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READ CONTROL IN A COMPUTER I/O 
INTERCONNECT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent application takes priority under 35 US. 
C. 119(e) to (i) US. Provisional Patent Application No. 
61/014,685, ?led on Dec. 18, 2007 (Attorney Docket No. 
PLXTP001P) entitled “PLX ARCHITECTURE”, by George 
Apostol, and (ii) US. Provisional Patent Application No. 
61/015,613 ?led on Dec. 20, 2007 (Attorney Docket No. 
PLXTP002P) entitled “PLX SOFTWARE DEVELOP 
MENT KIT”, by George Apostol each of Which are incorpo 
rated by reference in their entirety for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates generally to computer 
I/O interconnects. More particularly, the present invention 
relates to read control in a computer I/O interconnect. 
[0004] 2. Description of the Related Art 
[0005] In a computer architecture, a bus is a subsystem that 
transfers data betWeen computer components inside a com 
puter or betWeen computers. Unlike a point-to-point connec 
tion, a different type of computer input/ output (I/O) intercon 
nect, a bus can logically connect several peripherals over the 
same set of Wires. Each bus de?nes its set of connectors to 
physically plug devices, cards or cables together. 
[0006] There are many different computer I/O interconnect 
standards available. One of the most popular over the years 
has been the peripheral component interconnect (PCI) stan 
dard. PCI alloWs the bus to act like a bridge, Which isolates a 
local processor bus from the peripherals, alloWing a Central 
Processing Unit (CPU) of the computer to run must faster. 
[0007] Recently, a successor to PCI has been populariZed. 
Termed PCI Express (or, simply, PCIe). PCIe provides higher 
performance, increased ?exibility and scalability for next 
generation systems, While maintaining softWare compatibil 
ity With existing PCI applications. Compared to legacy PCI, 
the PCI Express protocol is considerably more complex, With 
three layersithe transaction, data link and physical layers. 
[0008] In a PCI Express system, a root complex device 
connects the processor and memory subsystem to the PCI 
Express sWitch fabric comprised of one or more sWitch 
devices (embodiments are also possible Without sWitches, 
hoWever). In PCI Express, a point-to-point architecture is 
used. Similar to a host bridge in a PCI system, the root 
complex generates transaction requests on behalf of the pro 
cessor, Which is interconnected through a local I/O intercon 
nect. Root complex functionality may be implemented as a 
discrete device, or may be integrated With the processor. A 
root complex may contain more than one PCI Express port 
and multiple sWitch devices can be connected to ports on the 
root complex or cascaded. 

