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PCO- 89- 031, 1 COMPUTER SYSTEM HAVI NG APPARETAE ¢cR¥T
ASYNCHRCBEDBLY DELI VERI NG CONTROL ELEMENTS W TH A PI PE | NTERFACE The
present invention relates to a tonputer system and in particular is
directed tora command del ivery nechanismfor a conputer system
Specifically, the i fVentich is directed to asynchronousl y del i vering
comands, replies, and status information between a personal conputer class
machi ne and a plurality of |nteII|gent subsystens mhlch may have attached
devices. In a data pr ¥R 2 @PARATUS KX TEHRONOGEIY GELIVERIBSt SySt em
and at | east one ‘'subsystem thebﬁmbﬁxﬁmmﬁﬁﬂWMQz@@ﬁ@uﬂhﬁ@ﬁﬁ direct and
i ndi rect commands to an individual subsystem usually over an |nput Out put
(1/0 channel. The direct Conmmand is one which can be directly sent to a
subsystem in one oper at [ SnPTFLCHNFIEPRIS 5Tt Bt8MYyeS 8rstewoftdatmed, and
total ly specifies am=tperariioirested texeturad dsyivhenesbbsigstfema On the
ot her hand, an indi reghtaosmEaad speciFicalif)l ehe [RELHI6ESs DFRtddatar t 0 specify

the operation than GapcRRnts?Y adfdeithl RbMaffe CHARNCLd LQEY Climarife

indirect conmand is. itself a
between a personal ccmputer class machine and a plurality of

intelligent subsystems which may have attached devices.

In a data processing or computer system comprised of a host
system and at least one subsystem, there iz a need to communicate
direct and indirect commands to an individual subsystem, usually

over an Input Output (I/0) channel.

The direct Command is one which can be directly sent to a
subsystem in one operaticn, is completely and totally
self-contained, and totally specifies an operation to be executed by

" the subsystem. On the other hand, an indirect command is one which
requires more data to specify the operation than can be provided
-within one channel 1/0 cycle. Thelindirect command is itself a
Pointe; to a blcck of system memory which contains all the
pgrameters necessary to totally specify an operation to be performed
by the subsystem. This block of memory is often referred to as a

"control block".

in a typical prior art computer system, the interface bus
overhead involved with the transfer of control blocks limited the
throughput capacity of subsystems and their respective I/0. The
limitation is caused by the inability of the processor and the
subsystem to form a synchronous connection on the bus due to other
competing subsystems or processcr tasks. Processor performance wvas
impaired due to the inability of the processcor ro obtain service
from adapters and 1/0, and the performance of the adapters and 1/C

was ilmpaired by the ability of the processer to sernd and receive
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pointer ta a block of system nenory which contains all the paraneters
neces’sary"to'totally specify an operation to be perfornmed by the subsystem
This block of nmenory is often referred to as a "con hg(; QLlEEquAsIBEEN
typical prior art cogr[B%J_togr system the interface buu@ﬂctwvol vegd with
the transfer of coRttdol Btocks limited the tzhroughp Ct-y—o¥
subsystens and their respective /O The limtation is caused by the
inability of the processor and the subsystemto forma synchronous
connection on the KHatr fueuickloahaebe edappetsi ang HAbeys cepebleoef prasessinor t asks.
Processor perfornmanee mas deBRAl tQekedii’ 4 Qeddnto eDNmbidte ttie BbtthiRcPROCESSOr tO
obt ai n service fror{h@gﬂ%ﬁ?;ﬁmm%‘!h%ﬁg‘%ﬁ FelEheR&hE QLORBGE rg% dnpe adapters

and 1/ O was inpaire L1 of. rocessor to. .send and receive

- 2- data as qui cklﬁapéérstﬂ‘@ %é‘pf%%‘/’?téﬁed If‘? %’\ﬁ@ffgnﬁéﬁgﬁ*leasoitheﬁfocessi ng it.
As a result, therehoriyare yauddl atkewel i mi nate the bottl eneck at the interface
bus which all owed neither the processor

An aim of the present invention is provide a computer system in

which control information and data can be selectively transferred
between a processor and subsystems on an asynchronous or synchronous

basis.

In accordance with the present invention, there is now provided
a computer system having a bus interface comprising a distributed
pipe. The pipe allows a processor to asynchronously send and receive
control blocks (for the purposes'of this disclosure, the control
blocks will hereinafter be referred to as control elements) for
direct and indirect commands without requiring intervention by an
adapter or I/0 device. Likewise, the adapters and I/0O can
asynchronously send and receive control elements to the pipe without
intervention by the processor. In addition, the pipe allows
subsystem to subsystem control element transfer independent of

processor intervention.

