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BOUNDING DATA TRANSMISSION LATENCY 
BASED UPON LINK LOADING AND 

ARRANGEMENT 

FIELD OF INVENTION 

[0001] The present invention is in the ?eld of data trans 
mission. More particularly, the present invention provides a 
method, apparatus, system, and machine-readable medium 
to bound data transmission latency by transmitting error 
veri?cation data at a point during a data transmission based 
upon loading of a channel for the data transmission. 

BACKGROUND 

[0002] System interconnection models describe three lay 
ers controlling aspect of data transmission: transaction layer, 
data link layer, and physical layer. Each layer independently 
performs tasks to successfully transmit data from a source 
device to a target device. The transaction layer, for eXample, 
may comprise a packet-based protocol to packetiZe or 
encapsulate data for transmission. The packet-based proto 
col siZes the packets of data to optimiZe transmission 
through several netWork devices. The data link layer inserts 
packet sequence numbers and error veri?cation data, such as 
idle characters, referred to as an idle symbol, and check 
sums, to verify data integrity during the transmission. Lastly, 
the physical layer reformats the data to optimiZe transmis 
sion of the data across a physical interconnection, or com 
munication medium, and a physical layer at the target device 
reassembles the data. 

[0003] The link layers at the source device and target 
device maintain data integrity by performing veri?cations of 
the data such as disparity and checksum veri?cations. Dis 
parity veri?cations monitor a running disparity of a data 
transmission. For eXample, an eight bit/ten bit (Sb/10b) 
encoding scheme balances the count of logical ones and 
logical Zeros so that the numbers of each are substantially 
equivalent. When ten bits are sent having more logical ones 
than logical Zeros, a subsequent transmission Will have more 
logical Zeros than ones, ?ipping the running disparity from 
more logical ones to more logical Zeros, or from one heavy 
or to Zero heavy. When ten bits are sent With equal numbers 
of ones and Zeroes, such a symbol is said to have “neutral” 
disparity. In some situations, a large number of neutral 
symbols are transmitted betWeen non-neutral symbols so the 
source link layer arti?cially inserts idle symbols to ?ip the 
disparity. The target link layer constantly monitors the 
change in disparity. When the disparity changes inappropri 
ately, an error is assumed to have corrupted the data. 
Similarly, in checksum veri?cations, a source device incor 
porates data, called a checksum, into a data transmission 
comprising a summation of logical Zeros and/or logical 
ones. The target device’s link layer receives the checksum 
and compares it to a summation maintained by the target 
device. When the summations do not match, an error is 
assumed to have occurred in the data transmitted since the 
last checksum. In response, the target device may either 
request a retransmission of the data since the last checksum 
or simply discard the received data. 

[0004] The number of idle symbols for disparity checks or 
checksums inserted into the data stream affects the band 
Width of the communication medium and the latency of the 
data transmission. The bandWidth of a communication 
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medium is a measure of the amount of data that can transmit 
betWeen a source device and a target device via a commu 
nication medium. The latency of a data transmission across 
that medium is a measure of the average amount of time that 
elapses betWeen requesting the transmission of data at the 
source device and veri?cation of the data by the target 
device, alloWing the target device to use the data, and is 
adversely affected When error veri?cation data is not trans 
mitted often enough. Link layers typically insert error veri 
?cation data at a ?Xed frequency or transaction layers embed 
the data directly into the packets. HoWever, transmitting the 
error veri?cation data at a ?Xed frequency or embedding the 
error veri?cation data into the packets does not take into 
account the link loading that determines the amount of time 
it takes for the receiving link layer to verify and use data 
transmitted. Thus, the ?Xed frequency or embedded data 
may be sent too often, such as When the link is heavily 
loaded, severely impacting the link bandWidth. On the other 
hand, link integrity information may not be sent often 
enough in some cases When the link is lightly loaded. This 
adversely affects latency. 

BRIEF FIGURE DESCRIPTIONS 

[0005] In the accompanying draWings, like references may 
indicate similar elements: 

[0006] FIG. 1 depicts an embodiment to bound data 
transmission latency. 

[0007] FIG. 2 depicts an embodiment to insert error 
veri?cation data into a data transmission. 

[0008] FIG. 3 depicts a How chart of embodiments to 
bound data transmission latency. 

[0009] FIG. 4 depicts an embodiment of a machine 
readable medium comprising instructions to bound data 
transmission latency. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0010] The folloWing is a detailed description of eXample 
embodiments of the invention depicted in the accompanying 
draWings. The eXample embodiments are in such detail as to 
clearly communicate the invention. HoWever, the amount of 
detail offered is not intended to limit the anticipated varia 
tions of embodiments. The variations of embodiments 
anticipated for the present invention are too numerous to 
discuss individually so the detailed descriptions beloW are 
designed to make such embodiments obvious to a person of 
ordinary skill in the art. 

[0011] Referring noW to FIG. 1, there is shoWn an 
embodiment to bound data transmission latency based upon 
a data event, or data transmission event. The embodiment 
may be a computer system such as a system for a desktop 
personal computer, notebook computer and/or server. The 
illustrated embodiment may comprise a processor 100, 
chipset 110, memory device 120, peripheral component 
interconnect (PCI) bridge 130, graphics device 140, and data 
sWitch 150. Processor 100 may execute instructions in 
response to requests from operating system softWare and 
application softWare. Processor 100 may be coupled to 
chipset 110 to access the contents of memory in memory 
device 120 and receive data from or transmit data to PCI 
bridge 130, graphics device 140, and data sWitch 150. 
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[0012] Chipset 110 may access memory contents of 
memory device 120 and relay data and code between 
processor 100 and input and output (I/O) devices, such as 
PCI bridge 130, graphics device 140, and data sWitch 150. 
Chipset 110 may comprise a memory controller 115 and an 
input-output controller (I/O controller) 117. Memory con 
troller 115 may be coupled to memory device 120, to access 
memory contents of memory device 120 in response to 
instructions from I/O devices and/or processor 100. 

