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1. 

COMMUNICATION SYSTEMAND METHOD 
FORAN OPTICAL LOCAL AREANETWORK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 60/485,072 filed Jul. 3, 2003, incorporated 
herein by reference, and U.S. Provisional Application No. 
60/515,836 filed Oct. 30, 2003, incorporated herein by refer 
CCC. 

FIELD OF THE INVENTION 

The present invention relates to optical fiber networks. 

BACKGROUND OF THE INVENTION 

A local-area network (LAN) is a computer network that 
spans a relatively small area. Most LANs are confined to a 
single building or group of buildings. However, one LAN can 
be connected to other LANs over any distance often spanning 
an area greater than either LAN via telephone lines, coaxial 
cable, optical fiber, free-space optics and radio waves. A 
system of LANs connected in this way is commonly referred 
to as a wide-area network (WAN). 

SUMMARY OF THE INVENTION 

In general, in one aspect, the invention includes a method 
for broadcasting data including receiving an incoming optical 
signal at a first port of a plurality of ports; converting the 
received incoming optical signal to an electrical signal; pro 
cessing the electrical signal; converting the processed elec 
trical signal to a broadcast optical signal; and coupling the 
broadcast optical signal to each of the plurality of ports. 

Aspects of the invention may include one or more of the 
following features. Processing the electrical signal includes 
coupling the electrical signal to a device that processes the 
electrical signal according to an OSI layer-2 protocol. Pro 
cessing the electrical signal includes coupling the electrical 
signal to a device that processes the electrical signal accord 
ing to an OSI layer-3 protocol. The method further includes 
converting an electrical client signal to the incoming optical 
signal. The method further includes adapting the electrical 
client signal from a signal conforming to an OSI layer-2 
protocol. The OSI layer-2 protocol includes a media access 
control protocol. The media access control protocol is Ether 
net or Fibre Channel. The method further includes transmit 
ting the incoming optical signal from a network clientadapter 
to one of the plurality of ports over an optical distribution 
fabric. The method further includes transmitting the broad 
cast optical signal from one of the plurality of ports over an 
optical distribution fabric; and receiving the broadcast optical 
signal at network client adapters in a plurality of clients. The 
method further includes converting the received broadcast 
optical signal to a second electrical signal in at least one of the 
clients. The method further includes selecting a frame within 
the second electrical signal associated with the network client 
adapter and adapting data in the selected frame for transmis 
sion over a network interface. 

In general, in another aspect, the invention includes an 
apparatus including a plurality of ports; a passive optical 
coupler coupled to each of the plurality of ports; an optical 
electrical converter in optical communication with the pas 
sive optical coupler, and a control module in electrical com 
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2 
munication with the optical-electrical converter for 
scheduling slots for incoming and outgoing signals over the 
plurality of ports. 

Aspects of the invention may include one or more of the 
following features. The control module is operable to sched 
ule a slot for receiving a signal over one of the plurality of 
ports and to schedule a slot for broadcasting a signal over each 
of the plurality of ports. The apparatus includes only a single 
optical-electrical converter in optical communication with 
the passive optical coupler. The control module is coupled to 
a device that is operable to process an electrical signal pro 
vided by the optical-electrical converter according to an OSI 
layer-2 protocol. The control module is coupled to a device 
that is operable to process an electrical signal provided by the 
optical-electrical converter according to an OSI layer-3 pro 
tocol. 

In general, in another aspect, the invention includes an 
optical local area network including a plurality of optical 
waveguides; a network manager that includes an optical 
electrical converter in optical communication with the plural 
ity of optical waveguides; and a control module in electrical 
communication with the optical-electrical converter for 
scheduling slots for incoming and outgoing signals transmit 
ted over the plurality of optical waveguides; and a plurality of 
network client adapters coupled to the plurality of optical 
waveguides, each network client adapter including an optical 
electrical converter for processing transmitted and received 
optical signals at a client. 

Aspects of the invention may include one or more of the 
following features. The optical local area network further 
includes a passive optical coupler coupled to each of the 
plurality of optical waveguides. The network manager further 
includes a passive optical coupler coupled to each of the 
plurality of optical waveguides. The control module is oper 
able to schedule a slot for receiving a signal over one of the 
plurality of optical waveguides and to schedule a slot for 
broadcasting a signal over each of the plurality of optical 
waveguides. The control module is operable to dynamically 
schedule a slot for receiving a signal over one of the plurality 
of optical waveguides in response to a message from one of 
the network clientadapters. The control module is operable to 
determine a response delay between the optical-electrical 
converter and one of the network client adapters. The control 
module is coupled to a device that is operable to process an 
electrical signal provided by the optical-electrical converter 
according to an OSI layer-2 protocol. The control module is 
coupled to a device that is operable to process an electrical 
signal provided by the optical-electrical converter according 
to an OSI layer-3 protocol. Each of the network client adapt 
ers is operable to convert an electrical client signal to an 
optical signal for transmission over one of the optical 
waveguides. Each of the network client adapters is operable 
to adapt the client signal from a signal conforming to an OSI 
layer-2 protocol. The OSI layer-2 protocol includes a media 
access control protocol. The media access control protocol 
used by a network client adapter is Ethernet or Fibre Channel. 
Each of the network client adapters is operable to convert a 
received optical signal to an electrical signal. Each network 
client adapter is operable to select a frame within the electri 
cal signal associated with the network client adapter. The 
optical local area network further includes a client that 
includes a network interface card, the network interface card 
including one of the network client adapters. The client is 
selected from the group consisting of a workstation, a per 
Sonal computer, a disk storage array, a server, a Switch, and a 
rOuter. 
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In general, in another aspect, the invention includes an 
optical local area network including a passive optical distri 
bution fabric interconnecting a plurality of nodes including a 
first node and a plurality of remaining nodes; a hub that 
includes the first node and a control module; and a client 
network adapter coupled to each of the remaining nodes for 
responding to the control module; wherein the control mod 
ule controls timing for each of the client network adapters to 
transmit signals over the passive optical distribution fabric 
and distribution of signals to each of the nodes. 

Aspects of the invention may include one or more of the 
following features. The control module is operable to sched 
ule a slot for receiving a signal from one of the remaining 
nodes and to schedule a slot for broadcasting a signal to each 
of the remaining nodes. The control module is operable to 
dynamically schedule a slot for receiving a signal from one of 
the remaining nodes in response to a message from one of the 
network client adapters. The control module is operable to 
determine a response delay between the hub and one of the 
network client adapters. The control module is coupled to a 
device that is operable to process signals according to an OSI 
layer-2 protocol. The control module is coupled to a device 
that is operable to process signals according to an OSI layer-3 
protocol. Each of the network client adapters is operable to 
convert an electrical signal to an optical signal for transmis 
sion over the passive optical transmission fabric. Each of the 
network client adapters is operable to adapt a signal conform 
ing to an OSI layer-2 protocol. The OSI layer-2 protocol 
includes a media access control protocol. The media access 
control protocol used by a network client adapter is Ethernet 
or Fibre Channel. Each of the network client adapters is 
operable to convert a received optical signal to an electrical 
signal. Each network client adapter is operable to select a 
frame within the electrical signal associated with the network 
client adapter. The optical local area network further includes 
a client that includes a network interface card, the network 
interface card including one of the network client adapters. 
The client is selected from the group consisting of a worksta 
tion, a personal computer, a disk storage array, a server, a 
Switch, and a router. 