Viewing the present invention from a second aspect, there is
now provided a computer system comprising: a first unit type having
at least one processor; a second unit type having at least one
subsystem, which may have attached devices; an interface bus for
interconnecting with each oﬁ the unit types; characterised in that
the system further comprises: a distributed pipe comprising shared
memory distributed among each of the unit types; each of the unit
types further comprising: at least one entity;. delivery send means
for asynchronously sending control elemenfs, addressed to another
entity from the entity, to the distributed pipe without interaction

with any other entity; and delivery receive means for asynchronously
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nor the adapters and their respective I/Oto performas well as their

har dware woul d al |l ow. SUMMARY OF THE INVENTION It is an object of the
present invention to aneliorate one or nore di sadvant ageg he- L] Or art.
According to one aspect of the present invention there ig HAY BEEN
apparatus wit hin scosgsd®m for asynchronousstransfer of sg f-d&EELA(i;}_'tglg
control elenents representing requests, replies, or asynchrono
notification between entities located in different units on the system and
for asynchronols HARShekoRker@idefis! WBEN:A & BALLLIGS e-aRLM SYSL em
conprising: a fi r%t tt%ﬁ)e unit, sard first _tygiet uni t urtﬁer conprising at

| east one processBFERMEEIRY IRt dRferactid HRSBIPEYPEWnit furt her
conprising at | east one subsystem which may have attached devices; an

i nterface bus, i ntercasnastthdgr&ahd ikvehSibn anéh aeenird dsyqRe, WhddeSis a
distributed pipe REtWeeHegalf of idsta IfPRelRltedNd Reld &9%@5‘:@&%@% unit,
said distributed pi pe fl.il’t her corr?rltsl nl% shgr ed rlrem)r% di stri buted anong
each of said unit < 01 EP e ARE T ¥ 8 Fat 2 T 61 $Bi BYREPEY merory
relating to sai d ¥Hficatiopbeepr gnitadepdadunterofcomiitingi pes and to transfer
"sai d stored dat a {mesnshectiagnuwaisg irBldisng @aténsdfons aingydtienSivitamngh second type
units further conpfibHabdiudlsHafBnefRS BREIchYy &sH8hItKEHYrR&NEdTEChaNi sm
for asynchronous gngueuin gn)g tsgndl ng_one ofong%lldelc“(‘)p&rgl el errﬁnts and
sai d stored date; "and 2 *de*VePy el Ve meEchani sm T or asynchf8hslts
dequeui ng and rec®ityi KeprotrREtETive §F depertsr Y19 BPLIPEN1Rd afressaf dost ored dat a.

receiving unit, to the distributed pipe without interaction with any

other unit; and receiving control elements, addressed to a receiving
unit, from the distributed pipe without interaction with any other
unit; wherein the control elements are asynchronously transferred
from one of the units to another of the units through the
distributed pipe.

The interconnecting units preferably include at least one processor.

Preferably, the control elements can be written to and read
from the distributed pipe as a circular queue. In another preferred
example, the control elements are written to and read from the

distributed pipe as a FIFO éueue.

A preferred method of the present invention includes the step
of signalling the receiving means with the sending means when a
control element is placed on the distributed pipe. Preferably, the
step of signalling the delivery receive means with the delivery send
means to examine the state of the distributed pipe at predetermined
time intervals. The step of using a management entity in each the
unit to control interaction of the unit with the distributed pipe is

also preferably included..

————m
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According to another aspect of the present invention there is provided an
appar at us within a system for asynchronous transfer of self-describing
control elements representing requests, replies or asynchronaus
notification between entities located in different uUnjdig SHEETHASBEERN and
for asynchronous trafisfer’3f data between sai*d entitles, RgPHAGEDSt em
conprising: a first type unit, said first type unit ¥eter—comprtsing at

| east one processor; nore than one second type unit, each said second type
unit further conpri singTia céntast elenents wbs pe¢fermblyroiiguray vitv e fatkdaached
devi ces; an interfaqendtdSotibR 26 RANGELLNE 18R)tH piAibS, 1Rt £1x68Sing0Ne

dlstrlbuted pi pe, but ed eiLn ;S d b en tmo of
%8% g+ %Er E:onar:Ps;Pg at}: g{ %Jéeq gonp esche.blng q%m%

said units, each sal stri m)ry
di stributed anong ed&??r{‘ﬁ“%’al”d th?uct’@m]bﬁlfef"%‘ft rfe ATt Sl%f‘cﬁ"étael'a‘t“a the om sai d
shared nmenory rel at ilaegth sk tcogonl redément camriuse | fiel@ipdschdibingotheSiiutke

di stributed pipes amfl the dohiBs leldmerdli & as;teﬁa:dordaieaataes@mné rtgén said units,

each of said second Lyne, gl 1o LIRSk AR, ShRG Aleleaslone gntity: a

delivery send nmechani smitor sending one sal contr £mand said
stored data; and a &87‘-’%%&99 F‘?B@ﬁ"\‘?e"lﬁ%éﬁp&ﬁ?%n?”f Brpr?féﬁ’éﬁdv'i'eﬁ@do‘#eﬂlﬁ sai d
control el enents and&resaht inveptrion. dears;isvireprsiirgly pireliden theyfurehrdi stgp oai d
control elenent is ithe &rsubsysiyedita AActhe Fhafliabl Ldngth B&@idkl. NPefthdd £QP1L T O

element is in a SUb%X%E&;{hed the further steps of inserting a command for immediate

execution by an attached device in the variable length portion; and

inserting an immediate command identifier in the type field; whereby
the entity sending the immediate command can encapsulate commands
within a control element and pass the immediate command through the
distributed pipe. There may further be provided the step of using at
least one buffer storage, in the unit containing the entity sending
the control element, for holding data external to the distributed
pipe, and further identifying the location of data in the buffer

with field in the control element.

