-1 DPYNAM C RECONFI GURATI ON OF PCI EXPRESS LI NKS TECHNI CAL FI ELD OF THE

_INVENTION This invention relates to conputer systenms and nore particularly
to bus connections for conputer systens. 5 2 BACKGROUND OF THE | NVENTI ON
A conputer's conponents, including its processor, chipset, cache, nenory,

= expansi on cards and storage devices, conmunicate with each other over one
or nore 5 "buses". A "bus", in general conputer terns, is a channel over
whi ch information fl ows between. two or nore devices. A bus normally has
access points, or places to which a #evice can connect to the bus. Once
connected,, devices on the bus can send to, and receive information 10
from other devices. Today's personal conputers tend to have at |east four
buses. Each bus is to sonme extent further renmoved fromthe processor; each

one connects to tharhAYeheBAPMGURATION OF PCT EXPRESS LINKS

TECHNICAL FIELD OF THE INVENTION

This invention relates to computer systems and more

particularly to bus connections for computer systems.
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. 15 The Processor Bus is the highest-level bus, and is wused by the chipset
_to send information to and fromthe processor. The Cache Bus (sonetines
call ed the backside bus) is used for accessing the systemcache. The
Menory Bus connects the nmenory subsystemto the chipset and the 20
: processor. In many systens, the processor and nenory buses are the sane,
and are collectively referred to as the frontside bus or system bus. The
| ocal 1/0O (input/output) bus connects_ peripherals to the nenory, chipset,
and processor. Video 25 cards, disk Storage devices, and network interface
cards generally use this bus. The two nobst common local /O buses are the
VESA Local EE§Q§VLIL and the Perlﬂyeral Conmponent Interconnect (PCl) bus.
An IndustrE SHa ¥1SA) 1/0 Bus may al so be used for

sl ower 30 perlgthﬁk@tegugh 8 QﬁéﬁL IR g; eed .sound and
net wor ki ng deV|ces 3  The guﬁ?ent 5zgg?at|on gf Ip%%%sif known as the

PCl Expr esSEbRRet TiaghgusmeBory hi eppansaicn dahdseandl stdume Whi ch mai ntai ns
sof t war e Cagvﬁééé”'d&ﬁmuW&EQtSX%§EArE%cﬂDoth%%V63§§ one or more

5 ‘“buses". A “bus”, in general computer terms, is a

channel over which information flows between two or more
devices. A bus normally has access points, or places to
which a device can connéct to the bus. Once connected,
devices on the bus can send to, and receive information

10 from, other devices. .

Today’s personal computers tend to have at least
four buses. Each bus is to some extent further removed
from the processor; each one connects to the level above
it.

15 " - The Processor Bus is the highest-level bus, and is
used by the chipset to send information to and from the
processor. The Cache Bus (sometimes called the backside
bus) is used for accessing the system cache. The Memory
Bus connects the memory subsystem to the chipset and the

20 processor. In many systems, the processor and memory
buses are the same, and are collectively referred to as
the frontside bus or system bus;

The 1local I/0 (input/output) bus connects
peripherals to the memory, chipset, and processor. Video

25 cards, disk storage devices, and network interface cards
generally use this bus. The two most common local I/0O
buses are the VESA Local Bus {(VLB) and the Peripheral
Component Interconnect (PCI) bus. An Industry standard
architecture (ISA) I/O Bus may also be used for slowe*

30 peripherals, such as mice, modems, and low speed sound

and networking devices.



4 SUMVARY OF THE | NVENTI ON According to one aspect of the invention, a
.method of reconfiguring |inks of a PC Express bus of an information

handl i ng system the |inks being routed to endpoints on the bus, conprises
the steps of:' 5 detecting the status of one or nore of the endpoints; and
*swtching all of a link fromone endpoint to nore than one another

endpoi nt, based onthe result of the detecting step. According to a second
aspect of the present invention, a circuit for reconfiguring links of a
PCl Express bus of an information handling system 10 the |inks being
routed to endpoints on the bus, conprises: a controller for detecting the
status of one or nore of the endpoints; and switches associated with at

| east one of th&hki oksrenpejaliracionsyet 861 abls 1f Wbah ‘li_éirg&tef rom one
endpoi nt topcgogg t han one angther endpoint, in response 51to a signal
from the contr 5T PEFSS FBYS exdifiiSe Pug| £S| ankkolyfbandwidkhr setial to an-

unpopul at eduendphieh WEYncdod eeuligdat £t s opul at.ed endpoi nts.
An advant a%ec&?f the invention is that i??@éew*pgsﬂtq%yg\%}:goﬁlsoalﬁam dt h
limtation 9eKiCRR®t Express bus. Dynamic reconfiguration of PCl Express
20 lanes permts unused bandwi dth to be switched to other devices on the
bus. 5