In general, in another aspect, the invention includes an 
optical local area network including a hub; a plurality of 
external nodes interconnected by a passive optical distribu 
tion fabric, wherein the external nodes are located external to 
the hub, and the hub is operable to control traffic across all 
nodes; adaptors at each external node responsive to hub 
instruction; and an interface coupled to the hub coupling 
signals received from any individual external node for distri 
bution to all external nodes. 

Aspects of the invention may include one or more of the 
following features. The hub includes an internal node coupled 
to the passive optical distribution fabric. The hub is operable 
to measure response delay between the hub and external 
nodes. The hub is operable to allocate slots for external nodes 
dynamically. Slot allocations are made to guarantee external 
nodes have a minimum bandwidth. The optical local area 
network further includes splitters coupled between the hub 
and external nodes. Traffic arriving at one or more external 
nodes includes Ethernet traffic. Traffic arriving at one or more 
external nodes includes Fibre channel traffic. The hub 
includes an optical module. At least one of the external nodes 
is located within an optical module external to the hub. 

Implementations of the invention may include one or more 
of the following advantages. A network manager in an optical 
local area network can provide Switching functions of a hub, 
a Switch or a router. A Switch configuration in which network 
managers are aggregated enables a high performance net 
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4 
work in a compact apparatus. Connectivity of network man 
agers and network client adapters to existing conventional 
routers and Switches using industry standard form factor opti 
cal modules enables a high performance network upgrade 
with minimal new equipment. A network client Switch can 
Support multiple physical layer ports without necessarily 
requiring a Layer-2 MAC or Switching elements and the 
associated routing tables and packet memory. The number of 
optical transceivers and Switching elements used to Sustain 
the same number of computing nodes in a LAN via a point 
to-multipoint optically coupled network configuration is 
reduced, thus saving the majority of expense described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an optical local area network. 
FIGS. 2, 3A and 3B are schematic diagrams showing frame 

Structures. 

FIG. 4 is a flowchart for a network operating process. 
FIG. 5 is a flowchart for a response delay process. 
FIGS. 6A-6C are diagrams of optical local area networks 

utilizing a hub configuration. 
FIGS. 7A-7D are diagrams of optical local area networks 

utilizing a Switch configuration. 
FIG. 8 is a diagram of an optical local area network. 
FIGS. 9A and 9B are block diagrams of switches. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a high-level schematic of an optical 
local area network 50 includes a network manager (NM) 100 
at the head end of a passive optical distribution fabric (ODF) 
102. The NM 100 acts as a central transmission point and an 
overall controlling device for the optical local area network 
50. On another end, the ODF102 is terminated by a plurality 
of (in one implementation, generally similar) network client 
adapters (NCAs) 104A, 104B, 104C. Herein the NCA 104A, 
NCA 104B, NCA 104C, are also referred to collectively as 
NCAs 104. Though three NCAs 104 are shown more or fewer 
NCAs may be included in the optical local area network 50. 
The NM 100 transmits/receives data to/from the NCAS 104 

in the form of modulated optical light signals of known wave 
length through the ODF 102. The transmission mode of the 
data sent over the ODF 102 may be continuous, burst or both 
burst and continuous modes. Both NM 100 and NCAS 104 
may transmit light signals having a same wavelength. In one 
implementation, the light signals are polarized and the polar 
ization of light transmitted by the NM 100 is perpendicular to 
the polarization of the light transmitted by the NCAs 104. 
Alternatively, the transmissions can be made in accordance 
with a time-division multiplexing scheme or similar protocol. 

In another implementation, bi-directional wavelength-di 
vision multiplexing (WDM) may be used. Bi-directional 
WDM is hereindefined as any technique by which two optical 
signals having different wavelengths may be simultaneously 
transmitted bi-directionally with one wavelength used in each 
direction over a single fiber. In yet another implementation, 
bi-directional dense wavelength-division multiplexing 
(DWDM) may be used. Bi-directional DWDM is herein 
defined as any technique by which more than two optical 
signals having different wavelengths may be simultaneously 
transmitted bi-directionally with more than one wavelength 
used in each direction over a single fiber with each wave 
length unique to a direction. For example, if bi-directional 
WDM is used, the NM 100 may transmit data to an NCA 
104A, 104B, 104C utilizing a first wavelength of modulated 
light conveyed via a fiber 105A, 105B, 105C, respectively, in 
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the ODF 102 and, similarly, the NCAs 104A, 104B, 104C 
may transmit data via the same fiber 105A, 105B, 105C, 
respectively, in the ODF102 to the NM 100 utilizing a second 
wavelength of modulated light. Because only a single fiber is 
used (e.g., between the NM 100 and each respective NCA 
104), this type of transmission system is commonly referred 
to as a bi-directional transmission system. Although the opti 
cal local area network 50 illustrated in FIG. 1 includes an NM 
100 in communication with a plurality of NCAs 104 using a 
plurality offibers, other implementations of optical local area 
networks 50 may be used. In some implementations, the 
NCAs 104 are generally similar. In other implementations, 
the NCAs 104 may differ in one or more aspects. 

The NM 100 includes network management communica 
tion logic and memory (NM-CLM) 106 block, a network 
management optical interface (NM Optical Interface) 108 
block and an optical distribution fabric interface (ODF Inter 
face) 110 block. The NM-CLM 106 includes a network man 
ager engine (NM Engine) 112 block, a transmit framer (Tx 
Framer) 114 block and a receive framer (RX Framer) 115 
block. 

The NM Engine 112 is a control module that performs 
various processing and scheduling functions of an NM 100. 
The TX Framer 114 frames outgoing data from the NM 
Engine 112 in accordance with a framing protocol that is 
in-use. The Rx Framer 115 receives incoming frames and 
recovers appropriate data and messages to pass on to the NM 
Engine 112. The NM Optical Interface 108 is controlled by 
the NM-CLM 106 using, for example, bus 109. The NM 
Optical Interface 108 converts electrical signals carrying data 
from the TX Framer 114 to optical signals, for example, by 
modulating a laser (not shown) included in the NMOptical 
Interface 108 and transmitting the laser output to the ODF 
interface 110. The NM Optical Interface 108 also receives 
optical signals from the ODF interface 110 and converts the 
optical signals to electrical signals carrying data that is then 
transferred to the Rx Framer 115. Thus, the NM Optical 
Interface 108 functions as an “optical-electrical converter 
that can convert a signal from an optical signal to electrical 
signal or from an electrical signal to an optical signal. 
The ODF Interface 110 includes an optical splitter 116 and 

a plurality of ODF Ports 117A, 117B. 117C, etc. For example, 
the optical splitter 116 can be a 1:n splitter (where n is at least 
2) that splits light coming from the NMOptical Interface 108 
into n portions of light coupled into n optical ports, respec 
tively. The optical ports (e.g., ODF Ports 117) can be coupled 
to one or more optical waveguides. In one implementation, 
each ODF Port 117 is coupled to an optical waveguide. The 
optical waveguides can be, for example, single mode or mul 
timode fibers that guide received/transmitted light to/from 
respective ODF Ports 117A, 117B. 117C, etc. The 1:n splitter 
(or equivalently, n:1 combiner) also directs light from any of 
the ODF Ports 117A, 117B, 117C, etc. received over one of 
the optical waveguides to the NMOptical Interface 108. ODF 
Ports 117A, 117B. 117C, etc. include optical fiber connector 
sockets (e.g., SC, LC, FC, ST, or MU connector sockets) for 
coupling to the optical waveguides. 
The ODF102 can include any of a variety of passive optical 

components including optical fibers (e.g., single mode fibers, 
multimode fibers), optical connectors, fiber splices, passive 
branching components (e.g., passive splitters) and passive 
optical attenuators. 

