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PHY&#CAt PARTI TI ONI NG OF LOG CALLY CONTINUOUS BUS Field O the Invention

This invention relates to bus systens for transferring data hetween

conput ers and peripheral devices. 5 Background [f  THREALAKR SFHEETS SG
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S Background Of The Invention

Contemporary computer-peripheral bus systems, exemplified by the

.SCSI (Small Computer System Interfsce) bus as specified by American
National Standards Institute (ANS I)1 allow for a variable number of
devices to be positioned at variable distances from each other and from a

10 host computer, along an electrically continuous bus, and to exchange data
signals with the computer in baseband pulse form. Many such systems do
not require signal filtering, yet signals transmitted may have sharp edge
transitions. It has been observed that in some system configuratioﬁs
these signals may encounter bus impedance conditions preventing accurate

15 reception, which in turn could result in system failures of potentially

" ‘indeterminate nature.

" Also, security of data stored in devices coupled to the bus taps,
and intended for use of a particulsr computer linked to the bus, could be

easily breached by other devices linked to the bus.

20 Furthermore, as such buses evolve to sérve_confiquratioﬁs not
contemplated by developers of the original buses, control software
executed by the host computer for initializing the bus conflcuratnon may
become use1e§s relative to new configurations, adding an undesirable

software cost to the process of upgrsding to the new configurations.

L . 25 The present invention seeks to provide a bus arrangement which is

suitable for efficiéntly alleviating these problems.

B

! Refer to Document X3.131-1986 and Draft Revision X3TS.2/35i0¢, both
published and copyrighted by ANSI ' '



easFly bYeached by other devices linked to the bus. 20 Furt her nore,
as such buses evolve to serve configurations not contenpl ated by devel opers
of the original buses, control software executed by the host conputer for
initializing the bus configuration may becone usel ess relative t-0 new
configurations, adding an undesirabl e Software cost to the process of

upgrading to the new configurations. 25 The present invention seeks
to provide,a bus arrangenent which is suitable for efficiently alleviating
t hese probl ens. Bco-B&H082- 008 2 2 bjects O The

I nvention An object of this invention is to prOV|de a bus system for
reliably |inking varied nunbers of peripheral devices to a conputer,

wherei n bus connebidcenf ahe tihendipui ces may be variably spaced rel ative to 5
each other and the conputer and wherein the bus is logically confjgured to

avoid one or nmore of fhg,,roBteiE FLales aPQY Wik € HBL §7R01 B Lo the

reliably linking varied numbers of peripheral devices to a cqpputef,
wherein bus connections of the devices may be variably spaced relative to

5 each other and the computer and wherein the bus is logically configured
to avoid one or more of the problems stated above while presenting to the
computer the logical appeararicé of a physically continuous bus.

A data bus may be provided for connecting peripheral devices to a

computer, which is arranged logically to appear as a continucus bus

10 entity to the computer, but consists physically of plural bus partitions
that are isolated from each other and which are accessible to the -
computer through distinctly separate conduction paths that are operable
at different signalling rates; whereby data is transferrable over these
paths at rates that can be effectively optimized in relation to

15 transmission distances between the computer and devices linked to these
paths and thereby effectively optimized for worst case impedance

conditions that could be encountered in each path.

A data bus system for reliably linking a computer with multiple
devices positioned at various’ signalling distances from the computer and
20 each dther,'may be érranged wherein data is transferrable between the
computer and devices at different rates designed to accomplish the
transfers efficiently, in a manner transparent to the computer .and
devices, while minimizing the risk of signals representing_the data being

distorted beyond recognition.

.25 A data bus system for reliably linking multiple.data hanaling
devices with each other, said devices including a computer and at least
one storage device, may include a bus physically partitioned so as to
selectively prevent devices other than the computer from accessing data
stored in the storage device(s), while maintaining the appearance of the

30 bus relative to the computer as a logically continuous entity.

A logically continuous but physically partitioned data bus system,
may reliably link a computer with multiple devices, wherein the initial
configuration of the bus can be eléctrically established under control of
the computer, when the computer is running under control software

35 designed specifically to configurs a physically continuous bus system.



conput er’ the | ogi cal appearance of a physically continuous bus. A data bus
may be provided for connecting peripheral devices to a conputer, which is
arranged logically to appear as a continuous bus 10 entity to the

conput er, but consists physically of plural bus partitions that -are

i sol ated from each other and which are accessible to the conputer through
di stinctly separat gegCghsct i on pat hs that arg operable at different
signalling rates; whereby data is transferrable over these paths at rates

t hat can be effectively optimzed in relation to 15 transm ssion di stances
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di stort Ed beyond I’?CO&QI t Lut is physically partitionable into plural segments that are
electrically isolatable from each other can be used to transfer data in
10 distinctly different modes. A segmentable bus may be provided as stated
previously, wherein data is transferrable concurrently felative to
devices attached to different bus segments so as to obtain more efficient
transfers relative to such devices. . )
A data bus adaptation system may interface to a bus which is
15 physically partitionable into ‘plural segments, while maintaining
appearance of a logically continuous bus relative to a computer and
peripheral devices attached to the segments; wherein the adaptation
system is operable to maintain compatibility with control software in the
computer that is designed specifically for configuring a bus system that
20 is physically continuous.

Summary Of The Invention

According to the invention there is provided a.partitionable bus

adapting unit for interfacing between a computer system bus and a
peripherai bus th§t links to peripheral devices. The adaptiﬁg unit may

25 be proﬁided with two or more port§ which connect separatély to discrete
sections of Fhe peripheral bus, relative to a bus sysiem in which such
sections normally would be cont;nuously linked to each other through the
adapting unit. Transfers of data between each unit port and the computer
system bus are controlled separately within the adapting unit, while

30 allowing the peripheral bus to be configured relative to the computer
system as if it were logically a single continuous bus. The adapting
unit is thereby capable of providing customized handling of data

transfers relative to each of its peripheral bus ports.

One application of this customized handling capability is to
35 transfer data at different rates between the adapting unit ports and

different sections of the bus, so as to avoid potential noise problems

“This Sheet Has Been R laced




25# 4 A data bus systemfor reliably linking nmultiple data handling
devices with each other, said devices including a conputer and at | east one
storage device, may include a bus physically partitioned so as to

sel ecti vel y—prevent " devi ces other than the conputer from accessi ng data
stored in the storage device(s), while maintaining the appearance of the 30
bus relative to the conputer as a logically continuous entity. A logically

conti nuous but pPhysd Galohy partitioned data Qus system nmay reliably link a
conputer with nmultiple devices, wherein the initial configuration of the
bus can be electrically establ i shed under” control of the conmput er, when the
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used by the COWPUtlgéa-tedA‘e%LLa01I§)cl§§desy15tneqhside the common housing. Distances
between the external devices and the adapting unit are large in relation
to distances between the internal devices and that unit. Accordingly,
data is transferrable between the internal devices and the adapting unit

10 at a higher rate than data that is transmitted between the external

devices and that unit.

In . this and othér applications-thé adapting unit may be adapted to
conduct data transfer operations relative to its peripheral ports
concurrently so that the overall threcughput of data relative to all

15 devices can be sustained at a higher rate than it could be if the

peripheral bus were a single physically continuous entity.

In another application of this partitioned port arrangement,
storage devices intended for exclusive use and control by the host
computer system, but which would be directly accessible to other devices

20 following normal practices of the peripheral bus architectural staﬁdard,
‘are isolated from the external devices by having the internal and
external devices coupled to different peripheral ports of the adapting

unit.

When applied to the above-mgntioned SCSI bus, the housing enclosing
25 the computer and its power supply. can be used to house and pover the
adapting unit, several "internal" devices and segmenté of the
peripheral/SCSI bus linking those devites to the adapting unit. Other
"external" devices linked to the peripheral bus are located outside of
this housing. In this environment, the spacing between the adapting unit
30 and the internal devices is tightly controllable by the designers of the
computer system, whereas the spacing between the same unit and the
external devices in general is left for determination by system users and
is therefore not determinable by those designers. Thus, the internal and

external devices are configurable to present impedance conditions

w
(%2}

relative to the adapting unit which are respectively controllable by and
bevond the control of the computer system designers. Accordinglyv, by
partitioning the adapting unit to serve the internsl and extesrnzl devices
-
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for« conmecting a conputer with peripheral devices, wherein the bus is nade
to appear to the conputer as a single |ogical connection path for data, but
is physically partitionable into plural segnments that are electrically

i sol at abl e from each other can be.used to transfer data in distinctly
di fferent nodes. A segnentable bus may be provided as stated previously,
wherein data is transferable concurrently relative to devices attached to
di fferent bus segnents so as to obtain nore efficient transfers relative to
such devices. A sgtep-tnss adaptati on systemymay interface to a bus which is
physically partitionable into plural segnents, while nmaintaining appearance
of a logically continuous bus relative to a conputer and peri pheral devices
attached to the spameelys;thelratebhn ditietadsrat ablabiveSiosth@Mnkanalpasvatdse t 0

gai nt ai 3 cdrrpa}g ! ain: l%et b’;}t%itzbd c.mt,ap_Lon%QJnty@rﬁsm%ﬂon@f%@fmy&ﬂs ﬁ,m@t : Is

esi gned specifi or .configuring a systemthat is si ca
contignuousl.o SUM\Z%%V"&%@%?E&/@%WQT? Sélggsbélﬁ'yobj ect of thepp?/es:ent Y
invention to aneliorate one or nore di sadvantages of the prior art.
According to onelesspiabionf TheDrayimgent invention there is provided a bus
adapting system for connecting a conputer to a physically partitioned but

| ogi cal 'y uni fsi ed bugigusaiidsdhsrtathaviyndiifid ek stes angkisiceantinpaisiagaents t hat
are physically sgpal2lRefdn®BoPaACthmputer system. |

Figure 2 is a schematic of a partitioned SCSI bus arrangement in

accordance with the invention, for use in the system of Figure 1,

Figures 3-6 schematically illustrate various applications of the

10 bus arrangement of Figure 2 in accordance with the invention.

Figure 7 schematically illustrates a preferred construction of an

adapter unit/card for-the bus arrangement of Figure 2.

