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TECHNI CAL FI ELD OF THE I NVENTION This invention relates to stens
and nore particularly to bus connections for conputer systﬁﬂﬁmm\mw
OF THE | NVENTI ON A conputer's conponents, including its pr chi pset,
cache, nmenory, expansion cards and storage devices, communi cat"é”W‘th each
ot her over one or nore "buses". A "bus", in general conputer terns, is a 10
channel over which information flows between two or nore ﬂmmmmmwuummmt
normal |y has access points, or places tolwhich a device ¢ t he
bus. Once connected, devices on the bus can send to, and recetco®ox
information from other devices. 15 Today's personal conputers tend to have
at least four buses. Each bus is to sonme extent further renmoved fromthe
processor; each one connects to the | evel above it. The Processor Bus is

t he hi ghest-Ilevel BYNAMdY RECONY LERATION 0F Eilp FSPRES S drdlif or mation to
and fromthe processor. The Cache Bus (sonetines called the backsi de bus)
is used for accessing the system cache. The Menory Bus connects the nmenory

subsyst em t CRAHN AP FEEIN O NEHPrOOESIION | n many systens, the processor
and nenory 25 buses are the sane, and are coIIectlveI}éﬁeferred to as the

frontside bus or %érﬁ‘fﬁ%tl%erq]&%ﬁs 1990 QAP o RS HIRPE IR t S
peri pheral s 40-¢:h&; MBMF oo ARUPSRInnAND JHPGERSS Womp(htdeO sy &ag ds, di sk
storage devices, and network interface cards generally use this bus The
two nost common | ocal I/O buses are the VESA Local Bus (VLB) and the
Peri pheral C bus. An Industry standard 5
architectu By used for slower peripherals, such as
m ce, nodens, andxlcftym;ap&ﬂd thﬂﬁb&[éhtré?t VMY K D 16 VA 108 Spr Jdes Sl | ent
generation of POl bus is known as the

chlpset cache, memory, expan81on cards and storage

devices, communicate with each other over one or more
"buseg". A “bus”, in general computer terms, is a

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

15 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.

The Processor Bus is the highest-level bus, and is

20 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
processor. In many systems, the processor and memory

25 buses are the same, and are collectively referred to as
the frontside bus or system bus.

The local I/0 (input/output) bus connects

peripherals to the memory, chipset, and processor. Video



PCl Express bus. This bus is a high-bandwi dth serial 10 bus, which

mai ntai ns software conpatibility with existing PCl devices. SUMVARY OF THE
| NVENTI ON One aspect of the invention is a nmethod of 15 reconfiguring |inks
of a PCl Express bus. The status of bus endpoints is detected, such as

whet her the endpoints are popul ated and how much bandw dth the endpoints
need. Based on this detection, all or a portion of a |link having unused
bandwi dt h may be switched to another 20 endpoint. For exanple, all | anes of
a link routed to an unpopul ated endpoi nt2may be rerouted to a popul ated
endpoint. O, as another exanple, one or nore lanes of a link routed to an
endpoi nt that needs | ess bandwi dth than 25 provided by that |ink, may be
swi tched to cradpuidk diRadiqy daviehandMdtier wiaduaid aae-of 408
invention is that it helps to overcone bandwi dth Iimtations of the PCl
Express bus 9D@Faly resorfitigurais oThe tha " aessmighdogrek MAs 3

unused bandw t W e ot |\C h S... BRI.EF

DESCRI PTI C]\l\%é%t éﬁ%@%@% i‘ &nci%rle égggnpﬁét\ﬁez %ﬁléie)&sl‘{ea%f:j Iunlg‘j }%ﬁr&flne pr esent
enbodi nent s Gamgcaskrantlages-ddrereenf (RYIL )béwacquinred ddugeferdtiargidwd t he
foll ow ng description taken in C))nj unction with _the acconpanyi ng draw ngs,

in whi chl i IBFFEEEEE nUifer LA dERY adeT o waad o swrwein: 10
FIGURE 1 ill s rQus, i ; 5Hg¥§s i td andl i ng
systemin atfci%l ance 1v\%lﬁt h the ﬁﬁlﬁbﬁ FI ’REaQIZd ﬁ%%gﬁ%ét%sé%%rti on of