A preferred method of the present invention includes the
additional step of inserting the address of a buffer location
containing a command for immediate execution by an attached device
in the variable length portion; and inserting an immediate command
identifier in the type field; whereby the entity sending the
immediate command can encapsulate commands within a control element

and pass the immediate command through the distributed pipe.

Preferably, a plurality of requests are concatenated in an
execution list by; configuring the variable length field to indicate
the length of the execute list, indicating the address of the

execute list, and indicating the number of times the execute list is

This Sheet Has
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REPLACEMENT SHEET -4- According to still another aspect of the present
i nvehtion*there is provided a nethod for asynchronously transferring
sel f-describing control elenents representing request§
asynchronous notification between units in a system tL g
of : interconnectingecdtBdlpgy conprising at | egst one prg ] 5 st
one subsystem wth an interface bus; sharing nmenory physically distributed
between said units as a distributed pipe; providing a buffer separate from
said pipe to store_data fromdistributed nmenopry. .relating tQ said contro
el ements i ndependent %Sfreg%ﬁtﬁd‘p?’ﬁe?la RN PSROGSTS é%ﬁ’ﬁbfgf?\d“ &hY B®endi ng
sai d control el enefiddgidtherontrodredemeghita from a sending unit, said control
el enents addressed to a receiving unit, to said distributed pipe; and
asynchronously dequeuifig §88fk 8 FeddivthoCOts Qke B1BORBLS ARk hIIRaSt Ored
data by said recei ying. uplle2ald,conblol SLEPILS DekNg addressed, by said
sending unit, from Sa Hoqiatrroht aa pi-pe. ¥ MAnIpUiating notily and wait

bits in the type field by the sending and receiving units to

indicate to each of the sending and receiving units the status of

the other unit.

A preferred method of the present invention includes the step
of using the delivery send means to detect when the distributed pipe
is full. Another preferred method includes the step of using the
delivery send means to detect when available space in the
distributed pipe is insufficient to hold another control element.
The latter method preferably comprises the additional step of
placing a wrap element at the end of the distributed pipe space when
the distributed pipe does not have available space for another
control element, the wrap element indicating to the delivery receive
means the end of available pipe space; whereby the delivery receive

means resets to the start of the pipe space.

A preferred method of the present invention comprises the step
detecting when the distributed pipe changes from the empty state to
the not empty state. Preferably, the step of using the delivery
receive means to detect when the distfibuted pipe is empty is

included.

A preferred example of the present invention uses a plurality
of distributed pipes. Accordingly, a preferred method of the present
invention includes the additional step of using a pair of
distributed pipes for each unit pair, using the first distributed
pipe for control elements sent from a first unit of the unit pair to
a second unit of the unit pair, and using a second distributed pipe

for control elements sent from the second unit of the unit pair te
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According to still another aspect of the present invention there is
provided & nethod for asynchronously transferring self- descrlblng contr ol
el enents representing requests, replies, or asynchror

between units in a system conprising the steps of: iﬁ#@$é%i téﬁﬁhéﬁ
subsystem units Wigtdlgampsi Nterface bus; shagi ng menory physRERBIAGED
distributed between said units as a distributed pipe; providing a bufter
separate from said pipe to store data fron1said stored nenory relating to

said control el errea |nde endent of sai d’F‘Ffp §]ynchronously sendi ng said
control el ements &MdEEEF P 4RCE 7 SRiaPEEAH ﬁg’ﬁﬁf‘? oL HieibherS el enent s

addressed to a reeeirgtndn dntlt dupiex ma¥ed di stri buted pi pe; and asynchronously
receiving said control elenents and said data by said receiving unit, said

;.Olgtefol el gﬁeBtE chddrﬁﬁﬁéxQ¥1§QfQ Eﬁ@gmlmmt_mnf bR Sai ogg i :;a'r ggt ed
I -
enbodi nent of the°PF uLeénfys ?ﬁ'\/é’hf’l?lﬁ?i c\ﬁﬂrf’{ no%v‘/’B laneg%dr%féoca i®th reference to

t he acconpanyi ng 6FaRfferged Pefvedn & RrocEsspEragd fni %ttths<? sirsterd di agram of the
i nvention using aisdepgidentsendhdgvainisiliaghfatiei sighded eQBystedg UNI t .
Similarly, the control information and data can also be transferred

between the subsystem and the processor independent of the
availability of the processor. The control information and data can
be asynchronously transferred between the processor and attached
subsystems in full duplex mode. Furthermore, the control information
and data can be transferred between subsystems of a computer system
without intervention of the processor. Also, the control
information and data can be transferred between a processor and a
multiplicity of different subsystems on a common interface. The
computer system of the present invention thus enables control
information and data to be transferred between a processor and

attached subsystems in an improved manner.