» BRI EF DESCRI PTI ON OF THE DRAWNGS A nore conpl ete understanding of the
present enbodi nents and advantages thereof may be acquired by referring to
"the followi ng description taken in_conjunction with the acconpanying

drawi ngs, in which like reference 5 numbers indicate Iike features, and
:wherein: FIGURE 1 illustrates various internal elenents of an information
handl i ng system FIGURE 2 illustrates a portion of the system of FIGURE 1,
and further illustrates a first exanple of reconfiguring a Iink; 10 Fl GURE
3 illustrates a second exanple of reconfiguring a link; and, FIGURE 4
illustrates a third exanple of reconfiguring a [ink. 6 DETAILED |
DESCRI PTI ON OF THE INVENTION FIGURE 1 illustrates various internal elenments
of an information handling system 100 in accordance with the invention.

As expl ai ned bel ow, system HMMARYCOEGHE NRVEIERSN Pus 17, as wel | as

addi tional ci rcwtry 19 that dynamcarry tecornt res one or nore |links
17b of the bus. aEX ress bus 17 js used in the conventional ~manner for
connecting peri pHefeRfdiR £ﬁ$8ﬁ%rﬁ3§e°tb9ft thes invepiinm ce methnd RbireconBiguringat us of

an endpoi nt  fiks'eha PEI EQrdes BES %@%W&%\%ﬁ &sﬁe% Ih'é%k?%% I nt

| f
rerouted routed to endpoints on the bus, comprises the steps of

5 detecting the status of one or more of the endpoints: and

switching all of a link from one endpoint to more than one another
endpoint, based on the result of the detecting step.

According to a second aspect of the present invention, a circuit for
reconfiguring links of a PC! Express bus of an information handiling system
10 the links being routed to endpoints on the bus, comprises:

a controller for detecting the status of one or more of the endpoints;
and

switches associated with at least one of the links, operable to switch all
of that link from one endpoint to more than one another endpoint, in response
15 to a signal from the controlier. '

For example, all lanes of a link routed to an unpopulated endpomt may
be rerouted to more than one populated endpoints.

An advantage of the invention is that it-helps to overcome bandwidth
limitations of the PCI Express bus. Dynamic reconfiguration of PCI Express
20  lanes permits unused bandwidth to be switched to other devices on the bus.



. not , needed for that endpoint. In the enbodi ment of FIGURE 1, system 100 is
~typical of a personal conputer system but could be some other type of

i nformation handling system such as a server, 15 workstation, or an
enbedded system For purposes of this disclosure, an information handling
< systemmay include any instrunentality or aggregate of instrunentalities
operable to conpute, classify, process, transmt, receive, retrieve,
originate, switch, store, display, 20 nanifest, detect, record, reproduce,
handl e, or utilize any formof information, intelligence, or data for
busi ness, scientific, control, or other purposes. For exanple, an
i nformation handling systemmay be a personal conputer, a network storage
device, or any other suitable 25 device and may vary in size, shape,
per f or mance, functlonalgﬁﬁgggﬂ%igggﬁ 4 B handling system
may include random acces @;L—ggeigi—hg&¥k&g§oce55|ng resour ces
such as a central processing unit (CPU), hardware or software control
| ogic, ROM 30 andhomorst Icempleyq)emdefstanmnglcﬁt fheepressnt embaditents anat

| conpone ht S O_f aﬁmtédbfs%g@o} iy r]:)‘atlzngclzdu'?r%ds e?emng Yo ithneC }o'ﬂg\%ing description

‘taken in conjunction with the accompanying drawings, in which like reference

5 numbers indicate like features, and wherein:

FIGURE 1 illustrates various intemal eIements of an information
handlmg system,

FIGURE 2 illustrates a portion of the system of FIGURE 1, and further
illustrates a first example of reconfiguring a fink; |

10 FIGURE 3 illustrates a second example of reconfiguring a link; - and,

FIGURE 4 illustrates a third example of reconfiguring a link.