[0013] U0 controller 117 may be coupled to graphics 
device 140 to provide a dedicated high-speed port for a 
graphics controller. This coupling may be accomplished via 
transaction layer circuitry 111 that uses a packet-based 
protocol, data link layer circuitry 112 to verify data integrity, 
and physical layer circuitry 113 to move data across a 
communication medium. Transaction layer circuitry 111 
may encapsulate data for transmission to graphics device 
140 and a packet may comprise a header and data. Data link 
layer circuitry 112 of chipset 110 may couple to the trans 
action layer circuitry 111 to associate data events such as the 
transmission of the last unit of data, such as a byte, Word, or 
double Word, of a packet across the communication medium 
betWeen I/O controller 117 and graphics device 140. Fre 
quent reference is made here in to transmissions betWeen I/O 
controller 117 and graphics device 140. It should be under 
stood, hoWever, that embodiments may encompass trans 
missions betWeen any tWo devices With a transaction layer, 
data link layer, and physical layer. 

[0014] In some embodiments, the data link layer circuitry 
112 may add a packet sequence number to the packet and 
add error veri?cation data to the data transmission after the 
last byte, Word, or d-Word of the packet may be transmitted 
from the I/O controller 117 to the graphics device 140. The 
packet sequence number and error veri?cation data may 
facilitate the identi?cation of errors in the data transmission 
by link layer circuitry of graphics device 140. In some 
embodiments, graphics device 140 may Wait for the error 
veri?cation data before releasing data of the data transmis 
sion for use. 

[0015] The data link layer circuitry 112 may comprise 
circuitry to determine a point during a data transmission to 
transmit error veri?cation data based upon loading of the 
link, or communication medium. For example, the circuitry 
may comprise load monitor circuitry 180, logic circuitry 
181, and veri?cation circuitry 182. Load monitor circuitry 
180 may monitor the amount of data to transmit to the target 
device along With the amount of data recently transmitted to 
the target device and base a determination of link loading 
upon the amount of data Waiting to be transmitted to 
graphics device 140 from I/O controller 117 and the recent 
history of data transmission betWeen the tWo agents. In some 
embodiments, load monitor circuitry 180 may comprise 
queue fullness circuitry to base a determination of loading 
on the amount of data in or being received by a data 
transmission queue 183. For instance, queue fullness cir 
cuitry may monitor the amount of data being received by the 
data transmission queue 183 and the amount of data trans 
mitted via a communication medium to graphics device 140. 
In other embodiments, queue fullness circuitry may monitor 
the used and/or unused memory locations of the data trans 
mission queue 183 to determine loading of the link betWeen 
I/O controller 117 and graphics device 140. 

Nov. 24, 2005 

[0016] Logic circuitry 181 may determine a point during 
a data transmission to transmit error veri?cation data, based 
upon the loading according to the load monitor circuitry 180. 
In some embodiments, logic circuitry 181 may comprise 
target number reference circuitry, selection circuitry, trans 
mitted data circuitry, and comparator circuitry. The target 
number reference circuitry may comprise data or a state 
machine to correlate a loading of the link, or channel, With 
a target for inserting error veri?cation data. In some embodi 
ments, target number reference circuitry may comprise a 
target for inserting idle symbols to cause an arti?cial dis 
parity transition during a data transmission and/or a target 
for inserting a checksum. In many of these embodiments, the 
target number reference circuitry may comprise a number of 
data units to transmit betWeen transmissions of error veri 
?cation data, Wherein the number of data units is based upon 
the loading of the link betWeen I/O controller 117 and 
graphics device 140. 

[0017] When the target number reference circuitry com 
prises data rather than a state machine, the logic circuitry 
181 may comprise selection circuitry, such as a multiplexer, 
to select the data based upon the loading. The transmitted 
data circuitry may monitor or keep track of the amount of 
data transmitted from data transmission queue 183 to physi 
cal layer circuitry 113. In some embodiments, transmitted 
data circuitry may comprise a transmitted data counter to 
count data units as the data units are removed from data 
transmission queue 183. Logic circuitry 181 may further 
comprise comparator circuitry to compare the target for 
insertion of error veri?cation data against the amount of data 
transmitted and to output a signal to the veri?cation circuitry 
182 to indicate When the veri?cation circuitry may transmit 
the error veri?cation data. In some embodiments, logic 
circuitry 181 may comprise selection circuitry coupled With 
the comparator circuitry to select a point during the data 
transmission to transmit error veri?cation data, such as a 
byte or a d-Word, Wherein the point may be based upon the 
association of a Word in the data transmission With the last 
Word or byte of data such as a packet In many of these 
embodiments, the logic circuitry 181 may receive a signal or 
indication from transaction layer circuitry 111 regarding 
appropriate locations in a data transmission to transmit error 
veri?cation data. 

[0018] The veri?cation circuitry 182 may have circuitry to 
select or generate error veri?cation data to transmit in or 
With the data transmission from I/O controller 117 to graph 
ics device 140. In some embodiments, the circuitry to select 
or generate error veri?cation data may comprise checksum 
circuitry to generate a checksum; disparity circuitry to 
monitor the disparity of the data transmission and to select 
or generate an idle symbol to transmit in the data transmis 
sion; or circuitry for both. The veri?cation circuitry 182 may 
further comprise circuitry to transmit the error veri?cation 
data in response to a signal from the logic circuitry 181 
indicating the point at Which the error veri?cation data may 
be transmitted to graphics device 140. 