t he system gihdr@URErKirghdldwiradser illustrates a first exanple of 15
reconfiguring a link. FIGURE 3 illystrat cond, exanpl e of
reconfiguring a I#qﬂ(.mﬁrﬁlﬁE %qqq%ﬁt%togé P}f%"’rﬁj TS ST &S (donfi guri ng
a link. 20 DIETAIHAER dFSERILTI Qi b i SNEMHIGEN dalfddRRich iddahsd T at es

various_internal elenents of an information handling system 100 in

accor dahBe A4sh e Ghh Rt oL nsAS RBEI o PTHRE o L st e LD (B HieE InPCl 25
Express bus gk, fs,&ld as additional circuitry 19 that dynamcally
reconfigures one or nore |links 17b of the bus. PClI Express bus 17 is used
in the conventional manner for connecting peripheral conponents, but is
enhanced so that the status of an endpoint 17c may be 30 detected and the

bandwi dt h f guvbvbaly edpaiptiNnaheruicd i f not needed for that endpoint.

One aspect of the invention is a method of

15 reconfiguring links of a PCI Express bus. The status of
bus endpoints is detected, such as whether the endpoints
are populated and how much bandwidth the endpoints need.
Based on this detection, all or a portion of a link
having unused bandwidth may be switched to another

20 endpoint.

For example, all lanes of a link routed to an
unpopulated endpoint may be rerouted to a populated
endpoint. Or, as another example, one or more lanes of a
link routed to an endpoint that needs less bandwidth than

25 provided by that link, may be switched to an endpoint
needing more bandwidth.

An advantage of the invention is that it helps to
overcome bandwidth limitations of the PCI Express bus.

Dynamic reconfiguration of PCI Express lanes permits



4 In the enbodinent of FIGURE 1, system 100 is typical of a personal
conputer system but could be sone other type of information handling
system such as a server, workstation, or an enbedded system For purposes
of this 5 disclosure, an information handling system may include any
instrunentality or aggregate of instrunentalities operable to conpute,
classify, process, transmt, receive, retrieve, originate, switch, store,
di spl ay, manifest, detect, record, reproduce, handle, or utilize 10 any
formof information, intelligence, or dasa for business, scientific,
control, or other purposes. For exanple, an information handling system may
be a personal conputer, a network storage device, or any other suitable
devi ce and MRy, YodritwidEh SNANE, s SHEATRIE &t Hbr famet d & ad tvhe and
price. The information handling system may include random access nenory
(RAM), one duswre processing resources such as a central processing unit
(CPU), hardware or software control |ogic, ROM and/or other types of
nonvol atil e nmenory. Additional 20 conponents of the information handling
system nmay iBRIRBKEOESERIFTION Ol BkE ARAWING®Ne or nore network ports for
comruni cating w th external devices, as wel] as various input and out put
(1/0 de%ices, sdHQES LRI INEFRIARAIDHPhL HARFHFRFay. The

i nformation handhifnoh S SYStENARYadds c RO S ANHOr 2 £ £rbises oper abl e
to transmt comuni catlons between e various hdardware components. CPU 10
may be any cesfiemtimy doesshagtdblowing Ate sxaiptt towftakeypiral CPU 10 is one
fromthe Pentium 30 fanuk¥ oft rocessors avail bIe.fron1lntg%%é%rfq£ation
For purpo_sesc%rfj"frhcet*%_e FIynE TRF ITREGET BT pr b b Bxecut e
an oper at i NgrSHStpdavimde B Chdbagt & 1Byt Qut pids SYSAEMhOFOLH aMM ng.

10 FIGURE 1 illustrates various internal elements of an

information handling system in accordance with the
invention.
FIGURE 2 illustrates a portion of the system of
FIGURE 1, and further illustrates a first example of
15 reconfiguring a link.
FIGURE 3 illustrates a second example of
reconfiguring a link.
FIGURE 4 illustrates a third example of
reconfiguring a link.
20
DETAILED DESCRIPTION OF THE INVENTION

FIGURE 1 illustrates various internal elements of an
information handling system 100 in accordance with the
invention. As explained below, system 100 has a PCI

25 Express bus 17, as well as additional circuitry 19 that
dynamically reconfigures one or more links 17b of the
bus. PCI Expresgs bus 17 is used in the conventional
manner for connecting peripheral components, but is
enhanced so that the status of an endpoint 17c may be

30 detected and the bandwidth for that endpoint rerouted if

not needed for that endpoint.



