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100VG-AnyLAN provides a 100-Mbit/s data rate with guaranteed
bandwidth and maximum access delay for time-critical applications such
as multimedia, using existing building wiring. It uses demand priority
protocol. Developed by Hewlett-Packard and now supported by over 30
companies ranging from integrated circuit vendors to systems suppliers,
demand priority is well on its way to becoming the IEEE 802.12 standard.
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Cables can be categorized in various ways: according to their physical structure,
the material used for transmitting signals, and the uses for which they are suitable.
Common types are listed below.

UTP: Unshielded twisted-pair, 100-ohm balanced cable. The lack of shielding
makes UTP cable very low-cost, but introduces problems of cross talk when the
pairs are in close proximity.

Category 3: Voice-grade cable, such as telephone wire, with 16-MHz bandwidth,
used in 4-pair groups for each link. 25-pair bundles of Category 3 UTP are com-
mon in existing LANs. This is an important consideration when designing a net-
work protocol.

Category 4: 20-MHz bandwidth, used in 4-pair groups for each link.

Category 5: Data-grade cable with 100-MHz bandwidth, used in 2-pair or 4-pair
groups for each link.

Optical-Fiber: Cable consisting of a minimum of two strands of optical fiber run-
ning parallel within a protective jacket. Each fiber is usually composed of glass
125 �m in diameter, and has a 62.5-�m core. Transmission is by light beam at
850-nm or 1330-nm wavelength.

STP: 150-ohm balanced shielded twisted-pair cable. Usually used in 2-pair groups
for each link.
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FDDI. Fiber Distributed Data Interface (FDDI) networks run at a standard
100-Mbit/s transfer rate using multimode optical-fiber cabling. The purchase cost is
high, partly because it necessitates new cabling for existing networks. FDDI is also
available as a high-speed backbone network connecting LANs.

A twisted-pair version, TP-PMD (twisted-pair physical medium dependent) FDDI,
is under development, using Category 5 UTP and STP copper cables. This ver-
sion is sometimes called Copper Distributed Data Interface (CDDI).

ATM. Asynchronous transfer mode (ATM) is a new network technology particularly
suitable for wide area networks and campus backbones. It is intended to allow
seamless integration of campus LAN backbones into the wide area network.

ATM uses cell switching (53 bytes per cell) similar to high-speed telephone switch-
ing over existing UTP or optical-fiber cabling. It runs at 25 to 622 Mbits/s.

Table I
Cabling and Topological Comparisons

FDDI ATM 100Base-T Demand
Priority

100-Mbit/s Category
3 cable supported?

No 50 Mbits/s
with com-

plex coding

Yes Yes

Bundled cables 
supported?

No No No Yes

Multiple cascades
supported without
bridging or routing?

Yes Yes No Yes

Cost High High Medium Low

Ethernet and Token Ring Switching. Switching is also being introduced
into Ethernet and token ring networks. To increase overall throughput, LANs are
segmented. Hubs switch packets dynamically between connected segments
allowing simultaneous transmissions among pairs of network segments. This
increases bandwidth by two or more times that of individual segments.

100Base-T. 100Base-T is a scaling of CSMA/CD to 100 Mbits/s. There is no
migration path or accommodation for existing token ring users. The technique
cannot emulate 10Base-T topologies since the maximum topology is two repeaters.

Table II
System Comparisons

FDDI ATM 100Base-T Demand
Priority

Supports multimedia
with guaranteed
delay and bandwidth?

Yes Yes No Yes

End-node adapter
card complexity

Node man-
agement is
expensive

Segmenta-
tion or re-
assembly
of frames
is expen-

sive

Low Low

Ethernet 802.3 net-
works can be up-
graded without soft-
ware changes?

No No Yes Yes

Token ring 802.5 net-
works can be up-
graded without soft-
ware changes?

No No No Yes
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In multiple-hub networks, demand priority ensures fairness of access for
all nodes and guarantees access time for multimedia applications.
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The Open Systems Interconnection (OSI) Reference Model of the International
Organization for Standardization (ISO) describes the structure of networks. It
defines the seven layers shown at the left side of Fig. 2 on page 9. The lower three
layers are relevant to the demand priority protocol.

Layer 3: Network Layer (NL).  The network layer is responsible for passing a
packet of data through an internetwork, which can consist of many individual LANs
and even wide area links.

Layer 2: Data Link Layer (DLL).  The data link layer provides the transmission of
data between two nodes on the same network. It receives a packet from Layer 3,
the network layer, and adds source and destination addresses and other informa-
tion to it.  The DLL consists of two sub-layers: the logical link control (LLC) sub-
layer and the media access control (MAC) sublayer.

The LLC sublayer links the network layer to the MAC. There are standard LLCs,
enabling different protocols to link successfully.  In 100VG-AnyLAN, the LLC can
be either an IEEE 802.2 Class I LLC, supporting Type 1 unacknowledged, connec-
tionless-mode transmission, or a Class II LLC, supporting Type 2, connection-
mode transmission.

When a frame is ready for transmission in an end node, it is sent from the LLC
sublayer to the MAC sublayer where the appropriate Ethernet or token ring MAC
frame is built.  The frame is then passed to the physical layer’s PMI (physical
medium independent) sublayer.

When a data packet is received from the physical layer, the MAC sublayer reas-
sembles the MAC frame and performs various checks for errors in the received
frame.  Only valid frames are sent on to the LLC sublayer in an end node.

Frames received by the hub’s RMAC sublayer are forwarded to the addressed
destination (if it can be determined) and to all promiscuous ports regardless of

error condition (there is no LLC in a hub).  Frames containing errors are marked
with an invalid packet marker.

Layer 1: Physical Layer (PHY).  The physical layer defines the procedures and
protocols associated with the physical transmission of bits (such as cable inter-
faces, data signal encoding, and connector types and pinouts). It consists of two
sublayers: the PMI sublayer and the physical medium dependent (PMD) sublayer.

The PMI sublayer includes provisions for quartet signaling, data ciphering, 5B/6B
encoding, the addition of preambles, and start and end frame delimiters (SFD and
EFD).  See the articles on pages 18 and 27 for details.