[0019] The physical layer circuitry 113 interconnecting 
I/O device 117 With graphics device 140 may comprise a 
link having one or more lanes to transmit and/or receive 
data. The link may comprise dual-simplex channels imple 
mented as a transmit pair and a receive pair. A data clock of 
the physical layer circuitry 113 may facilitate an 8b/10b 
encoding scheme, or similar encoding scheme When data 
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transmissions may be veri?ed With disparity veri?cations, to 
maintain a substantially equivalent number of logical ones 
and logical Zeros in the data transmission. In some embodi 
ments, Where more than one lane of a communication 
medium may transmit data from I/O device 117 to graphics 
device 140, data may be disassembled into groups, such as 
d-Words, to substantially optimiZe data transmission across 
the communication medium With the 8b/10b-encoding 
scheme. Physical layer circuitry 113 of graphics device 140 
may reassemble the data in a manner substantially transpar 
ent to the data link layer circuitry 112 and transaction layer 
circuitry 111. 

[0020] I/O Controller 117 may provide access to memory 
controller 115, memory device 120, processor 100, and 
graphics device 140, for I/O devices coupled With data 
sWitch 150 and PCI bridge 130. I/O controller 117 may be 
coupled With data sWitch 150 and PCI bridge 130 via 
transaction layer circuitry 111, data link layer circuitry 112, 
and physical layer circuitry 113. Further, in some embodi 
ments, I/O controller 117 may comprise circuitry to arbitrate 
access for data sWitch 150 and PCI bridge 130 to a primary, 
or host, I/O bus. 

[0021] Data sWitch 150 may be designed to interconnect 
several endpoint devices, such as I/O devices, With point 
to-point connections to chipset 110. In some embodiments, 
data sWitch 150 may be designed to provide peer-to-peer 
communication betWeen the I/O devices coupled With data 
sWitch 150, such as a mobile docking station in a gigabit 
Ethernet card, to avoid increasing the traf?c on the primary 
I/O bus unnecessarily. 

[0022] PCI bridge 130 may couple a PCI bus to I/O 
controller 117. For eXample, more than one agent on the PCI 
bus coupled With PCI bridge 130 may request a read of 
memory contents in memory device 120. PCI bridge 130 
may accept one of the requests and forWard the request to 
I/O controller 117 via transaction layer circuitry 131, data 
link layer circuitry 132, and physical layer circuitry 133. The 
transaction layer circuitry 131 may condition the read 
request into packets and transmit the packets to the data link 
layer circuitry 132. The data link layer circuitry 132 may 
comprise circuitry to determine a point during the data 
transmission to transmit error veri?cation data, and veri? 
cation circuitry to generate or select error veri?cation data to 
transmit at the selected point of the data transmission. After 
the d-Word of data is forWarded to I/O controller 117, the 
veri?cation circuitry of the data link layer circuitry 132 may 
transmit the error veri?cation data. I/O controller 117 may 
verify the data With the error veri?cation data and forWard 
the data to memory controller 115 to perform a read access 
of memory device 120. In some situations, I/O controller 
117 may determine that an error has occurred in the data 
transmission and may request PCI bridge 130 to retransmit 
the corresponding data. 

[0023] In many embodiments, transaction layer circuitry, 
data link layer circuitry, and/or physical layer circuitry may 
comprise transaction layer, data link layer, and/or physical 
layer softWare to execute on a processor and/or controller, 
and the circuit paths to be utiliZed by the softWare, such as 
memory storing softWare instructions and a processor to 
execute the instructions, may be referred to as transaction 
layer circuitry, data link layer circuitry, and/or physical layer 
circuitry. In other embodiments, some portion of the func 
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tionality of the layers may be implemented in hardWare, 
Wherein circuitry may refer to the softWare and/or hardWare. 
In still further embodiments, the transaction layer, data link 
layer, and/or physical layer may be implemented substan 
tially to Wholly Within hardWare. 

[0024] FIG. 2 demonstrates an embodiment to insert error 
veri?cation data into a data transmission. The embodiment 
may comprise I/O device 200 coupled to communication 
medium 270 and may be construed to represent a subsystem 
present in a chipset, graphics device, PCI bridge, or a data 
sWitch. I/O device 200 may comprise transaction layer 
circuitry 210, data link layer circuitry 220, and physical 
layer circuitry 260. Transaction layer circuitry 210 may 
receive read and Write requests from a softWare or hardWare 
application layer and condition the requests into a format for 
transmission. Transaction layer circuitry 210 may transmit 
conditioned data, such as packeted data, to data link layer 
circuitry 220. 

[0025] In some embodiments, transaction layer circuitry 
210 may also receive data transmitted by another device, 
such as a bridge, sWitch, hub, or modem, having correspond 
ing physical layer circuitry, link layer circuitry, and trans 
action layer circuitry. In response, transaction layer circuitry 
210 may forWard the data to the appropriate product appli 
cation or function. For instance, the data received may 
comprise a read request and transaction layer circuitry 210 
may forWard the read request to a memory controller. 

[0026] Data link layer circuitry 220 may facilitate the 
identi?cation of errors during a data transmission across 
communication medium 270 by inserting error veri?cation 
data such as checksums and/or idle symbols that provide 
error detection information or that change the disparity of 
the data transmission, respectively. Data link layer circuitry 
220 may further verify the integrity of a data transmission 
When data is received by verifying a change in disparity of 
the data transmission and/or a checksum received With the 
data transmission. 

[0027] Data link layer circuitry 220 may comprise load 
monitor circuitry 225, logic circuitry 230, veri?cation cir 
cuitry 240, data transmission queue 250, and received data 
queue 255. Load monitor circuitry 225 may monitor the 
loading of a link, or a channel of a link, betWeen I/O device 
200 and a target device via lane 272 and lane 274 of 
communication medium 270. Load monitor circuitry 225 
may comprise queue fullness circuitry 227. Queue fullness 
circuitry 227 may monitor the load on the link by monitoring 
the fullness of data transmission queue 250. For instance, 
queue fullness circuitry 227 may monitor the amount of data 
entering and leaving data transmission queue 250, the 
amount of data stored in data transmission queue 250, and/or 
the amount of space available Within data transmission 
queue 250. In some embodiments, queue fullness circuitry 
227 may monitor the amount of data and/or space in data 
transmission queue 250 by monitoring memory locations 
associated With a ?rst-in pointer and a ?rst-out pointer or 
may store information about recent queue fullness in order 
to enable better checksum transmission decisions. 