In this implementation, the NCAs 104 each include a net 
work client communication logic and memory (NC-CLM) 
120 block, a network client optical interface (NC Optical 
Interface) 122 block and an ODF port 124. The NC-CLM120 
block includes an Adaptation Unit 126 block, a network client 
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engine (NC Engine) 128 block, a transmit framer (Framer) 
130 block and a receiver framer (Deframer) 131 block. The 
NC Engine 128 is a control module that performs various 
functions associated with an NCA104. Such as responding to 
messages from the NM 100. The Framer 130 frames outgoing 
data from the NC Engine 128 in accordance with a framing 
protocol that is in-use. The Deframer 131 receives incoming 
frames and recovers appropriate data and messages to pass on 
to the NC Engine 128. The adaptation unit 126 receives and 
transmits data and messages in the form of frames, packets or 
cells according to one or more external protocol(s). External 
controls, data and messages can be received using the net 
work interface 136. The responsibilities of the adaptation unit 
126 may include providing buffering, data and/or message 
filtering and translation between the external protocol(s) and 
the protocol of the optical local area network 50. The adap 
tation Unit 126 includes egress queue 132 block and ingress 
queue 133 block. Egress and ingress queues 132, 133 can be 
of the form of memory and are used for buffering receive and 
transmit data and messages, respectively. The adaptation unit 
126 can filter out or drop data and/or messages that are not 
intended to egress through its network interface 136. Filtering 
can be based on the destination address of the data and/or 
messages according to the external protocol in-use. Addition 
ally, the adaptation unit 126 can filter out or drop data and/or 
messages that are not intended to ingress through its network 
interface 136. Filtering can be based on equal values for the 
Source and destination addresses of the data and/or messages 
according to the external protocol in-use. The NC Optical 
Interface 122 is controlled by the NC-CLM 128 using bus 
134. The NC Optical Interface 122 converts electrical signals 
carrying data from the Framer 130 block to optical signals, for 
example, by modulating a laser (not shown) included in the 
NC Optical Interface 122 and transmitting the laser output to 
the ODF port 124. The NCOptical Interface 122 also receives 
optical signals from the ODF port 124 and converts the optical 
signals to electrical signals carrying data that is then trans 
ferred to the Deframer 131 block. The ODF port 124 includes 
an optical fiber connector socket (e.g., an SC, LC, FC ST, or 
MU connector socket). 
The NCAs 104 can be coupled to data link layer devices 

(not shown) or physical layer devices (not shown) using net 
work interface 136. The data link layer devices and physical 
layer devices are network devices that operate at a Layer-2 or 
Layer-1 respectively, according to the Open Systems Inter 
connect (OSI) 7-layer reference model. Furthermore, these 
network devices may comply with industry standard specifi 
cations such as IEEE 802.3 and Fibre Channel (incorporated 
herein by reference). Consequently, the network interface 
136 may be an MII, GMII, XGMII, XAUI or SPI type inter 
face. Other Layer-2 and Layer-1 type interface specifications 
may also be used. 
The optical local area network 50 transfers data between an 

NM 100 and the NCAS 104 in the form of downstream frames 
(NM 100 to NCAs 104) and upstream “virtual frames' 
(NCAs 100 to NM 104). Downstream frames from the NM 
100 are transmitted into the ODF 102 in an essentially con 
tinuous sequence of constant period frames. In one imple 
mentation, downstream frames have a period of 125 LS, and 
transfer data downstream at a rate of approximately 10 Gb/s, 
although other periods and rates may be used. The ODF 
Interface 110 and potentially the ODF 102 split the down 
stream transmissions passively so that all NCAs 104 receive 
the frames in a generally broadcast manner. In the upstream 
direction, separate transmissions from the plurality of NCAs 
104 are transmitted as burst transmissions or in slots which 
are combined in a virtual frame so that the separate burst 
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transmissions do not collide when they arrive at the NM 100. 
In one implementation, the virtual upstream frames have 
essentially the same period as the downstream frames, and 
upstream data transmissions are transmitted at a rate approxi 
mately equal to the downstream rate. Alternatively, different 
upstream and downstream rates may be used. 

FIG.2 is a schematic timing and framing diagram, showing 
overall structure of a downstream frame 200, and a virtual 
upstream frame 202 in an implementation of a framing pro 
tocol. Referring now to FIGS. 1 and 2, each downstream 
frame 200 includes a header 204 and a payload section 206. 
The downstream header 204 includes a downstream synchro 
nization (DS Sync) 208 section, a station management 210 
section, two sections containing the number of NCAs 104 in 
communication with the NM 100 (it of NCAs) 212, 214 and 
an upstream slot allocation (US slot allocation) 216 section. 
The DS Sync 208 section includes a consecutive sequence of 
bits that enables receiving NCAs 104 to identify a beginning 
of the downstream frame 200 and thus acts as starting marker 
for frame timing throughout the optical local area network 50. 
The number of NCAS 104 in communication with the NM is 
sent twice 212, 214 to ensure correct interpretation of the US 
slot allocation section 216. The order of downstream header 
sections 210, 212, 214,216 after a DSSync 208 may differin 
other implementations. 

During each network period 218 defined by respective 
adjacent downstream headers, each NCA 104 is able to send 
upstream data. The virtual upstream frame 202 is partitioned 
into slots, where a “slot corresponds to a fixed number of bits 
or a fixed length of time within a virtual frame. For each 
network period 218, the NM 100 allocates each NCA 104 
respective slots within which an NCA is able to transmit data 
upstream. Each slot allocation includes a start slot number 
and end slot number (also referred to as start time and end 
time), relative to the starting marker defined by a DSSync 208 
from the next network period after an NCA104 receives a slot 
allocation. In alternative implementations, a start slot number 
and a length of time during which a specific NCA 104 is 
permitted to transmit may be sent instead of a start slot num 
ber and an end slot number. Slot allocation start and end 
numbers are allocated within the virtual upstream frame so 
that slot allocations do not overlap, ensuring that there are no 
collisions of data from different NCAS 104 at the NM 100. 
The allocations can be determined by the NM Engine 112 
based on total upstream bandwidth requests and can be com 
municated to NCAS 104 in the downstream frame US slot 
allocation 216 section. The US slot allocation 216 section 
includes start and end slot numbers pertaining to and identi 
fied to specific NCAs 104 (as shown in 220 and 222). Slot 
allocations assigned to NCAS 104 can be dynamic and may be 
changed from network period to network period. 
The upstream frame 224 includes header 226 and payload 

228 sections. The header 226 includes a preamble 230 sec 
tion, a frame delimiter (Delimiter) 232 section and a station 
management 234 section. The preamble 230 section includes 
a consecutive sequence of bits designed to aid an NM 100 in 
synchronizing to the bit clock of a respective transmitting 
NCA 104. The Delimiter 232 includes a consecutive 
sequence of bits designed to aid an NM 100 in synchronizing 
to and recognizing the beginning of an upstream frame 224. 