During transmission, the PMI sublayer accepts data from the MAC sublayer and
prepares the packet for transmission.  It converts the octet data into quintets which
are separated into four streams. In each stream, each quintet is ciphered and then
encoded as a 5B/6B sextet.  The PMI adds physical layer headers and trailers to
each data stream.

When receiving data packets, the PMI removes physical layer headers and trailers
and then passes the packet onto the MAC layer.  It decodes each received 5B/6B
sextet, deciphers the resulting quintet, merges the four deciphered quintet
streams, and converts the result into a single octet stream for delivery to the MAC
sublayer.

The PMI sublayer connects with the PMD sublayer through the medium indepen-
dent interface (MII).

The PMD sublayer includes channel data packet multiplexing (for 2-pair STP and
fiber-optic cabling only), NRZ encoding, link medium operation, and link status
control. It connects with the physical medium (the cable) through the medium
dependent interface (MDI).
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A physical layer has been developed for demand priority local area
networks that accommodates different cable types by means of different
physical medium dependent (PMD) sublayers. The major goal was to
provide 100-Mbit/s transmission on existing cables, including Category 3,
4, and 5 UTP, STP, and multimode optical fiber.
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Cross talk in UTP cables is caused by capacitive coupling between pairs. Signals
on pair A cause noise signals on pair B, and often the cross talk noise proves to
be the limiting factor in the link performance. Cross talk occurs in two ways. Near-
end cross talk (NEXT) happens when a signal from a transmitter at one end of a
cable interferes with a receiver at the same end of the cable. Far-end cross talk
(FEXT) occurs when a signal interferes with a receiver at the opposite end of the
cable from the transmitter.

Near-End Cross Talk (NEXT)
Near-end cross talk loss is defined as:

NEXT =�20 log�Vn�Vi�,

where Vn and Vi are shown in Fig. 1a. The minimum NEXT loss between pairs in a
cable tends to follow a smooth curve, as shown in Fig. 1b, decreasing at a rate of
15 dB per decade. However, the actual NEXT between two particular pairs deviates
significantly from this curve because of resonances in the twisted-pair. Typical
measurements of the NEXT loss between some pairs in a 25-pair cable are also
shown in Fig. 1b.

Far-End Cross Talk (FEXT)
Far-end cross talk loss is defined as:

FEXT =�20 log�Vf�Vi�,

where Vf and Vi are shown in Fig. 2a. The minimum FEXT loss also decreases
with frequency following a smooth curve, but at a rate of 20 dB per decade. As

Fig. 1. (a) Near-end cross talk (NEXT). (b) Minimum theoretical NEXT loss and actual mea-
surements.
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with NEXT loss, the actual FEXT loss between two particular pairs deviates from
this curve. Typical measurements of the FEXT loss between some pairs in a
25-pair cable are shown in Fig. 2b.

Cross Talk Measurements
Our analysis of cross talk required a database of accurate and detailed measure-
ments of cross talk between pairs in 25-pair cables. A measurement system was
constructed to measure NEXT and FEXT losses of all pair combinations in 25-pair
cables (see Fig. 3, next page).

Individual pairs were routed to the stimulus and response ports of a network ana-
lyzer via a computer-controlled switch. This allowed the automatic selection of 300
different pair combinations for NEXT measurements and 600 pair combinations for
FEXT measurements. Any pair not being measured was terminated in 100 ohms via
a balun and a 50-ohm termination internal to the switch. The network analyzer
measured the cross talk loss (phase and magnitude) to 40 MHz, and this was down-
loaded to a computer database. Using this system, the NEXT and FEXT losses
were measured for many thousands of pair combinations in a selection of 25-pair
cables of varying manufacturer and age. The database was used to input NEXT
and FEXT loss characteristics to the computation of cross talk noise described in
“Cross Talk Analysis” on page 22.

(continued on next page)

Fig. 2. (a) Far-end cross talk (FEXT). (b) Minimum theoretical FEXT loss and actual measure-
ments.
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(continued from page 19)  

Fig. 3. Measurement system for NEXT and
FEXT loss.
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Multilevel signaling is often used as a means of compressing the bandwidth re-
quired to transmit data at a given bit rate. In a simple binary scheme, two single
symbols, usually two voltage levels, are used to represent a 1 and a 0. The sym-
bol rate is therefore equal to the bit rate. The principle of multilevel signaling is to
use a larger alphabet of m symbols to represent data, so that each symbol can
represent more than one bit of data. As a result, the number of symbols that needs
to be transmitted is less than the number of bits (that is, the symbol rate is less
than the bit rate), and hence the bandwidth is compressed. The alphabet of sym-
bols may be constructed from a number of different voltage levels. Fig. 1 shows an
example for a four-level scheme.

In the four-level scheme, groups of two data bits are mapped to one of four sym-
bols. Only one symbol need be transmitted for each pair of data bits, so the sym-
bol rate is half the bit rate. The drawback of the multilevel scheme is that symbols
are separated by a smaller voltage than in the binary scheme. This means that
when noise is added to the data signal (cross talk or impulse), the probability of
the noise changing one symbol to another is increased. The symbol separation
could be increased to that of the binary scheme by increasing the peak-to-peak
transmitted voltage by a factor of (m – 1) for an m-level scheme, but this is gener-
ally not possible given fixed power supply voltages, and in any case it increases
the power required for a transmitter.

Fig. 1. Two-level and four-level signaling.

m = 2

00

V/3

V

0 1 0 0 1

m = 4

0 11

10 11 01

The susceptibility of a scheme to errors caused by noise is measured by the ratio
of signal separation to noise. Fig. 2 shows the signal-to-NEXT-noise ratio plotted
against the transmission bandwidth for several multilevel schemes and for multi-
pair schemes for a bit rate of 100 Mbits/s. A 16-level scheme reduces the band-
width to 25% of the bit rate, but the S/NEXT ratio is 13 dB (a factor of 4.5) worse
than for a four-pair scheme with 25 Mbits/s per pair, which is the scheme used in
the 100VG-AnyLAN standard.