..one,or nore disk drives, one or nore network ports for comunicating with

~external devices, as well as various input and output (1/O devices, such
as a keyboard, a nouse, and a video display. The information handling

system may al so i nclude one or nore buses operable to transmt

= comuni cati ons between the various hardware 5 conponents. CPU 10 may be

any central processing device. An exanple of a typical CPU 10 is one from

the Pentium (Trade Mark) famly of processors available frominte

Cor poration. For purposes of the inveation, CPU 10 is at |east progranmed

to execute an operating system having Bl OGS (basic input/output systen
programm ng. 10 Host bridge 11 (often referred to as a Northbridge) is a

chip (or pamHADLEEiDB§@RQ@Q&bNt8?@n&9$§§@@?I§EU 10 to endpoints 12, nenory
13, and to the ress of endpoints 12 connected to
host bridge 11 H%ﬁﬂﬁ%dloﬁlﬂhé ré&ﬂﬁlﬂﬁﬂﬂamm 1hOErRXBNY] dndrfr SYELEM 100 is a
deskt op coRpEbetat £HPALRY 2 e |caII raphi cs adapter, HDD (via
a serial ATA Ilﬁij' and oca% ﬁf%f lgsggggrg witdr the ser ver

endpoi nt s 12Vﬁ¥"equyp| ésl Eypmﬁ'leécglbgeabwt Birbeemeido a};lacg %EE gevi ces and

addi t'i onal av ni cati_.gns between the 0 and host .
bridge 11 g:?ﬁé %bgl f rhght nﬂJ s 3¢gitpenatypieesitays 197tbanpri ses swit ch

fabric 17ad¥manidaily rébpnbmmﬁ&&n%n@forZQoyglan q&?er f PCl ' endpoints
18 may be gggneqkﬁq Tge sgﬁtch fabric 17a rOV|de anou? from host
bridge 11 to |inks L7B- S8R %ﬁdyﬁd@suFFﬁk1§c%m¢rgand&tlonal

manner for connecting peripheral components, but is
-enhanced so that the status of an endp01nu 18 .mav be

10 detected and the bandwidth for that endpoint rerouted if
not needed for that endpo;nt.

In the embodiment of FIGURE 1, system 100 is typical
of a personal computer system, but could be some other
type of information handling system, such as a server,

15 workstation, or an embedded System. For purposes of this
disclosure, an information handling system may include
any instrumentality or aggregate of instrumentalities
operable to compute, classify, process; transmit,
receive, retrieve, originate, switch, store, display,

20 manifest, detect, record, reproduce, handle, or utilize
any form of lnformatlon, lntelllgence, or data for
busxness, scientific, control, or other purposes. For
example, an information handling system may be a personal
computer, a network storage device, Or any other suitable

25 device and may fary in size, shape, performance, .
functionality, and price. The information handling
system m;y include random access memory (RAM), one or

more processing resources such as a central processing

ot

unit (CpU), ha:dware or software control logic, ROM,
30 and/or other types of nonvolatile memory. Addltlonal

components of the 1nformat10n handling system may include



. "Linpk scaling" neans that the avail able bandwi dth of the PCl Express bus 17
is allocated, such that a predeterm ned nunber of |inks 17b, each having a
size conformng to PCI Express architecture standards, are 5 physically
routed to endpoints 18. Each link 17b conprises one or nore |anes. A link
- having a single lane (referred as having a xi width) has two | ow voltage

differential pairs; it is a dual sinplex serial connection between two
devices. Data transm ssion 10 between the two devices is sinmultaneous in
both directions. Scal abl e performance-i s achieved through wder |ink
widths (xl, x.2, x4, x8, x16, x32). Links are scaled symetrically, with
t he sanme nunber of lanes in each direction. 15 PCl endpoints 18 nay be
peri pherical devices or chips, physically connected using card slots or

ot her connegei P hore oints 18 onnec ed to PC
Expr ess bus ‘ilff demn@l@%ﬁh\?@?né@?%o@ﬁédgg}&l p%hs ¥ °§“’B‘F"'§§}E‘9 é‘ﬂ‘ﬁ

deskt op conpti'&ps: 2 "%%}'satse‘fﬁm@dﬁﬁ‘ﬁl@g Qjﬁpl{*ym)c@ﬁvwﬁﬂsuelmdp(al kuyboatd} aar e m)bl | e
docki ng adaphasss, arﬁtdﬂﬂuétedusm@apmg ﬁrﬁomﬁlﬂgn ng,qg %Qm‘ Ray &Y InGiESe offelr

server platfgr ndpoi nt be
p & "Bre %useg opera%ie]’to transmlt communications between the various hardware
S5 ‘components.