Each downstream frame 200 and upstream frame 224 
includes a payload section 206, 228 respectively, in which 
data to and from NCAs 104 (from the network interface 136) 
are transferred. FIG. 3A is a schematic showing the payload 
in downstream and upstream framing, showing that the pay 
load of both upstream and downstream may contain a single 
adaptation data unit (ADU) 300. ADUs 300 are output units 
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8 
of data from an adaptation unit 126, where the adaptation unit 
126 has processed data received from the network interface 
136 for transfer across the optical local network 50. For 
example, in one implementation the adaptation unit 126 
receives Ethernet media access control frames (MAC frames) 
via a GMII interface (as an implementation for the network 
interface 136) and removes the MAC frame's preamble and 
start of frame delimiter (SFD) fields with the remaining fields 
of the MAC frame encapsulated in an ADU300. Additionally, 
in one implementation the adaptation unit 126 receives Fibre 
Channel (FC) FC-2 frames through a serial interface (as an 
implementation of the network interface 136) and removes 
the FC-2 frame's start of frame and end of frame fields with 
the remaining fields of the FC-2 frame encapsulated in an 
ADU3OO. 

In another example, the adaptation unit 126 can receive 
IEEE 802.3 MAC frames via a GMII interface and form an 
ADU 300 with the entire MAC frame included (i.e., encap 
sulate the entire MAC frame). In yet another example, the 
adaptation unit 126 can receive FC-2 frames through a serial 
interface (as an implementation for the network interface 
136) and form an ADU 300 with the entire FC-2 frame 
included (i.e., encapsulate the entire FC-2 frame). 

In one implementation, the payload 204, 232 of down 
stream frames 200 and upstream frames 224 may include 
multiple consecutive sub-frames. Referring to FIGS. 1 and 
3B, a sub-frame includes a sub-frame header 302 section and 
a sub-frame payload 304 section. A sub-frame header 302 
section includes a payload length indicator (PLI) 308 and 
cyclic redundancy check (CRC) 310 section that covers the 
PLI 308. CRC sections, although not shown, may be used in 
the downstream 200 and upstream 224 frames as well. The 
sub-frame payload 304 section includes a type 312 section, a 
CRC 314 that relates to the type 312 section, a payload data 
unit (PDU) 316 and optionally a CRC 318 that relates to the 
PDU 316. The PLI 308 gives an indication of the length, e.g., 
in bits, of the sub-frame payload 304 section immediately 
following the sub-frame header 302. The type 312 section 
gives an indication of the type of data in the PDU 316. An 
adaptation unit 126 may receive data from a mixture of pro 
tocols essentially simultaneously (as described below) and 
the use of sub-frames allows the data to be transferred across 
the network ensuring quality of service or class of service. An 
adaptation unit 126 uses Sub-frames by placing received data 
in the PDU 316, indicating the type of data received in the 
type 312 section and entering the length of the sub-frame 
payload 304 in the PLI 308 section. 
The optical local area network 50 operates according to an 

exemplary process illustrated in FIG. 4. Referring now to 
FIGS. 1 and 4, after an NM 100 is powered on 400, the NM 
100 sends out 402 one or more message(s) requesting new 
NCAs 104 (NCAs 104 that the NM 100 is unaware of) to 
identity themselves by reporting to the NM 100 with their 
respective serial number. The NM 100 also sends out 402 
network parameters including initial NCA transmit power 
levels using, for example, a station management message(s). 
The NCAs 104 respond using slot allocation(s) given by the 
NM 100 for new NCAs 104 to respond. After successfully 
receiving new NCA serial numbers, the NM 100 assigns each 
new NCA104 a network identification number (NC-ID) and 
requests 404 the new NCA 104 to adjust its transmitting 
power level. In one implementation, the NM 100 sends these 
requests in a station management message. The respective 
new NCAs 104 use the assigned NC-ID to interpret specific 
messages of concern (i.e., addressed) to a given NCA 104. 
The NM 100 initiates 406 a response delay process to deter 
mine the delay in responses between the new NCA and the 
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NM 100. After performing 419 the response delay process, 
the NM 100 enters normal operation in which network data is 
transmitted and received 408 across the optical local area 
network 50. 
When an NCA 104 is powered on 410, the NCA 104 

attempts to synchronize 412 to downstream frames by search 
ing for the DS Sync 208. After successful downstream syn 
chronization, the NCA 104 interprets 414 network param 
eters received via downstream station management messages 
404, adjusts its initial transmit power level and awaits instruc 
tions (e.g., a message) for new NCAS 104. The instructions 
include a slot allocation for new NCAs 104 to respond 416 to 
the NM 100 with the NCA’s 104 serial number. Once the 
NCA 104 has sent its serial number the NCA 104 is then 
assigned an NC-ID by the NM 100. The NCA 104 then enters 
a waiting loop (e.g., for a station management message from 
the NM 100 to adjust its transmit power level). In response to 
a request to set transmit power level, the NCA104 adjusts the 
transmit power level 418. The NCA104 then enters awaiting 
loop again (e.g., until receipt of a message from the NM 100 
to initiate a response delay process). Upon receipt of an 
instruction to begin a response delay process, the NCA 104 
can, in cooperation with the NM 100, determine the delay 
between the respective network elements (not shown as part 
of the process flow). The details of the response delay process 
are described in greater detail below. After the NCA 104 and 
NM 100 complete the response delay process, the NCA 104 
may adjust 420 its alignment with the network period to 
account for downstream and upstream transmission delay. 
The NCA 104 then enters its normal operation state in which 
network data is received and transmitted 422. 

FIG. 5 shows one implementation for executing a response 
delay process 500. The response delay process 500, is a 
process to determine the delay in NM downstream transmis 
sion to NM upstream reception of a message or network data 
transmission. Referring now to FIGS. 1, 2 and 5, the NM 100 
starts 501 the delay process with a new NCA 104 or with an 
NCA 104 that may cause upstream transmission collisions. 
The NM 100 assigns one or more slot(s) to the target NCA 
104 (i.e., the new NCA or one NCA that may cause a collision 
in upstream communication) to respond with a response 
delay message. The NM 100 generates 502 a silence period in 
the upstream virtual frame 202 (e.g., by not assigning or 
granting any slots for that period) around the slot(s) assigned 
to the target NCA 104. The silence period ensures no 
upstream collisions will occur. The NM 100 sends 504 a 
message to the NCA 104 to respond with a response delay 
message and informs the NCA104 of its slot(s) assignment to 
respond. Thereafter, the NCA 104 responds 506 to the NM 
100 at the appropriate slot time. The NM 100 receives the 
NCA 104 response delay message and calculates 508 the 
transmission delay. In one implementation, the NM 100 
transmits 510 the result of the response delay calculation to 
the NCA 104 and the NCA 104 aligns 512 itself to the proper 
network period. 
The NM 100 may assign, schedule or grant slot allocations 

in a number of ways (e.g. according to fixed time-division 
multiplex or statistical time-division multiplex schemes). In 
one implementation the slot allocations are scheduled to give 
the NCs 104 a guaranteed minimum upstream transfer rate. 
The rate may be determined by dividing the maximum 
upstream data rate by the number of NCAs 104. In another 
implementation, the NM 100 receives status information 
about the NCAs 104 egress 132 and ingress 133 queue status. 
The NM 100 can schedule slot allocations that best minimize 
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the depth of the egress 132 and ingress 133 queues to mini 
mize transmission delays ensuring quality of service (QOS) 
or class of service (COS). 