Fig. 2. Susceptibility to errors from noise.
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Many previous analyses of twisted-pair transmission systems have assumed that
the distribution of cross talk noise is Gaussian. These have yielded reasonably
accurate predictions of system bit error rates. However, in applying the error rate
analysis, there is an implicit assumption that the cross talk noise is independent of
the data on the disturbed system. This is often the case in telecommunication
systems, but is not always the case in LANs, where the disturbing links are those
on which the disturbed data is being retransmitted. For example, the NEXT inter-
fering with data received at one port of a hub is a result of the retransmission of
earlier bits of the same data on other ports. If the cross talk noise is of sufficient
amplitude to cause an error in the received data, this error is extremely likely to be
repeated every time the same data is transmitted. If a packet is errored by cross
talk, that particular packet is likely always to be errored.

To guarantee the error-free transmission of any packet, the worst-case peak cross
talk voltage must be found. The peak cross talk noise from multiple disturbers can
be calculated directly from a knowledge of the cross talk channels and the disturb-
ing data source. The NEXT and FEXT cross talk channel frequency responses
can be calculated for any pair combination using measurements of the pair-to-pair
NEXT or FEXT loss. Once the cross talk channel frequency response is known, it
is possible to find the impulse response of this channel by inverse Fourier trans-
form. We define the impulse response of the NEXT channel as:

gn(t) � F�1�Hn(f)�

and the impulse response of the FEXT channel as:

gf(t) � F�1�Hf(f)�

To find the cross talk noise voltage at the receiver decision point, n(t), caused by
any data pattern f(t), the impulse response is convolved with f(t):

n(t) = f(t) � g(t), (1)

where g(t) represents either gf(t) or gn(t) as appropriate. Our goal is to find the
worst-case cross talk for any data pattern, so n(t) must be calculated for all values
of f(t). It is therefore useful to apply some limit to the duration of f(t) to shorten the
computation time, and this can be done by taking into consideration the finite dura-
tion of the cross talk channel impulse response. A typical impulse response of a
NEXT channel is shown in Fig. 1. The duration of the cross talk impulse response
is typically less than 1400 ns, which is equivalent to 42 symbol periods for the
30-megabaud transmission rate used in quartet signaling. Therefore, the cross talk
waveform during the last six symbols of a pattern f(t) can be predicted accurately if
the duration of f(t) is restricted to 1600 ns.

The cross talk for any f(t) is calculated as follows. The disturbing data source is
assumed to be the output of a 5B/6B block coding function and consists of eight
sequential six-bit codewords, each chosen from an alphabet of 32 codewords. The
total number of permutations that f(t) can take is therefore 328. For each permuta-
tion, n(t) is computed according to equation 1. The peak cross talk noise voltage
generated by any value of f(t) can then be found by searching each resultant n(t).

Fig. 1. Typical impulse response of a NEXT channel.

Time (nanoseconds)
0.0 1000.0 2000.0 3000.0

–0.040

–0.030

–0.020

–0.010

0.000

0.010

0.020

0.030

0.040

Am
pl

itu
de

 (V
)

The peak cross talk noise voltage, which represents the maximum noise gener-
ated by a worst-case data pattern, can be calculated in this way for each pair
combination in a 25-pair cable by repeating the search described above using the
NEXT or FEXT loss particular to that pair combination. For each pair combination,
the maximum cross talk noise voltage is recorded. The distribution for a typical
cable is shown in Fig. 2 for NEXT and FEXT. (The cross talk noise voltage is
normalized to the signal amplitude at the receiver decision point.) We denote the
maximum NEXT noise voltage for pair i disturbing pair k as vi,k

pk,NEXT
, and the

maximum FEXTnoise voltage due to pair i disturbing pair k as vi,k
pk,FEXT

.

Multiple-Disturber Cross Talk
The worst-case cross talk environment for UTP PMDs operating over 25-pair
bundles consists of three far-end disturbers and four near-end disturbers. Model
ing this environment is relatively straightforward given the distributions of vi,k

pk,NEXT
and vi,k

pk,FEXT
. For each choice of disturbed pair (k), four NEXT disturbers (a,b,c,d)

and three FEXT disturbers (p,q,r), the total noise voltage for multiple disturbers is:

vpk,total � �
i�a,b,c,d

vi,k
pk,NEXT � �

j�p,q,r

v
j,k
pk,FEXT.

By calculating the multiple disturber noise voltage in this way we assume, pessi-
mistically, that the maximum noise voltages for the worst-case disturbing patterns
from each disturbing source occur at the same time and with the same polarity on
the disturbed pair k. This is obviously a worst-case scenario.

A Monte-Carlo approach has been used to choose combinations (k,a,b,c,d,p,q,r)
randomly from the 25 pairs of a cable. For each choice, vpk,total was calculated.
The resulting distribution of vpk,total is shown in Fig. 2. The maximum multiple-dis-
turber cross talk noise expected on any pair of the cable for any choice of disturb-
ing pairs can be estimated from the higher extreme of this distribution (such as the
first percentile). This number represents the noise voltage for the worst-case
choice of disturbing and disturbed pairs, with the maximum noise contributions
from all disturbing pairs occurring simultaneously on the disturbed pair. For the
example shown, the first percentile of the total peak noise distribution is 47% of
the signal. This allows a substantial margin for error-free signal detection.
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† The control signals shown in Table I are for the 100VG-AnyLAN implementation of the IEEE
802.12 standard. The control signal definitions in the standard have different names.
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Table I
Control Signaling in 100VG-AnyLAN

Tone Wires Transmitted from Received by

1 2 End Node Root Hub Another Hub End Node Root Hub Another Hub
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 REQ_H ENABLE_HIGH_ONLY REQ_H #/=/<@/. REQ_H ENABLE_HIGH_ONLY

�$� �$� REQ_T REQ_T REQ_T REQ_T REQ_T REQ_T

REQ_N = Normal-priority request
REQ_H = High-priority request
REQ_T = Link training request
INCOMING = A packet is about to be transmitted
ENABLE_HIGH_ONLY = Put normal round-robin sequence on hold while a high-priority request is serviced
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As data rates increase, low-cost optical-fiber links play an increasingly significant
role in LANs for extending the length of links beyond what can be achieved with
copper media, while meeting the full range of electromagnetic emission and sus-
ceptibility requirements for networks.

Fig. 1. HP optical transceiver.

The 100VG-AnyLAN standard defines a serialized interface with a 120-megabaud
signaling rate for STP and multimode optical-fiber links. The standard defines two
optical-fiber link length specifications, which allow the use of low-cost 850-nm
technology for 500-m building backbones (this is the same technology used in the
existing IEEE 802 standard CSMA/CD 10Base-F and 802.5J token-ring links) and
1300-nm technology for 2-km campus backbone links.