Figure 8 is a block diagram showing a microprogram organization for

directing operations of the adapter card of Figure 7.

15 " Figures 9-11 are flow diagrams for explaining operations of the
microﬁrogram outlined in Figure 8 that are considered relevant to the
present invention; with Figures 93 and 9B illustrating details of an
operation indicated in very general form in Figure 9.

Detailed Description
20 1. Introduction

Problems addressed by the present invention are explainable with
reference to the conventional computer system and (prior art) SCSI bus
arrangement shown in Figure 1. In that figure, 1 indicates the system
and bus arrangement generally. The "motherboard" of the syétem, and the

25 CPU (central processing unit) of the system which resides on the
motherboard, are shown respectively at 3 and 4. I/0 (input/output)
adapter unit 5, shown as a card that plugs into the motherboard, links
the system to some of its peripheral devices, shown at 6 and 7, through a
physically continuqus 5CSI (Small Computer System Interface) bus cable -

30 shown at 9. Devices 6 and 7 are respectively designated as internal and
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ot ker, each of said bus segnents being useful for attaching to peripheral
devices in varied configurations, said bus adapting system conprising: an
adapter unit for connecting said conputer separately to each of said first
and second bus segnents, said adapter unit being useful to isol-ate said bus
segnents fromthe conputer to differing extents, as well as from each
other, so that operations of the conputer relative to devices attached to
any one of sai d fscy-gt-oamd second bus segnemts cannot be conpronised by

-4 - devices attached to the other of said first and second bus segnents,
said adapter unit conprising: circuit neans hawving physical'ly separate
first and second egtergali devip@shshe ihtehdel NMgvices peixg areloseld @ithan dodsiigse and
second bus segmentss petehtdaliy ol rka WRANheD@INGhaLEREULyskh ERRALME endlatR

si gnal i ng oper atbé(ocﬂ§ bpgstl%erka§qlhg egterrxpalit &v:.c%gqoe?@gc li'ocgted g].cL]l.lr]St and

second bus segnent s clrcut

res
usi ng identical Sﬁgﬁg‘i g%h%?%“(sb‘ﬁolbgv’rcéf ;iﬁ@é?‘b“%%‘fﬁ ’Fte§r§r1cfeftilP’ét9 2 a?%d
second bus segherts? aEReBFesAisge FPIgetedria SERBAY SBEFdos By RBIES SBEI ng
connect abl e to atu$.calys sspEone?s ewl Plegud intagropmrhedpeabavon with the
conputer; the first bus segnent being physically closer to said

Other parts of the system, which are mounted upon or connected to

the motherboard 3 but are not shown to simplify the illustration, include
system memory (random access and read only), timing controls, a system
10 I/0 bus which. links the system to its peripheral device adapters
including adapter 5, and possibly additional internal devices besides
those shown at 6 (e.g. disk drive and diskette drive storage devices
which are not linked to SCSI.bus 9). A typical "host" computer for such
a system could be an IBM Personal System/Z {(or PS/2) type systen and
15 devices 6 and 7 typically may ‘include disk drive storage devices,
printing devices, etc., having "intelligent cont¥ols" configured in
accordance with the SCSI standards. BAs indicated in the drawing, the
system and bus 9 are capable of supporting a combination of up to 7
internal and external devices (all linked to daisy-chained segments of
20 bus 9).

Various problems arising from the continuous nature of the bus 9

are explained next.
1A, Signal Distortion Problem

It should be understood, in gérieral, that internal devices 6 would
25 be much closer to each other and to adapter 5 than external devices 7 are
to each other and the adapter. Furthermore, it should be understood that
factors affecting the impedance and signal distorting properties on the
internal section 9a of bus 9 (lengths of bus segments between devices,
couplings to individual devices, etc.) are, in general, much mere
30 controllable by designeré of internal parts of system 1 than cemparable
factors affecting impedances of the external section 9b.

Furthermore, it is noted that design parameters of the devices &

and 7 which may affect the integrity. of data communicated over the bus ¢

2 IB#, Personal System/2 and PS/2 are Trademarks of the Intsrnaticnal
Business Machines Cotrporation
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corrput e than the second bus segnent; the first segment having a
predeterm ned | ength and connecting only to devices for transferring data
at a predetermined first rate; and the second segnent having a variable___
| ength and connecting only to devices for transferring data at a rate | ess
than said first rate said circuit neans being designed to transfer data
relative to said first bus segnent at said first rate and to transfer data
relative to sai d meenrabsbus segnent at a rate |ess than said first rate.
Accordi ng to anot her aspect of the present invention there is provided a
bus adapting system havi ng conpati bl e and i nconpati bl e odes of operation,
for connecting a wenfibtieultt forasybtes, deSynelrsbtis cieralg fus ethstandeQritaday aehi Nng to
peripheral devi cas pdisiaé iteEns@Blthguh LP@&h i dls e 26RPLAL NG oY i

operating while '&uf@k&p&gmaﬂr r?mm) {o s ﬁaaﬂ%ré&%”&m bj,e s%’éﬂt%n@t o said

software used by sa I conne

bus adapti ng syst]é‘ﬁ#“ngaﬁ b §e°§a‘5‘pfﬁpﬁl&lé§)’ste§ rﬁp‘B’Fatﬁ HERFE TR AT d

i nconpat i bl e nBdeFivh résenEmAEEepBtrert Palfpiiureicdipiaratbbe dlifitvs ar dvyof t war e
used by sai'd conpimpessihllaee tyete.connected to said bus adapting system. said
bus adapting system conprising: an adapter unit for effectively

part i tioni ng sai d- busaﬂeulgt Q¢ 1|s rlﬁ%ﬁr@&%dstﬁgfgﬁje pﬂ¥sclfcéaaltlx X:hlsoggﬁgn.ato&erb%%

segnents which are m a from u erin extents
by operation of sHf brea]cfﬁf)‘?e‘ffalfﬂi 1 s doiERhPE Bbcéng’[t?g’ﬁsthf)fraf%ét ¢ |
cannot be conpr orfiigeeds tgpn Beﬁﬁééerﬁfht’ve@p@ﬁ&Péﬁlﬂwlhh’n’éﬁ?ﬁ’éﬂed|fﬁ?3‘bﬁ1§at| bI e or

i nc()ns| stent 10 exte;nal section 9b; or, as a corollary, that the unified bus arrangement
as shown in Figure 1 wmay not allow for optimal usage of internal devices
6.

1B. Data Security/Integrity Problem

In the foregoing envifonment, security of data stored on internal

15 disk drives that are connected to bus section 9a may be compromised.

The SCSI architecture allows for two-way communication between
devices attached to the bus. Accordingly, data stored on internal disk
drives, which is intended td be used primarily by CPU 4 and associated
internal processing elements of system 1, may become subject to

20 modification by external devices in a manner not contemplated by the

designers of the internal system configuration.’
1c.  Problem of Bus Width and Load Restrictions

Early versions of the bus architecture define the bus cénductors as
consisting of 8 data leads, for parallel transfer of 8 bits of data at a
25 time, and a defined number of control leads for controlling such
transfers. Relative to internal devices, and the internal bus segments,
which have a form and spacing determinable by the computer system
designer, it may be desirable to allcw for parallel transfer of larger
units of data (e.g. 16 or 32 bits at a time).

30 Similarly, it may be seen that the device load limitations
suggested in Figure 1, of no more than seven device loads on the entire

bus ¢ may be unduly restrictive.
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wWith the conputer or a current configuration of the bus, said adapter unit
conprising: circuit neans for linking said conputer to each of said first
and second bus segnents, -5 - said circuit neans using identical _
operating protocols-relative to both of said segnents; each of said bus
segnent-s bei ng connectable to at | east one device requiring conmuni cation
with the conputer; the first segnent being physically closer to said
conmput er than thecsesaosl segment; the firsg segnent having a predeterm ned
| ength and connecting only to devices for transferring data at a
predeterm ned first rate; and the second segnent having a variable length

and connecting onby troslenioEeptindl sbd BRtARIdNNG data at a rate | ess than
said first rate; means for controlling transfers of data between said

conputer and each of sa us . segpents caontro neans tra ferring

data relative to sai d™ f"::hF’étcmbsuals‘é ﬁsé’ﬁfatﬁ{%%’ e um%cfe? ergsmaﬁréﬂgef"e nfsr at e,

said control |ingFh@and s Ehasrdary F‘h’@sﬁaf &epetratheybest gogpster %’E‘cﬁ‘ﬁo"“bus

segnent at a seceestiorat &re| restricted bystdie cbuf iconfigyratien. nHams it dpakidfirwid

sai d conpati bl ® modehiet®bptifGliédntilgersgi dd BOAPHdnefert @véreBdthi the intemal .

assi gnment of | oghfattelfleHustseESoisd Sai d devices in a-manner ensuring that
sai d devices

2. Present Invention

As shown in Figure 2, the present invention addresses these
problems by partitioning the bus and bus adapter unit. Adapter unit 11
10 contains controller sections lla and 11b which interface to respective
bus sections 12a and 12b, to. provide the present functions. Although
only a two-way partition is shown and described here, it should be
understood that principles to-be disclosed are useful to sustain

equivalent functions relative to more than two partitions.

15 Figures 3-6 illustrate how adapter 11 can be used to avoid the
problems discussed earlier, Figure 3 shows use of adapter sections 1la
and 11b to sustain different rates of data transfer on bus sections 12a
and 12b (10 Megahertz on intérnal section 12a and 5 Megahertz on external
section 12b), so as to avoid excessive signal distortion on the external

20 section, while permitting optimal usage of internal devices 6.

Figure 4 shows how the adapter partitions can be used to restrict

access to internal disk storage device 6a to the host CPU exclusively.

Figure 5 shows how the partitions can be operaﬁéd to increase the
number of devices that can be served by the adapter (to a maximum of 30

25 devices, compared with the maximum of 7 indicated in fiqure 1).

Figure 6 shows how the partitions can be used to allow for

concurrent transfers over the internal and external bus segments.