FIGS. 6A-6C, 7A-7C and 8 are illustrations of implemen 
tations of the optical local area network 50. In one implemen 
tation shown in FIG. 6A, an NM 100 may function in a hub 
configuration 600 networking clients including workstations 
602, personal computers (PC) 604 and Ethernet switches 618 
together using the Ethernet protocol. The workstations 602 
and PCs 604 are connected to the hub configuration 600 with 
a network interface card (NIC) 606 containing an NCA 104 
and a NIC controller 608. In one implementation of the NIC 
606, the NIC controller 608 includes a GMII interface, an 
Ethernet MAC and a peripheral component interconnect 
(PCI) bus interface. The NCA 104 communicates to the NIC 
controller 608 through the GMII interface. Ethernet switches 
618 are connected to the hub configuration 600 with a net 
work adaptor 621A containing an NCA 104. Ethernet 
switches 618 can be conventional Ethernet switches. In one 
implementation of the network adaptor 621A, the network 
interface 136 is a GMII interface. 

In another implementation shown in FIG. 6B, the hub 
configuration 600 can network disk storage array devices 
612, servers 614 and FC Switches 619 together using the Fibre 
Channel (FC) protocol. This implementation may be 
described as a Storage Area Network (SAN). The disk storage 
array devices 612 and servers 614 are connected to the hub 
configuration 600 with a hostbust adaptor (HBA) 607. In one 
implementation of HBA 607, the HBA controller 609 
includes a serial interface, FC controller and a PCI bus inter 
face. FC switches 619 are connected to the hub configuration 
600 with a network adaptor 621B containing an NCA 104. FC 
switches 619 can be conventional FC switches. In one imple 
mentation of the network adaptor 621B, the network interface 
136 is a serial interface. 

In yet another implementation of the optical local area 
network 50 shown in FIG. 6C, the hub configuration 600 may 
network clients such as workstations 602, PCs 604, disk 
storage array devices 612, servers 614 and switches 618, 619 
(FIG. 6B) using both Ethernet and FC protocols concurrently. 
NICs 606 can connect a particular client to the hub configu 
ration 600 using the Ethernet protocol. HBAs 607 can con 
nect a particular client to the hub configuration 600 using the 
FC protocol. For example, workstations 602, PCs 604 and 
switches 618 can communicate with the hub configuration 
600 using Ethernet protocol while disk storage array devices 
612 and servers 614 can communicate with the hub configu 
ration 600 using FC protocol. The ODF 102 (not shown) of 
the optical local area network 50 can include splitters 620. 
Hub configuration 600 can also connect to a switch 618 using 
an adaptor card 621A. Adaptor card 621A includes an NCA 
104 with a respective network interface 136 (e.g., GMII, 
XAUI, Serial). Switch 618 may be, for example, a switch in a 
conventional Ethernet LAN 622. 
One or more NMs 100 can interface to a switching device 

(e.g., a Layer-2 Switch or a Layer-3 Switch) to process frames 
from the various NCAs 104 according to a communication 
protocol of the switching device. Referring to FIG. 7A, a 
switch configuration 704 includes multiple NMs 100A, 
100B, 100C in communication with a Layer-2 switch device 
700 which is in further communication with an uplink port 
702. In alternative implementations, the Layer-2 switch 
device 700 may be in communication with a plurality of 
uplink ports (not shown). Though three NMs 100A, 100B, 
100C are shown more or fewer NMs 100 may be in commu 
nication with a Layer-2 switch device 700 included in the 
switch configuration 704. Each NM 100A, 100B, 100C 

Alexander and Walter Soto., Ex. 2015 
Nokia of America Corporation v. A. Soto and W. Soto, IPR2023-00960



US 7,925, 162 B2 
11 

includes an adaptation unit 706 in communication with a NM 
Engine (not shown). The adaptation unit 706 receives and 
transmits data and messages in the form of frames, packets or 
cells according to the Layer-2 switch device 700 via a switch 
interface 708. Adaptation unit 706 can provide buffering, data 
and/or message filtering and translation between the protocol 
of the Layer-2 switch device 700 and the protocol of the 
optical local area network 50. The adaptation unit 706 
includes an egress queue block (not shown) and an ingress 
queue block (not shown). Egress and ingress queues can be of 
the form of memory and are used for buffering receive and 
transmit data and messages, respectively. In one implemen 
tation of the NMs 100A, 100B, 100C, all upstream traffic 
received by an NM 100 is passed through the switch interface 
708 to the Layer-2 switch device 700. All downstream traffic 
transmitted by an NM 100 is received by the NM 100 through 
the switch interface 708. In another implementation upstream 
traffic received by an NM 100 can be filtered based on desti 
nation address to eitherpass data and/or messages back to one 
or more NCAs 104 multiplexed in downstream traffic (e.g. 
hairpinning) or to the Layer-2 switch device 700 through the 
Switch interface 708. The fiber connections 105 form a first 
ODF for connecting NM 100A with one or more NCAs. The 
fiber connections 710 form a second ODF for connecting NM 
100B with one or more NCAS. The fiber connections 712 
form a third ODF for connecting NM 100C with one or more 
NCAS. 

In one implementation of an optical local area network 50 
shown in FIG. 7A, the switch configuration 704 is used to 
network workstations 602, PCs 604 and a Ethernet switch 618 
together using the Ethernet protocol with appropriate NICs 
606 as described above. The switch configuration 704 
includes a Layer-2 switch (e.g., Layer-2 switch device 700) 
that implements an Ethernet MAC and switching functions. 
The optical fibers 105, 710, 712 connecting the workstations 
602, PCs 604 and Ethernet switches 618 to the Switch con 
figuration 704 can be associated with different NMs 100A, 
100B, 100C depending on which fiber connections are used. 
The uplink port 702 of switch configuration 704 can connect 
to an Ethernet switch and/or router (not shown). 

In another implementation of an optical local area network 
50 shown in FIG. 7B, the switch configuration 704 is used to 
network one or more disk storage array devices 612, servers 
614 and FC-2 switches 619 using, for example, the FC pro 
tocol with appropriate HBAs 607 as described above. This 
implementation may also be described as a Storage Area 
Network (SAN). The switch configuration 704 includes a 
Layer-2 switch (e.g., Layer-2 switch device 700) that imple 
ments an FC-2 controller and Switching functions. The opti 
cal fibers 105, 710, 712 connecting the disk storage array 
devices 612, servers 614 and FC-2 switch 619 to the Switch 
configuration 704 can be associated with different NMs 
100A, 100B, 100C depending on which fiber connections are 
used. The uplink port 702 of switch configuration 704 may 
connect to an FC-2 switch and/or router (not shown). FC-2 
switches 619 can be a conventional FC-2 switch. 