[0028] In the present embodiment, queue fullness circuitry 
227 may comprise queued data counter 229. Queued data 
counter 229 may be coupled to data transmission queue 250 
to monitor the amount of data received by data transmission 
queue 250 from transaction layer circuitry 210. Further, 
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queue fullness circuitry 227 may be coupled to transmitted 
data counter 236 of logic circuitry 230 to monitor the 
amount of data transmitted from data transmission queue 
250 to physical layer circuitry 260. 

[0029] Logic circuitry 230 may determine a point during 
a data transmission to transmit or insert error veri?cation 
data based upon link loading and may be coupled to load 
monitor circuitry 225 to receive a signal indicating the 
loading of the link between 1/0 device 200 and a target 
device. Logic circuitry 230 may comprise target number 
reference circuit 232, multipleXer 234, transmitted data 
counter 236, and comparator 238. Target number reference 
circuit 232 may comprise several targets for transmitting 
error veri?cation data in a data transmission across a link, 
correlated With loadings of the link. In the present embodi 
ment, target number reference circuit 232 may output more 
than one target number of data units to transmit betWeen 
transmissions of error veri?cation data, or before the ?rst 
transmission of error veri?cation data. The target numbers 
output to multipleXer 234 may vary depending upon the type 
of error veri?cation data to be transmitted. For eXample, 
target number reference circuit 232 may comprise target 
numbers heuristically-chosen for transmitting idle symbols 
With non-neutral disparity, such as one byte idle symbols, or 
target numbers heuristically-chosen for transmitting check 
sums, such as 4 byte checksums. In the present embodiment, 
transmitted data counter 236 may be coupled to veri?cation 
circuitry 240 to receive a signal indicating that a long string 
of neutral characters may have been transmitted from data 
transmission queue 250 to physical layer circuitry 260. 

[0030] Comparator circuitry 238 may compare the point in 
the data transmission to transmit error veri?cation data 
against the data transmission to determine a point at Which 
the error veri?cation data may be transmitted. Comparator 
circuitry 238 may be coupled With multipleXer 234, or other 
selection circuitry such as standard static complimentary 
metal oXide semiconductor (CMOS) logic, to receive a 
target number of data units and compare that target number 
of data units against the number of unprotected data units 
that have been transmitted according to transmitted data 
counter 236, Where an unprotected data unit is de?ned as a 
data unit that has been transmitted since the last error 
detection indication. Note that transmitted data counter 236 
may count every data symbol as unprotected in a protection 
scheme that employs checksum-based error monitoring, 
While transmitted data counter 236 may count only data 
symbols With neutral disparity under a scheme that employs 
disparity-based monitoring. Multiplexer 234 may select a 
target number based upon a loading indicated by a signal 
received from queue fullness circuitry 227. Transmitted data 
counter 236 may be coupled With data transmission queue 
250 and may be conditioned by a signal from veri?cation 
circuitry 240 to determine the number of unprotected data 
units transmitted from data transmission queue 250 to a 
target device via physical layer circuitry 260 and commu 
nication medium 270. In some embodiments, comparator 
circuitry 238 may output a signal to reset transmitted data 
counter 236. In other embodiments, veri?cation circuitry 
240 may also output a signal that resets transmitted data 
counter 236. In many embodiments, the reset signal may be 
the same output transmitted to veri?cation circuitry 240 to 
indicate that error veri?cation data may transmit in the data 
transmission or along With the data transmission. 
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[0031] In alternative embodiments, the functions of target 
number reference circuit 232 and multipleXer 234 may be 
combined in a state machine. The state machine may com 
prise a target, such as a target number, to output in response 
to a signal indicating the loading of the link between 1/0 
device 200 and a target device. In many of these embodi 
ments, the state machine may also perform the function of 
the comparator and/or transmitted data counter. In still 
further embodiments, logic circuitry 230 may comprise 
selection circuitry to determine a convenient point, or loca 
tion, in a data stream to insert or transmit error veri?cation 
data based upon a signal or other indication from transaction 
layer circuitry 210. 

[0032] Veri?cation circuitry 240 may generate or select 
error veri?cation data to transmit in or With the data trans 
mission to the target device. In many embodiments, veri? 
cation circuitry 240 may comprise circuitry to generate an 
idle symbol based upon the running disparity of a data 
transmission and/or checksum circuitry to generate a check 
sum based upon the data transmitted since a previous 
checksum Was inserted into the data transmission. Veri?ca 
tion circuitry 240 may comprise checksum generator 242, 
disparity monitor 244, and insertion circuitry 246. Check 
sum generator 242 may generate or select a number based 
upon data transmitted from data transmission queue 250 to 
physical layer circuitry 260. In some embodiments, check 
sum generator 242 may generate a number based upon the 
number of, or a selected number of, logical ones and/or 
logical Zeros transmitted Within the data transmission. In 
some embodiments, veri?cation circuitry 240 may further 
comprise circuitry to output a signal to logical circuitry 230 
When a series of neutral characters are being transmitted 
from data transmission queue 250. 

[0033] Disparity monitor 244 may monitor the running 
disparity of the data transmission from data transmission 
queue 250 and output error veri?cation data to cause a 
transition in the disparity of the data transmission. In the 
present embodiment, disparity monitor 244 comprises sym 
bol selector 245. Symbol selector 245 may comprise one or 
more logical one heavy idle symbols and one or more logical 
Zero heavy idle symbols such that the symbol selector 245 
may output an idle symbol to cause a transition in, or ?ip, the 
disparity of the data transmission. 