Other uses will be described lster with reference to Figures ¢-11.
Figure 7 illustrates elements of a preferrad embodiment of adapter
30 11. Although this adapter is shown here as a card, which plugs into a

not-shown soccket on the host-sysiem motherboard. it should be understood



are uniquely identifiable to said software used by said conputer when said
conputer is not connected to said adapter systenm said inconpatible node
not requiring such restriction of identity assignnent relative to-said

sof tware; and wherein said adapter unit includes: neans cooperative with
said conmputer in said conpatible node to allow for operations of said
conputer to be directed to devices linked to said first and second bus
segnents, while BéR9Z@Muter is directing such operations to devices that
are effectively assumed by said software used-by said conputer to be |inked
to a single continuous bus. DESCRI PTI ON OF THE.DRAW NGS Figure 1

schemati cal | y i | [thaft ¥hatesmpogenis jofrsugh o caud fintegraitoh el cuiSCBlipesi ar r angenent
for a conputer sy&inerbivingbéR) 2 cbildabeSHbB&FRIeldCdibéctdy pitot the i mORELREH] bus
arrangenent in accordance with the invention, for use in the systenrof

Figure 1. Figures 3- cal I strate v pI| Fons of the
Qn a%QE\:é ko gus ¥on(§5%¥%r eﬁc :honf 6!l.la ang 1 881'5_.

bus arrangenment of Figure RO torete)i hée |nven i Bh gure 7
schematically il Fﬂbtf’r"ét"’e‘élcé°*’§f’"e¢|5§‘?rr@d ERh SRR PO (RO Zhe 53R é?ceEFm t/card

for t he bus ar¥ aﬁglén@ﬂtmegyfrypﬁftwréz 2host bus interface unit 23, another ROM memory.
.unit 24 for storing BIOS (Basic Input Output.System) control information,

and connector extensions 25-27. Connector 25 links to the host system
and connectors 26 and 27 respectively couple to internal and external
sections of the SCSI bus (12a, 12b).

10 Microprocessor 20, which may consist primarily of an Intel 80C186
processor module as shown, directs legical operations of units 1la, 11b,
23 and 24, under control of commands stored in RAM 22 and microprograms
stored in ROM 21. Unit 23, in cooperation with units 1la, 11b, and 24,
directs the flow of data signals between host connection interface 25 and

15 peripheral connection interfaces 26 and 27. Data en route between host
interface 25 and internal SCSI bus interface 26 is handled thrbugh units
23 and 1la, and data en route between interface 25 and external SCSI bus
interface 27 is handled through units 23 and 11b. Unit 23 has not-shown
buffers for storing data in transit relative to interface 25,.and units

20 1la and 11b have not-shown buffers for storing data en route between unit
23 and respective SCSI interfaces 26 and 27. .

Connector extension 25 plugs into a socket on,éhe host system

motherboard, and couples via that socket to an I/0 bus (e.g. to a Micro
Channel3 bus in a PS/2 host system) which links the host sysfem to

25 peripheral device adapter units iAcIdding card 11. Connector extens1ons
26 and 27 pluggably attach to ends of SCSI cable segments

As suggested in Figure 8, the microprogram directing operations of
card 11 (through microprocessor 20) may be organized in a hierarchy of
modules 30-33; including a task supervisor module 30, a command processor

30 module 31, a data transfer control medule 32, and a SCSI interface
handler module 33. The microprogram may also contain diagnostic elements

not relevant to the present invention, as suggested in phantom at 34.

< Micro Channel is a Trademark of the International Business Machines
Corporation



-5A& Fidure 8 is a block diagram showi ng a ni croprogram organi zation for
directing operations of the adapter card of Figure 7. Figures 9-11 are fl ow
di agranms for explaining operations of the mcroprogramoutlined in Figure 8
that are considered relevant to the present invention; with Figures 9A and
9B illustrating details of an operation indicated in very general formin

Fi gure 9ﬁ'DETAILﬁQ E%§ | PTION 1. Introduction Problens addressed by the
pr esent i nventi 8n° afe xpl ai nabl e with ref&rence to the conventional
conput er systemand (prior art) SCSI bus arrangenment shown in Figure 1. In

that figure, 1 indicates the s em. .and bus darrangenent,.generally. The
"ot her boar d" of t heﬁssgssf’%eﬁ]"lsz‘i%g& CREEREFS g?fnf?rrgls?pf’(s)%&s%?na PIFRTY) of the
syst em whi ch r e¥PHRETEnVHEe foAdeT phards wafe SHEHAT o5 fEgresiésy34t 3 and 4.

I /0O (input/outpand corfdptabes eidi najsy, tahowarfasned hyathd subseystept ugemamdt o t he
mot herboard, |i pkécebdve BYdilredts te@eu®iBR ¥ combmap@efipher b gexdcos, shown at 6
and 7, througf @.PymkdRbleén GROELIAUQNSenSlrolr thdTRId (HEOM LS 11 L8 Mhe
Pnterface) bus cafl £, 3N9WN gl plREX 5851 GiR06hy TcBlR1d GSREGLEY 8 Yost.

bus interface unit 23 (Fig. 7) and interacts with modules 32 and 33 to

direct operations of controller units 1la and 11b (Fig. 7).

Data transfer controller 32 controls data transfer operations of
10 controllers 1la and 11b relative to the SCSI bug. SCSI interface handler
module 33 aiﬁenas to control signalling functions between controllers 1lla
and 11b and devices linked to the SCSI bus; including the handling of

interruption and other requests received at the SCSI bus interfaces.

Presently relevant operations of these modules are described next
15 with reference to flow diagrams in Figures 9, 93, 9B, 10 and 11. Figures
9, 92 and 9B together illustrate command processing and device
configuring operations directed by module 31. Figure 10 illustrates
device initialization operations directed by module 32. Figure 11
illustrates interrupt handling functions directed by module 33.

20 Referring to Figure 9, I/0 commands are executed relative to
individual logical devices (LDn)}. Ccmmand execution. begins at 40, and
branches to one of two sequence paths at 41; one path for "Assign"
commands and the other for all other commands. Assign commands are
performed during card subsystem initialization (under prompting by the

25 host system). As shown at.42, one Assign command is executed relative to
each device served by the subsystem. As shown at 43; in the Assign

- sequence the command processor updates‘an Assignment Table (in RAM 22,
Fig. 7) with information about the respective device (obtained by prior
actions evoked by the interface handler 33). As shown at 44, if

30 operation 43 is completed successfully, a Flag associated with ;he
respective device is cleared in order to indicate that the device has
been initialized and has not yet received a command (to transfer data,
etc.). As shown at 45, when these operations are completed, control is

returned e.g. to task supervisor 30.

35 Information entered into the Assignment Table in operation 43
typically includes the SCSI address {ID) of the peripheral device. the



desi gnated as internal and BC9- 92- 008 6
external devices; the internal devices being enclosed within housing 2 (and
potentially powered with the CPU and other system el ements enc|l osed by the
housi ng), and the external devices being | ocated physically outside of the
housi ng. Devices 6 are connected to internal section 9a of 5 bus 9, and
devices 7 are c&gg&g&&p to external sectipn 9b of the same bus. Bus
"sections 9a and°9b are interconnected as Shown. O her parts of the system
whi-ch are nmounted upon or connected to the notherboard 3 but are not shown

to sinplify the,illys i incl ude syst ey s and read
only), timng cjbér?% lrégl Jse[’ﬁtg ngm%etre%gfﬁs”ﬁnf %%%Sgl \%E‘lqg% Fﬁ%%%ﬁ]e&g@gxt?em to its
peri pheral devi &’é’t%f(‘i‘é]df’étre?a?{hé? Y8 Figthsadept Br 15PYEHA N0 SRS - addi t i onal
i nternal devices besides those shown at 6 (e.g. disk drive and i skette
drive storage devi c@Bennhiecltiny @ camtand iobtke@ dthih® afb@StighUusmidpd, cofmdnyipi cal
"host" conput er pfo@kssStI61 takes sequence path 46 to operating sequence 47, details of

5 which are shown in Figures 9A and 9B. Sequence connections between lines

extending through these figures are indicated explicitly by numbers.

Referring to Figure 92, the sequence associated with other commands
begins at 50 with a branch determined as a function of the current
operating mode of the host system. In this branch, the command processor

10 takes one sequence path if the host system is operating in compatibility
mode and the other if another path if the host system is not operating in
that mode. The command processor determines the operating mode of the
host system by inspectiné'settings in configurétion registers on the card

{e.g. in unit 23) that are initialized by the host system.

15 In compatibility mode; the host system is controlled by (operating
system and configuration) software which views the adapter 11 and its
devices effectively as if they are situated along a single continuous
{(unpartitioned) path. This means thst the card susbsystem, in its
operations relative to the host system, must support to effectively allow

20 the host to maintain this unified view of the the SCSI bus sections. It

- also means that in this mode the card subsystem can .only support
operations relative to the maximum number of devices allowed on a unified

bus (i.e. 7 devices in the érrangement of Figure 1).

when-the host §ystem'is not'iﬁ'compatibility mode (als& termed
25 "non-compatibility” mode herein), it views the card 11 and its attached
peripherals in their true partitioned configuration (and therefore it and
the card may also support more peripherals; e.g. 30 as suggested in

Figure 5).

Accordingly, when the host system is in compatibility mode, the

30 card subsystem must maintain an Assignment Table in which its physiczl
device addresses may differ from the logical addresses used by the host,

and in which .the physical device addresses indicate the true physical
positions of respective devices (e.g. external/internal) and their true

data transfer modes (e.g. fast/slow).



a systemcould be an | BM Personal Systenml2 (or PS/2) type systenjerr], and
15 devices 6 and 7 typically may include disk drive storage devices,
printing devices, etc., having "intelligent controls” configured in .
accordance with the SCSI standards. As indicated in the draw ng, the system
and bus 9 are capable of supporting a conmbination of up to 7 internal and

external devices (all |linked to daisy-chained segnents of 20 bus 9).
Vari ous probl ens B571%8i1%% from the continuot® nature of the bus 9 are
expl ai ned next. 1A Signal D stortlon Problem It should be understood, in

general , that internal devices-6 would 25 be rmych cloSer, to _each other and

to adapter 5 than extla"Frfﬁﬁueﬂ‘éevi’ﬂ:@sta’ie“a?ye"’Fo“@'&%‘ﬂ PEPTRET O au T A& RfApter.
Furthernmore, it SHEAEPiBEY IREREr somrséses raerations St SnafSPedht- Hgttﬁﬁém?tﬁ?}ééance
and signal di st omtié pgthp$lopdhtdtes gnidnleand pRpertidhs shohi ioNFiQare09B. biFpe O-
(I'engths of bus segithdt fathebieespsaNi1eESmode 0 UpMpk 1488 akPioh$ dhd bktaliofleVi CeS,

etc.) are, in ge%@rsal thafWED ORLE &Ocomm{l@.# O@L&oms%ﬁuqrﬁa@e% I qLer nal

parts of system LehIeN (LOIRALANG opaShEnS plldofieh' A9 olRRRANAT S0l oLAE

to "retrofit" the partitioned configuration of the card in a manner whlch
is transparent to the host system.- Thus, for this mode, the command
processor must be able to determine the correct physical bus path for

10 communicating with the card (e.g. external/internal).