In yet another implementation of an optical local area 
network 50 shown in FIG.7C, a switch configuration 704 is 
used to network workstations 602, PCs 604, disk storage 
array devices 612, servers 614 and other switches (e.g. an 
Ethernet switch 618) together using, for example, both Eth 
ernet and FC protocols concurrently in a manner described 
previously. The switch configuration 704 includes a Layer-2 
switch (e.g. Layer-2 switch device 700) that implements both 
an Ethernet MAC and FC-2 controller with switching func 
tions. Layer-2 switch device 700 can be implemented by a 
packet processor or network processor. The optical fibers 105, 
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710, 712 connecting the workstations 602, PCs 604, disk 
storage array devices 612, servers 614 and t switches to the 
switch configuration 704 can be associated with different 
NMs 100A, 100B, 100C depending on which fiber connec 
tions are used. The uplink port 702 of switch configuration 
704 may connect to an Ethernet or FC-2 switch and/or router 
(not shown). 

In yet another implementation of an optical local area 
network 50, an implementation of switch configuration 705 
containing an NM 100, an adaptation unit 706 and an uplink 
port 702 is shown in FIG. 7D. Switch configuration 705 can 
be used to network workstations 602, PCs 604 and other 
switches 618 in a manner described previously. The NM 100 
is in communication with a Layer-2 Switch device (not 
shown) through the uplink port 702 that is connected to a 
switch. The connection between uplink port 702 and switch 
618 can be a physical layer connection 714 (e.g., 1000BASE 
SX, 1000 BASE-LX). Ethernet switch 618 can be a conven 
tional Ethernet switch. 

In some implementations of Switch configurations 704. 
705 the uplink port 702 can be an NCA adaptor (not shown) 
similar to 621A, 621B wherein the network interface 136 and 
switch interface 708 are coupled using the same interface 
standard (e.g., XAUI, Serial, Parallel), thus enabling the 
uplink port 702 to connect to other hub configurations 600 
and switch configurations 704 (FIGS. 7A-7C), 705 (FIG. 
7D). 

In another implementation of an optical local area network 
50 shown in FIG. 8, NM 100 and NCA 104 may be imple 
mented in optical modules. A network manager in an optical 
module (NM-OM) 800 is provided that, in one implementa 
tion, conforms to an industry standard form factor and 
includes an NM-CLM 803 that includes an adaptation unit 
706 to transfer data into and out of a network interface (e.g., 
switch interface 708). The NM-OM 800 also includes a NM 
Optical interface 108 and an ODF port 117A. In one imple 
mentation, the optical module NM-OM 800 conforms to an 
industry standard Multi-source agreement (MSA) form factor 
(e.g.,300 pin, XENPAK, X2, XPAK, XFPor SFP). A network 
client adaptor in an optical module (NC-OM) 802 can be 
provided that, in one implementation, also conforms to an 
industry standard form factor and includes an NCA 104. For 
example, the optical module NC-OM may conform to an 
MSA form factor (e.g., 300 pin, XENPAK, X2, XPAK, XFP 
or SFP). 
The NM-OM 800 can connect to a conventional router 804 

that has optical module ports 806 using the router's switch 
interface (e.g., XAUI or Serial). The NM-OM800 is in optical 
communication with an optical splitter 810 that splits light 
among and collects light from workstations 602, PCs 604, 
disk storage array devices 612, servers 614 and switches 
using appropriate NICs 606 and/or NC-OM802 as previously 
described. The Ethernet Layer-2/3 switch 808 may be of 
conventional design and include an uplink port, that in one 
implementation, conforms to an industry standard optical 
module form factor. The Ethernet Layer-2/3 switch 808 can 
communicate with the NM-OM800 in router 804 by using an 
NC-OM802 via network interface 136 (e.g., XAUI or Serial). 
The Ethernet Layer-2/3 switch 808 is further detailed in 

FIG.9A. In the Ethernet Layer-2/3 switch 808, an NC-OM 
802 is in communication with a Layer-2 switch900 by means 
of a MAC (not shown) using a network interface 136 (e.g., 
XAUI or Serial). Ethernet Layer-2/3 switch 808 also includes 
physical layer ports (PHY ports) 902 that, in one implemen 
tation, form a conventional Ethernet LAN (e.g., Ethernet 
LAN 622 of FIG. 8) connecting network clients such as 
workstations 602 and PCs 604. 
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An implementation of an alternative configuration for a 
Switch is shown in FIG. 9B. FIG.9B is an illustration of an 
NC-Switch910, in which no conventional Layer-2 switch and 
MAC is used. NC-Switch 910 includes an NCA 912 and 
multiple PHY ports 902. Each PHY port may perform wire 
line (e.g., 10/100/1000BASE-T, DSL) or wireless (e.g., IEEE 
802.11, IEEE 802.16) physical layer communications with 
conventional LAN clients. In this implementation, the adap 
tation unit 126 supports multiple network interfaces 136. The 
Switching function previously performed by the Layer-2 
switch (e.g., Layer-2 switch 900 of FIG.9A) is consolidated 
to the switch or router in communication with an NM 100 in 
a switch configuration 704 (as described above) or an NM 
OM 800 (e.g. as illustrated in FIG. 8 an NC-Switch910 in 
communication with an NM-OM 800). Alternatively, the 
Switching function previously performed by the Layer-2 
Switch is consolidated to Layer-2 Switches (not shown) in 
communication with other NCAS 104 networked in a hub 
configuration 600. 

In hub configuration 600 (e.g. FIGS. 6A-6C) of the optical 
local area network 50, flow control, denial of service and 
other network administration functions are dependent on 
external Layer-2 devices in communication with NCAs 104 
(for example, the Ethernet MAC or FC-2 controller in the NIC 
controller 608 dependent on the implementation as previ 
ously discussed). In switch configurations 704 (e.g. FIGS. 
7A-7C) of the optical local area network 50, flow control, 
denial of service and other network administration functions 
are further dependent on the external Layer-2 device 700 in 
communication with NMs 100, in addition to the Layer-2 
devices external and in communication with NCAS 104 as 
previously mentioned. 

Although the invention has been described in terms of 
particular implementations, one of ordinary skill in the art, in 
light of this teaching, can generate additional implementa 
tions and modifications without departing from the spirit ofor 
exceeding the scope of the claimed invention. Accordingly, it 
is to be understood that the drawings and descriptions herein 
are proffered by way of example to facilitate comprehension 
of the invention and should not be construed to limit the scope 
thereof. 