Fig. 1 shows the new Hewlett-Packard low-cost industry-standard optical trans-
ceiver package. This small package is 1 inch wide and 1.5 inches long and has a
duplex SC optical connector on the front and a 1-by-9 row of electrical pins at the
rear. HP transceivers HFBR 5106/5107 meet the two 100VG-AnyLAN link length
standards and allow interchanging link technology in the same printed circuit board
footprint. The transceivers are also available with AT&T ST optical connectors to
address the large installed base having ST connectors for building and campus
backbones.

Del Hanson
Principal Engineer, Fiber-Optic 
Networks and Standards
Optical Communications Division
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A 5B/6B coding scheme in which five data bits are encoded into six-bit
codewords is used in conjunction with offsetting the data on different
channels by three bits in quartet signaling.  It provides the level of error
detection necessary, produces a signal balanced within narrow limits, and
restricts strings of consecutive 0s or 1s to a maximum length of 6.  It is
also efficient.
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802.3 or 802.5

Frame Bit Stream

5-Bit Data Words

Data Words on 4 Channels

If necessary, the
last data word is
padded to the
5-bit boundary.
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The IEEE 802.3 frame (Fig. 1) consists of a 48-bit destination address, a 48-bit
source address, a 16-bit length field, and then a data field ranging between 368
and 12,000 bits in length and consisting of data organized into octets. This is
followed by a 32-bit cyclic redundancy check (CRC).

Fig. 1. IEEE 802.3 frame structure.

16-Bit Length Field

32-Bit CRC

Data Field

48-Bit Source Address

48-Bit Destination Address

The IEEE 802.5 token-ring frame (Fig. 2) consists of an 8-bit access control field
(not used in the 802.12 standard), an 8-bit frame control field, a 48-bit destination
address, a 48-bit source address, between 0 and 240 bits of routing information,
and then a data field ranging between 0 and 36,016 bits in length and consisting of
data organized into octets. This data field is followed by a 32-bit CRC.

Fig. 2. IEEE 802.5 frame structure.

32-Bit CRC

Data Field

0 to 240 Bits Routing Information

48-Bit Source Address

48-Bit Destination Address

8-Bit Frame Control Field
8-Bit Access Control Field

The CRC provides two types of protection for an IEEE 802.3 or 802.5 frame:
• Any three single-bit errors occurring anywhere in the frame are detected.
• Any burst of errors for which the distance between the first corrupted bit and the

last corrupted bit is less than or equal to 32 bits is detected.

IEEE Project 802 requires that any transmission scheme developed under its
aegis can perform the first type of error detection, that is, that at least three single-
bit errors can always be detected.
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The calculation of cyclic redundancy checks (CRCs) depends upon the arithmetic
of modulo 2 polynomials.  A modulo 2 polynomial is an expression of the form a0 +
a1x + a2x2 + ...+ anxn, where the coefficients a0, a1, ... ,an are integers modulo 2,
that is, they can take values of 0 or 1.  The coefficients obey regular modulo 2
arithmetic as follows:

 Addition Multiplication

+ 0 1 × 0 1

0 0 1 0 0 0

� � 1 1 0 1 0 1

Electrical engineers will recognize the addition operation as the XOR operation
defined on binary states.

The following are examples:
• (1+x2+x4) + (1+x+x4) = x+x2

• (1+x2+x4)  (1+x+x4) = 1+x+x2+x3+x5+x6+x8.

Division of modulo 2 polynomials is done in exactly the same way as it is for ordi-
nary polynomials, remembering that the coefficients obey modulo 2 arithmetic as
defined above.

A very important operation in the calculation of CRCs is the calculation of the
remainder R(x) when one polynomial M(x) is divided by another G(x). R(x) is
uniquely defined by M(x) = G(x)K(x) + R(x), where the degree of R(x) is less than
the degree of G(x). The degree of a polynomial is defined as the largest value of n
for which the coefficient an is nonzero, so, for example, 1+x2+x5 has degree 5.

Although this sort of polynomial division may look formidable, there are very effi-
cient means of calculation based on shift registers.

CRCs are calculated on a stream of data by assuming that the data represents the
coefficients of some modulo 2 polynomial. So, given a stream of data n bits long,
the first bit can be considered as the coefficient an�1 of xn�1, the second bit as
the coefficient an�2 of xn�2, the (n�1)th bit as the coefficient a1 of x and the nth
bit as the constant term a0.

Roughly speaking, the 32 bits of the CRC are defined to be the polynomial remain-
der R(x) when the polynomial defined by the data M(x) is divided by a standard
polynomial:

   G(x)= 1+x+x2+x4+x5+x7+x8+x10+x11+x12+x16+x22+x23+x26+x32.

Slight modifications are made for implementation reasons, but as far as the error
properties are concerned, this is what is calculated.

The CRC bits are appended onto the data. When the data is received, the CRC is
calculated and compared with the received CRC. If there is a difference, the data
is known to have been corrupted.

When a corruption occurs in transmission, a number of bits are inverted. Let the
errored bits define the coefficients of a polynomial E(x); for example, if errors occur
at bit positions p and q, the polynomial will be xn�p + xn�q. Since the operation of
calculating CRCs is linear, the error is detected if and only if E(x) is not exactly
divisible by G(x). CRC-generating polynomials such as G(x) are chosen precisely
to detect as many polynomials like E(x) as possible.
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Networks must guarantee bandwidth for multimedia traffic and must
control end-to-end delay and delay jitter (fluctuation in the arrival time of
packets). The new campus network, 100VG-AnyLAN, can meet these
requirements in many circumstances through the basic operation of the
protocol.  More flexibility can be obtained through the use of bandwidth
allocators and the target transmission time protocol.  Until either the
Broadband Integrated Services Digital Network (B-ISDN) or reliable
Internet protocols become available, the use of dial-up remote bridges
with existing WANs can accommodate multimedia traffic in the near term.
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To illustrate the operation of a dial-up remote bridge, Fig. 1 shows two sites, each
with a backbone FDDI network linking 100VG-AnyLAN hubs.