[0009] PCI Express also supports split read completions. 
This means that the completion of read request initiated at a 
particular time may not be performed until a later time. Essen 
tially, the read request must Wait in a queue until it is serviced. 
Since a request is typically only 12-20 bytes, Whereas the siZe 
of a completion response can range up to 4096 bytes, there is 
a natural imbalance Where requests can accumulate faster 
than data can be returned. 
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[0010] This relative siZe imbalance betWeen requests and 
completion data responses can negatively affect performance 
if too many requests are active at one time. This is especially 
true in a typical PCIe system Where multiple doWnstream 
devices all try to read from a single root complex, and Wherein 
the root complex typically services the read requests in a 
?rst-come-?rst-served fashion. If the requests are for large 
amounts of data, a long read request queue can develop in the 
root complex as it services the requests. This long queue can 
be exacerbated if the ?nal data destination (the source of the 
read request) has less bandWidth than the data supplier (the 
request destination), Which is common in host-centric PCIe 
systems, Where the link closest to the root complex is typi 
cally the Widest. Once intermediary buffers are ?lled, the 
bandWidth of the root complex effectively reduces to the 
bandWidth of the data sink. 
[0011] If a neW doWnstream device sends its ?rst read 
request into this long queue of requests in the destination, the 
neW read request Will Wait for the entire read request queue 
ahead of it to drain before it Will get serviced. The long Wait 
time for a response can dramatically impact performance. 
[0012] For example, suppose a PCIe sWitch connects a 
single ><8 upstream port to tWo ><4 doWnstream ports. One 
doWnstream port has a FibreChannel RAM disk that is 
capable of sending 16 1024 byte memory read requests at a 
time. The other doWnstream port is a dual Gigabit Ethernet 
controller that can send 2 read requests at a time (1 per 
channel), With the read siZe being either 16 bytes (for a 
descriptor) or 1500 bytes (for an Ethernet packet). The root 
complex sends 64 byte completions, so a 1024 byte read 
request Would result in 16 partial completions. 
[0013] By itself, the Ethernet controller may process 1885 
Mb/s With a memory read latency of an Ethernet channel 
being around 340 ns. When the FibreChannel RAM disk is 
plugged in, hoWever, the FibreChannel RAM disk processes 
752 MB/ s of completions (the same as it normally does) While 
the Ethernet controller performs 180 Mb/ s. Here the memory 
read latency of the Ethernet channel is around 6200 ns. Thus, 
When both devices are on, the FibreChannel RAM Disk inter 
feres With the Ethernet controller even though the FibreChan 
nel RAM Disk performance itself Was not affected. This is 
because the FibreChannel RAM Disk initially ?lls the 
sWitch’s buffer With completions at a ><8 rate, but then the 
upstream bandWidth drops to a ><4 rate, due to the sWitch’s 
doWnstream link to the FibreChannel device being only ><4. 
Due to the congestion, the Ethernet controller takes much 
longer to get data back, as seen from the increased latency. 
Since the Ethernet device can have only 2 reads outstanding, 
a longer response for those reads results in a major drop in 
performance. 
[0014] The above example illustrates hoW the aggressive 
reading behavior of one device can dramatically and nega 
tively affect another PCIe device. There is nothing forbidden 
about this con?guration, and by themselves the devices each 
seem to perform quite Well, making this a problem that a 
cursory analysis of the system Would not reveal. 

SUMMARY OF THE INVENTION 

[0015] In one embodiment, a method for controlling reads 
in a computer input/output (I/O) interconnect is provided. A 
read request is received over the computer I/O interconnect 
from a ?rst device, the request requesting data of a ?rst siZe. 
Then it is determined Whether ful?lling the read request 
Would cause the total siZe of a completion queue to exceed a 
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?rst prede?ned threshold. If ful?lling the read request would 
cause the total siZe of the completion queue to exceed the ?rst 
prede?ned threshold, then the read request is temporarily 
restricted from being forwarded upstream 
[0016] In another embodiment, a read request is received 
over the computer I/O interconnect from a ?rst device. Then 
it is determined if forwarding the read request up stream 
would cause the rate at which read requests are forwarded to 
exceed a drain rate of a completion queue by more than a 
prede?ned threshold. If forwarding the read request up stream 
would cause the rate at which read requests are forwarded 
upstream to exceed a drain rate of the completion queue by 
more than the prede?ned threshold, then the read request is 
temporarily restricted from being forwarded upstream. 
[0017] In another embodiment a system is provided com 
prising: an interface; and one or more components con?gured 
to: receive a read request over the computer I/ O interconnect 
from a ?rst device, the request requesting data of a ?rst siZe; 
determine whether ful?lling the read request would cause the 
total siZe of a completion queue to exceed a ?rst prede?ned 
threshold; and temporarily restrict the read request from 
being forwarded upstream if ful?lling the read request would 
cause the total siZe of the completion queue to exceed the ?rst 
prede?ned threshold. 
[0018] In another embodiment, a system is provided com 
prising: an interface; and one or more processors con?gured 
to: receive a read request over the computer I/ O interconnect 
from a ?rst device; determine if forwarding the read request 
upstream would cause the rate at which read requests are 
forwarded to exceed a drain rate of a completion queue by 
more than a prede?ned threshold; and temporarily restrict the 
read request from being forwarded upstream if forwarding the 
read request upstream would cause the rate at which read 
requests are forwarded upstream to exceed a drain rate of the 
completion queue by more than the prede?ned threshold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a block diagram illustrating a system for 
controlling reads in a computer I/O interconnect in accor 
dance with an embodiment of the present invention. 
[0020] FIG. 2 is a ?ow diagram illustrating a method for 
controlling reads in a computer I/O interconnect in accor 
dance with an embodiment of the present invention. 
[0021] FIG. 3 is a ?ow diagram illustrating a method for 
controlling reads in a computer I/O interconnect in accor 
dance with an embodiment of the present invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0022] Reference will now be made in detail to speci?c 
embodiments of the invention including the best modes con 
templated by the inventors for carrying out the invention. 
Examples of these speci?c embodiments are illustrated in the 
accompanying drawings. While the invention is described in 
conjunction with these speci?c embodiments, it will be 
understood that it is not intended to limit the invention to the 
described embodiments. On the contrary, it is intended to 
cover alternatives, modi?cations, and equivalents as may be 
included within the spirit and scope of the invention as 
de?ned by the appended claims. In the following description, 
speci?c details are set forth in order to provide a thorough 
understanding of the present invention. The present invention 
may be practiced without some or all of these speci?c details. 
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In addition, well known features may not have been described 
in detail to avoid unnecessarily obscuring the invention. 
[0023] In accordance with the present invention, the com 
ponents, process steps, and/or data structures may be imple 
mented using various types of operating systems, program 
ming languages, computing platforms, computer programs, 
and/or general purpose machines. In addition, those of ordi 
nary skill in the art will recogniZe that devices of a less general 
purpose nature, such as hardwired devices, ?eld program 
mable gate arrays (FPGAs), application speci?c integrated 
circuits (ASICs), or the like, may also be used without depart 
ing from the scope and spirit of the inventive concepts dis 
closed herein. The present invention may also be tangibly 
embodied as a set of computer instructions stored on a com 