What is claimed is: 
1. An optical Local Area Network (LAN) of one or more 

LAN clients, the optical LAN comprising: 
a LAN manager for managing optical signals each incor 

porating both a LAN control channel and a LAN data 
channel in a single optical wavelength, including 
an optical interface having means for converting 

received optical signals to electrical signals and 
means for producing transmitted optical signals from 
electrical signals, 

a plurality of optical ports, 
a passive optical coupler coupled between the optical 

interface and the optical ports and having means for 
accepting received optical signals from and for dis 
tributing transmitted optical signals to the optical 
interface and the optical ports, and 

a control module coupled to the optical interface and 
having means for receiving electrical signals from and 
for transmitting electrical signals to the optical inter 
face; 

a plurality of LAN client adapters including 
an optical interface having means for converting 

received optical signals to electrical signals and 
means for producing transmitted optical signals from 
electrical signals, 
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an optical port coupled to the optical interface, and 

a control module having means for receiving electrical 
signals from and for transmitting electrical signals to the 
optical interface; and 

a plurality of optical waveguides each coupled between 
one of the LAN client adapter optical ports and the LAN 
manager, 

whereby the LAN manager can receive an optical signal 
incorporating both a LAN control channel and a LAN 
data channel in a single optical wavelength from any 
LAN client adapter, a LAN client adapter can receive an 
optical signal incorporating both a LAN control channel 
and a LAN data channel in a single optical wavelength 
from the LAN manager, and the LAN manager and LAN 
client adapters are in communication to facilitate send 
ing and receiving LAN data across the optical 
waveguides. 

2. The optical LAN of claim 1, wherein the LAN manager 
control module includes means for administering the received 
electrical signals and transmitted electrical signals conform 
ing to an Open Systems Interconnection reference model 
(OSI) Layer 2 or Layer 3 protocol. 

3. The optical LAN of claim 2, wherein the OSI Layer 
protocols includes means of representing address, synchro 
nization, error control and data into frames or packets. 

4. The optical LAN of claim 1, wherein the LAN client 
adapter control module includes means to administer the 
received electrical signals and transmitted electrical signals 
conforming to an OSI Layer-2 or Layer-3 protocol. 

5. The optical LAN of claim 4, wherein the OSI Layer 
protocols includes means for representing address, synchro 
nization, error control and data into frames or packets. 

6. The optical LAN of claim 1, wherein a LAN manager 
control module includes means to transmit data according to 
a time division multiplexing scheme. 

7. The optical LAN of claim 6, wherein the LAN manager 
control module includes means for dynamically scheduling 
or providing bandwidth allocations. 

8. The optical LAN of claim 6, wherein the LAN manager 
control module includes means for scheduling or providing a 
minimum bandwidth allocation. 

9. The optical LAN of claim 1, wherein the LAN manager 
control module includes means for receiving data according 
to a time division multiple access scheme. 

10. The optical LAN of claim 9, wherein the LAN manager 
control module includes means for dynamically scheduling 
or providing bandwidth allocations. 

11. The optical LAN of claim 9, wherein the LAN manager 
control module includes means for scheduling or providing a 
minimum bandwidth allocation. 

12. The optical LAN of claim 1, wherein the LAN manager 
includes means for transmitting downstream data from the 
LAN manager to a LAN client adapter in Successive down 
stream frames over the optical waveguides, the downstream 
data including downstream packet data. 

13. The optical LAN of claim 12, wherein each down 
stream frame includes a first number of downstream sub 
frames, each downstream Subframe including a second num 
ber of downstream slots of time, each downstream slot of time 
having one of a plurality of downstream formats. 

14. The optical LAN of claim 13, wherein a downstream 
Subframe further includes a downstream communication 
channel for communicating schedule or provisioning infor 
mation for provisioning upstream slots of time to respective 
LAN client adapters. 

15. The optical LAN of claim 12, wherein the downstream 
packet format for carrying downstream packet data includes a 
downstream packet header and a downstream packet payload; 
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the downstream packet header including a field indicating 
length of the downstream packet payload. 

16. The optical LAN of claim 15, wherein the downstream 
packet payload includes at least a portion of an Ethernet or 
Fibre Channel frame. 

17. The optical LAN of claim 1, wherein the LAN client 
adapter includes means to transmit upstream data from the 
LAN client adapter to a LAN manager in respective upstream 
slots of time over the optical waveguides, the upstream slots 
of time forming essentially successive upstream frames, the 
upstream data including upstream packet data. 

18. The optical LAN of claim 17, wherein each upstream 
frame includes a first number of upstream Subframes, each 
upstream subframe including a second number of upstream 
slots of time, each upstream slot of time having one of a 
plurality of upstream formats. 

19. The optical LAN of claim 17, wherein the upstream 
packet format for carrying upstream packet data includes an 
upstream packet header and an upstream packet payload, 
wherein the upstream packet header includes a field for indi 
cating an upstream packet payload length. 

20. The optical LAN of claim 19, wherein the upstream 
packet payload includes at least a portion of an Ethernet or 
Fibre Channel frame. 

21. The optical LAN of claim 17, wherein the LAN man 
ager includes means for hairpinning upstream data to one or 
more LAN client adapters. 

22. The optical LAN of claim 1, wherein the LAN client 
adapter further includes a network interface adapted to com 
municate electrically to one or more of the local area network 
clients. 

23. The optical LAN of claim 22, wherein the network 
interface includes means for a Layer 2 or Layer 1 network 
interface protocol selected from the group consisting essen 
tially of: 

Ethernet and Fibre Channel protocols. 
24. The optical LAN of claim 22, wherein the local area 

network clients are selected from the group consisting essen 
tially of: 

a workStation, a personal computer, a disk storage array, a 
server, a Switch, and a router. 

25. The optical LAN of claim 1, wherein the LAN manager 
further includes a Switch interface adapted to communicate 
electrically to an OSI Layer 2 or Layer 3 switch device. 

26. The optical LAN of claim 25, wherein the switch inter 
face includes means for implementing a Layer 2 or Layer 1 
Switch interface protocol selected from the group consisting 
essentially of: 

Ethernet and Fibre Channel protocols. 
27. The optical LAN of claim 25, wherein the switch 

device is selected from the group consisting essentially of 
an Ethernet media access controller (MAC) device and a 

Fibre Channel FC-2 service device. 
28. The optical LAN of claim 25, wherein the LAN man 

ager includes means for transmitting at least a portion of the 
received data to the Switch device. 

29. The optical LAN of claim 1, wherein the LAN manager 
includes means for determining a message response delay 
between the LAN manager and a LAN client adapter. 

30. The optical LAN of claim 29, wherein the LAN client 
adapter includes means for adjusting transmission timing 
responsive to the message response delay between the LAN 
manager and the LAN client adapter. 

31. The optical LAN of claim 1, wherein the LAN manager 
includes means for adjusting the optical transmit power of a 
LAN client adapter to a predetermined level in response to a 
received message. 
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32. The optical LAN of claim 1, wherein the form factors of 

the optical ports are selected from the group consisting essen 
tially of 

the optical Multi-Source Agreements (MSA) specifica 
tions, including XFP, XENPAK, XPAK, and SFP. 

33. A method for operating an optical local area network 
(LAN) including a network hub having an optical transceiver 
coupled to passive optical coupler that is also coupled to a 
plurality of optical ports and including a plurality of network 
terminals each coupled to a network hub optical port by 
means of at least one of a plurality of optical waveguides, the 
method comprising the steps of 

accepting information from both a control channel and a 
data channel on a single wavelength at the network hub; 

communicating the information between the network hub 
and a network terminal in accordance with an OSI layer 
2 or layer 3 protocol; 

managing the communications at the network hub; 
transmitting the information from the network hub to all 

network terminals in a broadcast time division multi 
plexed process; 

transmitting the information from a network terminal to the 
network hub in a time division multiple access process; 
and 

providing bandwidth allocation for the information trans 
fers at the network hub. 