CPU 10 may be any central processing device. An example of é typical CPU
10 is one from the Pentium (Trade Mark) family of processors available from intel
Corporation. For purposes of the invention, CPU 10 is at least programmed to
execute an operating system having BIOS (basic input/output system) programming.

10 Host bridge 11 (often referred to as a Northbridge) is a chip (or part of a
chipset) that connects CPU 10 to endpoints 12, memory 13, and to the PC] Express .
bus 17. The types of endpoints 12 connected to host bridge 11 depend on the
.application. For example if system 100 is a desktop computer, endpoints 12 are
typically a graphics adapter, HDD (via a serial ATA link), and local I/0O (via a USB

15 link). For a server, endpoints 12 are typically GbE (gigabit Ethemet) and IBE devices
and additional bridge devices.

Communications between the CPU 10 and host bridge 11 are via a front side
bus 14. ' '

PCI Express bus 17 comprises switch fabric 17a and links 17b, by means of
20  which a number of PCI endpoints 18 may be connected. The switch fabric 17a
provides fanout from host bridge 11 to finks 17b, and provides link scaling.



. gigabit Ethernet connections, and additional switching capability for 1/0
~and cluster interconnections. For a 25 communications platform endpoints
18 could be line cards. In a conventional PCl Express bus 17, the
switching fabric 17a is a logical elenent inplenented as a separate

- conmponent or as part of a conponent that includes host 30 bridge 11. As
expl ai ned below, in the present invention, the PCl Express bus 17 operates
in conjunction 9 wth additional switching and control circuitry 19. This
circuitry 19 detects the status of &ndpoints 18 and is capabl e of
switching links fromone endpoint to another. FIGURE 2 is a partial view
of system 100, and illustrates an exanple of 5 dynam c reconfiguration of
PCT Express |inR&if¥bscicly”| imeeng7bhas the ustaidladde bandwpdgmirs of

signals - thanspt ] ecelv a|r Transm airs are

i dentifie atrk% ?lﬁlén Ig %snsgbg‘éscé?ve p |F’ caeh SY aFé Sfots 23 and 24 are
desi gned fmwndamemm¢ne®gmﬂamd-typelﬁhdpmvntSeééh haAlibBoyogR; gl y two slots
are shown, con |gu§at|ons are 10 p055|ble dependi ng on

the desi rec1° ﬂlﬁa 'f?( Cifoe'teg)s 8F CPRESFT & .StEPEREde3 a¥Rl 24 represent
physical |Ippaticanddy typtadidey enldbbifitbhes comuuen sghasgps of  system 100,

wher e cardsonip%rls\égréggsog /m%r%e\ila%(;g maX be installed. In other
link having a single lane

(referred as hav1ng a x1 width) has two low-voltage
differential pairs; .it is a dual simplex serial
connection between two devices. Data transmission

10 between the two-devices.is simultaneous in both
directions. Scalable performance is achieved through
wider link widths (x1, x2, x4, x8, x16, x32). Links are
scaled syﬁmetricélly,'with the same number of lanes in
each direction. |

15 PCI endpoints 18 may be peripherical devices or
chips, physically connected using card slots or other
connection mechanisms. The particular endpoints 18
connected to PCI Express bus 17 depend on the type of
application of system 100. For a desktop computer

20 system, examples of typical PCI endpoints 18 are mobile
docking adapters, Ethernet adapters, and other add in
devices. For a server platform, endpoints 18 could be
gigabit Ethernmet connections, and additional switching
capability for I/0 and cluster interconnections. For a

25 communications platform, endpoints 18 could be line
cards. .'

In a conventional PCI gxpress bus 17, the switching
fabric 17a is a logical element implemented as a separate
component or as part of a component that includes host

30 Dbridge 11. As explained below, in the present

_invention, the PCI Express bus 17 operates in conjunction



: | es, system 100 coul d have one or nore chip connectlgns in addition to
g?aﬁﬁstead gf sl ot connections. For generality, the term "endpoint Cor
"connection” 15 could be used to refer collectively to the ConneETEBEE g
chips, cards or any other type of endpoint. In the exanple of y hred
~slot 23 is configured with a x4 link width (Link A). Slot 24 is config
with a x4 link width (Link B). Reconfiguration is acconplished u3|nﬁ d be
swi tches 25 and 26 and a link 20 configuration controller 27. It shou d
understood that FIGURE 2 is an exanple,, and many different yarlathgnfs .
the switching and control circuitry aré possible, with varylﬂg nunbe
links, slots, and switches, and various link widths. 10 Lin | at ed
configuration controller 27 detects whether slots 23 and 24 are popul a