[0034] Insertion circuitry 246 may receive a signal from 
comparator circuitry 238 indicating When error veri?cation 
data may be transmitted; an output from checksum generator 
242 comprising a checksum; and an idle symbol from 
disparity monitor 244 to output error veri?cation data at a 
point during a data transmission. Insertion circuitry 246 may 
output the error veri?cation data to a location in data 
transmission queue 250 to insert the error veri?cation data at 
the point in a data transmission associated With that location. 
In some embodiments, insertion circuitry 246 may insert a 
checksum into the data transmission rather than an idle 
symbol When a long series of neutral-disparity symbols may 
transmit from data transmission queue 250. 

[0035] In alternative embodiments, veri?cation circuitry 
240 may comprise a checksum generator such as checksum 
generator 242 and insert a checksum into data transmission 
queue 250 in response to a signal from comparator circuitry 
238 indicating that the checksum may be inserted into the 
data transmission. In still further embodiments, veri?cation 
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circuitry 240 may comprise a disparity monitor 244 and 
insertion circuitry 246 to insert idle symbols in response to 
a signal from comparator circuitry 238. Both checksums and 
idle symbols may, in some embodiments, be transferred 
directly from veri?cation circuitry 240 to physical layer 
circuitry 260 Without ?rst being placed in data transmission 
queue 250. 

[0036] Data transmission queue 250 may comprise 
memory to store data such as one or more packets until the 
data can be transmitted across communication medium 270. 
In many embodiments, data transmission queue 250 may be 
a serial, ?rst-in, ?rst-out data transmission queue having 
pointers to indicate the ?rst unit of data received and the last 
unit of data received. In some embodiments, data transmis 
sion queue 250 may also comprise a unit of memory to store 
error veri?cation data to insert into the data transmission. In 
other embodiments, data transmission queue 250 may alloW 
random access to pieces of the stream received from trans 
action layer circuitry 210. 

[0037] In some embodiments, data link layer circuitry 220 
may also comprise received data queue 255 to verify the 
integrity of data received via communication medium 270. 
Received data queue 255 may store data to transmit to 
transaction layer circuitry 210. In some situations Where 
transaction layer circuitry 210 stalls, or is otherWise unable 
to process the data received, received data queue 255 may 
become full. In many of these embodiments, veri?cation 
circuitry 240 may further comprise circuitry to monitor the 
disparity of the data received by the received data queue 255 
and/or circuitry to maintain a checksum of the data received 
in received data queue 255. When veri?cation circuitry 240 
maintains a checksum, the checksum may be compared to 
data received that is identi?able as error veri?cation data. 
After the checksum determined by veri?cation circuitry 240 
matches the checksum of the error veri?cation data, the 
corresponding data of the data transmission may be veri?ed. 

[0038] In other situations, the checksum generated by a 
veri?cation circuitry 240 may not match the error veri?ca 
tion data received by the received data queue 255 so 
veri?cation circuitry 240 may initiate a request to retransmit 
the data since receipt of the last error veri?cation data. For 
instance, after veri?cation circuitry 240 may receive error 
veri?cation data that modi?es the disparity of the data 
transmission, veri?cation circuitry 240 may recogniZe the 
error veri?cation data as a non-neutral symbol and deter 
mine Whether the idle symbol caused a transition in the 
disparity of the data transmission. After any symbol causes 
a transition in the running disparity of the data transmission, 
veri?cation circuitry 240 may determine that no single-bit 
error has been encountered in the data transmission. On the 
other hand, veri?cation circuitry 240 may receive a check 
sum and may compare the checksum to a checksum gener 
ated by veri?cation circuitry 240. After a determination that 
the checksum generated by veri?cation circuitry 240 may 
match the checksum received, data link layer circuitry 220 
may determine that no errors of the types covered by the 
chosen checksum algorithm occurred in the data transmis 
sions received by received data queue 255. In several of 
these embodiments, data received by input/output device 
200 via communication medium 270 may not be used or 
retransmitted until data is veri?ed by veri?cation circuitry 
240. 

[0039] Physical layer circuitry 260 may be coupled to data 
link layer circuitry 220 to receive data to transmit via 
communication medium 270 and to forWard data received 
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via communication medium 270. Physical layer circuitry 
260 may comprise data reformat and output circuitry 262 
and data reformat and input circuitry 264. Data reformat and 
output circuitry 262 may be coupled to data transmission 
queue 250 of the data link layer circuitry 220 to transmit data 
from data transmission queue 250 along With error veri? 
cation data to a target device having a corresponding physi 
cal layer circuitry, or the equivalent, coupled to communi 
cation medium 270. Data reformat and output circuitry 262 
may transmit data via lane 272 and lane 274 of communi 
cation medium 270, and receive data via lane 276 of 
communication medium 270. In situations Where data refor 
mat and output circuitry 262 may transmit data via more 
than one lane of a communication medium, data reformat 
and output circuitry 262 may modify the format of the data 
from data transmission queue 250 to take advantage of the 
bandWidth available on communication medium 270. For 
eXample, data transmission queue 250 may comprise a 
4-byte Wide queue and data reformat and output circuitry 
262 may comprise an 8b/10b-encoding scheme to transmit 
data across lane 272 and lane 274. Data reformat and output 
circuitry 262 may forWard byte 1 to lane 272, byte 2 to lane 
274, byte 3 to lane 272, and then byte 4 to lane 274 to encode 
the bytes and transmit the data serially across lane 272 and 
lane 274. 

[0040] Data reformat and input circuitry 264 may receive 
a serial transmission of data via lane 276 of communication 
medium 270. Data reformat and input circuitry 264 may 
receive data encoded by a physical layer circuitry at a source 
device that encoded the data With an 8b/10b-encoding 
scheme and transmitted the data serially via lane 276. Data 
reformat and input circuitry 264 may reassemble the data 
into 4-byte Wide units and transmit the data to received data 
queue 255. 