Host 'bridge 11 (often referred to as a Northbridge) is a chip (or part of a
chi pset) that connects CPU 10 to 5 endpoints 12, nenory 13, and to the PC
Express bus 17. The types of endpoints 12 connected to host bridge 11
depend on the application. For exanple if system 100 is a desktop conputer,
endpoints 12 are typically a graphics adapter, HDD (via a serial ATA link),
and local 1/0 (via 10 a USB Iink). For a server, endpoints 12 are typically
GoE (gigabit Ethernet) and I BE devices and additional bridge devices.
Communi cat i ons between the CPU 10 and host bridge 11 are via a front side
bus 14. 15 PCl Express bus 17 conprises switch fabric 17a and |inks 17b, by
means of which a nunber of PCl endpoints 45 may be connected. The swi tch
fabric 17a provi des dan@sbddiBtoDs idime: bl t ddduksi oo/ bis aldhupvi des
l'ink scaling. 20 "Link scaling" nmeans that the avail able bandwi'dth of the
PCl Express dfug Prusongl] samadt e iirsheaint bytprasgdide s s piidEr of | i nks

17b, each hayj 1 Qrm Cl E:.’;slpgress chitecture standards,
are physi ca?cl\yf%?(?ﬁft éﬁoﬁrgar?&ﬁgl{nrﬁ%‘éf&f ach 19k S]E%h %Sgtcaon%errlevseexts’ one or
more | anes. whdkgtatiad Nepm i rgleddsnt (yetfertr edraas dintdoes off Wil h) has

two lowvoltage differential pairs; it is a dual sinplex serial connection
bet ween Bwo HAAIQEIT Pty tlrrhér)%’?ﬁasts‘i%'h healedty (Hesmb AW i esl yde

si mul t aneous, N ; | {1661 : rf i hi eved

t hrough wi dZ‘arﬂ%lni%ewk%%{gE% %W%%S a??,igg,eeifg,e X 2%E.H“Lié|hn%<§li§‘fl£g§ 6 scal ed
symet ri cal lopenakle thre canmmitreunberass i flyanesrdaessact minsecit on. PCl
endpoints 18 may, be per.ipherical devices or . hcigﬁz,s hysi cal connect ed

) |
usi ng card SIGtE VSt FAHE D Torte T iHH Fre it € pdattTeutar endpoints

45 connect edndrd APt Baurss busedordiepaitQiuddie HatBl of @ppld catzeon of
system 100. For a desktop conputer system_ exanples of typical PCl
endpoi nt8 1&mf £awbidfe R rhptidite l Ilgadmt Addnted sforand ot her add

in 10 devic F ver, J faq dpajnt ﬁg}!! gi It
Et her net coﬁbﬁllescltn%)snsg’, Ssgcgllaqutd%fél’o n‘%cfntsr\?\ﬂ ‘c %Pngoscchgégra [ |E?§/é)efeso'r 170" and
cluster intenxcmpiect iz0nsinfformat commidridiatine sy g et frrymbeend g rtéendB coul d

be line cards. 15 In a conventional PCl Express bus 17, the sw tching
fabric 17a iCPY S cd MR FIRTERMASE SRy LEA AT Cofbeior as

part of a coRanantaddiaiay NElMAes, hoste brdilgs: 1o Ao uiad ned below, in
the present invention, the PCl" Express bus 17 operates in conjunction 20

with addbt i dnalctsianadhityg ant qnteel dhedinformatickhibandyioudtry 19

detects the stattus of e dcg]oi ts 45 . and i s ca of tching links from
= L&B’Ré‘”

pabl e }?m
one endpoi nt> %% Ahdtter: azncll%m aacpcaerﬁsl’ al-view % s)y’stoenrﬁql%, and

i1l ustrates yaprodeatniig ot Pdude DR It essntd K Sp2Scdddi nd
accordance with the invention. Each link 17b is illustrated as two pairs of

signal s -- #yfanStRY) pdtarWRIA 9%t V&' rooTiEls Mg Pad My e
e 1l e UG AR 5, R Sl o 0 2 e
are shoeq, ammpurErers off siloe oofhdrmgatr atn drendirimgponssttee wepeimdhgde S
one or more disk drives, one or more network ports for
communicating with external devices, as well as various
input and output (I/0) devices, such as a keyboard, a
mouse, and a video display. The information handling
25 system may also include one or more buses operable to
transmit communications between the various hardware
components.
CPU 10 may be any central processing device. An
example of a typical CPU 10 is one from the Pentium

30 family of processors available from Intel Corporation.