34. The method of claim 33, wherein the bandwidth allo 
cation includes dynamic bandwidth allocation. 

35. The method of claim 33, wherein the bandwidth allo 
cation includes a minimum bandwidth allocation. 

36. The method of claim 33, further comprising the unor 
dered steps of: 

(a) transmitting an incoming optical signal representing 
data frames from a first network terminal to one of the 
plurality of network hub optical ports over at least one of 
the optical waveguides; 

(b) accepting the incoming optical signal from one of the 
network hub optical ports: 

(c) converting the incoming optical signal to a first electri 
cal signal representing the optical signal data; 

(d) processing the first electrical signal according to an OSI 
Layer-2 protocol to produce a first processed electrical 
signal representing physical address, synchronization, 
error control, flow control and data; 

(e) converting the first processed electrical signal to a 
broadcast optical signal responsive to the physical 
address, synchronization, error control, flow control and 
data; 

(f) transmitting the broadcast optical signal to a passive 
optical coupler, and 

(g) distributing the broadcast optical signal from the pas 
sive optical coupler to each of the plurality of hub optical 
ports; and 

(h) accepting the broadcast optical signal at a plurality of 
the network terminals. 

37. The method of claim 36, further comprising the unor 
dered steps of: 

(b.1) measuring the incoming optical signal power level at 
the network hub; 

(b.2) determining a desired network terminal optical trans 
mission power level adjustment from the measured opti 
cal signal power level; 

(e.1) adding data representing the desired network terminal 
optical transmission power level adjustment to the 
broadcast optical signal; and 
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(h.1) adjusting the optical transmission power level at one 
of the network terminals responsive to acceptance of the 
broadcast optical signal. 

38. The method of claim 36, further comprising the steps 
of: 

(d. 1) coupling the first electrical signal to a device that 
processes the first electrical signal according to an OSI 
layer-3 protocol to produce logical address, network 
routing, network segmentation and traffic control data. 

39. The method of claim 36, further comprising the steps 
of: 

(h. 1) converting the received broadcast optical signal trans 
mission to a second electrical signal representing data 
frames in a receiving network terminal; 

(h.2) selecting a data frame within the second electrical 
signal associated with the receiving network terminal; 
and 

(h.3) adapting data in the selected frame for transmission 
over a network interface having a Layer 2 or Layer 1 
network interface protocol selected from the group con 
sisting essentially of 

the Ethernet and Fibre Channel protocols. 
40. The method of claim 36, further comprising the steps 

of: 
(i.1) converting the incoming optical signal to a third elec 

trical signal representing data frames in the network 
hub: 

(i.2) selecting a data frame within the third electrical sig 
nal; and 

(i.3) adapting data in the selected frame for transmission 
over a switch interface having a Layer 2 or Layer 1 
Switch interface protocol selected from the group con 
sisting essentially of 

the Ethernet and Fibre Channel protocols. 
41. The method of claim 33, wherein one or more of the 

network terminals are selected from the group consisting 
essentially of: 

a workStation, a personal computer, a disk storage array, a 
server, a Switch, and a router. 

42. The method of claim 33, further comprising the step of: 
determining a response time delay at the network hub, 

including the steps of 
(a) transmitting a message from the network hub to a 

network terminal, 
(b) processing the message at the network terminal, 
(c) transmitting a return message from the network ter 

minal, and 
(d) receiving the return message at the network hub. 

43. The method of claim 42, further comprising the steps 
of: 

(a) transmitting a representation of the determined 
response time delay to the network terminal; and 

(b) adjusting the transmission timing of the network termi 
nal in reaction to the received representation of the deter 
mined response time delay. 

44. The method claim 33, wherein the form factor of the 
optical ports is selected from the group consisting essentially 
of: 

the optical Multi-Source Agreements (MSA) specifica 
tions including XFP, XENPAK, XPAK, and SFP. 

45. A method for reducing the number of optical transceiv 
ers in a hub of an optical local area network, comprising: 

coupling an optical transceiver or optical module to a pas 
sive optical coupler, and 

coupling the passive optical coupler to a plurality of optical 
ports; and 
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distributing transmitted optical signals incorporating both 

a control channel and a data channel in a single wave 
length from the optical transceiver to each of the optical 
ports through the passive optical coupler, and 

combining received optical signals from each optical port 
to the optical transceiver through the passive optical 
coupler, 

whereby the optical ports serve as a connection site that 
connects an external optical waveguide to the internal 
optical transceiver through the passive optical coupler, 
thereby reducing the requisite number of optical trans 
ceivers in an optical LAN. 

46. The method of claim 45, further comprising the steps 
of: 

producing a first electrical signal representing the received 
optical signal; 

producing a transmitted optical signal representing a sec 
ond electrical signal; and 

processing the first and second electric signals in accor 
dance with an OSI Layer 2 or Layer 3 protocol. 

47. The method of claim 45, further comprising the steps 
of: 

managing network communications at the network hub; 
transmitting data from the network hub to a network ter 

minal in a broadcast time division multiplexed manner; 
transmitting data from the network terminal to the network 

hub in a time division multiple access manner; and 
provisioning bandwidth allocation for all network commu 

nications at the network hub. 
48. The method of claim 47, wherein the bandwidth allo 

cation includes dynamic bandwidth allocation. 
49. The method of claim 47, wherein the bandwidth allo 

cation includes a minimum bandwidth allocation. 
50. The method of claim 47, further comprising the steps 

of: 
measuring the received optical signal power level at the 

network hub; 
determining a desired network terminal optical transmis 

sion power level adjustment from the measured optical 
signal power level; 

adding data representing the desired network terminal opti 
cal transmission power level adjustment to the transmit 
ted data from the network hub to the network terminal; 
and 

adjusting the optical transmission power level at the net 
work terminal responsive to acceptance of the transmit 
ted data. 

51. The method of claim 47, further comprising the step of: 
determining a delay response time at the network hub, 

including the steps of 
(a) transmitting a message from the network hub to a 

network terminal; 
(b) processing of the message by the network terminal; 
(c) transmitting a return message at the network termi 

nal; and 
(d) receiving the return message at the network hub. 

52. The method of claim 51, further comprising the steps 
of: 

(a) transmitting a representation of the determined 
response time delay to the network terminal; and 

(b) adjusting the transmission timing of the network termi 
nal in reaction to the received representation of the deter 
mined response time delay. 

53. The method of claim 45, further comprising: 
converting the received optical signal to a third electrical 

signal representing data frames in the network hub; 
selecting a data frame within the third electrical signal; and 
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adapting data in the selected frame for transmission over a 55. The method of claim 45, wherein the form factor of the 
Switch interface having a Layer 2 or Layer 1 Switch optical ports is selected from the group consisting essentially 
interface protocol selected from the group consisting of: 
essentially of the optical Multi-Source Agreements (MSA) specifica 

the Ethernet and Fibre Channel protocols. 5 tions including XFP, XENPAK, XPAK, and SFP. 
54. The method of claim 53, further comprising: 
receiving a fourth electrical signal at the Switch interface; 
converting the fourth electrical signal to an optical signal; 

and 
transmitting the optical signal to a network terminal. k . . . . 
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