[0041] In alternative embodiments, physical layer cir 
cuitry 260 may be able to select a number of lanes available 
to transmit data via communication medium 270 and a 
source device may be able to select a number of lanes to 
transmit data to input/output device 200 via communication 
medium 270. For example, When lane 272, lane 274, and 
lane 276 are idle, I/O device 200 may claim lane 272, lane 
274, and lane 276 to transmit data to a target device. Physical 
layer circuitry 260 may disassemble data units of data 
transmission queue 250 to optimiZe or substantially opti 
miZe the use of lane 272, lane 274, and lane 276. In other 
embodiments, one lane of a communication medium such as 
lane 272 may be dedicated to transmit data from 1/0 device 
200 to another device and lane 276 may be dedicated to 
transmit data from the other device to I/O device 200. In 
many of these embodiments, lane 274 may be selected by 
1/0 device 200 to transmit data to the other device When the 
back log of data to transmit to the other device may be 
greater than the backlog of data to transmit from the other 
device to I/O device 200. 

[0042] Referring noW to FIG. 3, there is shoWn a How 
chart of an embodiment to bound the latency of a data 
transmission. The embodiment comprises receiving data 
from a transaction layer to transmit across a channel of a 
communication medium 300, determining a loading of the 
channel based upon said receiving data 310, determining a 
point during a data transmission to transmit error veri?cation 
data based upon the loading 320, and transmitting the error 
veri?cation data substantially at the point 330. Receiving 
data from a transaction layer to transmit across a channel of 
a communication medium 300 may receive data, such as 
packeted data, from the transaction layer that is formatted 
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according to a format of a transaction protocol in the 
transaction layer. Receiving data from a transaction layer to 
transmit across a channel of a communication medium 300 
may comprise receiving packetiZed data 305. Receiving 
packetiZed data 305 may comprise receiving data via a 
packet based transaction protocol in the transaction layer 
and storing the data in a data transmission queue. In some 
embodiments, receiving packetiZed data 305 may comprise 
storing a bit or bits in a memory location in the data 
transmission queue associated With the packeted data or 
storing the bit or bits With the packeted data in the data 
transmission queue. For instance, the bit or bits may repre 
sent a packet sequence number. In many of these embodi 
ments, receiving packetiZed data 305 may comprise queuing 
a packet comprising data and a header. 

[0043] Determining a loading of the channel based upon 
said receiving data 310 may determine the loading, or level 
of loading, of one or more channels coupling the data link 
layer of a source device to the data link layer of a target 
device. Determining a loading of the channel based upon 
said receiving data 310 may comprise monitoring an amount 
of data in a data transmission queue 315. Monitoring an 
amount of data in a data transmission queue 315 may 
comprise determining a difference betWeen the amount of 
data received by the data transmission queue and the amount 
of data transmitted out of the data transmission queue. In 
other embodiments, monitoring an amount of data in a data 
transmission queue 315 may comprise monitoring the dif 
ference betWeen the physical address or logical address in 
the data transmission queue associated With a ?rst end 
pointer and the data location associated With a last end 
pointer. In still further embodiments, monitoring an amount 
of data in a data transmission queue 315 may comprise 
monitoring the amount of data in the data transmission 
queue or monitoring the amount of space available in the 
transmission queue. 

[0044] Determining a point during a data transmission to 
transmit error veri?cation data based upon the loading 320 
may determine the number of data units to transmit betWeen 
transmissions of error veri?cation data and count the number 
of data units transmitted from the data transmission queue, 
to determine the point or When the point may match or be 
near the target Determining a point during a data transmis 
sion to transmit error veri?cation data based upon the 
loading 320 may comprise determining a target number of 
unprotected data units to transmit before said transmitting 
error veri?cation data 325 and determining a target location 
in the data transmission based upon a heuristically-chosen 
target 327. Determining a target number of unprotected data 
units to transmit before said transmitting error veri?cation 
data 325 may comprise selecting a target number of data 
units based upon a formula or algorithm correlating a target 
number of unprotected data units With the loading of the 
channel or a level of loading of the channel. In some 
embodiments, the formula or algorithm may be in the form 
of a chart associating a load or level of loading With a target 
number of data units to transmit betWeen transmissions of 
error veri?cation data. Several of these embodiments may 
comprise multiplexing betWeen more than one target num 
ber With a selection signal based upon the loading of the 
channel. Determining a target location in the data transmis 
sion based upon a heuristically-chosen target 327 may 
comprise determining a target location based upon data, 
formula, and/or algorithm by loading the link, a similar link, 
or simulating load on a link. In some embodiments, the 
heuristically-chosen targets may be default values that may 
be re?ned during use. In other embodiments, the heuristi 
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cally-chosen targets may be determined by experimentation 
and incorporated into logic circuitry. 

[0045] Transmitting the error veri?cation data substan 
tially at the point 330 may transmit error veri?cation data, 
such as a checksum or an idle symbol, Within or along With 
the data transmission after receiving an indication that the 
point in the data transmission to transmit the error veri?ca 
tion data is near or has been reached. In some embodiments, 
transmitting may comprise forcing error veri?cation data 
into a data transmission at the point. Transmitting the error 
veri?cation data substantially at the point 330 may comprise 
counting number of unprotected data units transmitted and 
comparing the number of data units transmitted against a 
target number of unprotected data units 335; selecting a 
symbol to cause a transition in the running disparity 340; 
generating a checksum 345; and inserting error veri?cation 
data at an end of a packet. Counting the number of data units 
transmitted and comparing the number of unprotected data 
units transmitted against a target number of unprotected data 
units 335 may compare the target number of unprotected 
data units, such as the number of bytes, Words, or d-Words, 
against the number of bytes, Words, or d-Words transmitted 
from the data transmission queue since the last piece of error 
veri?cation data may have been sent. Once the comparison 
determines that the number of unprotected data units trans 
mitted is near or at the target number of unprotected data 
units, transmitting the error veri?cation data substantially at 
the point 330 may comprise outputting a signal indicating 
that the error veri?cation data may transmit. Outputting a 
signal indicating that the error veri?cation data may transmit 
may cause insertion of error veri?cation data into the data 
transmission queue to transmit to a target device via the 
physical layer. 