For purposes of the invention, CPU 10 is at least



7 on the desired scaling (xl, x4, etc) of the links. Slots 23 and 24
represent physical locations, typically within the conputer chassis of
system 100, where cards for various |I/0 devices may be installed. |In other
5 enbodi nents, system 100 coul d have one or nore chip connections in
addition to or instead of slot connections. For generality, the term
"endpoi nt connection” could be used to refer collectively to the connection
for chips, cards, or any other type of 10 endpoint. In the exanple of
FIGURE 1, slot 23 is configured with a x4 link width (Link A). Slot 24 is
configured wwth a x4 link width (Link B). Reconfiguration is acconplished
using switches 25 15 and 26 and a |ink configuration controller 27. It
shoul d be undeiealagtd Al Gl %l EULAMHP! ol KBl dia ent
variations of the swtching and control circuitry are possible, with
varyi ng nunbéresisf dnmky/,oulimitts, syatewinrdeameing vari ous |ink widths. 20

Link configurati ontroller, 27 tect %Qg% r. slots g&% 4

popul ated (in us(ea'g]o.sctBeqjcraluCi 3 i)og“gtejb I[S)eerm éslfsﬁootasé t%%g% oftzl%?‘%}geged"
and "hot swapped'chip orlgiaed ioh d Schlypwet )c that heormanses ey Whenever
device is installed or uninstalled in a_slot 23 or 24, 25 controller 27

i mredi at 81 y SRERNE S Had . SRIRATY 3k aBhiiQurha iR BmRTIT V27 fmy be

i npl enent ed Wi i #?Hﬁ one |l ogic
circuitry orﬂrréa&@eeq% %?%géﬂaq@dﬁqvéét)ﬁi%t er %f“s?‘g‘% (r%c%l%é.)e%%%@%gaﬁipl e, link
configurati cdemond ra |tehe o i St en i Nty adxethnp I ol fhosgs tem dp@o 20s 8 If
slot's status ul at ed or._ unpopu| at ed) changes, contro]ller 27 delivers a
S gnal to S\t (ITREOR SHIPE T SETIETYs Thdis WL G CHARIAL S 1 h

hi gh speed sydddng sy Gesa 41 ke LONtAE | Bin1d7, Sy trhes) 2b/@ngy by 26
coul d be |ntegrated with other circuitry, such as with controller 27 and/or
with hodf bra dif® 20inkn. t oRxaNPR Ve, BIGIRE LS Lihier HagPicalWY ch 25 on

its transm t n .gng. ' 6 [ r ' I S i 25 and 26
are both ope(%%]%‘l ggsjt sw@téc%ﬁ%%b?_‘iz)nk%t%g%i eiré/eg o%pcgf%&\ﬁs%%?ggA I f Link
B is swtchaskridyes|ddvid3ss sl ot 23 receives a x8 link. If Link Bis switched
to slot 24, slot 24 receives a x4 link. It is assuned_that appropriate

physi cal connect | It SRl PR ReireD S o 6 HhPRF 01038 Baidd®ekh nade

so that the Ja spd chipgbetyesh ghe piternative paths is possible. In the
exanple, Slot 23 is populated and slot 24 is unpopul ated. This status has

been deflécted by RGhtExpress 27ys whi ctompisi set  swi tchefal@Biant7@26an1d switch
all of Link fﬁﬁé%fﬁé%,2§§ means of which a number of PCI endpoints 45

may be connected. The switch fabric 17a provides fanout
from host bridge 11 to links 17b, and provides link
scaling.

20 “Link sgscaling” wmeans that the available bandwidth
of the PCI Express bus 17 is allocated, such that a
predetermined number of links 17b, each having a size
conforming to PCI Express architecture standards, are
physically routed to endpoints 18. Each link 17b

25 comprisges one or more lanes. A link having a single lane
(referred as having a x1 width) has two low-voltage
differential pairs; it is a dual simplex serial
connection between two devices. Data transmission
between the two devices is simultaneous in both