In a preferred example of the present invention to be described
later, there is provided a computer system having a distributed
shared memory, which is located in the processor and the subsystems,
to form a distributed pipe organised as a FIFO circular queue.
Control elements are asynchronously placed on the pipe by the
processor and by the subsystems. Each control element contains a
fixed field carrying self describing information including the
source and destination. A variable field follows the fixed field,
and may contain data or a pointer to a buffer external to the pipe
which can contain data or a list of commands to be executed (i.e.,
indirect commands). The fixed field also contains control bits
which allow the subsystem and the processor to synchronously execute
a repetitiﬁe list of control elements when necessary. The

asynchronous sending and receiving of control elements to and from
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Figure 2 is a overview diagram of the signalling nmechanismused to notify
units of the system Figure 3 is a block diagramof the state information

used by the signalling nechanismin figure 2. Figur

interrupt logic used by the system Figure 5 is a di

using multiple sub8ysPeRdl and entities. 77 - Fi

BT

ure 6RE

r@gﬁ?@@u??ﬁ

di agram of the invention using nultiple subsystens and entities, which also
shows the delivery send nmechani smand the delivery receive nmechani sm
Figure 7 is a di agtmdtpife f116@2NtHe0pro8dsRPERLG tikd GubkRstSns o Be dire%gmm,gt an

| mmedi ate SCB COMRiduy Lililhfhg %nk o bR A MR 208143872 Feion ThEIEE10 15 2

di agram of an execute [|is

is achleved by the control element structure whlch allows different

subsystem types to use the same pipe.

A preferred embodiment of the present invention will now be

described with reference to the accompanying drawings in which:

Figure 1 is a simplified diagram of the invention using a

single sending unit and a single receiving unit.

Figure 2 is a overview diagram of the signalling mechanism used

to notify units of the system.

Figure 3 is a block diagram of the state information used by

the signalling mechanism in figure 2.

Figure 4 is a diagram of the interrupt logic used by the

system.

Figure 5 is a diagram of the invention using multiple

subsystems and entities.

Figure & is another diagram of the invention using multiple

subsystems and entities, which also shows the delivery send

mechanism and the delivery receive mechanism.

Figure 7 is a diagram of a control element.

Figure 8 is a diagram of an immediate SCB command.

Figure 9 is a diagram of a base SCB.

Figure 10 is a diagram of an execute list.
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BC9- 89- 031 8 Figure 11 is a diagramof the control
el ements used for command chaining. Figure 12 is a diagram show ng the
format of a read |ist request. Figure 13 is a diagram showi ng the format of
control bl ocks used for indirect data chaining. Figure 14 is a diagram
showi ng the | ocats®nssobsit he notify and waig bits. By way of general
overview, the invention allows a processor and a subsystemto
asynchronously transfer data and control information and thereby avoid

i nterrupt del ays which degrade perfor e of the prqcessor. and the
subsystem In additi gﬁ?“rfﬁlé Fat g’lﬁfﬁﬁ‘“ gg%ﬁ?c‘f nﬁrﬁﬁg}%ﬁqﬁsouﬁeéggﬂr 5788 be
asynchronously t rdst 89T ed bet ween subsystens w t hout processor

i ntervention. The m croprocessor system which includes a processor unit

With system nmenory andgdeSQParaliCadphtl ERIiNE Y YornANEr QlreBPN EstSUDSYSt EM
adapter units vmtgggeggory, optional 1/0O devices which may attach to the
adapters, and a bus interface (which can interchangeably be called a

Figure 13 is a diagram showing the format of contrbl blocks

used for indirect data chaining.

Figure 14 is a diagram showing the location of the notify and

wait bits.

By way of general overview, the invention allows a processor
and a subsystem to asynchronously transfer data and control
information and thereby avoid interrupt delays which degrade
performance of the processor and the subsystem. 1In addition, the
data and control information can also be asynchronously transferred
between subsystems without processor intervention. The
microprocessor system which includes a processor unit with system
memory and a separate buffer memory, one or more subsystem adapter
units with memory, optional I/O devices which may attach to the
adapters, and a bus interface (which can interchangeably be called a
micro channel). The memory in the processor and the memory in the
adapters are used by the system as a'shared memory which is
configured as a distributed FIFO circular queue (a pipe). Unit to
unit asynchronous communication is accomplished by placing control
elements on the pipe which represent requests, replies, and status
information. The units send and receive control elements
independent of the other units which allows free flowing
asynchronous delivery of control information and data between units.
The shared memory can be organised as pipe pairs between each pair
of units to allow full duplex operation by using one pipe for
outbound control elements and the other pipe for inbound control

elements. The control elements have standard fixed header fields



m cro channel). The nenory in the processor and the nmenory in the adapters
are used By the systemas a shared nenory which is configured as a

di stributed FIFO circul ar .queue (a pipe). Unit to unit asynchronous

comuni cation is acconplished by placing control elenents on the pipe which
represent requests, reg%[gs and status inforgration. The units send and

recei ve control el engnts 3r‘}dependent of the other units which allows free

fl ow ng asynchronous delivery of control information and data between
units. The shared nenory can be organi sed as pipe pairs between each pair
of units to allow futith dapiable bisddntoldaviny the ifiepdoiradesi p&hg ixed epdsund
control el enments andaiibés 8tchidon Ginpefdcer protdeolind eonkd of dfRaeItt Kardwkie
control elenents havg.standang g Beagemeliiel dss the BosB9Q3%ce

9 with variable fields fo%lgmnn%‘thggglxeg heaq%rhrIQg fhx%d header al | ows
a common interface protBEbIPTES BB SHEHY® dF et et ol e e alfapt ers. The
conbi nati on of the pigechaPiPutiNccomprhtAtei APRLFiRgin higher overall throughput

due to lower interrupt overhead.