puter readable medium, such as a memory device. 
[0024] One solution to the congestion problem described in 
the background of the invention would be to tune the system 
to have one of the devices behave differently. For instance, in 
the example provided above, the FibreChannel RAM Disk 
can be set such that the read rate or read siZe is reduced. This 
solution, however, requires anticipating the problem before 
hand. It also requires knowledge of the drivers of the relevant 
endpoints/ components. Many of these drivers may not be 
known without investigation, and such a solution would 
require constantly updating the system when new devices are 
attached. 
[0025] In an embodiment of the present invention, a set of 
mechanisms are added that balance the rate of requests with 
the resulting data ful?lling the requests, reducing the maxi 
mum siZe of the destination queue and also ensuring that the 
destination bandwidth is not reduced to any source band 
width. These mechanisms may be generically referred to as 
read pacing and read spacing. 
[0026] The present invention may be applied to any proto 
col that permits the splitting of read requests and read comple 
tions. This includes, but is not limited to, PCIe, PCI-x, In?ni 
band, RapidIO, and Hypertransport. Additionally, the present 
invention may be applied to any system or protocol that has 
been modi?ed to permit the splitting of read requests and read 
completions. Therefore, while legacy PCI does not typically 
support the splitting of read requests and read completions, if 
a system running legacy PCI were modi?ed to permit such 
splitting, the invention could be applied to it. 
[0027] Read pacing is based on the idea that only so many 
requests need to be outstanding at a time in order to ensure 
uninterrupted completion, and any extra read requests beyond 
that only cause queues to develop. A device with read pacing 
counts up, per source, how much data is requested in total. 
The counter may be labeled as “read count”. Each additional 
request adds its read siZe to the read count. As the data is 
returned, the total read count is reduced according to the 
amount of data returned. Whenever the read count is larger 
than a threshold, subsequent requests from that source are 
held in the device and not forwarded to the ?nal destination 
queue until the read count drops below the threshold again. 
[0028] By placing a limit on the amount of data requests, 
the length of the ?nal destination queue is similarly con 
strained. The limit is related to hardware resources on the 
device such that all requested data can be stored on the device 
without over?owing device buffer spaces. In other words, the 
threshold is related to the siZe of a completion buffer and the 
typical round trip time from read to completion. If, for 
example, all ports are reading 1 port (a typical host fanout 
application has all downstream ports read the main memory 
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on the upstream port), then all completions arrive on one port 
(i.e. there is l destination buffer). If 4 ports are sharing the 
up stream completion buffer, then the threshold can only be 1A 
as much as if there Were only 1 aggressive reading device. 