' ' "h I d" and "hot
Svappedt, ¢ n aldordh Syching g d ordl STy Snctnis Riautnn b dstertsshatev ce | s
instal | ed or stAlusf ahteints M Soarsd i@tcaﬁéb@rof?s‘évitchi‘ﬁﬁthg';ﬂoﬁfaglr?egeedcflﬁgn&%ﬁ ﬁ![ Z q '

tects that t. Link. configuration controller _ _ _
\(/j\n'eth a progra%@gﬁre | ogi ¢ device, and may be stand alone logic circuitry

or may be integrated with other system 10 | ogic. For exanple, link
configuration confl@URER isapaltial view of system 100, and illustrates an example of

5 dynamic reconfiguration of PCT Express links 17b. Each link 17b is ilustrated
as two pairs of signals — a transmit pair and a receive pair. Transmit pairs are
identified as T signals and receive pairs as R signals.

Slots 23 and 24 are designed for connecting card type endpoints 18.
Although only two slots are shown, any number of slot configurations are
10  possible depending on the desired scaling (xl, x4, etc) of the links. Siots 23

and 24 represent physical locations, typically within the computer chassis of
system 100, where cards for various /O devices may be installed. In other

examples, system 100 could have one or more chip connections in addition to
or instead of slot connections. For generality, the term "endpoint connection”

15 could be used to refer collectively to the connection for chips, cards or any
other type of endpoint. |

In the example of FIGURE 1, slot 23 is configured with a x4 link width
(Link A). Slot 24 is configured with a x4 link width (Link B).

Reconfiguration is accomplished using switches 25 and 26 and a jink _
20  configuration controlier 27. It should be understood that FIGURE 2 is an
example, and many. different variations of the switching and control circuitry

are possible, with varying numbers of links, slots, and switches, and various
link widths.



. be integrated into host bridge 20. If slot's status (popul ated or

_unpopul ated) changes, controller 27 delivers a signal to switches 25 and
26. Switches 25. and 26 may be inplenmented with high speed .15 swi tching
devices. Like controller 27, switches 25 and .26 could be integrated with
-other circuitry, such as with controller 27 and/or with host bridge 20. In
the exanple of FIGURE 2, Link B has a switch 25 on its transmt |anes and
a switch 26 on its receive 20 lanegy Switches 25 and 26 are both operable
to switch Link Bto either slot 23 or slot 24. If Link Bis swtched to
slot 23, slot 23 receives a xBlink. If Link Bis switched to slot 24,

slot 24 receives,a x4.l1] | ' d.that_ appropriate physical
connections be l\f\ll}e{eﬁoélglé’\[/‘]\ﬁ%%e% clf%&%%%é%n%%ﬁ ot 2’3‘*@% been nade so
that the shodid @i agdbetwees pdmilaltiedr fahi ueepat IEedaiseossibhes | n the

exanpl e, ot 23 is populated and slot 24_is unpopulated. This status has
been det eg% e%erﬁ‘i}téoﬁ?f’g?lté? eb&z?{%o\ﬁhpgﬁgﬁﬁg s%’ﬁéjs&}‘{)“cﬁé’épﬁﬁda'nd 26 to switch

all of 30thidlkicBet@ishots2@maic EhCURE Sehké Usidwat@snavether exanple of
dynam ¢ reconfiguration_of
5 device 1s installed or uninstalled in a slot 23 or 24,
controller 27 immediately detects that event. '

Link configuration controller.27 may be implemented
with a programmable logic device, and may be stand alone
logic circuitry or may be integrated with other system

10 logic. For example, link configuration controller could
be integrated into host bfidge 20,

If slot’s status (populated or unpopulated) changes,
controller 27 delivers a signal to switches 25 and 26.
Switches 25 and 26 may be :i.mplemented with high speed

.15 switching devices. Like controller 27, switches 25 and
-26 could be integrated with other circuitry, such as with
controller 27 and/or with host bridge 20.

In the example of FIGURE 2, Link B has a switch 25

on its transmit lanes and a switch 26 on its receive

20 lanes. sSwitches 25 and 26 are both operable to switch
Link B to either slot 23 or slot 24. If Link B is
switched to slot 23, slot 23 receives a x8 link.  If Link
B is switched to slot 24, slot 24 receives a x4 link. It
is assumed that appropriate physicél connections between

25 switches 25 and 26 and slot 23 have been made so that the
switching between the alternative paths is possible.