30 directions. Scalable performance is achieved through

wider link widths (x1, x2, x4, x8, x16, x32). Links are



20 FIGURE 3 illustrates another exanple of operation of the invention. In
this exanple, both slots 33 and 34 are popul ated. The system has been
configured with three x4 links. Link Ais a x4 link and is routed to sl ot
33. Link Bis also a x4 link and is routed to Slot B. Link C25 is a x4
link, and is routed to switches 35 and 36, nmaking it a "sw tchable" |ink.
Controller 27 has detected that both slots 33 and 34 are popul ated, but has
al so detected that slot 33 requires a x8 link and that slot 34 needs only a
x4 link. 30 In response, controller 27 h@as delivered a control signal to
switches 35 and 36 such that Link Cis routed to sl ot 9 33, making it a
x8 slot. For this exanple, it is assuned that the cards populating slots 33

and 34 have QTR dTRARSnHr i1 RELLIOHHO | dfife 2Hnflslixr et | harsss thi ough t he
operating system of 'system 100) of their bandwidth 5 requirenments. FlIGURE 4

i | lustrates endathidigestdmite, where switches are used to reconfigure a |ink

to an endpoint s t nl.y ' - Links 1 Sad-Pf @ egh- | n the
exanpl e of FI GURE 74, %ﬂéepée)l%ts% ﬁn%q%%%gg%ea%ﬁ%ésf%‘% slot 43 and 10 slot 44

are x4 and xhimspeastiysietal 1 Hovewescted x8iomipmm kst Hewn Ptleed in sl ot
43 and a x4 endpoi nt has been, pl aced_in sl ot, 44 Contéol ler 27 has detected

the stat@s HFRPMRGIAPHTE B - botl HHBSLC KR PE ST et swi t ches 45
and 46 so tr@érhr?ecp%cﬁit%‘ 81 ke dhd s TErapat ton stied eldfa

variation of this exanple, slot 44 could be unpopul ated and Link B sw tched
so it is divapedidation <@ pwstenocldd ot B3 andleskiopteMPet8bme ot her

endpoi nt. The exanpl es descri bed_abo §.sSh. "rec i pon" in
the sense th&YStHRy ‘?}é?’tﬁ se%fs’fYWg‘“y?e} ﬁ}ﬁéf’%%ﬁ&%@s I %%k‘g{%al r?%%%%/é been
physi cal |y rgadiethd Oadapt O6s, enepeinés adapterdusand nother abdénte of the

invention, the PCl Express bus woul d operate in_accordance W@‘E what ever
link colfii guieri@ms wasFe5 2sEabYesHRtraECTRI t $REPIERT BNt Bf CeYsteRf 100.

Fur ther mor e, o 1 06, [t B0fe A CLESHLLEYoRE, tAi5a abau e floRst | Bpdexangl es are

"dynam c" in € sense e status detection and sw tching occur while
system 100 i sap&hhhippweoedI forangechusver (totengosnactiaps . anbowhdl e 30

the operating systemis runnin Thus he, st at detection.is_of the
real -tinme (cﬁ?m%ﬁ?icé?é?ﬂ§ B agﬂormioé%aﬁﬁb?5§.Eéhgoﬁgﬁe%?i%ﬁngnd swi t chi ng
of the presegf.ggvention operate on |links that have been previously scal ed

in accordance with the scaling capabilities of a PCI _Express bus. It is a
dynam ¢ Y%econfi gufat # openygentional PCI Express bus 17, the switching

fabric 17a is a logical element implemented as a separate
component or as part of a component that includes host
bridge 11. As explained below, in the present
invention, the PCI Express bus 17 operates in conjunction
20 with additional switching and control circuitry 19. This
circuitry 19 detects the status of endpoints 45 and is
capable of switching links from one endpoint to another.
FIGURE 2 is a partial view of system 100, and
illustrates dynamic reconfiguration of PCI Express links
25 17b in accordance with the invention. Each link 17b is
illustrated 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
30 type endpoints 45. Although only two slots are shown,

any number of slot configurations are possible depending



5 conpared to the static configuration resulting fromscaling. In the
exanpl es above, controller 27 both detects the status of the slots and
delivers control signals to the configuration switches. In other

enbodi nents, one or 10 both of these functions could be perforned by the
operating system of system 100, such as by its BIOS. That is, BIOS could be
programmed 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, 15
the detection and switching functions of7the present invention can be

har dware or software controlled. Reconfiguration could be useful w thout
the "dynam c" detection aspects of the invention. In other words, there may
be situationrs when ddsiweid dded idesi (xahl ex420 dte)marfualdey Irietkout e ot | ng

