 
pod shifts more slowly than 
traffic from single hosts, so 
optical circuits can carry part of 
it.

Helios: a core with both packet and circuit switches, rewired as traffic shifts.
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A R C H I T E C T U R E

A two-level tree with two kinds of core

Source: Farrington et al., §3.1, Fig. 1

Electrical packet switch Optical circuit switchBursty traffic Steady traffic

Pod 1 Pod 2 Pod 3 Pod 4

Packet core
Carries bursty, any-to-any traffic. 
Always ready, but costs ports and 
transceivers.

Circuit core
Carries the steady baseline between 
pod pairs. Rewired in milliseconds, 
no transceivers.

Superlinks
Several wavelengths share one fiber 
through a passive multiplexer into 
one circuit port, such as 2 × 10G = 
20G.
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W H Y  A D D  O P T I C S

Circuit ports match cost and cut power

Source: Farrington et al., §2.2, §3.2, Table 1, Fig. 2

Component (2010 prices) Cost Power

Packet switch port $500 12.5 W

Circuit switch port $500 0.24 W

Optical transceiver (up to 8 wavelengths) $200 1 W

Fiber $50 0

3× lower cost
About $40M saved at 64 pods 
of 1,024 hosts, even with 
circuits that never change.

9× lower power
About 800 kW saved at the 
same scale.

6.5× fewer ports
About 55,000 fewer ports, a 
stand-in for cables and upkeep.
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C O N T R O L  L O O P

A control loop rewires the core

Source: Farrington et al., §4.2–4.3, Fig. 5

1  Measure
Read flow counters on pod 
switches. Ignore small “mice” 
flows under 15 Mb/s.

2  Estimate
Work out what TCP flows would 
get on an ideal switch, not what 
today’s topology allows.

3  Compute
Pick circuits with maximum-
weight matching, one circuit 
switch at a time.

4  Notify down
Pod switches move traffic off 
circuits about to disappear, 
avoiding black holes.

5  Change
The controller tells the optical 
switch to move its mirrors.

6  Notify up
Pod switches add the new circuits 
back into their forwarding groups.

Steps 4–6 run only when the topology changes. Hosts need no changes.
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P R O T O T Y P E  L E S S O N S

Ordinary switch features slowed the prototype

Source: Farrington et al., §5.2, §5.5, Fig. 8–10, 13

43
Gb/s as first built
A 2 s “debouncing” delay left flows 
idle after each circuit change.

87
Gb/s, debouncing off
Next bottleneck: a 600 ms signal-
cleanup step (EDC) in the optical 
PHY chip.

142
Gb/s, EDC off too
The all-electrical tree reached 171 
Gb/s on the same test.

Optical switch time
The mirrors moved in about 12 ms (25 ms advertised). 
The PHY then needed about 15 ms to lock.

Control loop time
About 96 ms to measure and plan, plus 168 ms to 
change topology, mostly switch software.
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R E S U L T S

Near electrical when traffic is stable

Source: Farrington et al., §5.3–5.6, Fig. 11–12

142
Gb/s vs 171 electrical
Same 4-second test, with Helios 
using one-way circuits.

2×
One-way vs two-way circuits
When pod demand is lopsided, one-
way circuits used capacity twice as 
well.

265 ms
Per topology change
About 96 ms plus 168 ms. The 
authors see room to get well under 
100 ms.

Stability decides everything
Throughput rises as flows last longer, tested from 0.5 s 
to 16 s. Gradual shifts beat abrupt ones.

WDM costs no throughput
Two wavelengths per superlink matched one, so it can 
cut cabling and cost.
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A S S E S S M E N T

What the paper shows, and what to question

Helios · CSE561

Strengths
• First working hybrid core, from 

commercial parts

• No changes to hosts or switch hardware

• Simple split: circuits steady, packets 
bursty

• Honest lessons about slow, built-for-static 
gear

Open questions
• 24 servers; the scale results are simulated

• Needs pod-level traffic stable for seconds

• Central controller with a loop of about 
0.26 s

• Cannot split one destination over both 
cores
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D I S C U S S I O N

Questions for the class

Helios · CSE561

1 Helios needs pod-level traffic to hold steady for seconds. Is that still true of today’s 
workloads, such as large ML training jobs?

2 Iris and RotorNet drop the packet network from the core. What does Helios’s packet side 
buy, and what does it cost?

3 Helios needed a central controller reading flow counters every cycle. Which of the three 
designs would you rather operate?

4 Debouncing and EDC were built for static links and broke fast circuits. What other 
assumptions in networking gear might break?
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W R A P - U P

Three ways to build the core

Comparison · CSE561

E L E C T R I C A L

Read every packet
Baseline in all three papers, built 
from packet switches

• Handles any traffic, bursts 
included

• Ports and transceivers at 
every hop

• High power; faster links 
mean new hardware

O P T I C A L

Steer whole beams of 
light
Iris (about 20 ms) and RotorNet 
(7 µs)

• Cheap, low power, ignores 
link speed

• Blind to data: needs a 
controller or a fixed cycle

• Pays in spare capacity 
(fiber or bandwidth)

H Y B R I D

Packets for bursts, 
circuits for the rest
Helios: a packet core plus an 
optical circuit core

• Cheaper and lower power 
than all-packet

• Works when pod-level 
traffic is stable

• Two networks to run, plus 
a controller
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S I D E  B Y  S I D E

Electrical, optical and hybrid compared

Sources: Dukic et al.; Mellette et al.; Farrington et al.

 Electrical Optical Hybrid

Decides by Reading each packet
A schedule or controller, never 
the data

A controller watches traffic, then 
rewires circuits

Path changes Per packet (nanoseconds) 20 ms (Iris) down to 7 µs (rotor)
Milliseconds for circuits; packets 
are instant

Cost
Port and transceiver at every 
hop

Cheap, no transceivers
Between the two; about 3× below 
all-packet

Power High Very low
Up to 9× below all-packet 
(simulated)

Sudden shifts Handled well
Poor, unless aggregated or 
cycled

Packet side absorbs them

Faster links later Replace hardware Unchanged Optical side unchanged
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