In the exawple, Slot 23 is populated and slot 24 is
unpopulated. This status has been detected by controller
27, which has set switches 25 and 26 to switch all of

30 Link B to slot 23.



. PCT. Express links. In this exanple, both slots 33 and 34 are pologlﬁteda rge
sysien1has been configured with three x4 links. Link Ais a X4Sll? BanLink
“routed to slot 33. Link Bis also a.x4_L|nk and. is routedkto _? R .
Cisa 5x41link, and is routed to smntches_35 and 36, m |n935 & a4 are
- "switchable" link. Controller 27 has detected that both slots{_ ka a3 a
popul ated, but has al so detEct?d t hat sl ot ggngfgriéfszg ﬁgs hglisered a
eds only a x4 link. In response, ( _
igﬁtrgf gﬁgnal toysmﬁtches 35 and 36 such that Link Cis rouLe? Eﬁengﬁds
33, making it a x8 slot. For this 10 exdiple, it is assuned t aIIer S
pobulating slots 33 and 34 have sonme neans of informng coPt[ﬁ €
(directly or through the operating systemof system 100) F feh I
bandwi dth require nts FIGURE 4 illustrates anot her exanple of dy
reconfiguration off! GHHE Exilpsieaies anatber wixemples oi uwimmcaéa:nr@a%nb@ of

he 1ink
figure aPCiT H«préssamks 1R ikdﬂé%b@e t aouiatg e
rgcfgrggtjed I n thp exsanpse o?' ?&Fﬁ@ Sai%g ﬁﬁ aE%H‘PR%Z&t ' gﬁgl (r)]I has
sl ot 43 and sP¥stem bagrheepsconfigured wnﬂ'eﬁpeetx4vl&ik§ w’f\;‘ggadxfé‘hslag'ta o
been pl aced i pudb ot 3%”?. ﬁiﬁéz}s FE?%D% ﬁhﬁgﬁém(%% fondlelB. inkifoisa sl ot s,

|l er_27 has detecte
gﬁgt has oper aXelinks and isreytedso awilched 350aRd 36 hakkidg war"&wr@éhael‘e" hgmk B i ®h the
rerouted to slot 43. In a variation of this exanple in accor ance w

B switched so it
L e g o e S8 B WA B s ncnn
has also detected that slot 33 requires a x8 link and that slot 34 needs only a
x4 link. in response, controller 27 has delivered-a control signal to switches
35 and 36 such that Link C is routed to slot 33, making it a x8 slot. For this
10 example, it is assumed that the cards populating slots 33 and 34 have some

means of informing controller 27 (dnrectly or through the operatmg system of
system 100) of their bandwidth requirements.

FIGURE 4 iliustrates another example of dynamic reconfiguration of

PCI Express links, where switches are used to reconfigure a link to an

15 .endpoint such that only a portion of the link is rerouted. In the example of
FIGURE 4, the existing confi igurations of slot 43 and siot 44 are x4 and x8
respectlvely However, a x8 endpoint has been placed in slot 43 and a x4
endpoint has been placed in slot 44. Controller 27 has detected the status

and bandwidth needs of both siots, and has 6perated switches 45 and 46 so

20  that a portion of Link B is rerouted to siot 43. In a variation of this exampie in
accordance with the present invention, slot 44 could be unpopulated and Link

B switched so it is divided into a x4 path to slot 43 and a x4 path to some
other endpoint.



-+ 12 . The exanpl es described above acconplish "reconfiguration” in the sense
,that they reroute existing |links, that is, links already been physically -
routed to various endpoints on the bus. In the absence of the 5 i nventi on,
the PClI Express bus would operate in accordance with whatever |ink
-configuration was established at initialization of system 100.
Furthernore, the nmethod .and circuitry of the above described exanples are
"dynam c" in the sense that the 10 status detection and sw tching occur
while system 100 is being powered fl&& operation (during start up) and
while the operating systemis running. Thus, the status detection is of
the real-time (current) status of an endp0|nt "The detection and sw tching
of the present Th% ¢¥pmesofespribed avotd micsotmhatshave been previously

scal ed i nvaaeghHaAEE h the_sca bilities of a PC Express bus..
It is a dynamc recont:‘Mlcglur%{q %ﬁg %r@%gt?rﬂ%gr h oF TR f¥ISLdBGf i gurati on

resul ti nglinkm Seat iisy 120ksnalheacaxwaﬁmshgbwﬂl}e%dé&d €6 27 both
detects bhe;shatdtginteof! ohe ANY el vgLS, sontrol signals to
5 invention, the PCI Express bus would operate in
accordance with whatever link configuration was
established at initialization of system 100.
Furthermore, the method and circuitry of the above
described examples are “dynmamic” in the sense that the

10 status detection and switching occur while system 100 is
being powered for operation (during start up) and while
the operating system is running. Thus, the status
detection is of the real-time (current) status of an
endpoint. The detection and switching of the present

15 invention operate on links that have been previously
scaled in accordance with the scaling capabilities of a
PCI Express bus. It is a dynamic reconfiguration, as
compared to the static conflguratlon resulting from

- scaling.