PCl Express bus links. For example, a card re%pirin a x8 |.ink m.ght

physi cal |y 4% 30§ #%I5GPRESH N P&%W.F?@i dadediang $¥0iqa M8 card

coul d be swighedwidte 2 otth LA Andytdiind 1dnkyHHOWHhs 2or 11 WHAT IS
CLAIMED I S: 1. A nmethod of reconfiguring links of a PCl Express bus of an

i nf or mat i on veamidiisnd /) stesrcashenay e iawtag kasht ednt ®ERIPoi nts on the
bus, conpri si he st eps_.of cti t st at us__of e . re of the
{Tg ; (,ﬁrg%sc&]rqe %:is r{g %ﬁteétll, C!L%CF éc%ur!l.% }'gl:s/ea Ci%l}enkOI?) mooxne Cﬂ{l

endpoi n a portion rom one endpoint to

anot her endpirtecthased ioh ddi viesulto oy thesthdeifeedlisly step. 2. The
method of Claim1l, wherein the detecting step is perfornmed by detecting
whet her an ERIBIGRLINS pofiRatgsie s LY TH Sty 'GRAAH 2, wherein the

swi t chi ng Stcec;hr{e%tqq;g,orm#)ybévﬂéé‘ci“w 7 fid ke d dB-an dnpopyl @ ed

endpoint to one or nore popul ated endpoints. 20 4. The met'hod of Caiml,
wher ei n t he aietresttiimn sftep dlsigeer foardsl o datetiher tthwdamidwi dt h

r equi reriﬂsnts 04 C)d.evti ces installed at popul ated endpoints. 5. The net hod of
Claiml, whé?éfhzvhe'smﬁtching 25 step is performed with sw tches external

to the PCl Express kilte sotdmidi e ff abTGURE 6L, Hieotredhoik ookt sumrdd wher ei n
the information handling system has, an operating igéxenl and the_ 30
det ecting stwiFh & ped rofedvidingled e Bk ry BQterdthl 18 COMet Fpeddt i ng

system with a x4 link width (Link B).
Reconfiguration is accomplished using switches 25

15 and 26 and a link configuration controller 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,
glots, and switches, and various link widths.

20 Link configuration controller 27 detects whether
slots 23 and 24 are populated (in use). Because PCI bus
40 permits slots to be “hot plugged” and “hot swapped”,
this detection is dynamic in the sense that whenever
device is installed or uninstalled in a slot 23 or 24,

25 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
logic. For example, link configuration controller could

30 be integrated into host bridge 20.



12 7. The method of Caim1, wherein the information handling system has an
operating system and the detecting step is perforned using the operating
system 5 8. The nethod of Claim1, wherein the switching step is perforned
by switching to nore than one other endpoint. 9. The nethod of Caim1l,
wherein the information 10 handling systemis in operation during the
detecting and switching steps. 10. Circuitry for reconfiguring links of a
PCl Express bus of an information handling system the |inks 15 being
routed to endpoints on the bus, conprisi®g: a controller for detecting the
status of one or nore of the endpoints; and switches associated with at

| east one of the links, operable to switch all or a portion of that |ink

fromone 20 endpaimtslict ‘anatharuen@siullatdd) dreEREM Il d)Si @idgdd om t he
controller and while the information handling systemis in operation. 11.
The circui t IGPTIrad ledim 20, dedhisfasish & LI e iRt rofiterheftertalidire? her an

endpoi nt i s Goplleds g He iy G b Minddaldnibn Wissiel doddie swi t ches
are operable to swtch a [1nk from an unpopul ated endpolint to one or nore
popul at ed emmipidiaitisnng 3vides 13.Like adnttudllrer 7 Clawitdltes vierasid t he

cont rol Ler del et d e b A iud SO RIS Alrdeniaps doshald odhah
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
lanes. Switches 25 and 26 are both operable to switch

10 Link B to either slot 23 or slot 24. If Link B is
switched to slot 23, sgslot 23 receives a X8 link. If Link
B is switched to slot 24, slot 24 receives a x4 link. It
is assumed that appropriate physical connections between
switches 25 and 26 and slot 23 have been made so that the

15 switching between the alternative paths is possible.

In the example, 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
Link B to slot 23.

20 FIGURE 3 illustrates another example of operation of
the invention. 1In this example, both slots 33 and 34 are
populated. The system has been configured with three x4
links. Link A is a x4 link and is routed to slot 33.
Link B is also a x4 link and is routed to Slot B. Link C

25 ig a x4 link, and is routed to switches 35 and 36, making
it a “switchable” link.