In performing operation 51, after determining at 50 that the host
is in non-compatibility mode, the card logic assumes that the local
Assignment Table, as currently set, indicates the actual physical
location of the logical device (LDn) to which the command is directed,

15 regardless of the state of the associated device Flag (see operation 44,
Fig. 9), and uses the location indicated in that table to have command
information sent to the associated device via the appropriate bus
section. The assumption indicated in the praceding sentence is
reasonable because the local Assignment Table on the card is set

20 initially in accordance with Assign commands originated by the host
system, and should retain that setting since it conforms to the true
physical configuration of the subsystem. In operation 52, the flag .
assigned to the associated device is set so as to indicate that this
device has been initialized and received at least uné command.

25 For compatibility mode, the command processor sequence branches at
54 on the state of the flag assoc1ated with the targeted device LDn. If
that flag is in a set state (indicating that at least one command has
been sent to this device since Fard initialization), the ¥ (yes) branch
is taken at 54 to operation 51 discussed earlier, so that the command is

30 sent to the device via the path currently specified in the local
Assignment Table, and continued via sequence path 53 with actions and

operations shown in Fig. 9b.

If the flag of target device Ldn is in a cleared state when
examined at 54, the N (no) path is taken to determination 55 which

35 distinguishes the device's location (External or not External) as
Currently .listed in the Assignment Table. If the device is listed

currenfiy as external (i.e. linked to external bus section 12b),



Furthersnore, it is noted that design paraneters of the devices 6 and 7
“which may affect the integrity of data communi cated over the bus 9 [err]
| BM Personal Systenmf2 and P5/2 are Trademarks of the International 35
Busi ness Machines Corporation .. BC9-92-008 . 7
are difficult for system_de5|gners to control; for instance, it may not be
possi bl e to ensure that any of such devices have internal |ogic which could
conpensate for errors due to signal distortion. Al so, in systens |acking
error detecti oBCt8paP8lity, errors due té3signal distortion can 5 give rise
to systemerrors or failures which may be difficult or even inpossible to
trace. Thus, it is understood that the rate of data throughput over the
entire | ength GperBiiondPliis perfifrned tofendethe sepmpapd nja tthe extgrnal dus whi ch dat a
si gnal s can be strtanstetnephyei@l datitei satilsh icgitehylyr meiveddinf tam t he 10
external secti @Bsi3henOfables B €Y @dvid ¥s nbhadpridlipnishire thusear r angenent

external bus section, operation 56 is evoked to:attempt to have the

5 command sent to the device via the internal section of the bus (this is

characterized as an “attempt" because at this stage of the sequence the -

device targeted by the host may be connected to either the external or

internal bus segment), and the sequence branches at 57 on the results of

that attempt.

10 If the attempt is successful (device responded via interﬁal bus),
operatidn.SZ is performed to set the flag of the target/responding device
and continue the command sequence associated with that action (Figure
98). If the attempt was unsuccessful, N (no)-branch is taken to another
phase of the command sequence shown in Figure 9B via line 58 connecting

15 to that Figure.

Referring to Figure 9B, the continuation of the command sequence
from point 53 in Figure 9A comprises operation 60 and return/ending
function 61. The.continuation of that sequence from point 58 in Figure
92 comprises actions 62 and 63, and either return function 61 or further

20 operations 64 and-52 (in Figure 93, via linking path 65).

Operation 60 continues the command process initiated at 51 in

Figure 9A through its appropriate normal sequence (for example, to return
status. information to the system), and then control is returned e.g. “to
the task supervisor at 61. In operatlon 62, which is evcked after an

25 unsuccessful attempt to send the command to the target device via the

~ internal bus (via dperation 56 in figure 9a) based on the current

information in the local Assignment Table, an attempt is made to send the
command via the external bus, and the sequence branches according to the

result of this action.

30 If attempt 62 is successful (response received from device), the
Assignment Table entry relative to the target device is modified via
operation 64, to indicate its linkage to the external bus, and the
sequence continues via line 65 to operation 52 in Eigure 93, thereby
setting the flag for the respective device and linking to "normal“

35 continuing operatlons 60 in Figure 9B. If attempt 62 is unsuccessful an



as,shown in Figure 1 may not allow for optinmal usage of internal devices 6.
1B. Data Security/Integrity ProblemlIn the foregoing environnent,
security of data stored on internal 15 disk drives that are connected to
bus section 9a may be conprom sed. The SCSI architecture allows for two-way
comuni cati on between devices attached to the bus. Accordingly, data stored
on internal.disk driv 5 which is intended tg be used primarily by CPU 4
and associ at ed |nt§? gfOBrocessing'eIenentslﬁf system 1, may becone subj ect
to 20 nodification by external devices in a manner not _contenpl ated by the

desi gners of the |nternal C nf| yratio Pr gbl Bus Wdth
and Load Restrictions S%gégsrlélceo?]s he® B?rjltsmglr (a:%ta? u?i@m %I ne the bus

conductors as cons"le§f‘|°ﬁ)g t'}? et ireanss atfYr paral |l el transfer of 8 bits
of data at a 25 tinme, and a defined nunber of control |eads for
controlling such transtgje 1Relatirvest @ 1bvdhepaak ddeinieas, op@ididnfanitnber nal

- bus segments, whi me@@y Qnél b %@%@enﬁ P@Eédgg "Qi?@eeﬁéabﬂébmﬁ" ngnmet&gmut er

system desi gner 5 exchangedbbet den thé subesygt%maand selec?ed Qeaﬁg.g‘es Pc:r enabalr.'ll.ég %‘E

| ar ger
9 subsystem to determine if it should pace data transfers between it and

the device at a nominal "low" rate, associated with the external section
of the SCSI bus, or at a higher rate associated with all or part of the
internal section of the bus. In general, the selected devices are

10 devices linked to portions of the SCSI bus sections on which transfer of
data at the higher rate is considered "safe" (unlikely to have signals
distorted beyond recognition), taking into account the number of devices
currently attached to that section; etc. These negotiations may be.
initiated either by the card, during its initialization process, or by

15 devices in the select "categoty" at sny time.

Starting at 70, the subsystem determines at 71 if a given device is
in the select category permitting it to operate at either the nominal low
rate or the higher rate. If a device is not in that category the
operation concludes via return 72. If the device can negotiate, the

20 negotiation is carried out béginning with determination at 73 of whether
or not the negotiation has been completed. Determination 73 is required
in order to ensure that multiple negotiations are not performed relative
to the device. If determination 73 indicates prior.compietion of the
negotiation, through this or another sequence path, the sequence is ended

25 wvia return 72.

If the negotiation is not yet complete at the time of determination
73, the process continues with determination ' 74. At 74, a determination
is made of which bus section couples to the device. If the device is
external (determination Y at 74), determination 75 is made, but if the
30 device is internal ‘operation 76 is evoked to complete negotiation of the

higher rate, and the sequence is then concluded via return 72.

The subsystem uses determinaticn 75 to ascertéiﬁ if the higher rate
can be used safely relative to this (external) device (based on the
device type and the current state of loading of the external bus, as

35 indicated in the configuration registers set By the host system). If the

higher rate can be used, negotiation of that rate is completed viz action



unikts of data (e.g. 16 or 32 bits at a tine). 30 Simlarly, it may
be seen that the device load limtations suggested in Figure 1, of no nore
than seven device | oads on the entire bus 9 may be unduly restrictive. -
BC9- 92- 008 8 1D. Probl em of Opti mal Bus
Utilization Another constraint associated with the unified bus arrangenent
of Figure L.is that data transfers between the host conputer and the bus
sections are restEcgdedoby t he bus configurasion. Thus, it is difficult 5
to achi eve opti mum concurrency of data transfers over both the internal and
external bus sections. 2. Present Invention As shown in Figure 2, the
present invention 7acaddbds esquehresis pireoddfesrscdoyluded viat rasnfnnig.t HE thachished bus
adapter unit. Adaphed catidt HeluskQ, tROALALNSiMOSH £l 1wér s&@t:lsomcmaai aad 11b
whi ch interface tQpér%%aQ:ﬁG?tﬂ \ﬁﬂd the sequence concludes via return 72. .
Figure 11 characterizes the handling (by module 33, Figure 8) of
5 device interruption requests (received by adapter controller sections

1la, 1ib at their interface§ to SCSI bus sections 1l2a, 12b). Aas

indicated at 80, handler 33 selects these requests using an alternating

preferential sequence which alternately favors requests from internal and

external devices. By this we mean, that if the last order of preference

10 was internal first and external next (or external first and internal

next), and the last request actually handled was internal (or external),

the order of preference for the next request will be reversed to external

first and internal next (or respectively internal first and external

next).

15 In the actual handling of requests, a data transfer path within the
subsystem is selected via action 81 or 82, for transferring data between
the requesting device and the host system via unit 23, and an associated
data transfer process 83 is conducted relative to that path. Thus, if
the request is from an internal device, a path is selected at 81 through

20 controller 1la and unit 23, 'and data is transférred between the device
and an assigned address in host system memory via that path. As noted
previously, data so transferred is temporarily stored in (not-shown FIFQ)
buffer registers in units 1la and 23. On the other hand, if the request
is from an external device, a path is selected at 82 between the device

25 and an assigned address in host system memory through (not-shown FIFO
buffers-in) units 11b and 23.