20 In the examples above, controller 27 both detects
the status of the slots and delivers control signals to
the configuration switches. In other embodiments, one or
both of these functions could be performed by the
operating system of system 100, such as by its BIOS.

25 That is, BIOS could be_pfogrammed to detect the status of
slots on its PCI Express bus 40 and/or to switch lanes in
response to the status. Thus, in various embodiments,
the detection and switching functions of the present
invention can be hardware or software controlled.

30 Reconfiguration could be useful without the

“dynamic” detection aspects of the invention. In other



- the.configuration swtches. In other enbodi nents, one or both of these
_functions could be perforned by the operating system of system 100, such
as by its BIOCS. 25 That is, BIOS could be. progranmed to detect the status
of slots on its PCl Express bus- 40 and/or to switch lanes in response to
“the status. Thus, in various enbodi nents, the detection and switching:
functions of the present invention can be hardware or software controll ed.
30 Reconfiguration could be useful w thout the "dynam c" detection aspects
of the invention. In other 13 wordsi3there may be situations. when it

woul d be desirable to manually reroute existing PCl Express bus |links. For
examle, a card rewiring a x8 link mght physically fit in a slot within a
chassi s th’\a@rdﬁa,s tdhexs hliamkbeTmmﬁrmeimomt dwdnelctvliet ceedraplesh a x4 card

and their ua18t o%te%g ﬁ% é (taho% re onf i ﬁurl ng |inks of
a PCl Expr es Egu‘s of %r%’t oJr’i'lg FdFFRESEY sP%n ®s bei ng
routed to enapoient & 0arﬁh8e@u&,‘11@r§)bd8&lﬁgk mt@htstlﬁﬂﬁsﬂi‘ally fit
in a slot within a chassis that has a x4 link. The xB
5 card could be switched with a x4 card and their links

rerouted. .



-5 detecting the status of one or nore of the endpoints; and sw tching al
.of alink fromone endpoint to nore than one another endpoint, based on
the result of the detecting step. 2. The nethod of Claim1l, wherein
detecting the status and switching of an endpoint occur while 10 the

" systemis being powered for operation and while the operating systemis
running. 3. The nmethod of Caiml1l or daim?2, wherein the detecting step is
performed by detecting whether an endpoint is popul ated. 4. The nethod of
Claim3, wherein the switching step is perfornmed by 15 switching a |ink
from an unpopul ated endpoint to one or 'ore popul ated endpoints. 5. The
nmet hod of Caim1l, wherein the detecting step is perfornmed by detecting

t he bandwi dth requirenents of devices installed at populated endpoints: 20
6. The netho ny one of the preceding clains, wherein the swtching
step is perf with swtches external to the PCl Express bus sw tching
fabric. 15 7. The nethod of any one of the preceding clains, wherein the

i nformation hand'Aﬁﬂatﬁd@bﬁfécbﬁﬁg@iﬂ QRIS e?a%n%%?@smbﬁwahbﬁoﬁ'ﬂt%“ ng step
is perforrred sA gcwcwtry external to ratin stem
andling system, the links being routed to endpomts on the bus comprising

the steps of:
5 detecting the status of one or more of the endpoints; and

switching all of a link from one endpoint to more than one another
endpoint, based on the result of the detecting step.

2. The method of Claim 1,

wherein detecting the status and switching of an endpoint occur while
10  the system is being powered for operation and while the operating system is
- running.

3, The method of Claim 1 or Claim 2, wherein the detecting step is
| performed by detecting whether an endpoint is populated.

4, The method of Claim 3, wherein the switching step is performed by
15 switching a link from an unpopulated endpoint to one or more populated
- endpoints.

5. The method of Claim 1, wherein the detecting step is performed by
detecting the bandwidth requirements of devices installed at populated
endpoints.

20 6. The method of any one of the preceding claims, .wherein the switching
step is performed with switches external to the PCI Express bus switching
fabric.