Users connected to end nodes 1 and 2 want to communicate by video and audio
between the two sites. The backbone networks on each site are connected to the
wide area network (WAN) through dial-up remote bridges specifically designed to
carry multimedia traffic.  We assume that site A and site B can also communicate
through existing routes, such as some kind of corporate internet.

When the call between node 1 and node 2 is initialized, an isochronous link with
the appropriate bit rate is set up between the two dial-up bridges. Bridge A is told
the 48-bit MAC address of node 2. Any subsequent packets that appear on the
backbone FDDI bearing that destination address will be forwarded across the
WAN.  Bridge B puts them on the backbone FDDI at site B, from which they reach
node 2.

Any normal-priority data packets destined for node 2 will not be picked up by
bridge A because they will carry the destination address of the router connecting
site A to the corporate internet, not that of node 2.

Fig. 1. Remote sites connected by dial-up remote bridges.
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The introduction of new LAN technologies (such as 100VG-AnyLAN) is only one
element in the development of multimedia networking. Higher-level protocols are
also needed that can control and transfer stream data over multiple network hops.
The Internet Engineering Task Force (IETF) and the International Telecommunica-
tions Union (ITU-T) have been working in this area.

IETF
The IETF has been developing protocols for a multiservice, packet-based network
spanning the world (see Fig. 1), such as the Internet Stream Protocol (ST-II). This
is a network-layer protocol roughly equivalent to Internet Protocol (IP), but specifi-
cally developed to support stream-based traffic. ST-II is being used in the Multi-
media Teleservices section of the BERKOM-II program (see “Related Projects” on
page 38).

The IETF has a number of groups looking at new protocols for multimedia that can
be introduced into the worldwide Internet.

Fig. 1. IETF involvement in worldwide networks.
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ITU-T Narrowband ISDN Standards
The ITU-T works towards developing standards for data transmission over an
enhanced telephone network, such as ISDN or other digital circuits with fixed bit
rates up to 2 Mbits/s (Fig. 2). 100VG-AnyLAN could provide desktop connections
to these services.  ITU-T Recommendation H.320 includes the following:

• H.261: Video CODEC for audiovisual services at p × 64 kbits/s
• H.242: A system for establishing communication between audiovisual terminals
• H.221: A frame structure for a 64-to-1920-kbit/s channel in audiovisual teleser-

vices
• Q.931/2: A D-channel signaling prot col.

Fig. 2. ITU-T involvement in worldwide networks.
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Two projects are under way that have a bearing on the development of networks
to carry multimedia traffic.

Teleservices Project
The Teleservices project is part of the Deutsches Bundespost (DB) Telekom BER-
KOM technology and demonstrator program. The program covers wide area net-
work and campus broadband communication studies, using broadband switches
and local optical-fiber links installed in Berlin to form a large test bed. It now forms
part of the German Broadband Integrated Services Digital Network (B-ISDN)
asynchronous transfer mode (ATM) pilot network, with switching centers in Co-
logne and Hamburg.

The Teleservices Project is investigating the provision of multimedia services over
wide area, broadband networks. HP is involved in two areas: multimedia collabora-
tion (MMC), supporting conferencing and shared applications, and multimedia
transport (MMT), developing high-speed networking protocols for multicast opera-
tion.

HP joined in April 1993, with collaboration from HP Germany, HP Laboratories in
Bristol, and TUB (Technical University of Berlin, as an HP subcontractor).  The
main HP/TUB task is the development of high-speed network protocols and the
overall implementation and integration of the complete collaboration application
under the multimedia collaboration task for the demonstration of interoperability.
Five HP 9000 Model 755 computers have been installed at the TUB for the multi-
media implementation, together with a range of audiovisual equipment, commu-
nications interfaces, and associated software packages.  Prototype HP ATM
switches have also been installed.

The program will produce a limited HP multimedia communications and manage-
ment product for use on HP 9000 Model 7x5 workstations in the German broad-
band trials.  It will also provide measurement and performance evaluation results,
including:

• Observations of the interactions between video and audio compression schemes,
transport protocols, the different network technologies used, and their impact on
perceived performance

• Identification of particular issues and problems associated with multimedia appli-
cations related to HP products and commercial interests

• Performance measurement and behavior of a transport protocol designed for
multimedia applications running over different network technologies.

A demonstration was given in August 1993 using the first version of the confer-
ence application with software video compression and relatively simple control
options.  In March 1994, an enhanced version was demonstrated at the CeBIT
exhibition in Hannover. This had a range of management and control options, an
audio server, and full-motion hardware compression (M-JPEG). It also included
multivendor terminal interworking at the show over the ATM demonstration net-
work and conferencing over ATM link connections back to a terminal in Berlin.

A demonstration of the Teleservices package between HP Laboratories in Bristol
and the TUB, using ISDN at about 300 kbits/s showed that a minimum transfer
rate of 1 Mbit/s is required for successful operation.  Wideband operation over
ISDN connections is also being evaluated.

Distance Learning Seminar
In October 1994, a pan-European seminar on distance learning was held on a
network linking three European universities (the Royal Institute of Technology,
Stockholm, the Technical University of Berlin, and University College London) and
various other European sites. The seminar was sponsored by HP and aimed to
promote the use of distance learning and to explore the future of the technology
and the role of multimedia.

The seminar was a practical demonstration of multimedia  over a mix of transmis-
sion technologies. German Telekom provided B-ISDN (broadband ISDN ATM)
links between Berlin and London and Berlin and Stockholm. Other links used
inverse multiplexers at each site to provide contiguous bandwidth over ISDN of
384 kbits/s. This provided adequate bandwidth for 25-frames-per-second video
using hardware compression based on the H.261 standard, plus good-quality
audio.
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Much of the intelligence and uniqueness of a 100VG-AnyLAN network is
concentrated in the hub. Special repeater, transceiver, and end node
chips implement the functionality of the HP J2410A AdvanceStack 100VG
Hub 15.
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When a packet has been received with an error, the invalid packet marker is ap-
pended when the packet is retransmitted to an end node or another hub in a cas-
caded network. Invalid packet marker information is useful during training and
during normal packet transmission.

During training, if a packet is received at the end node with an invalid packet
marker attached, this implies that an error occurred on the link where the packet
was transmitted from the end node to the hub. If a packet is received at the end
node with no invalid packet marker but an error is detected on the link, this implies
that an error occurred on the link where that packet was transmitted from the hub
to the end node. In either case, the packet is not counted as a good training
packet.