It is understood of course that the handling of such data transfers
on the card depends on the negotiated rate, and that data handling -

capabilities appropriate to that rate are used.



bus sections 12a and 12b, to provide the present functions. Al though only a
two-way partition is shown and described here, it should be understood that
principles to be disclosed are useful to sustain egui-vatent—functions
relative to nore than two partitions. 15 gur a§3&$h‘ te how
adapter 11 can.be used to avoid the problens discus gure 3
shows- use: of adaB%%egr %gctlons 1la and 11b to sustain & s of
data transfer ué %ections 12a and 12b 510 Megaher section
12a and 5 Megahertz on external sectlon 12b), so as to avoid exceSS|ve
signal distortion on the external S%ﬁkh@” while permtting optinal
usage of internal devices 6. Flgure 4 shoWws how t he adapter partitions can
be used to restrict access to internal disk storage device 6a to the host

CPU excl usi vel y.1-Fi ghibes Bdaphingssyhesw. thhe cpae¢tiing enesmpwder be adpertaped o
i ncrease the numndeschef tdgerdiplesal haticaain beisetandthubytibdsetradapt er (to a
maxi mum of 30 25otdh@iH10LInteERMP AL BNt fred DG BR¥pdFURoRTof Tnk Retipaadred in

figure 1).

Fi gurgnfisfigws how the partitions can be used to allow for

concurrent transfers over the internal and external bus segnments. Of
be described later with reference to Figures 9-11.

uses wil |
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means for effectively partitioning said bus into segments which are
isolatable from the computer to differing extents, so that operations of
the computer cannot be compromised by devices that operate in a manner
incompatible or inconsistent with the computer or the current

configuration of the bus.

2. © A bus adapting system in accordance with claim 1 wherein said

partitioning means includes:

means for partitioning said bus into physically separate first and
second segments; the first segment having a predetermined length and the

second segment having a variable length; and

means for controlling transfers of data between said computer and
said first and second segmerits at respective first and second data
transfer rates, where the first rate is significantly greater than the

second rate.

3. A bus adapting sYstem in accordance with claim 1 wherein said

partitioning means includes:

means for partitioning said bus into separate first and second
segments characterized in that devices-attached to each segment are not
directly accessible for communication with devices attached to the other

segment.

4. A bus adapting system in accordance with claim 2 wherein each of
said bus segments is connectable tc plural peripheral devices within a
predefined limiting number of devices.

5. A bus adapting system in accordance with claim 2 wherein said
computer is located within a housing enclosure having sockets reserved

for attachment of some of said peripheral .devices and wherein:

her
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Figure 7 illustrates elenents of a preferred enbodinent of adapter 30 11.

Al t hough this adapter is shown here as a card which plu I nto a not-shown
socket on the host- system not herboard. it should be ﬁﬁmﬁiﬁmﬂk laced

BC9- 92- 008 9 that the conp a card
(integrated circuit chips and connective nenbers), co

directly onto thg.gmthggboard. In addition,to bus controller sectlons 11a
and 11b, card 11 contains a mcroprocessor 20, read only nmenory (ROM 21,
random access 5 witable nenory (RAM 22, host bus interface unit 23,

anot her ROM nmenory unigig %sft%sssfewewgmmﬁ@ a(cﬁ’é‘ﬁh& smwtaré)amu;néysten)

control informatiQ and, connect o exten5| links to
the host system angi 2 SAhect cg?ssurié RSP gsnbpec e?’?/eélf lcglgﬁstfe t51a fequnal

and external sectPOREEf the SCSI bus (12a, 12b). 10 ' Mquprocessor
20, which may consist prirarily of an Intel 80Cl186 processor, nodul e as
shown, directs | @&gi CcatheqeradédtimtSsydtenusl tEid bacompdiBing adapter means
5 interfacing between said computer and said first and second bus segments,

said adapter means being adapted to make said first and second bus

segments appear to said computer as a single logically continuous bus

entity although said segments are in fact physically and elec¢trically

separated.

10 7. A bus adapting system in accordance with claim 3 having
'compatible" and "non-compatible” modes of operation characterized in
that:

said compatible mode requires said computer to restrict its
assignment of logical identities to said devices in a manner ensuring
15 that said devices are uniquely identifiable regardless of their physical
locations relative to said bus segments, and said non-compatible mode
does not require such restriction of identity assignments; and wherein

said adapter means includes:

“medns for cooperating with said computer in said compatible mode to '
20 allow for operations of said computer to be directed to devices linked to
said first and second segments, while the computer 4s directing such
operations to devices that are effectively assumed by it to be llnked to

a single continuous bus.

, .
* c L M $ *



23 &nd 24, under control of conmands stored in RAM 22 and ni croprograns
stored in ROM21. Unit 23, in cooperation with units 1l1la, 11b, and 24,
directs the flow of data signals between host connection interface 25 and_
15 peri pheral—connection interfaces 26 and 27. Data en route between host
interface 25 and internal SCSI bus interface 26 is handled through units 23
and 1la, and data en route between interface 25 and. external. SCSI bus
interface 27 is haad)zeghst hrough units 23 ang 11b. Unit 23 has not-shown
buffers for storing data in transit relative to interface 25, and units 20
1la and 11b have not-shown buffers for storing data en route between unit
23 and respective SCSI i ntearsianesarzfrianttlc 3¢ .LoéZeRie Coinerst @osi on 25 pl ugs
into a socket on the host system notherboard, and couples via that socket
to an 1/O bus (e.g. to a Mcro Channel[err] bus in a PS/ 2 host -system
whi ch links the host systemto 25 8}"?‘[3?18? E QP8 dapt er uni t2"i ncl udi ng
card 11. Connector eéxtensicons 26 and 27 pluggably attach to.ends of SCSI
cabl e segnents. As su@gesdesehts raréidgaeiese8, fot pRystitallo paradtriamingiar st haming
operations of carfudil deleiMeaUu@bhifictuRPiOe GapAEa12EhkitRWhbRiRkBANI zed in a
hi erarchy of n?dlﬂa?&tia&'ig’é'is '19&1Lérh% r]:gan%p«'}x%?tktés gpc%&ﬁﬁ'téﬁogndn&qliueg w?i@eh a
command processor . , . .
communicate through the bus and serves to avoid problems potentially
arising because of the scope of actions permitted by the architecture. A
typical bus architecture to which present arrangements have relevance is
that associated with SCSI (Small Computer System Interface) buses. The
10 potential problems allowed to occur architecturally involve: (a)
exposures of data security/integrity; (b) excessive signal degradation
due to use of signal rates which although allowed by the architecture are
inappropriate for a particular bus loading environment also allowed by
the architecture; (c) restrictions preventing parallel transfer of data
15 between the computer and multiple storage devices; (d) restrictions
unduly limiting the number of devices attachable to one logical bus path
{(one input-output channel of the computer). The disclosed arrangement
partitions the bus into two or more physical entities which to the

computer appears as one logical entity.

——
. This Sheet Has Been Replaced
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3&=1ipglul e 31, a data transfer control

nmodul e 32, and a SCSI interface i

handl er nodul e 33. The microprogram may al so contain di agnostic el ements

not relevant to the present invention,
M cro Channel

Cor por ati on BC9- 92- 008

is a Trademark of the International

as suggested in phantom at 34.
Busi ness Machi nes
10 Task supervisor 30

[err]

initializes the card subsystem (in _a_process which may invol ve conduct .of

tests under direction of diagnostics 34),
Command processor 31 directs execution of

performed by the subsystem

and coordi nates all major tasks

commands defining I/O operations 5 performed between the host system
interface and the devices linked to the SCSI bus(es). Comrand processor 31

directly controls operations of host.
interacts with nodules 32 and 33 to di
11a and 11b (Fig. 7).

oper ati ons of . .
P Figure 1 (Prior rt)

bus ihférface unit 23 (Fig. 7) and
rect operations of controller units

Data transfer controller 32:controls data transfg.r-

External Devices (7 or less)” -

. 9a Adapter - SCSI bus /NG
i Sl g7 "

7 -9b
Internal 5 D )
Devices EI 4 ._L—/Motherbo_ard 3
(7 or less) | Housing 2
Figure 2
Partitioned :
Ada tler J7k Flgure 3
t2a 11pf 120 O D t1a 11p_Hihz
11b >
GC%J — 11 10Mhz
CPU| | 2
L/
Figure 4

Figure 5 to/from up

62 11a 11b
s
Limit 1
Ba fro?lcazcgtsﬁero

than host CPU

to 15 devices Flgure 6
11a 11b_ <4 11a 11b_-¢
- te
to/1
o/from up . Conduct transfejrs

to 15 devices

in external and internal
paths concurrently
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10 controllers 11a and 11b relative to the SCSI bus. SCSI interface
handl er nodul e 33 attends to control signalling functions between
controllers 1la and 11b and devices linked to the SCSI bus; including the
handl i ng of interruption and other requests received at the SCSI bus
interfaces. Presently rel evant operations of these nodul es are descri bed
next 15 wth reference to flow diagrans in Figures 9, 9A 9B, 10 and 11.