[0029] For purposes of this document, an aggressive read 
ing device shall be interpreted to mean a device that sends out 
read requests in a manner that does cause the latency betWeen 
it and the data source to exceed the typical latency. 

[0030] For example, if there is about 28 KB of space in the 
buffer available for the upstream completion queue for the 
upstream port and there are 4 equally aggressive reading 
doWnstream ports, each port should get about 1/4 of the buffer. 
Thus, the threshold for read pacing in this example may be set 
to approximately 7 KB. 

[0031] It should be noted that there may be many different 
Ways to enforce the threshold. One Way, as described above, 
is to use a “read count” counter. Another Way, hoWever, Would 
be to simply limit the siZe of the buffer so that it cannot 
possibly hold more data than the set threshold. In the above 
example, for instance, the buffer can simply be set With a siZe 
of 7 KB. 

[0032] Turning noW to read spacing, this addresses the case 
Where multiple reads are sent closely together. If used 
together With read pacing, read spacing only is concerned 
With multiple reads When the threshold has not yet been 
exceeded. There is theoretically no need to send reads closer 
together than the data can be sent back. Therefore, by spread 
ing out the read requests based on the rate that the source can 
utiliZe the resulting data, no performance is lost and the queue 
in the destination buffer is kept minimal. It should be noted 
that in one embodiment, the read rate may be higher than the 
data rate to account for times When the read request cannot be 
handled immediately by the destination. The read rate Will 
develop a data buffer up to the limit speci?ed by read pacing 
in order to smooth out completion data tra?ic. 

[0033] In one embodiment of the present invention, the read 
spacing is set to alloW the read rate to exceed the drain rate by 
no more than 2 times. HoWever, this can be a programmable 
value. The reason to program it larger Would be to ?ll an 
on-chip buffer more quickly, Whereas a smaller value Would 
?ll it more sloWly. If main memory is heavily congested, this 
means that there is likely multiple doWnstream branches feed 
ing into it, since the CPU typically Wins all accesses to main 
memory over other devices’ accesses. For example, if a root 
complex has 2 or more doWnstream ports, each having a PCI 
sWitch feeding to yet even more doWnstream ports, and all 
doWnstream ports are trying to read the main memory simul 
taneously, then the memory controller may get overloaded. 
[0034] The net effect of these mechanisms is to maintain 
destination bandWidth and reduce read request queue siZe in 
the memory controller, both of Which Will improve overall 
performance. 
[0035] It should be noted that the term “read request queue” 
shall be interpreted to mean any queue that contains, or is 
designed to contain, read requests. Embodiments are possible 
Where the queue also contains other requests or data. Such 
queues shall also be considered to be read request queues as 
long as they hold read requests. 
[0036] The present invention may be implemented in vari 
ous places in a computer I/O interconnect. For purposes of 
this document, a computer I/O interconnect shall be de?ned 
as a data transmission medium linking devices in a computer 
system. This may include, for example, a parallel multidrop 
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bus, as is utiliZed in the PCI-x protocol. This may also 
include, for example, a point-to-point architecture, as is used 
in the PCI Express protocol. 
[0037] FIG. 1 is a block diagram illustrating a system for 
controlling reads in a computer I/O interconnect in accor 
dance With an embodiment of the present invention. Each 
component in the system may be embodied in hardWare, 
softWare, or any combination thereof. In this diagram, there 
are ?ve devices 100a-e connected to an I/O interconnect 
system. Devices 100a-100c may be connected to a sWitch 
102. In the PCI Express and other similar protocols, devices 
that initiate a read request may be knoWn as endpoints. 
[0038] It should be noted that While a single sWitch is 
depicted in FIG. 1, one of ordinary skill in the art Will recog 
niZe that multiple sWitches may be utiliZed in a parallel, serial, 
or hierarchical con?guration in order to accomplish the same 
goals. The sWitch 102 may include an upstream read request 
queue 104a, 104b, 1040 corresponding to each of the ports 
connected to devices 10011-1000. The sWitch 102 may be 
connected to a root complex 106. Also connected to the root 
complex 106 are devices 100d-100e. Like the sWitch 102, the 
root complex 106 may also contain an upstream read request 
queue 108a, 108b, 1080, here With queue 108a corresponding 
to the input from sWitch 102 and queues 10819 and 1080 
corresponding tot he inputs from devices 100d-100e. The root 
complex 106 controls a memory controller 110, Which in turn 
may also house an upstream read request queue 112. 
[0039] It should be noted that While read requests and read 
request queues are described in various portions of this speci 
?cation, the present invention may also be applied to other 
types of requests and/or queues, and thus the claims are not to 
be limited to read requests or read request queues unless 
speci?cally stated. 
[0040] Each upstream read request queue acts to hold 
incoming read requests until they can be acted upon by the 
device housing the queue. Once they are handled, they are 
placed in a doWnstream read request queue until they can be 
sent to another device. 