An important feature of the invention is the use of a shared
memory to hold the control information. The shared memory used to
hold the control information is physically distributed between the
processor and the subsystems and will hereafter be interchangeably
referred to as a distributed pipe or a pipe. A unit of the system,
such as a processor or subsystem adapter, can send self-describing
control elements to the distributed pipe for later rerrieval by
another unit. The control elements carry commands, &data, or
addresses of data stored in a buffer which is external to the pipe.
The unit of the system which is intended to receive the control
element will retrieve it from the pipe as soon as it can, but does-
not require the sending unit to wait for the receiving unit to act.
The sending unit can, therefore, place the control element in the
distributed pipe and proceed to other work rather than waiting for a

response from the other unit.

Figure 1, used for illustrative purposes, is a simplified
diagram of the invention which uses a single sending and receiving
unit and a single pipe. In addition, thé sending unit has a single
client entity, which can be an application program or the like, and
a single servef entity, which, for example, may be an I/0 device
attached to a subsystem. It should be understood by those skilled
in the art that, in practice, multiple sending and receiving units
would be used, as well as multiple pipes, clients and servers.
Figure 1 shows the general flow of data and contrel information in
the invention. The sending and recéiving qnits 102, 108 comprise a

unit pair which may be a processor unit and a subsyster unit, or



protocol allows many different types of hardware adapters to asynchronously
comuini cate, resulting in higher overall throughput due to |ower interrupt
overhead. An inportant feature of the invention is the use of a shared
menory to hold the control information. The shared nenory used to hold the
control information®¥3s8hA3si cal |y distributet? between the processor and the
subsystens and will hereafter be interchangeably referred to as a
distributed pipe or a pipe. Aunit of the system such as a processor or

subsystem adapter, Bah ra@nd S8lfstdesaribi Ngetrd Lok RREMEN! Sk lihg
distributed pipe fog relslng UL 16 BLecBin B0Q! DK bmlschge%ogoﬁg&rO' clement s
at

carry conmands, data(j resses a _stored VRFRERt i s
external to the pi p&* ‘I*ﬁg sﬂ?ﬁeti MO PO S\FBt SHTTHHIVET! Pie} ntSomenades red r ecei ve
the control el enent capittdl infermatige are chrtgimedhia Piepentol deornagod.t man, but
does not require theatacRdiose bRinkfer-fed\Bioh thelsefidifg ﬁmﬁo\élﬁagtﬂémefceltv@ngam

The sending unit caahlttﬂasre{qgﬁbe&k%@eﬁe@lmné rofeltw LEENt; 10 t? o
di stributed pipe a an wai 111

forta
response fromthe g?%g?recﬁ?ttra‘f—"faﬁfg withlﬁsae‘ffrﬁbﬁe iR (el ‘?/fe'g'}ﬁur poses, is

a si nqali fied control element 104. The control element, lncludlng_the placement
of data within the control element, will be discussed in more detail
below. BSecond, it can be placed in the buffer 110 by the sending
unit 102. The sending unit 102 will then place the address and
length of the data contained by the buffer 110 into the control
element 104 prior to sending the control element 104 to the
distributed pipe 106. It should be understood that the actual
movement of data into and out of the buffer, as well as the pipe,
can be accomplished by a number of conventional methods, well known
in the art, such as through the 'use of DMA logic. As a general
rule, it is preferable to use the external buffer 110 to transfer
data since the distributed pipe 106 has a finite size and could be
rapidly filled by the large data transfers used in many
applications. At this point, the sending unit 102 does not have to
wait for the receiving unit 108 to respond. The sending unit 102
can proceed with other tasks including the placement of other work
requests in the distributed pipe 106 in the form of control elements
104.

The receiving unit 108 will retrieve control elements 104 from
the pipe 106, execute the work request contained therein, and reply
to the sending unit 102. If the control element 104 addresses data
in the buffer 110, the receiving unit 108 will read or write the
data from the buffer 110. When the work request is complete, the
réceiving unit will reply to the sending unit 102 by placing a
control element 116 on the pipe 112. '(Control elements 104 and 116

are functionally identical, as are pipes 106 and 112. They are



di agram of .the invention which uses a single sending and receiving unit and
a single pipe. In addition, the sending unit has a single client entity,

whi ch can be an application programor the |like, and a single server
entity, which, for exanple, may be an 1/0O device attached to a subsystem

It should be understood by those skilled in the art that, in practice,

mul tiple sending aseb-s®ee1 ving units woul d be used, as well as nultiple

pi pes, clients and servers. Figure 1 shows the general flow of data and
control information in the invention. The sending and receiving units 102,