Controller 27 has detected that both slots 33 and 34
are populated, but has also detected that slot 33
requires a x8 link and that slot 34 needs only a x4 link.

30 In response, controller 27 has delivered a control signal

to switches 35 and 36 such that Link C is routed to slot



5 14. The circuitry of Caim10, wherein the switches are external to the
PCl Express bus swtching fabric. 15. The circuitry of Caim 10, wherein
the information handling system has a host bridge, and 10 wherein the
controller is integrated into the host bridge. 16. The circuitry of Caim
10, wherein the signal fromthe controller is direct to the switches. 15
17. The circuitry of Caim 10, wherein the signal fromthe controller is

t hrough the operating systemof the information handling system 20 18. An
i nformati on handling system conprising:2a central processing unit; nenory
for storing progranm ng executable by the central processing unit; a PCl
Express bus for connecting input/output 25 endpoints to the system and
havi ng a swi3dch rfaatinicc iand Ixanksl dtr omRdre ot danddes t aid hies endpaigd s; a
host bridge for connecti t he CPU, nenory, and bus; and |ink

reconfi gur atit@f Gh Gana® RaPY ‘?Y?g 330 AhIdd FPRHEWMS BSAtess

bus, and haymg rF KPSt AN deteLtiid-ddie STt Ushduppe gy nore of the
endpoi nts and 14 switches associated with at “l east one of the |inks,

oper abl e t o opginadiingl Bystem oo tdvatar 40t df mheimorhanbvisttdpoi nt to
anot her gnd Qi nt. esponse to a signal fromthe controller and while the

’réﬂé%;s

i nformation %ﬂ%ﬁlng systemis in operation. 19. The system of Caim 18,

wher ei n the cont FIdURE detiddiss vaidera ahientipaidiiplies, paiptated tde:L20. The
systemof Claim 19, wherein the switches are operable to switch a link from
an unpopul att&f SIRFshitR T IHe B St & PEh ity BHRDiH SUh the system

of O ai m 18, yereightdie, £ Wi rald er o detests dde bangwiylt heagzﬁ%lié enent s

of devices installed at popul ated endpoints. 22. The systemo alm 18,

wher ei n t he SWRICHIRE & e the etiadt ing tdunFQursipirasss dfussIswi t&hiangd f abri c.

20 23. IBe sE}LdLstem of _Cl ai erein the contrqller is intesgrated into
bri
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endpoint has been placed in slot 43 and a x4 endpoint has
been placed in slot 44. Controller 27 has detected the
gstatus and bandwidth needs of both slots, and has
operated switches 45 and 46 so that a portion of link B

15 1is rerouted to slot 43. 1In a variation of this example,
glot 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.

The examples described above accomplish

20 “reconfiguration” in the sense that they reroute existing
linksg, that is, links already been physically routed to
various endpoints on the bus. In the absence of the
invention, the PCI Express bus would operate in
accordance with whatever link configuration was

25 established at initialization of system 100.
Furthermore, the method and circuitry of the above
described examples are “dynamic” in the sense that the
status detection and switching occur while system 100 is
being powered for operation (during start up) and while

30 the operating system is running. Thus, the status

detection is of the real-time (current) status of an
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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

10 both of these functions could be performed by the
operating system of gystem 100, such as by its BIOS.
That is, BIOS could be programmed 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,

15 the detection and switching functions of the present
invention can be hardware or software controlled.

Reconfiguration could be useful without the
“dynamic” detection aspects of the invention. In other
words, there may be situations when it would be desirable

20 to manually reroute existing PCI Express bus links. For
example, a card requiring a x8 link might physically fit
in a slot within a chassis that has a x4 link. The X8
card could be switched with a x4 card and their links
rerouted.

25
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1. A method of reconfiguring links of a PCI
Express bus of an information handling system, the links
being routed to endpoints on the bus, comprising the

5 steps of:

detecting the status of one or more of the
endpoints; and

switching all or a portion of a link from one
endpoint to another endpoint, based on the result of the

10 detecting step.

2. The method of Claim 1, wherein the detecting

step is performed by detecting whether an endpoint is

populated.
15
3. The method of Claim 2, wherein the switching
step is performed by switching a link from an unpopulated
endpoint to one or more populated endpoints.
20 4. The method of Claim 1, wherein the detecting

step is performed by detecting the bandwidth requirements

of devices installed at populated endpoints.

5. The method of Claim 1, wherein the switching
25 step is performed with switches external to the PCI

Express bus switching fabric.