[0041] The memory controller 110 may control main 
memory (not pictured). When a device 100a initiates a read 
request, the request may ?rst pass to sWitch 102, Where it is 
placed in upstream read request queue 104a. Once it has been 
acted upon by sWitch 102, it is placed in doWnstream read 
request queue 114 until it can be sent to root complex 106. 
Once it arrives at root complex 106, it is placed in upstream 
read request queue 108a. Once it has been acted upon by root 
complex 106, it is passed to memory controller 110, Where it 
is placed in upstream read request queue 112. Once it has 
emerged from upstream read request queue 112, it is serviced 
and the appropriate completion response is formed from the 
information in memory. 
[0042] This completion response may then be placed in 
completion queue 116. Once it has emerged from upstream 
completion queue 116, the completion response may be 
passed to root complex 106, Where it is placed in an appro 
priate doWnstream completion queue (here, doWnstream 
completion queue 11811, which corresponds to the intercon 
nect betWeen the root complex 106 and sWitch 102, in con 
trast to doWnstream completion queues 11819 and 1180, Which 
correspond to the interconnects betWeen the root complex 
106 and devices 100d and 100e, respectively). 
[0043] Once the completion has emerged from doWnstream 
completion queue 118a, it may be passed to sWitch 102, 
Where it placed in upstream completion queue 120. Once the 
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switch 102 has ?nished With the completion, it may be placed 
in downstream completion queue 12211, which corresponds to 
the interconnect betWeen the sWitch 102 and the device 10011 
(in contrast to the doWnstream completion queues 12219 and 
1220, Which correspond to the interconnects betWeen the 
sWitch 102 and devices 1001) and 1000, respectively). 
[0044] Various aspects of the present invention may be 
implemented at any of the up stream read request queues. For 
purposes of this document, the term “?nal destination read 
request queue” may be de?ned as the read request queue 
closest to the destination Where the underlying data to 
respond to the read request resides. In FIG. 1, for example, the 
upstream read request queue 112 is the ?nal destination read 
request queue. 
[0045] FIG. 2 is a How diagram illustrating a method for 
controlling reads in a computer l/O interconnect in accor 
dance With an embodiment of the present invention. Each step 
of this method may be performed in softWare, hardWare, or 
any combination thereof. If performed in softWare, the 
method may be implemented as computer-readable instruc 
tions stored in a program storage device. This method may be 
generally termed “read pacing.” This method may be per 
formed by one or more components in a computer system. 
One of those components may be a root complex of a PCIe 
sWitch. Another component may be a sWitch. Another com 
ponent may be a memory controller. At 200, a read request is 
received over the computer l/O interconnect from a ?rst 
device, the request requesting data of a ?rst siZe. At 202, it is 
determined Whether ful?lling the read request Would cause 
the total siZe of a completion queue to exceed a ?rst pre 
de?ned threshold. This determination may include adding the 
?rst siZe to a read counter and comparing the read counter to 
the ?rst predetermined threshold. The ?rst predetermined 
threshold may be set based on, for example, a siZe of memory 
available for the completion queue and a typical round trip 
time from read to completion from the upstream read request 
queue. This may include dividing the siZe of the memory 
available for the completion queue by the number of ports of 
the component controlling the upstream read request queue 
that are connected to an aggressive reading device. 