[0046] Selecting a symbol to cause a transition in a 
running disparity 340 may comprise monitoring the running 
disparity of a data transmission and attaching the idle 
symbol to the data of the data transmission. Generating a 
checksum 345 may comprise determining a combination of 
logical ones and Zeros to represent data transmitted since the 
beginning of the data transmission or since the last error 
veri?cation data or checksum transmission. In some 
embodiments, generating a checksum 345 may comprise 
generating a number based upon a number of logical ones 
and/or logical Zeros transmitted. 

[0047] Inserting error veri?cation data at an end of a 
packet may insert the error veri?cation data at an end of a 
packet, such as before the ?rst byte of a packet or after the 
last byte of a packet, at or near the point selected during the 
data transmission to transmit error veri?cation data based 
upon the loading. In some embodiments, inserting error 
veri?cation data at an end of a packet may comprise insert 
ing a checksum or an idle symbol into the data transmission 
queue such that the checksum or idle symbol is transmitted 
near an end of a packet. 

[0048] Referring noW to FIG. 4, a machine-readable 
medium embodiment of the present invention is shoWn. A 
machine-readable medium includes any mechanism that 
provides (i.e. stores and or transmits) information in a form 
readable by a machine (e.g., a computer), that When 
executed by the machine, may perform the functions 
described herein. For example, a machine-readable medium 
may include read only memory (ROM); random access 
memory (RAM); magnetic disk storage media; optical stor 
age media; ?ash memory devices; electrical, optical, acous 
tical or other form of propagated signals (e.g. carrier Waves, 
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infrared signals, digital signals, etc.); etc. . . . . Several 
embodiments of the present invention may comprise more 
than one machine-readable medium depending on the design 
of the machine. 

[0049] In particular, FIG. 4 shoWs an embodiment of a 
machine-readable medium comprising instructions to bound 
data transmission latency. The machine-readable medium 
400 may comprise instructions for receiving data from a 
transaction layer to transmit across a channel of a commu 
nication medium 410, determining a loading of the channel 
based upon said receiving data 420, determining a point 
during a data transmission to transmit error veri?cation data 
based upon the loading 430, and transmitting the error 
veri?cation data substantially at the point 440. Receiving 
data from a transaction layer to transmit across a channel of 
a communication medium 410 may comprise receiving 
packetiZed data from a packet-based transaction layer pro 
tocol. In some embodiments, receiving data from a transac 
tion layer to transmit across a channel of a communication 
medium 410 may comprise instructions for queuing pack 
eted data and attaching a packet sequence number to the 
packeted data. In alternate embodiments, receiving data 
from a transaction layer to transmit across a channel of a 
communication medium 410 may comprise receiving a 
stream of data in intervals, Wherein each interval may be a 
point during the data transmission available to insert error 
veri?cation data. 

[0050] Determining a loading of the channel based upon 
said receiving data 420 may comprise instructions for deter 
mining the loading of the channel of the communication 
medium. For example, the communication medium may 
have selectable lanes for transmitting data from a source 
device to a target device and determining a loading of the 
channel based upon said receiving data 420 may determine 
the loading based upon the number channels available to 
transmit data across the communication medium from the 
source to the target device. Determining a loading of the 
channel based upon said receiving data 420 may also 
comprise instructions for monitoring the amount of data in 
a data transmission queue. Monitoring the amount of data in 
a data transmission queue may comprise instructions for 
generating a signal to represent a backlog of data in the data 
transmission queue. 

[0051] Determining a point during a data transmission to 
transmit error veri?cation data based upon the loading 430 
may comprise instructions for determining a frequency to 
transmit error veri?cation data based upon the loading of a 
link betWeen a source device and a target device. The 
instructions for determining the frequency may comprise 
instructions for determining the frequency based upon the 
current backlog of data in the data transmission queue and 
instructions to dynamically modify the frequency as the 
backlog of data changes. In some embodiments, determining 
a point during a data transmission to transmit error veri? 
cation data based upon the loading 430 may comprise 
instructions for determining a target number of data units to 
transmit betWeen transmission of error veri?cation data. In 
many of these embodiments, instructions for determining a 
target number of data units to transmit betWeen transmis 
sions of error veri?cation data may comprise instructions for 
determining the target number of data units based upon 
heuristically-chosen targets. Determining the target number 
of data units based upon heuristically-chosen targets may 
comprise instructions for determining a target number of 
data units from a formula or algorithm, or data correlating 
target numbers With loading or levels of loading of the 
channels. 
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[0052] Transmitting the error veri?cation data substan 
tially at the point 440 may comprise instructions for trans 
mitting error veri?cation data, such as a checksum or an idle 
symbol, to facilitate veri?cation of the data transmission by 
a link layer at the target device. Transmitting the error 
veri?cation data substantially at the point 440 may also 
comprise instructions for transmitting error veri?cation at an 
interval in the data stream available to transmit error veri 
?cation data or at, or near, an end of a packet, such as the 
front end of a packet or the back end of a packet In further 
embodiments, transmitting the error veri?cation data sub 
stantially at the point 440 may comprise transmitting error 
veri?cation data substantially at a frequency selected for 
transmitting error veri?cation data based upon the loading of 
the communication medium, such as the channel(s), or link. 