Figures 9, 9A and 9B together illustrate command processi ng and device
configuring-operations directed. by nodule 31. Figure 10 illustrates device
initialization operations directed by nodule 32. Figure 11 ilJlust.rates
interrupt handling functions directed by médél e 33. 20 . Referring to

Figure 9, 1/0O commands are executed relative to-individoal [ogical devices
(LDn). Command execution begins at 40, and branches to one of two sequence
pat hs .at 41, one path for-"Assign" comuands and the other for all .other
commands. Assi gn.commands are performed during card subsystem . _ -~
initialization (under pronpti-ng by the 25 host systenm). As shown at 42,
one Assign conmand is executed relative to each -device served by the-
subsystem As shown,at 43, in the Assign sequence the command processor
otHEe ¢ |

updat es an Assi gnne i n RAMCa@Rnects to internal 6 o7
SCSI bus_ e 3\
u o Lonmmmmmnnng L oL
8 Is;zélr » SCSI =
SCSI Host Bus ] cantroller i Controller | | =
BIOS L. - Interface . | ‘l_:_ |
~ J ‘ 21 —E
22
80C186 ~ °
Processor | — RAM
: I
> tllllllllllllllllllll M|
Connects to host system bus  (op ”'1' t"‘”f“
(e.g. MicroChannel bus) Zﬁgﬁnil °
SCSI bus
. Task .
Flgure 8 Supervisor [T TTTTTCC ST
~30 K
o Command ] | DiagnostiCS !
: Processor | L |
Figs. 9-11 T -
C I
s 1 33
32 Data Transfer| BCSI Interface” .
“~  Control Handler |
to controllers
L T 11a, 11b
T



Fig. 7} with informati on about the respective device (obtained by prior
actions evoked by the interface handler 33). As shown at 44, if 30
operation 43 is conpleted successfully, a Flag associated with the
respective device is cleared in order to indicate that the device has been
initialized and has not yet received a command (to transfer data, etc.). As
shown-at 45, when these operations are conpleted, control is returned e.g.

to task supervisor 30. 35 Information entered into the Assignnent
Table in operation 43 typically includes the SCSI address (ID) of the

peri pheral device the BC9- 92- 008 : 1 Iogical
devi ce nunber LDn assigned to the device, é?p the bus section i
(internal /exterhal ) to which t he device i ysically connected. Wen
executing a conmand ot her than an Assign connand conmand processor 31
takes sequence path 46 to operating sequence 47, details of 5 which are
shown in Figures 9A and 9B. Sequence connectlons bet ween 1|nes

- -
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ex{ ending through these figures are indicated explicitly by nunbers.
Referring to Figure 9A, the sequence associated with ot her commands begi ns
at 50 with a branch deternmined as a function of the current operating node
of the host system In this branch, the command processor 10 takes one
sequence path if the host systemis operating in conpatibility node and the
other if another path if the host systemis not operating in that node. The
command processor deternmi nes the operating node of the host system by

i nspecti.ng settings in configuration registers on the card (e.g. in unit

23) that are initialized by -the host system 15 In congpatibility
node, the host systemis controlled by (ope£géing system and confi guration)
software which viéws the adapter 11 and its vices effectively as if they
are situated along a single continuous (unpartitioned) path. This neans
that the card susbsystem in its operations relative to the host systeny
must support to effectively allow 20 the host to maintaih t.his.unified
view of the the SCSI bus sections. It also means that in this nogdé the
card subsystem can only support operations relative to the maxi mam nunber
of devices allowed on a unified bus (i.e. 7 devices in the arrangenent of

Figure 1).
From 46, Fig. 9 Figure 9A
o0 54

Flag LDn
set

Compatibility
Mode

LR

Send-Cmd to
device
indicated in

Assignm't Table

Device assigned
as External

56_ ‘
Send Cmd to
device on
52 | Internal Bus
A 4 1. 1
Set Flag LDn ’ , )
o7
\
‘Response revd
53 58 l
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To Fig. 9B From 65, Fig. 9B To Fig. 9B



When ttae host systemis not in conpatibility node (also ternmed 25
"non-conpatibility" node herein), it views the card 11 and its attached
peripherals in their true partitioned configuration (and therefore it and
the card may al so support nore peripherals; e.g. 30 as suggested in Figure
5). Accordingly, when the host systemis in conpatibility node, the 30
card subsystem nust maintain an Assignment Table in which its physical
.device addresses may differ fromthe | ogical addresses used by the host,
and in which the physical device addresses indicate the true physical
positions of respective devices (e.g. external/internal) and their true

- data transfer nodes (e.g. fast/slow). BE9-692- 008 _ '

12 The sequence path taken by the command processor at 50 for "non-
conpatibility node", conprises operations 51 and 52, the latter continued
via path 53 with other acti-ons and operations shown in Figure 9B.. TheJ:

-~
ot

. Figure 9B " g
From 53, Fig. 9A to Fig. 9A From 58, Fig. 94
/
e
65 Send Cmd to
Continue Cmd. same device on
processing, External Bus
this device :
e’ |+ . . |. e
o J
61 J Change A Table
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-_—]' . [to show device
Return is external




sequenee path for "conpatibility node" conprises actions and operations 5
54-57 that also extend to continuation operations shown in Figure 9B. In
effect, the actions and operations perforned for conpatibility node serve
to "retrofit” the partitioned configuration of the card in a manner which
is transparent to the host system Thus, for this node, the conmand
processor nust be able to determ ne the correct physical bus path for 10 °
comunicating with the card (e.g. external/internal). In performng
operation 51, after determining at 50 that the host is in non-conpatibility
node, the card | ogic assunmes that the | ocal Assignnment Table, "as currently
set, indicates the actual physical |ocatig@n of the |ogical device (LDn) to
whi ch the conmand is directed, 15 regardless af the state of the associated
device Flag (see operation 44, Fig. 9), and uses the |ocation indicated in
that t'able to have conmmand |nfornat|on sent to the associ-ated device via
the appropriate bus section. The assunption indicated in t he precedi ng
sentence is reasonabl e because the | ocal Assignnent Table on the card is
set 20 initially in accordance with Assign conmands origi nated by the host .
system and should retain that setting since it conforns to the true

Figure 11
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Internal External
- - 82
Select path Select path
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physi cal configuration of the subsystem In operation 52, the flad"ﬁ??i%“?\ed
t-0 the associated device is set so as to indicate that this device has been
initialized andg—tecejived at | east one command. 25 For conpatibility
node, the commygriddI®rSHEET v Eﬁ”,l nce branches at 54 on the state of the

fl ag associateq W'thREI*l%CE rg efl device LDn. If that flag is in a set
state (indicati pbne commgnd has been sent to this device
since card initialization), the Y (yes) branch is taken at 54 to operation
51 discussed earlier, so that the command is 30 sent to the device via the

path currently s Ik | ' v nued vi a
sequence path 5319%%*635@1}15‘%%@*@?%9%&?9%% id’méléwpm%w% the flag
of target device Ldn is in a cleared state when exam ned at 54, the N (no)
path is taken to determ nation 55 which 35 distinguishes the device's
| ocat i on ABSERAGA]I or not External) as currently listed in the Assignnment
Table. If the device is listed currently as external (i.e. linked to
external bus section 12b),

Arrangements are disclosed for physically partitioning a bus (12a, 12b) having a well

defined archito;cture as a physical entity, wherein the partitioning is logically transparent to a
computer and devices which communicate. through the bus (12a, 12b) and serves to avoid
problems potentially arising becz;use of the scope of actions permitted by the architecture. A
typical bus architecture to which present arrangements have relevance is that associated with
SCSI (Small Computer System Interface) buses. The potential problems allowed to occur -
architecfurally involve: (a) exposures of data security/integrity; (b) excessive signal
degradation due to use of signal rates which although allowed by the architecture are
inappropriate for a particular bus loading environment also allowed by the architecture; (c)
restrictions preventing parallel transfer of data between the computer and multiple storage
devices; (d) restrictions unduly limiting the number of devices attachable to one logical bus
path. The disclosed arrangement partitions the bus into two or more physical entities which
to the computer appears as one logical entity.

Fig. 2
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BC9-92- 008 13 operation 51 is perfornmed to send
t he cémahd via the external bus section to the physical device address
currently’indicated in the Assignment Table. |If the device is not
explicitly assigned to the external bus sectilé, operation 56 is evoked to
attenpt to have the 5 command sent to the device via the internal section
of the bus (this is characterized as an "attenpt" because at this stage of
t he sequence th \ﬁg,e"tzreget ed by the host may be. connected to either the
external or int $3 griﬁrjb},Ag?d the s ence, branches at 57 on the
results of that attenpt. -10. ‘f the aﬁgg al Qeéllicess§ g k%svi ce

e

responded vi a internalbus), € jon 52 j rformed, ¥q set th ag~of
t he t-arget/respondi ng device C ?‘?ﬁue $§ seq i e associ ated
with that action (Figure 9B). S u ccessfgm, N (no)
branch is taken to ireia] c,on?rﬁﬂhj sequence s in Figure 9B
via line 58 connectibPevites t° t 4£1gu e.Mlg%Ber{)i ng to Figure 9B, the ‘
continuation of the Comiask s¢adencei=: érboard 3 . ..
PUJ | Housing 2 |
Figure 2
Partitior .,
. Ada;l)t(ged NN g
12a 11 1 12 £ _@ 1gure 3
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8 ’ : <> :
- 3 10Mhz
5 :
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Jfrompoint 53 in Figure 9A conprises operation 60 and return/ending
function 61. The continuation of that sequence frompoint 58 in Figure 9A
conprises actions 62 and 63, and either 2z n function 61 or further 20
operations 64 and 52 (in Figure 9A, V|aI| q@ path 65). Operation 60
continues the command process initiated at 51 in-Figure 9A through its
appropriate normal sequence (for exanple, to return status information to
the system), and then cantrol is returned e.g. to the task supervisor at
61. In operation 62, which is evoked after an 25 wunsuccessful attenpt to
send the conmmand to the target device via the internal bus (via operation”
56 in figure 9A) based on the current information in the | ocal Assignnent
Tabl e, an attenpt is nade to send the command via the external bus, and the
sequence branch r di to the result of this action. 30 | f
attenpt 62 is sﬁgégggﬁﬁi_zﬁesponseCoanebquofhﬂmrdaYi552 the Asgignnent
& operat FdQ 64, to