6. The method of Claim 1, wherein the information
handling system has an operating system, and the
30 detecting step is performed using circuitry external to

the operating system.



10: 10:f,;10% & ()-'8

10% : & ()-z, 610% & ()-x"WU3~_=! S"10%W& ()-% ~S"10%\ & ()-% S"10%\ & ()-
tS"109& ()-%1tS"10%\ & ()-9% 6S"10%&' ()-9%42346u] @ S&10% & ()- 10\ 10\

10\ S; 10% & () - B" 10%&' () - B! B" 10%&' ()-B1"10% & () - 6}

L1"wX6j @!s!"10%\ & ()-

"10% & ()-!~t!10%\& ()-@tt!10%\& ()-@1t!10%& ()-@Xt!10% | & () - @ #- $3i %
j Ok% i [M@!s! "10% 10 10

10! s!"109%&' ()-!s!"10% & ()-!ys!"10%\&1R)-!1xs!"10%\ & ()-| |%poyEEB O ' } A<M
@!1t"10% : & ()-."10%& ()-.!k"109WE ()-.!X"10% | & ()-.&s10%4| & ()-' 10%4| &
"()-L' () * O ++QrR+zX9. @

éo?')' 10:@42‘ (T ) - ’ ! / 0% |'I%e( )metfl'ﬂ:ﬁ%’b]f& aint X", 1 0% r{e)in 'tyielﬁ%ﬂa%n(a)t-idri "109% H H
' +++++,,,gE 104! f 10%4HH& flsy "10%1H& (

10% & ()-usmcm ﬁﬁ%@%@aﬁ an ef@zFl%lﬂw SY%G“HE Cﬁso@ﬁ‘q 10%& () -y&

109 ()11 ol i A/ E@ 104/
10%4& ()-yy, 10% %4&(;% )11 JSC%% /fll)& (r)ﬁ_:;lg:%é& e'r(agt./lr{gs dPR0aBE@
10944H& () - ROOOOHlllllaSE? 104 10HH 10HH

10HH! } &9" 10%HH&' () - SB109%& (.- vf | 4- 109448’ 0% ()31" 0% -

7SE7 }1045" 10%&'(§3) : d‘bﬁgﬁé Q5 X (]() ]r;erelrﬁ)t LOM. ()5 112234V5{ Y

"109%& () - * )doepl Q%4 ;(e)rfoﬁfseld)%ﬂ Wbty T fMdthadHBnd Gther
10! ~5! 10%& () - !y5! 10%& ()-!"10% r& ()-:*! ~"10%& ()-: *! S'10%& ()-: *778899% |
J97 104! 10 endpoint.

9. The method of Claim 1, wherein the information
10 handling system is in operation during the detecting and

switching steps.

10. Circuitry for reconfiguring links of a PCI
Express bus of an information handling system, the links
15 being routed to endpoints on the bus, comprising:
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 or a portion of that link from one
20 endpoint to another endpoint, in response to a signal
from the controller and while the information handling

gystem is in operation.

11. The circuitry of Claim 10, wherein the

25 controller detects whether an endpoint is populated.

12. The circuitry of Claim 11, wherein the switches
are operable to switch a link from an unpopulated
endpoint to one or more populated endpoints.

30
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5 14. The circuitry of Claim 10, wherein the switches

are external to the PCI Express bus switching fabric.

15. The circuitry of Claim 10, wherein the
information handling system has a host bridge, and
10 wherein the controller is integrated into the host

bridge.

16. The circuitry of Claim 10, wherein the signal

from the controller is direct to the switches.

15
17. The circuitry of Claim 10, wherein the signal
from the controller is through the operating system of
the information handling system.
20 18. An information 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
25 endpoints to the system, 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 for reconfiguring
30 links of the PCI Express bus, and having a controller for

detecting the status of one or more of the endpoints and
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5 system is in operation.

19. The system of Claim 18, wherein the controller

detects whether an endpoint is populated.

10 20. The system of Claim 19, wherein the switches
are operable to switch a link from an unpopulated

endpoint to one or more populated endpoints.

21. The system of Claim 18, wherein the controller
15 detects the bandwidth requirements of devices installed

at populated endpoints.

22. The system of Claim 18, wherein the switches
are external to the PCI Express bus switching fabric.
20
23. The system of Claim 18, wherein the controller

is integrated into the host bridge.

25