108 conprise a uni ] b r.oce unj t_.and S stem
unit. or BCO- 8 gg%egx?lfl;eMeparatn?y to %enotg tggt % _pL:id) bls ;ﬁhysmaﬁg :P yst em

units. A sending uff fiffgzent goits ?%(ﬁ’ﬁﬁeglfs‘:f"i‘iatmaaarde%‘@i"\/i"i‘ng‘U’ﬁFltre‘108 perform
sonme wor k by pl aci pgpodireutntises| logie@ibntepibate| nibes Sdrase@dingeamdryecdi®ing t he

di stributed pipe). cé&emmadaedRd GRNMsOlnel BREOMWIBS tiRNscAbfgGRRE Abfleehd N t he
control el ement 104,.4f; 03k 1o hReDRe Wl FLLLNShhIOR &N SenEl ng uni t 102

to the receiving ) )
unit 102. It can proceed immediately to other work, including the

retrieval of more control elements 104 from the pipe 106.

When the sending unit retrieves the control element 116 from
the pipe 112 which contains the reply to the sending unit‘'s 102
request, it can take the appropriate action based on the reply.

The logical steps discussed above are supported by the delivery
support 118 (which includes a delivery send mechanism and a delivery
receive mechanism) and the bus 114. The delivery support mechanism
in the preferred embodiment is state logic well known in the art.
Control information and data are physically moved to and from the
sending and receiving units to the buffer 110 and the pipe 106, 112
by way of the bus 114. Further, the delivery support mechanism 118
includes the enqueue/dequeue logic (not shown) to control placement

of control elements on the FIFO queue in pipe 106, 112.

Figures 2, 3, and 4 show the basic mechanism used by the
invention for signalling, state logic, and interrupt handling. The
basic flow of control elements, shown in figure 2, operates using
the send interface 202 and enqueue logic 204 to place control
elements into a pipe 220. It then uses dequeue logic 206 and
receive interface logic 208 to remove the control element from the
pipe 220. The enqueue and dequeue logic use the state information
shown in figure 3. There is also logic 210, 214 to recognise
certain state changes in the pipe and to signal the other side. The
signalling is done by pushing state change surrcgate state
information to the surrogate enqueue logic 212, 216, then pushing

reason codes to the reason area (shown in figure 4) for this unit.
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unit 108, it can be transferred in one of two ways. First, it can be
directly transferred within a variable length field of the control elenent
104. The control elenent, including the placenent of data within the
control elenment, will be discussed in nore detail below Second, it can be
placed in the buffer 110 by the sending unit 102. The sending unit 102 wl|
t hen place the ad8e8%%¥nhd | ength of the dd a contained by the buffer 110
into the control elenent 104 prior to sending the control elenment 104 to
the distributed pipe 106. It should be understood that the actual novenent
of data into and oae 0k dubfoghtd iFbrma8fonVlil reasont iW€orpu{i6n i€ PasHRQ, a

accompl i shed by o "L SAONEOL N3k STEkBaS,. WBbL: Knpild hythe art

such as through t e use o t ef er abl e

to use the externdl® WFPTEF PFiTLS ‘Pé}ya]?fs?‘é‘? erm?ﬁ(f%“tf?%ée’a?’g’id?"g’ﬁut ed pi pe
106 has a finite of rey hndoroby drivéng 3§ PHYS PrlmawdﬂvmwielOFWQ@ etk
transfers used i Nncde\hadgupld Gitbi@pss. At this point, the sending unit 102
does not have to wait for the receiving unit 108 to respond The sendi ng

unit 102 can proceed W|th t her tasksti ngﬂh cq, nsgmor mant gf ot her work
requests in the distri*8ted P THETH *he™r 6T M of = eﬁ‘f"r%‘fl"%l neht s

invention in actual use than Figure 1. However, as in the
discussion of Figure 1, the actuwal number of entities is not ilmlted
to the number of entities shown, but is instead a function of the
hardware capacity of the particular system components in question.
Figure 5 shows a processor unit 502 which includes multiple client
entities 504, 506, 508, 510. Each entity may be a program or some
other system task which requires interaction with subsystem units.
The subsystems are represented in the figure as they would typically
appear in éractice, as adapter cards 512, 514. Each adapter 512,
514 in turn has multiple server entities 516, 518, 520, 522, 524,
526 which may be I/0 devices such as communication lines, printers,
terminals, or the like. Figure 5 also illustrates the use of
multiple distributed pipes 528, 530, 532 within a shared memory 534.
As shown, pipes for unit pairs can be used by processor/subsystem
unit pairs 502/512 and 502/514, or by subsystem/subsystem unit pairs
512/514. Each of the pipes would move control elements 536 on the

bus 114, as discussed above in the description of Figqure 1.