Table entry relative to the target devSCS[bmsnDdified
indicate its |inkage to,the exter|ngl ence contin Vi a
line 65 to operation 521+n Flgure S Tﬂﬁﬁl@ﬂglﬂtﬂlﬁi e flag f;?§§1e
~respective devicg and linking to norhﬁh 11@ |
SCSI SCSI | =
SCSI |- IHotst fBus Controller ,‘ Controller ' | =
BIOS |- nterface I 1:
< / _ 1 21 —
24| | &3 20 — “TROM |- T
Al 29 |
80C186 ~ °r '\
. | Processor | Euud rﬁ\
. n l
" ’IHIIHHIIHIHH [ L
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e.g. MicroChannel bus, --. external
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. Task -
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35 -continuing operations 60 in Figure 9B. |f attenpt 62 is unsuccessf ul

an - BC9-92-008 14 error is posted (since the
device s not contactabl e on either bus section) and the operation ends at
61. Flgure 10 illustrates rel evant parts o fgitial operations that are

used by the card subsystemto cause "rate negotiation" signals-to be 5
exchanged bet ween t he subsystem and sel ected devices for enabling the
subsystemto deternine if it should pace data transfers between it and the
device at a nominal "low' rate, associated with the external section of the
SCSI bus, or at a higher rate associated with all or part of the internal -
section of the bus. In general, the selected devices are 10 devices:[inked
to portions of the SCSI bus sectl ns on which transfer of data at the

hi gher rate is considered ' 'saf e"4 ve sighal s,44i st o4Bed beyond
recognition), taking into account hBeg Qbf | devi c&gvkz)r Rentdy attached

to that section, et lg’[jppga got i Lpgné)e’vaylﬂié /-power up

43
Wf

t
Assip (Iil%n%nt

Table
Clear flag

Assign Command L

46
Y ~ 47 : e
Continue -+ - . - 44 IDn | Y

TFigure 94 . | 45 v
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i'nitiated either by the card, during its initialization process, or by 15
devices in the select "category" at any tinme. Starting at 70, the subsystem
deternjnes at 71 if a given device is in the select category pernmitting it
to operate at either the noninal lowrate df/éhe higher rate. If a device
‘is not in that category the operation concludes via return 72. If the

devi ce can negotiate, the 20 negotiation is carried out beginning with
determ nation at 73 of. whether or not the negotiation has been canpl et ed.
Determination 73 is required in order to ensure that nultiple negotiations
are not perforned relative to the device. |f determnation 73 indicates -
prior conpletion of the negotiation, through this or another sequence path,
t he sequence is ended 25 via return 72. If the negotiation is mnot yet
conplete at the time of determ nation 73, the process continues with
determnation 74. At 74, a determnation is made of which bus section
couples to the device. If the device is external (determination Y at 74),
determ nation 75.i s, made, but if the 30 device is internal operation 76 is
evoked to conpletdimgggqNgtﬂbﬂ of the higher rate, and the sequence is then
concluded via return 72

80

Rev Interrupts via 11a/b;
Select for service alternate|
order (Internal/External)

Internal External

82

81 Y : y
N Select path Select path

11a,23-Fig. 7 | |- 11b,23-Fig. 7

A 83
/

‘Process Interrupt

84\
(End, Return)
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S ; o
i gﬁ%ﬁl\ﬁéfg@ # |f P e hijgher rat%‘ *Zan be
on the device type
i’ e GB@S #al"tﬂ%ed #s 35 indicated in
the configuration registers “% )hd)ﬁge%ystt‘eﬂaﬁged +f. fhe higher rate
can be used, negotiation of tAhSH@‘é i s Pegebifete Pagedact i on BC9- 92- 008
15 76 and the sequence is thereafter concluded V|a return}72. |1f the higher

b 0O A i
Lot e 1ot 0 Wi 0 AR, Pl APt
h .
nterr upt i S AlE sl A8 ot r%?ﬁéﬁg%? be ddgﬁﬁﬁlsﬁ%ﬁé‘g%a??%hiﬁ’ the et gty
their integhaGesasd dSEet BUany %ﬁierogeslpia&m dé%Eé wiieh icBeidCatvekeR afffet data

handl er 33 selectS these fequests using an alternating preferenti al

sequence Wsiogdd il theab Ragd ohef sBorags devicsitat B vsedby Hivt iijfuterandl datattiis tgbtem,
devices. By this we nean, that If the |ast order of preference

for connecting a computer with peripheral devices, wherein the bus is made to appear to

The _subsystem uses determ nati
u¥ed safely relative to this{(
and the current state of | oafi

the computer as a single logical connection path for data, but is physically partitionable
into plural segments that are electrically isolatable from each other can be used to
transfer data in distinctly different modes. A segmentable bus may be provided as stated
previously, wherein data is transferable concurrently relative to devices attached to
different bus segments so as to obtain more efficient transfers relative to such devices.

A data bus adaptation system may interface to a bus which is physically
partitionable into blural segments, while maintaining appearance of a logically
continuous bus relative to a computer and peripheral devices attached to the segments;
wherein the adaptation system is operable to maintain compatibility with control software
in the computer that is designed specifically for configuring a bus system that is
physically continuous.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

Accoi'ding to one aspect of the present invention there is provided a bus adapting
system, for connecting a computer to a physically partitioned but logically unified bus,
said bus having first and second bus segments that are physically separate from each
other, each of said bus segments being useful for attaching to peripheral devices in
varied configurations, said bus adapting system comprising: an adapter unit for
connecting said computer separately to each of said first and second bus segments, said
adapter unit being useful to isolate said bus segments fmm the computer to differing
extents, as well as from each other, so that operaticns of the computer relative to devices

attached to any one of said first and second bus segments cannot be compromised by

This is the replacement sheet
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10 was internal first and external next (or external first and internal
next), and the | ast request actually handl ed was internal (or external),

the order of preference for the next request will be reversed to external
first and internal next (or respectively internal first and external next).
15 In the actual handling of reqdests, a data transfer path within

t he subsystemis selected via action 81 or 82, for transferring data

bet ween the requestjng, device and the.host . systemvia unit 23,, and an .
nsso0! at eotetited TR i T e B saidGRE s FHe Tl S, i, AR it
Thus, if t St i o L8 Lit.e Vo Sl Rat i 3 1
t hr ough 20&%01%1'2@#% I %raﬁila andm&k% é@%&cgﬂg s'ggfrgtei gg?r%ﬁs g?rﬁ{lagﬁltggﬂ ethnét he
devi ce and 'ﬁangsn%& A1 S8 it HAS lsecond! BiY SRR, VaRl thedit Raddhs Wng
not ed prevlllous Y, Igagta go transi?gtrred ies terrporarily’staored iln _(nots-shown
FI FO buf f gdefilagicohiict dath sipnhdllngl dFeratichs betwden saidecopbpifdr didnéhch iof shidefirst
request is froman external device, a path is selected at 82 between the
devi ce 25 amhdesvndabus gepmbnds] dowes Ssaidh réspettivey fitst randesseond tciveois ghatls) obisisgown
FI FO buffers in) units 11b and 23. It is understood of course that the
handl i ng oidenticab operating rpaotetals selative to both of said first and second bus segments; each

of said first and second bus segments being connectable to at least one device requiring
communication with the computer; the first bus segment being physically closer to said
computer than the second bus segment; the first segment having a predetermined length
and connecting only to devices for transferring data at a predetermined first rate; and the
second segment having a variable length and connecting only to devices for transferring
.data at a rate less than said first rate said circuit means being designed to transfer data
relative to said first bus segment at said first rate and to transfer data relative to said
second bus segment at a rate less than said first rate.

According to another aspect of the present invention there is provided a bus
adapting system having compatible and incompatible modes of operation, for connecting
a computer to a bus, said bus being useful for attaching to peripheral devices in varied

- configurations, said bus adapting system operating while in said compatible mode in a
manner compatible with software used by said computer when said computer is not
connected to said bus adapting system, said bus adapting system operating while in said
incompatible mode in a manner potentially incompatible with said software used by said
computer when not connected to said bus adapting system, said bus adapting system
comprising: an adapter unit for effectively partitioning said bus into first and second
physically separate bus segments which are made isolatable from the computer to
differing extents by operation of said adapter unit, so that operations of the computer
cannot be compromised by devices that operate in a manner incompatible or inconsistent
with the computer or a current configuration of the bus, said adapter unit comprising:

circuit means for linking said computer to each of said first and second bus segments,

This is the feplacement sheet

Dare: =& SEP 19T



on tha card depends on the negotiated rate, and that data handling
capabilities appropriate to that rate are used. -16 - CLAIMS 1. A bus
adapting system for connecting a conputer to a physically partitioned but
| ogically unified bus, said bus having first and second bus segnents that
are physically separate from each ot her,”%ach of said bus segnents bei ng
useful for attaching to peripheral devices in varied configurations, said

bus adapti pg;3y2 °%{a§%11%' lla?nsal 8ﬁ€r§ fbrdiiéjﬂotls Fedii c}@%rlfo% lof YaideBments;

conput er separat second bus segnents, sar

_adapt er Unbéchb%fngalessﬁy' setgﬂleh%mb@ﬁ@ ohtbchbl 695Nt f 6RMdeRReC?
“differing extents, as well —as from €ach other, so that operations o the

comput er T ghtrunRation ARk Qﬁ§ cotripagedhd Girangegmest bémg?hl@'sfcanys tclesed toeqadd
bus segnents cannot be conprom sed by devices attached to the other of said
first and sempmer than the gownissegment] thel fipst segmerit thavingpr predetgrmined derigth epdins
havi ng physically separate first and second circuit paths |inking

connecting only to devices for transferring data at a predetermined first rate; and the

D»—

second segment having a variable length and connecting only to devices for transferring
data at a rate less than said first rate; means for controlling transfers of data between said
. computer and each of said bus segments; said controlling means transferring data relative
to said first bus segment at said predetermined first rate, said controlling means
transferring data relative to said second bus segment at a second rate less than said first
rate; means, operative in said compatible mode, for requiring said computer to restrict
its assignment of logical identities to said devices in a manner ensuring that said devices
are uniquely identifiable to said software used by said computer when said computer is
not connected to said adapter system; said incompatible mode not requiring such
restriction of identity assignment relative to said software; and wherein said adapter unit
includes: means cooperative with said computer in said compatible mode to allow for
operations of said computer to be directed to devices linked to said first and second bus
segments, while the computer is directing such operations to devices that are effectively
assumed by said software used by said computer to be linked to a single continuous bus.
RI HE

Figure 1 schematically illustrates a prior art "unpartitioned" SCSI bus arrangement
for a computer system.

Figure 2 is a schematic of a partitioned SCSI_ bus arrangement in accordance with
the invention, for use in the system of Figure 1.

Figures 3-6 schematically illustrate various applications of the bus arrangement of
Figure 2 in accordance with the invention.