During normal packet transmission, the detection of the invalid packet marker
indicates that an error occurred in a link upstream from where the invalid packet
marker was detected. For example, in a cascaded repeater network, the combina-
tion of receive error and invalid packet marker detection can be used to determine
which link in the cascade produced the error. Excessive errors on any one link
could indicate a marginal physical connection. A network administrator might then
decide to examine the link to improve network performance.
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5)6)/-5-6<� )8841+)<176;� +)6� ;-<� );� 6--,-,�� $0-;-� 16+4=,-

.=6+<176;� ;=+0� );� ,1;)*416/� 87:<;�� )447?16/� .7:� 8:751;+=7=;

87:<;�� ;-<<16/� <0-� 0=*� 16� )� *=6,4-,� +)*4-� +76.1/=:)<176�� ;-+=C

:1<A� .=6+<176;�� )6,� )� 07;<� 7.� 7<0-:;�� $0-� 8:7+-;;7:� )4;7� 0);

:-),� )++-;;� <7� <0-� ����� ?01+0� +)6� )1,� 6-<?7:3� 5)6)/-:;� 16

*=14,16/� )� 5)8� 7.� <0-� 6-<?7:3�� �,,1<176)44A�� <0-:-� ):-� ;1@C

<--6� 
�C*1<� +7=6<-:;� 8-:� 87:<� )6,� )� 6=5*-:� 7.� ;<)<=;� :-/1;C

<-:;� 16� <0-� 6-<?7:3� 5)6)/-5-6<� *47+3� <0)<� +)6� *-� :-),� >1)

<0-� 5)6)/-5-6<� *=;�� $0-� +7=6<-:;� )++=5=4)<-� ;<)<1;<1+;� 76

-)+0� 87:<� ;=+0� );� <0-� 6=5*-:� 7.� *A<-;� :-+-1>-,�� /77,� )6,

*),� 8)+3-<;� :-+-1>-,�� -::7:;�� 01/0C8:17:1<A� )6,� 67:5)4C8:17:C

1<A� 8)+3-<;� :-+-1>-,�� )6,� 7<0-:;�� $0-� ���� +76<:74� 16<-:.)+-� 1;
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• !=):<-<� ;1/6)416/
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• $1516/� :-+7>-:A

• �)<)� 2=;<1.1-:

• "-+-1>-� +76<:74� ;1/6)4;� �"�#�� 5)+016-
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�=:<0-:� 16.7:5)<176� 76� <0-� .=6+<176)41<A� 7.� <0-� <:)6;+-1>-:
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$0-� 3-A� +75876-6<;� 16� <0-� 6-<?7:3� 16<-:.)+-� +):,;�� ;=+0� );
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<0-� 	��&�� <:)6;+-1>-:�� )6,� <0-� 	��);-C$� <:)6;+-1>-:�� $0-

	��);-C$� <:)6;+-1>-:� 1;� )>)14)*4-� +755-:+1)44A� <0:7=/0� )
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'�	�� )6,� 1;
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),)8<-:� +):,� 1;� )>)14)*4-� .7:� � � ����� #-:1-;� ���� ;-:>-:;�� $0-

-6,� 67,-� +018� ?);� ,->-478-,� *A� � � )6,� �$�$� -6/16--:;
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16,=;<:AC;<)6,):,� ;8-+1.1+)<176;� .7:� �#�� )6,� ��#�� 5)+016-;�
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=4-� /-6-:)<-;� )6,� :-+7/61B-;� <0-� )88:78:1)<-� <76-� ;-9=-6+-;
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����� ,)<)� .7:� <0-� 16<-:6)4� +018� *=;�
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	��);-C$� 6-<?7:3�� �<� +75841-;� ?1<0� )44� ����� ��
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<176;� )6,� +766-+<;� ,1:-+<4A� <7� +755-:+1)44A� )>)14)*4-

	��);-C$� <:)6;+-1>-:;�� $01;� 16<-:.)+-� )447?;� +=;<75-:;� ?07
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*:1,/-� )6,� #�� � 57,=4-�� $0-� 57,=4-� 8:7>1,-;� )� +766-+C

<176� .:75� )� 	��&�� 6-<?7:3� <7� )� 	�C�*1<�;� �<0-:6-<� 4-/)+A

6-<?7:3�� �<� )4;7� 0);� -67=/0� 5-57:A� <7� 47),� )6,� :=6� #�� 

5)6)/-5-6<� .=6+<176;� .7:� �<0-:6-<� )6,� <73-6� :16/� 6-<?7:3;�

$01;� 57,=4-� ;41,-;� 16<7� <0-� 0=*� )6,� 16<-:.)+-;� <7� <0-� 5)6C

)/-5-6<� *=;� )6,� <0-� 87:<� -@8)6;176� *=;� 76� <0-� :-8-)<-:

+018�� $0-� 57,=4-� 0);� )6� 1���� 51+:78:7+-;;7:� )6,� 5-57:A

;=*;A;<-5�� $0-� 1���� 1;� .);<� -67=/0� <7� 8:7+-;;� <0-� +7=6<-:

16.7:5)<176� .:75� <0-� :-8-)<-:� +018;� 16� :-)4� <15-�� $0-� 4):/-


�C*A<-� "��� 8:7>1,-;� -67=/0� 5-57:A� .7:� *7<0� #�� � )6,

*:1,/16/� .=6+<176;� <7� :=6� 76� <0-� +):,�

$01;� 57,=4-� )4;7� 0);� )6� ����� ��
��� +76<:744-:� +018� <7� 16<-:C

.)+-� *-<?--6� 	�C�*1<�;� )6,� 	��C�*1<�;� ;A;<-5;�� �-<?--6

<01;� +76<:744-:� +018� )6,� <0-� *=;� )<<)+0-,� <7� <0-� :-8-)<-:
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Working with commercially available OCR programs, the image
processing transforms used in HP AccuPage 2.0 improve the accuracy of
converting scanned images from a variety of documents to editable text
and pictures at the same time.
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Our laboratory has a large amount of experience in producing table-diiven systems. All of our products have had some form
of table-diiven control structures in some part of their firrnware. However, experience had shown that there can be severe
problems maintaining table-driven code because of the difficulty of maintaining the tables. This derives from the lack of
readability of software written in C or assembly language that merely defines the contents of data structures. A lot of docu-
mentation needs to be added to the source code to explain the meaning of the entries. If this is not maintained, then the
declarations rapidly become unreadable. This greatly increases both the time needed to implement changes and the risk of
errors.
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Our laboratory has a large amount of experience in producing
table-driven systems. All of our products have had some form
of table-driven control structures in some part of their firm-
ware. However, experience had shown that there can be severe
problems maintaining table-driven code because of the diffi-
culty of maintaining the tables. This derives from the lack of
readability of software written in C or assembly language that
merely defines the contents of data structures. A lot of docu-
mentation needs to be added to the source code to explain the
meaning of the entries. If this is not maintained, then the decla-
rations rapidly become unreadable. This greatly increases both
the time needed to implement changes and the risk of errors.