[0046] If ful?lling the read request Would cause the total 
siZe of the completion queue to exceed the ?rst prede?ned 
threshold, then at 206 the read request is temporarily 
restricted from being forWarded upstream. If, on the other 
hand, ful?lling the read request Would not cause the total siZe 
of the destination queue to exceed the ?rst prede?ned thresh 
old, then at 206 the read request may be forWarded upstream. 
Then at 208, the ?rst siZe may be added to the read counter. At 
210, once the read request is ful?lled, the ?rst siZe may be 
subtracted from the read counter. 

[0047] FIG. 3 is a How diagram illustrating a method for 
controlling reads in a computer l/O interconnect in accor 
dance With an embodiment of the present invention. Each step 
of this method may be performed in softWare, hardWare, or 
any combination thereof. If performed in softWare, the 
method may be implemented as computer-readable instruc 
tions stored in a program storage device. This method may be 
performed by one or more components in a computer system. 
One of those components may be a root complex of a PCIe 
sWitch. Another component may be a sWitch. Another com 
ponent may be a memory controller. At 300, a read request is 
received over the computer l/O interconnect from a ?rst 
device. At 302, it is determined if forWarding the read request 
upstream Would cause the rate at Which read requests are 
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forWarded upstream to exceed a drain rate of the completion 
queue by more than a second prede?ned threshold. This 
threshold may be expressed, for example, as a multiplication 
factor betWeen the rate at Which read requests are forWarded 
upstream and the drain rate of the completion queue. For 
example, the threshold may be set at tWo times the drain rate 
of the completion queue. If the rate at Which read requests are 
forWarded up stream exceeds this, then the threshold has been 
breached. At 304, the read request is temporarily restricted 
from being forWarded upstream if forWarding the read request 
upstream Would cause the rate at Which read requests are 
forWarded upstream to exceed a drain rate of the completion 
buffer by more than a second prede?ned threshold. 
[0048] It should be noted that While embodiments are fore 
seen Wherein read pacing is performed Without read spacing 
and vice-versa, in one embodiment of the present invention, 
both are performed. For example, the steps of FIG. 2 and FIG. 
3 above may be combined into a single method, With the read 
spacing method being performed on read requests that Would 
not cause the total siZe of a completion queue to exceed a ?rst 
prede?ned threshold. 
[0049] While the invention has beenparticularly shoWn and 
described With reference to speci?c embodiments thereof, it 
Will be understood by those skilled in the art that changes in 
the form and details of the disclosed embodiments may be 
made Without departing from the spirit or scope of the inven 
tion. In addition, although various advantages, aspects, and 
objects of the present invention have been discussed herein 
With reference to various embodiments, it Will be understood 
that the scope of the invention should not be limited by ref 
erence to such advantages, aspects, and objects. Rather, the 
scope of the invention should be determined With reference to 
the appended claims. 

What is claimed is: 
1. A method for controlling reads in a computer input/ 

output (l/O) interconnect, the method comprising: 
receiving a read request over the computer l/O interconnect 

from a ?rst device, the request requesting data of a ?rst 
size; 

determining Whether ful?lling the read request Would 
cause the total siZe of a completion queue to exceed a 
?rst prede?ned threshold; and 

temporarily restricting the read request from being for 
Warded upstream if ful?lling the read request Would 
cause the total siZe of the completion queue to exceed the 
?rst prede?ned threshold. 

2. The method of claim 1, Wherein the determining 
includes adding the ?rst siZe to a read counter and comparing 
the read counter to the ?rst predetermined threshold. 