8. The nethod of any one of Clains 1 to 6, wherein the information 5
_handl i ng system has an operating system and the detecting step is
performed using the operating system 9, The method of any one of the
preceding cl ains, wherein the information handling systemis in operation
"during the detecting and switching steps. 10 10. Grcuitry for _
reconfiguring links of a PCl Express bus of an information -handling
system the links being routed to endpoints on the bus, conprising: a
controller for detecting the status of gne or nore of the endpoints; and
swi tches associated with at |east one of the links, operable to switch all
15 of that link fromone endpoint to nore than one another endpoint, in
response to a signal fromthe controll er 15 Tﬂe ci rcuihtry oftCIha![hm 10,
wherein the contrgl | er tec t he sta an t.he switches sw e
links while t9he syst NP ?'B'd 98 p atpr?ﬁ?dﬁ‘ﬁdca\m?'l & FF"bp'E?ati ng

systemis runﬁmm@tnoﬁ%aﬂm&hngﬁ;&t@h mﬁsllahr(v’pé?étlr@ @st@nl(hrﬁrthgdétéal stepherein.

the controller tec et her end s popul ated. 13. The circuitry
of Claim 12, 5\/\5’1‘3@&’ ét”ﬁ'é‘g 'g?‘u@?n ﬁlﬂ'%ﬂﬂ"%t'ﬂgosﬁm ch a link froman
unpopul at ed endpoint to one or nore popul ated endpoints. 14. The circuitry

of C ai m 10, 8wher Eien mdtbod afitanyl bre ofieClaiths 1t fee 6p whdmirdltthe ibrmizdighi r enment s

of devi ceg 'ﬂéﬁ&lfnbeéys%mp%%‘é' g;[wegpeergﬁ]gg sys?em, and the detecting step is
performed using the operating system.

9. The method of any one of the preceding ciaims, wherein the
information handling system is in operation during the detecting and switching
steps.

10 10.  Circuitry for reconfiguring links of a PC| Express bus of an information
‘handiing system, the links being routed to endpoints on the bus, comprising:

a controller for detecting the status of one or more of the endpoints;
and

switches associatec_i with at least one of the links, operable to switch all '
15 of that link from one endpoint to more than one another endpoint, in response
to a signal from the controller.

11.  The circuitry of Claim 10, wherein the controlier detects the status and
‘the switches switch the links while the system is powered for operation and
while an operating system is running.

20 12.  The circuitry of Claim 10 or Ciaim 11, wherein the controlier detects
whether an endpoint is populated.

13.  The circuitry of Claim 12, wherein the switches are operable to switch a
link from an unpopulated endpoint to one or more populated endpoints.

14.  The circuitry of Claim 10, wherein the controller detects the bandwidth
25  requirements of devices installed at populated endpoints.



- 16 .15. The circuitry of any one of Clains 10 to 14, wherein the sw tches
.are external to the PCI Express bus switching fabric. 16. The circuitry of
any one of Clains 10 to 15, wherein the information handling system has a
host bridge, and wherein the controller is integrated 5 into the host
“bridge. 17. The circuitry of any one of Clains 10 to 16, wherein the signal
fromthe controller is direct to the switches. 18. The circuitry of any
one-of Clainms 10 to 16, wherein the signal fromthe controller is through
t he operating system of the infornatioq handling system 10 19. An

I nformati on handling system conprising: a central processing unit; nenory
for storing programm ng executable by the central processing unit; a PCl
Express bus for connecting input/output endpoints to the system 15 and

havi ' h f i nks_f t.h t id to th dpoi nt s;
nost brdge 151 conels ot Y Boe of Buaime U Bnd et e iswipes are o
reconf i gur at extenl tecthie tRG) shusgwitehmgyatstiee of Clains 10 to 18.

Expeas: ]

16.  The circuitry of any one of Claims 10 to 15, wherein the information
handling system has a host bridge, and wherein the controller is integrated
5 into the host bridge.

1_7. The circuitry of any one of Claims 10 to 16, wherein the signal from the
controller is direct to the switches.

18.  The circuitry of any one of Claims 10 to 16, wherein the signal from the
controller is through the operating system of the information handling system.

10 19.  Aninformation handling system, comprising:

a central processing unit;

memory for storing programming executable by the central processing
unit;

a PCI Express bus for connecting input/output endpoints to the system,
15  and having a switch fabric and links from the host bridge to the endpoints;

a host bridge for connecting the CPU, memory, and bus; and

link reconfiguration circuitry according to any one of Claitﬁs 10 to 18.