table-driven
firm-

(a)

(b)

Letters that are close together can cause misrecognition.

A thin area may be recognized as two characters.
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Charge-coupled Device (CCD). A CCD is a miniature photometer that measures
incident light and converts the measured value to an analog voltage. The CCDs in
a scanner are arranged in an array.

Desktop Scanner. A desktop scanner is a device that uses a light source, a color-
separation method, and a charge-coupled device (CCD) array to capture optical
information about an object (e.g., photographs or documents) and transforms that
information into a digital light-intensity map for computer processing (see Fig. 1).
The digital data is a two-dimensional map of pixels in which each pixel holds an
intensity measurement corresponding to the reflectance (for paper) or the transmit-
tance (for transparencies) of the object at the location represented by that pixel.

Fig. 1. The basic components of a desktop scanner.
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dpi (dots per inch). The number of dots that can be printed per inch by a laser or
inkjet printer.

Intensity. The amount of light reflected or transmitted by an object with black as
the lowest intensity and white as the highest intensity.

Optical Sampling Rate. This is the number of samples, in pixels per inch (ppi),
that are taken by a scanner per linear distance as determined by the CCD array,
the optical system, and the motion of the carriage. The optical sampling rate for a
scanner is specified as the pixels per inch in the x direction (across the page) and
the y direction (down the page).

In the x direction, the optical sampling rate depends on the CCD layout and the
magnification of the optical system. For example, a CCD with 2,550 elements
applied across an 8.5-in image width has an optical sampling rate of 2250/8.5 =
300 ppi in the x direction.

In the y direction, the optical sampling rate depends on the distance and speed at
which the carriage moves relative to the exposure time of the of the CCD. For
example, if the carriage moves 1/300 in during a CCD exposure time, the y-direc-
tion optical sampling rate is 300 ppi.

ppi (pixels per inch). Ppi is often used interchangeably with dpi, although a dot is
a bilevel entity, either on or off, and a pixel can hold multiple levels of information.
For example, for an eight-bit scanner, one pixel has 256 possible values.

Resolution. For a scanner, resolution is the degree to which the scanner can
distinguish detail. Resolution is dependent on items such as optical sampling rate,
lens quality, filter quality, and carriage motion.

Threshold. A value to which a signal is compared when transforming from a
multilevel value to a binary value. In a binary scan, parts of the image below the
threshold will be recorded as black and parts above the threshold will be recorded
as white.
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The HP S1010A flat panel display is designed to be a plug-compatible
replacement for CRTs used with HP workstations. This compatibility is
provided by an interface board that uses the same analog signals that
drive the CRTs to create digital signals to drive a high-resolution,
high-performance LCD color display.
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* The red and blue signals do not have sync pulses.
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Liquid crystal displays, or LCDs, are divided into two main classes: active and
passive matrix LCDs. Passive matrix displays scan each of the cells, or pixels,
sequentially. They are less complex and less expensive than active matrix de-
vices, but the addressing technique they use means that each cell is only driven
for a small fraction of the time. To maintain the image, the cells must hold their
state for a long time (analogous to long decay phosphors in a slow-scan CRT).
The disadvantage is that the response time of the display is slowed, which leads
to ghosting on rapidly changing images, such as when the cursor is moved.

Active matrix displays have circuitry associated with each cell. The usual tech-
nique for building active matrix LCD circuits is to use a thin film of silicon grown on
the display glass. This technique is known as thin-film transistor, or TFT. This type
of LCD can be thought of as a big dynamic RAM, with one cell for each pixel. The
RAM drives each liquid crystal cell continuously, and the RAM cells are refreshed
by scanning the display. This enables the liquid crystal cell to be faster, improving
response time dramatically. It also allows the display to have much higher resolu-
tion, since the drive time of each cell is not reduced by adding more cells. The
increased resolution makes it more practical to build a color display since a color
display has at least three times as many effective pixels as a monochrome display
(one red, one green, and one blue subpixel for each pixel).

LCDs offer a number of advantages over CRTs. Because they are fabricated with
a lithographic process, they offer excellent linearity, convergence, and purity. LCDs
have no electron beam, making them unsusceptible to magnetic fields. They have
lower power requirements (about 55W versus 100W for a comparable-size CRT).
Because conventional CRTs need to deflect an electron beam, they must have a
greater depth, and thus a larger footprint, than an LCD monitor. CRTs need to
accelerate the electron beam, which requires high voltages that are not necessary
for LCD monitors. Side effects of the high voltages include x-ray emissions and
potential electrostatic problems in some environments. Finally, LCD monitors don’t
need a heavy glass bottle to maintain a vacuum, so they weigh much less than
CRTs.
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Signal Source or Purpose

ECL42base Output of the Voltage-Controlled Oscillator
CLK42rgb TTL Clock Used by the ADC to Sample Data
nCLK42rgb Inverse of CLK42rgb also Used to Sample Data
CNTCLK42 Clock Used to Count Pixels
HSYNC Regenerated Horizontal Sync from Pixel Counts

(TTL Version)
PLL_HSYNC ECL Version of HSYNC, Precisely Linked with
nCLK42rgb

for Locking onto the Input Sync
ECL_nCSYNC Input Composite Sync Used for Locking to Internally

Generated HSYNC

The phase-locked
loop locks the rising
edges of PLL_HSYNC
and ECL_nCSYNC.
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Simplicity and elegance were the two main underlying objectives for the product
design of HP’s first standalone flat panel display monitor. Because of the high cost
and resolution of the display technology, the product design needed to radiate
innovation and quality. The use of many subtle curves gave the product a very soft
and sophisticated look and feel.