3. The method of claim 2, further comprising, if ful?lling 
the read request Would not cause the total siZe of the comple 
tion queue to exceed the ?rst prede?ned threshold: 

forWarding the read request upstream; and 
adding the ?rst siZe to the read counter. 
4. The method of claim 3, further comprising: 
When the read request is ful?lled, subtracting the ?rst siZe 

from the read counter. 
5. The method of claim 1, Wherein the method is performed 

in a root complex. 
6. The method of claim 1, Wherein the ?rst predetermined 

threshold is set based on a siZe of memory available for the 
completion queue and a typical round trip time from read to 
completion from the upstream read request queue. 
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7. The method of claim 1, wherein the method is performed 
in a switch. 

8. The method of claim 7, Wherein the ?rst predetermined 
threshold is determined by dividing the memory siZe avail 
able for the completion queue by the number of ports of the 
sWitch that are connected to aggressive reading devices. 

9. The method of claim 1, Wherein the method is performed 
in a memory controller. 

10. The method of claim 1, further comprising: 
receiving a read request over the computer l/O interconnect 

from a second device; 
determining Whether ful?lling the read request from the 

second Would cause the total siZe of the completion 
queue to exceed a ?rst prede?ned threshold; and 

if the read request from the second device Would not cause 
the total siZe of the completion queue to exceed the ?rst 
prede?ned threshold, determining if forWarding the read 
request upstream Would cause the rate at Which read 
requests are forWarded upstream to exceed a drain rate of 
the completion queue by more than a second prede?ned 
threshold; and 

temporarily restricting the read request from the second 
device from being forWarded up stream if forWarding the 
read request from the second device upstream Would 
cause the rate at Which read requests are forWarded 
upstream to exceed a drain rate of the completion queue 
by more than the second prede?ned threshold. 

11. The method of claim 10, Wherein the second prede?ned 
threshold is expressed as a multiplication factor betWeen the 
rate at Which read requests are forWarded upstream and the 
drain rate of the completion queue. 

12. A method for controlling reads in a computer l/O inter 
connect, the method comprising: 

receiving a read request over the computer l/O interconnect 
from a ?rst device; 

determining if forWarding the read request upstream Would 
cause the rate at Which read requests are forWarded 
upstream to exceed a drain rate of a completion queue by 
more than a prede?ned threshold; and 

temporarily restricting the read request from being for 
Warded upstream if forWarding the read request 
upstream Would cause the rate at Which read requests are 
forWarded upstream to exceed a drain rate of the comple 
tion queue by more than the prede?ned threshold. 
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13. The method of claim 12, Wherein the prede?ned thresh 
old is expressed as a multiplication factor betWeen the rate at 
Which read requests are forWarded up stream and the drain rate 
of the completion queue. 

14. A system comprising: 
an interface; and 
one or more components con?gured to: 

receive a read request over the computer l/O intercon 
nect from a ?rst device, the request requesting data of 
a ?rst siZe; 

determine Whether ful?lling the read request Would 
cause the total siZe of a completion queue to exceed a 
?rst prede?ned threshold; and 

temporarily restrict the read request from being for 
Warded upstream if ful?lling the read request Would 
cause the total siZe of the completion queue to exceed 
the ?rst prede?ned threshold. 

15. The system of claim 14, further comprising: 
a sWitch; 
a root complex coupled to the sWitch; 
a memory controller coupled to the root complex; and 
a memory coupled to the memory controller. 
16. The system of claim 15, Wherein the one or more 

components are located in the memory controller. 
17. The system of claim 15, Wherein the one or more 

components are located in the root complex. 
18. The system of claim 15, Wherein the one or more 

components are located in the sWitch. 
19. A system comprising: 
an interface; and 
one or more processors con?gured to: 

receive a read request over the computer l/O intercon 
nect from a ?rst device; 

determine if forWarding the read request upstream 
Would cause the rate at Which read requests are for 
Warded upstream to exceed a drain rate of a comple 
tion queue by more than a prede?ned threshold; and 

temporarily restrict the read request from being for 
Warded upstream if forWarding the read request 
upstream Would cause the rate at Which read requests 
are forWarded upstream to exceed a drain rate of the 
completion queue by more than the prede?ned 
threshold. 