Figure 6 is a diagram showing the general arrangement of the
invention which is designed to show the relationship between the
circular pipe and the system. There are a pair of circular pipes
‘602, 604 which deliver control elements in opposite directions. The
basic operation of each is the same. There is state information
606, 608, 610, 612, 614, 616, 618, 620 needed for the engueueing and
dequeueing of contrcl elements (not shown). The state information
is distributed between the two units 622, 624. The delivery support
626, 628, 63D, 632 is shared between multiple entity to entity pairs



104. The receiving unit 108 will retrieve control elenents 104 fromthe
pi pe 106, éxecute the work request contained therein, and reply to the
sending unit 102. If the control elenent 104 addresses data in the buffer
110, the receiving unit 108 will read or wite the data fromthe buffer
110. Wen the wor kehagugst is conplete, theaseceiving unit will reply to
the sending unit 102 by placing a control elenent 116 on the pipe 112.
(Control elenents 104 and 116 are functionally identical, as are pipes 106
and 112. They are BCO- 8 11 identified
separately to denoté’ A%t 6%ar‘ief"lﬁr 5821 841R7&1 &A% VP BERT 88 R 8HFPRr ent units
of the system | n tgeActicomunidate yidf erchetbenbirdi e micyss ewnpedgésdal | y
separate pipes for sending and receiving control elenents.) As was the case

with the sending unit plge 7 BRwE @68V NGmbRY bt %QQaQqesa Em,ftm\&'aéfemi ra

\r/\,gf E?n?ﬁ C}‘ Lglmn;h'? hlis ggn(glraqu.ysgllxsts.wnogf h<|>vy t}?eagn egt%%r? %ses An%zt'o?. !lextnect)ltg ther
' follows.

Work Orders:

Requests and the replies to those requests, are exchanged
between clients (entities) in a system unit or adapter, and servers
(entities) in an adapter or system unit using the delivery services
of the SCB architecture. These requests, as well as their
corresponding replies, are referred to as wofk orders. Each work
order consists of a control element used to describe the unit of
work being requested, and one or more control elements used to
indicate the completion or current state of the requested unit of
work. Error conditions .or changes in the processing state of a unit
of work are reported in error and event control- elements
respectively. Using this definition, each of the following would be

a valid work order:

a single request element with no reply element;
a single request element with a single reply element;
a single request element with multiple reply elements;
- a single request element with an error element;
a single request elemenE with an event element;
a single request element with both event and error
elements;
- a single request element with event, reply, and error

elements.

When request elements are chained together, each request

element in the chain is treated as one part of a. single work order.



retrieval of nore control elenents 104 fromthe pipe 106. Wen the sending
unit-retrieves the control elenment 116 fromthe pipe 112 which contains the
reply to the sending unit's 102 request, it can take the appropriate action
based on the reply. The | ogical steps discussed above are supported by the
delivery support 118 (which includes a delivery send nechani smand a
delivery receive nech ﬁF?n).and the bus 114 The del i very support nechani sm
in the preferred enbodinment is state logic well known in the art. Control
information and data are physically noved to and fromthe sendi ng and
receiving units toElekeatpuffer 110 and the pipe 106, 112 by way of the bus
114. Further, the delivery support nmechani-sm 118 includes the

enqueue/ dequeue | ogic h o Qe n o trol elenents
on the FIFO queue in e lidhe s &"‘@15 Fefidtly £ tmla&gmggﬁgsh%\%gtthe basi c

£|§e 106, 112." Figures, 2, 3, an

mechani sm used by PHEPTRGEHEPDAMIPEItATHANY | 1 ntF™e SPEe RHYPEEYShE i nt er r upt
handl i ng. The basi@ifdtospdod sexyat+ ofheg|aspaiks an ShghwPei Yith jagsreetiRougbper at es
usi ng the send i ntwhé@ca1P2Hdnane: eaquetyesekaige o234 inborpbiA6e i6 QRS I Ol

el erent s into a pifgad2h alibydNAR 4ReRAAUNRHE LOBLCAAN, BDGaLRGET Ve

interface | ogrc Zotgldgr%tgn anx\alag its hc%ngaggédr h?]!th.‘?l’! %I;Lepetmainl;lg{n of the control

element. Typically, a control element contains the following:

16 bit type field

16 bit length field

16 bit source field

16 bit destination field

32 bit correlation field

1
PP o

variable length value field

The first five fields are used by the delivery service as well
as the client and server. It constitutes the information visible
through the window in the envelope. The remaining field, the value
field, contains the contents of the envelope. It contains

information meaningful only to the client and the server.

The following sections describe in more detail, the format and
content of each of these fields as it pertains to the delivery

service.

Type Field:

The type field of an element is a 16 bit word used to identify
an element and indicate how to interpret the remaining fields within
the element. The type field consists of the following sub-elements:

EID element identifier ~ a (2) bit sub-field used to identify

the element type. There are four element types:



pi pe 220. The enqueue and dequeue | ogic use the state information shown in
figure 3. 'There is also logic 210, 214 to recogni se certain state changes
in the pipe and to signal the other side. The signalling is done by pushing
state change surrogate state information to the surrogate enqueue | ogic

212, 216, then pushing_reas codes to the reaspon area (shown in figure 4)
for this unit. ng%ggﬁp 1 12 Once the surrogate

i nformation and reason information is pushed, a hardware level prinmtive
causes an interrupt (shown in figure 4). The hardware primtive may be
either interrupt controller Hardemest ¢P0)napnirdenioheetfybyveai dlieng td © fpovdrs or
mapped nmenory | ocati ons whi ChskaySie {fbapshtaumca nnitess WidksSon HMsObEhE1HD Shows a

structure which is nore represgntatl [ \erQhcdeheri &¢ehd QBnek-ty |, use than
Figure 1. However, as in the d?gcus§¥bﬁ O?aFi ure 1, thé ac?ﬁ% Nitber of

entities is not linmted to tFEKENBT IS E5t |htgi T5%hown, but is instead a

function of the _
2 - reply (01) - An element sent by a server in response

to certain request elements. Not all request elements are

answered by replies, only those that request information.