Figure 7 schematically illustrates a preferred construction of an adapter unit/card

for the bus arrangement of Figure 2.
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respeotively to said first and second bus segnments, said circuit neans
bei ng useful to conduct data signalling operations between said conputer
and each of said first and second bus segnents, over said respective first
and second circuit paths, using identical operating protocols relative to
both of said first and second bus segnen®4;- each of said first and second
bus segnents being connectable to at | east one device reqU|r|ng

Closer to said e B SR Blprle Suki MG RERPE, ordRlich W3 (fiBicite

havi ng a proggﬁ L6hbAGE ah g:t&hrﬁ%ﬁl qctl ng only to devices for
e

transferrin ata at a pre termn |rst rate; and the second segnent
having a vari alpjgirte90i 1 af §1o%0 ARRE4rhd $or0 B plaihihg ASpErsifshs f &F the” MEbFroLtde
data at a rate less than said first rate said circuit neans being deS|gned
to transfeputliiied irelFifurée 8t thasaard torstderddl eloeginent thd prédeslt finveitionat withnd
to transfer data relative to said second bus segnent at a rate |ess than
sai d first Rigures 98 .and 98B lilhstrating details ©f ahcperation dndicated ixe veviyt genetadifornl in
wherein sale par9t|t|on| ng adapter unit further conprises: -17 -

igure

DETAILED DESCRIPTION

1. Introduction

Problems addressed by the present invention are explainable with reference to the
conventional computer system and (prior art) SCSI bus arrangement shown in Figure 1.
In that figure, 1 indicates the system and bus arrangement generally. The
"motherboard” of the system, and the CPU (central processing unit) of the system which
resides on the motherboard, are shown respectively at 3 and 4. I/O (input/output)
a’dapter unit 5, shown as a card that plugs into the motherboard, links the system to some
of its peripheral devices, shown at 6 and 7, through a physically continuous SCSI (Small
Computer System Interface) bus cable shown at 9. Devices 6 and 7 are respectively

designated as internal and

Fhis is fhe replacement shéet
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means .for controlling transfers of data between said conputer and said
first and second segnents at respective first. and second data transfer
rates, where the first rate is greater than the second rate. 3. A bus
adapting systemin accordance with claim2 wherein each of said bus
segnents is connectable to plural peri phéreal devices within a predefined
limting nunber of devices. 4. A busm% systemin accordance with
claim2 wherein said conputer is |ocat i n a housing encl osure having

%ZEE? noava 7 puf R OO B cOBHRARR QiR O BhRicalF i o Rl o
uhe _ _ Phed™
encl osur . RECANIHERAHE S Buf SO CuRERIBAL phe posBihe P e biRiaRy

uni t i nt er f;aGasEDHILNE RACH Vitbr C QUBH! 0BT sak Gus HePmbars SHeify hsSAL F5€ aliching to
segnents, sald adapter unit cooperating with said conputer to nmake said

first and speiphétabsvieRaAREiS] 3piRAIradcns SQidiberafaptits sptend comptiiagl ogi cal |y

continuous bus entity although said segments are physically and
el ectrically sepaddapet Unitoforsindectingpsaid computes separately tocdablerof s@id firsh dmds

adapting system having conpati bl e and i nconpati bl e nodes of operation, for

connect i ng secaminpustsegments asatidi adapser whibbringesefiy tadwilate sdidbussegments fronothe

pert pheral c((j)rexilplugeisto differing extents, as well as from each other, so that operations of the
computer relative to devices attached to any one of said first and second bus segments
cannot be compromised by devices attached to the other of said first and second bus
segments, said adapter unit comprising: .

circuit means having physically separate first and second circuit paths linking

respectively to said first and second bus segments, said circuit means being useful to
conduct data signalling operations between said computer and each of said first and
second bus segments, over said respective first and second circuit paths, using identical
operating protocols relative to both of said first and second bus segments; each of said
first and second bus segments being connectable to at least one device requiring
communication with the computer; the first bus segment being physically closer to said
'computer than the second bus segment; the first segment having a predetermined length
and connecting only to devices for transferring data at a predetermined first rate; and the
second segment having a variable length and connecting only to devices for transferring
data at a rate less than said first fate said circuit means being designed to transfer data
relia.ltive to said first bus segment at said first rate and to transfer data relative to said
second bus segment at a rate less than said first rate.

2. A bus adapting system in accordance with claim 1 wherein said partitioning adapter

unit further comprises:

e
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I n vakied configurations, said bus adapting systemoperating while in said
conpati ble node in a manner conpatible with software used by said conputer
when said conmputer is not connected to said bus adapting system said bus
adapting systemoperating while in said inconpatible node in a nmanner
potentially inconmpatible with said softwhfe used by said conputer when not
connected to said bus adapting system said bus adapting system conpri sing:

an adapter unit_ for.effectivel titd oni ' us..| ' . ond
physi cal 1y seplFafh f%ugo@ga%ﬁgﬁﬁ#ﬁséf AP ARt el ot i S e S8
conput er : $2hske P OAN

oper at i onsg%%1 h{i ﬁgé%%?}fgé%%n ngqrgﬁg{ﬂéceﬁhlg%mconpfgm ségﬁ%éﬁgé%ev?isgg&t?f}%t
oper at e i Ngaa iR theteSHadhted! € or inconsistent with the conputer or a
current configuration of the bus, said adapter unit conprising: circuit
nmeans for Bi nkiAnGu§ aiddp@sTRyétemn in0 agudedanoé with @ldinr 3t wherdins esshnof yaki bus
segnents, said circuit neans using identical operating protocols relative

to both of segmhehts sgronnectable & pluril eaipietalidevdesg weittiin atpredafined linsiting iuenbep  at
| east one device requiring
of devices.

4. A bus adapting system in accordance with claim 2 wherein said computer is located
within a housing enclosure having sockets reserved for attachment of some of said
peripheral devices and wherein:

said first bus segment and said adapting system are contained within said enclosure -
and said second bus segment is located outside said enclosure.
5. The bus adapting system of claim 4 wherein said adapter unit interfaces between
said computer and said first and second bus segments, said adapter unit cooperating with
said computer to make said first and second bus segments appear to said computer as a
single logically continuous bus entity although said segrnents are physically and
electrically separated from said computer and from each other.
6. A bus adapting system having compatible and incompatible modes of operation, for
connecting a computer to a bus, said bus being useful for attaching to peripheral devices
in varied configurations, said bus adapting system operating while in said compatible
mode in a manner compatible with software used by said computer when said computer
is not connected to said bus adapting system, said bus adapting system operating while in
said incompatible mode in a manner potentially incompatible with said software used by
said computer when not connected to said bus adapting system, said bus adapting system
comprising:

an adapter unit for effectively partitioning said bus into first and second physically
separate bus segments which are made isolatable from the computer to differing extents

by operation of said adapter unit, so that operations of the computer cannot be
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comuRri cation with the conputer; the first segnent being physically closer
t’'o said conmputer than the second segnent; the first segnent having a
predeterm ned | ength and connecting only to devices for transferring data
at a predetermned first rate; and the sgcond segnment having a variable

| ength and connecting only to devices for transferring data at a rate | ess
than said first rate; nmeans for controlling transfers of data between said
comput er aé&nﬁ%ﬁhsaflafabﬂc@ﬁmﬁ Bp¢TRRL iR a Mmahkbr GACUnipatiblengr ineomssténtanith ahe i ng
data relative to said first bus segnent at said predetermned first rate,
sai d cont r gdhputer oEf08rremtadafiguration ofl diecbus pdaid adapter anitatothpsisingnd bus
segnent at a second rate less than said first rate; nmeans, operative in
sai d conpat i bl eirenitieneabsrfor dipking rsgids computemputcech ©of saisk firstcand sgcond bus
assignment of logical identities to said devices in a manner ensuring that
sai d devi cesgments, saidgcicsujt mgans Bsing ideatica) operating Frotagle relative toy bath; ¢f said
conput er when said conputer is not cqonnected to  said gegg{)ter system .sai d

i nlcorrpat i bFngﬂS'gGé qqfﬁh of said; husRgemgals heing cqnuectable to af PR, deyics peawining

rel at t i d, ; d wh ' ' . it J : A
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devices t h%m%f:&nf foimf}ﬂd UElides for transferring data at a predetermined first rate; and the

second segment having a variable length and connecting only to devices for transferring
data at a rate less than said first rate;

means for controlling transfers of data between said computer and each of said bus
segments; said controlling means transferring data relative to said first bus segment at
said predetermined first rate, said controlling means transfefring data relative to said
second bus segment at a second rate less than said first rate;

means, operative in said compatible mode, for requiring said computer to restrict
its assignment of logical identities to said devices in a manner ensuring that said devices
are uniquely identifiable to said software used by said computer when said computer is
not connected to said adapter system; said incompatible mode not requiring such
restriction of identity assignment relative to said software; and wherein said adapter unit
includes: | - |

means cooperative with said computer in said compatible mode to allow for
operations of said computer to be directed to devices linked to said first and second bus
segments, while the computer is directing such operations to devices that are effectively

assumed by said software used by said cdmputer to be linked to a single continuous bus.
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assyned by said software used by sald conputer to be linked to a single
Gbntlnuous bus. _
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PHYSICAL PARTITIONING OF LOGICALLY CONTINUOUS BUS

ABSTRACT

Arrangements are disclosed for physically partitioning a bus (12a, 12b) having a well
defined architecture as a physical entity, wherein the partitioning is logically transparent to a
computer and devices which communicate through the bus (12a, 12b) and serves to avoid
problems potentially arising beca{use of the scope of actions permitted by the architecture. A

! typical bus architecture to which present arrangements have relevance is that associated with
SCSI (Small Computer System Interface) buses. The potential problems allowed to occur
architecturally involve: (a) exposures of data security/integrity; (b) excessive signal
degradation due to use of signal rates which although allowed by the architecture are
inappropriate for a particular bus loading environment also allowed by the architecture; (c)
restrictions preventing parallel transfer of data between the computer and multiple storage
devices; (d) restrictions unduly limiting the number of devices attachable to one logical bus
path. The disclosed arrangement partitions the bus into two or more physical entities which
to the computer appears as one logical entity.

Fig. 2
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