What is claimed is: 
1. An apparatus, comprising: 

a queue to receive data from a transaction layer to transmit 
across a channel of a communication medium; 

load monitor circuitry coupled With said queue to deter 
mine a loading of the channel; 

logic circuitry coupled With said load monitor circuitry to 
determine a point during a data transmission to transmit 
error veri?cation data based upon the loading; and 

veri?cation circuitry coupled With said logic circuitry, to 
transmit the error veri?cation data near the point. 

2. The apparatus of claim 1, further comprising physical 
layer circuitry coupled With the data transmission queue, to 
transmit data across the communication medium. 

3. The apparatus of claim 1, Wherein said queue comprises 
a ?rst-in, ?rst-out queue. 

4. The apparatus of claim 3, Wherein said queue comprises 
a random-access data storage queue. 

5. The apparatus of claim 1, Wherein said load monitor 
circuitry comprises queue fullness circuitry to monitor an 
amount of data in said queue. 

6. The apparatus of claim 5, Wherein the queue fullness 
circuitry comprises a counter coupled With said veri?cation 
circuitry, to count data units received by said queue. 

7. The apparatus of claim 1, Wherein said logic circuitry 
comprises: 

a counter coupled With said queue to count data units to 

transmit; 
a multiplexer to select a target number of data units; and 

a comparator coupled With the counter to compare the 
count of unprotected data units against the target num 
ber of data units to be selected by the multiplexer. 

8. The apparatus of claim 1, Wherein said logic circuitry 
comprises circuitry to select the point during the data 
transmission based upon a heuristically-chosen target. 

9. The apparatus of claim 1, Wherein said logic circuitry 
comprises circuitry to determine a number of unprotected 
data units to transmit betWeen transmissions of error veri 
?cation data. 

10. The apparatus of claim 1, Wherein said veri?cation 
circuitry comprises circuitry to generate a checksum. 

11. The apparatus of claim 10, Wherein said veri?cation 
circuitry comprises circuitry to transmit the checksum. 

12. The apparatus of claim 1, Wherein said veri?cation 
circuitry comprises circuitry to monitor a running disparity 
of the data transmission. 
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13. The apparatus of claim 12, wherein said veri?cation 
circuitry comprises circuitry to transmit a symbol to cause a 
transition in the running disparity of the data transmission. 

14. A method, comprising: 

receiving data from a transaction layer to transmit across 
a channel of a communication medium; 

determining a loading of the channel based upon said 
receiving data; 

determining a point during a data transmission to transmit 
error veri?cation data based upon the loading; and 

transmitting the error veri?cation data substantially at the 
point. 

15. The method of claim 14, Wherein said receiving 
comprises receiving packetiZed data. 

16. The method of claim 14, Wherein said determining a 
loading comprises monitoring an amount of data in a data 
transmission queue. 

17. The method of claim 14, Wherein said determining a 
point comprises determining a target number of unprotected 
data units to transmit before said transmitting error veri? 
cation data. 

18. The method of claim 14, Wherein said determining a 
point comprises determining a target location in the data 
transmission based upon a heuristically-chosen target. 

19. The method of claim 14, Wherein said transmitting the 
error veri?cation data comprises: 

counting a number of unprotected data units transmitted; 
and 

comparing the number of data units transmitted against a 
target number of unprotected data units. 

20. The method of claim 14, Wherein said transmitting the 
error veri?cation data comprises selecting a symbol to cause 
a transition in a running disparity. 

21. The method of claim 14, Wherein said transmitting the 
error veri?cation data comprises generating a checksum. 

22. A system, comprising: 

a memory device; 

a memory controller coupled With said memory device to 
provide access to memory contents of said memory 
device; and 

an input-output controller coupled With said memory 
controller to access the memory contents, comprising 

a queue to receive data from a transaction layer to 
transmit across a channel of a communication 

medium; 
load monitor circuitry coupled With said queue to 

determine a loading of the channel; 

logic circuitry coupled With said load monitor circuitry 
to determine a point during a data transmission to 
transmit the error veri?cation data based upon the 
loading; and 
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veri?cation circuitry coupled With the logic circuitry, to 
transmit the error veri?cation data near the point. 

23. The system of claim 21, further comprising a proces 
sor coupled With said input-output controller to communi 
cate With an agent coupled With the communication 
medium. 

24. The system of claim 21, Wherein veri?cation circuitry 
comprises circuitry to transmit a symbol to cause a transition 
in a running disparity of the data transmission. 

25. A system, comprising: 

a ?rst input-output device to initiate a request for data via 
a communication medium; 

a second input-output device coupled With said ?rst 
input-output device to respond to the request With the 
data, comprising 
a queue to store data from transaction layer circuitry to 

transmit across a channel of a communication 

medium; 
load monitor circuitry coupled With said queue to 

determine a loading of the channel; 

logic circuitry coupled With said load monitor circuitry 
to determine a point during a data transmission to 
transmit error veri?cation data based upon the load 
ing; and 

veri?cation circuitry coupled With the logic circuitry, to 
transmit error veri?cation data near the point; and 

a processor coupled With said second input-output device 
to respond to the request for data. 

26. The system of claim 25, Wherein said second input 
output device further comprises a sWitch to couple a third 
input-output device With said processor. 

27. The system of claim 25, Wherein said ?rst input-output 
device comprises a sWitch to couple a fourth input-output 
device With said processor. 

28. A machine-readable medium containing instructions, 
Which When executed by a machine, cause said machine to 
perform operations, comprising: 

receiving data from a transaction layer to transmit across 
a channel of a communication medium; 

determining a loading of the channel based upon said 
receiving data; 

determining a point during a data transmission to transmit 
error veri?cation data based upon the loading; and 

transmitting the error veri?cation data substantially at the 
point. 

29. The machine-readable medium of claim 28, Wherein 
said transmitting the error veri?cation data comprises select 
ing a symbol to cause a transition in a running disparity. 

30. The machine-readable medium of claim 28, Wherein 
said transmitting the error veri?cation data comprises gen 
erating a checksum. 