Other mechanical objectives were to design a small-footprint, yet stable package
with a wide tilt range and swivel, require no fan, be desktop or wall mountable, and
have built-in security and cable management features.

Simplicity
The design is made up of two assemblies: the chassis/display assembly which
houses the display module and control electronics, and the stand assembly which
provides structure and dynamic movements (see Fig. 1). The stand has no elec-
tronics and is detachable. The overall structure is C-shaped which helped to re-
duce the footprint by balancing the display over the stand and provided a wider tilt
range (Fig. 2). It also gave it an elegant, floating display look. An added benefit to
the C shape is that a keyboard can fit under the display portion to free up even
more desk space.

Because of the schedule and available engineering resources, simplicity was
taken seriously. A human factors study was completed giving the desired height,
tilt, and swivel ranges. However, designing individual height, tilt, and swivel

adjustment mechanisms would have taken more time and resources and
potentially resulted in a bulkier design. For simplicity, a fixed height with a wider tilt
range was decided upon that would meet most users’ needs. As for swivel, the
simple answer was: just slide it around. With the appropriate feet material, the
monitor is light enough to be easily swiveled and slid anywhere on the desk. For
thermal, size, and simplicity reasons, it was decided not to incorporate the power
supply and instead use an external power module (off the desk, out of sight).

Chassis/Display Assembly
This chassis/display assembly shown in Fig. 1a consists of the LCD module, the
interface printed circuit board, the power and brightness switch board, an alumi-
num chassis, a protective and conductive glass over the display, and cosmetic
plastic covers. An aluminum chassis (as opposed to steel) was chosen to reduce
weight and for EMI containment. The chassis contains a stainless-steel gasket to
provide EMI contacts around the video and power connectors. A steel bracket is
attached to the rear to provide a more rigid mounting location for the hinge and
stand assembly. The plastic middle and back covers are heatstaked to the metal
chassis. The printed circuit boards are snapped and then screwed into place. A
protective glass, which is conductive and provides EMI containment, is taped to
the display module metal housing. The display module is connected via cables to
the control board and then screwed to the chassis. The plastic front cover hooks at
the top on the middle cover and is then screwed underneath into the chassis. The

Fig. 1. The two assemblies that make up the product design for the HP S1010A flat panel
display. (a) The chassis/display assembly. (b)The stand assembly.
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Fig. 2. The tilt range of the flat panel display.

(a) (b)

assembly weighs approximately 6 lb (2.7 kg) with the LCD module weighing ap-
proximately 3 lb (1.4 kg).

The Stand Assembly
To provide a stable base for the display assembly, the stand was designed out of
heavy sheet steel with a counterbalancing shape (Fig. 1b). The stand assembly
includes a custom steel friction hinge, a stainless-steel security loop, and cosmetic
plastic covers. The security loop snaps into the metal stand. The plastic front
cover is heatstaked to the metal stand. The plastic hinge covers are screwed to
the hinge shaft. The hinge assembly is screwed to the stand. The plastic back
cover, which incorporates a cable management recess, is hooked at the bottom
into the front cover and rotates and snaps at the top into the front cover.

Final Assembly
The stand assembly is mounted to the display assembly via two screws. To ex-
pose the mounting holes, the back stand cover is snapped off and the hinge shaft
is aligned with the chassis mounting bracket and secured with two screws. Fig. 3
shows different views of the final assembly of the display.

Conclusion
As a testimony to our adherence to the original design goals of simplicity and
elegance, the product has won two major design awards: Design Zentrum Red Dot
for High Design Quality (Germany 1994) and The Industrial Design Excellence
Award-Gold 1994 (United States), featured in the June 6, 1994 issue of Business
Week.

Fig. 3. Different views of the HP S1010A flat panel display.
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Line Count = 768
Frame Count = 8

Input Side
VSYNC

Line Count = 768
Frame Count ≠ 8

Nonsync

Line Count = 4*

Extra Lines

Sync Pulse

Holdoff

*The LCD requires its VSYNC signal to last for four horizontal line times.
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Video RAMs, or VRAMs, are a variety of two-port dynamic RAM. They are de-
signed to work well in graphics and video applications. The main port allows ran-
dom access to any cell of the RAM. The other port consists of shift registers that
are controlled by an independent clock. In the HP S1010A, the random port runs in
the video input clock domain, and the serial port runs in the flat panel clock do-
main.

A data transfer operation loads the shift registers with data from the RAM array.
The shift registers can be treated as two semi-independent halves, so that one half
can be loaded without interfering with the data being shifted out of the other half.
This provides more flexibility, since a data transfer operation (called a split data
transfer in this case) can happen at any time while the other half is active, and
transfers can be arranged so that there will be no interruption in the data flow out
of the shift registers. The VRAM provides a signal called qsf to indicate which half
of the shift register is active. When the data in the active half of the shift register is
exhausted, qsf toggles, and the other half becomes active. This signals the HP
S1010A’s control logic that it’s time to get ready for another split data transfer.
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The decision to buy or build software is a business decision that should
be made using a sound economic model. A comprehensive economic
model has been developed and applied to actual and estimated data to
compare the costs of using a third-party software package to the costs of
internal development.
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Table I
Benefits of Buying

Initial Development Savings
Reduced cost to design the component
Reduced cost to implement the component
Reduced cost to test the component
Reduced cost to document the component

Ongoing Maintenance Savings
Reduced cost to fix defects in the component
Reduced cost to enhance the component
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Table II
Costs of Buying

Acquisition Costs 
Licenses or royalties for the third-party package

Customization Costs  
Cost of customizing the third-party package 
Cost of maintaining the customized component

Assessment and Integration Costs
Cost of performing the cost-benefit analysis
Cost of locating and assessing the third-party package
Cost of integrating the third-party package
Cost of training on the third-party package
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Two benchmark circuits are used for objectively evaluating ASIC supplier
performance claims. The method applies first-order equations relating
capacitive discharge currents and transistor saturation current to arrive at
a technology constant.  The method has been used to survey 14 ASIC
suppliers with over 76 different technologies.  Results are shown for 48
CMOS technologies.
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