3 - event (10) - An element containing information about
the progress of a request, about the side- effects of a
previous request or about the status of an entity. Events

may be sent by either a server or a client.

4 - error (11) - An element that provides error
information about a previous request, or about the health

and welfare of a server or delivery agent.

] suppress reply flag - indicates whether or not the client
wants the server to return a reply element when the
processing of this request element has been completed
successfully. When set to one, the reply is suppressed
and no reply element will be returned. When set to zero,
whether or not a reply is returned is determined by the

entity to entity protocol.

C chaining flags - indicate whether or not command chaining
is in effect. When chaining is in effect and all elements
in the chain represent a single unit of work, to be
processed in the order in which they appear. The
following table indicates how the chain bits are to be
interpreted:

00 - indicates no chaining (first and last)



hardware capacity of the particular system conponents in question. Figure 5
shows a processor unit 502 which includes nultiple client entities 504,

506, 508, 510. Each entity nay be a program or sone other systemtask which
requires interaction with subsystemunits. The subsystens are represented
inthe figure as they would typically appear in practice, as adapter cards
512, 514. Each ad¥gt®r°312, 514 in turn ha® nultiple server entities 516,
518, 520, 522, 524, 526 which may be |/ O devi ces such as comuni cation
lines, printers, termnals, or the like. Figure 5 also illustrates the use
of multiple distributed pipemabcdBes bd0stadB82fvd tdwimmndactabanedstrenory 534. As
shown, pipes for unit pakigengn be used by processor/subsystemunit pairs
502/ 512 and 502/ 514, or by subsystem subsystemunit pairs 512/514. Each of
t he pi pes woul d nove control elenments 536 on the bus 114, as discussed
above in the descriptionlbf faifstes an elgngefy within Sheychpindintsreddditeng t he
general arrangenent of thkmememyenti on which is designed to show the

rel ati onship between the circular pipe and the system There are a pair of

circular pipes 602, 604 W_Cﬂaﬁc% isvgge cantr ?’Laigl(garrsgné S ein@) opposite
directions. The basic operation of each s € sane. ere is state

i nformation
I indirect flag - indicates whether the value field of the

element contains the parameters for the specified function
or just the length of, and a pointer to, a data area where
the actual parameters are stored. When set to one, the

value field contains a pointer to the parameter value.

N notification flag - indicates whether or not the client is
requesting notification by the server when processing of
this element begins. When set to one, a notification is
to be returned to the client using a notification event

element.

W wait flag - indicates whether or not the client is
requesting the server to wait before processing this
request element, or any other request elements from this
client, until it is told to do so with a subsequent resume
event element from the client. When set to one,

processing is to be suspended.

E expedite flag - identifies a control element that the
client wants the server to process as expeditiously as
possible, i.e. before any other control elements that may
be waiting to be processed. When set tc one, the control

element is to be expedited.



606, 608, 610, 612, 614, 616, 618, 620 needed for the enqueueing and
dequ€éuei ng of control elements (not shown). The state information is

di stributed between the two units 622, 624. The delivery support 626, 628,
630, 632 is shared between nultiple entity.to entity pairs BC9- 89- 031
13 634, 636, 638, pbf0s.09¢2, 644, 646, 648. Portions of the delivery support
comuni cate with each other over the mcro channel 650. Figure 7 shows the
arrangenent of fields in a control elenent. A general discussion of how the
invention uses the control elements follows. Wrk Oders: Requests and the
replies to those requ¥st Sgier exhafgedehePwWRENSEriiet ss@ettt idertigy in a
systemunit or adapter, ahe fsmtiar to peperfored)andnindirabglapt €r igtermygst em uni t
using the delivery servi ags BhtehfieoSER afiGbidiet ure. These requests, as
wel |l as their corresponding replies, are referred to as work orders. Each

wor k
Length -Field

The length field of an element is a 16 bit word used to specify
the total length of the element in bytes. This includes 2 bytes for
the type field, 2 bytes for the length field, 2 bytes for the source
field, 2 bytes for the destination field, 4 bytes for the

correlation field, and n bytes for the variable length value field.
Source Field

The source field is a 16 bit word used to identify the
originator or source of an element. It is a structured field
containing a unit identifier and an entity identifier. For the
Micro Channel, the unit-id is the bus unit with an allowable range
of 0 to 15, and the entity id is one of 256 possible sources.
Entity id zero (0) is reserved for management purposes. Together,
they provide sufficient information to unambiguously identify a bus
unit as well as the entity within the bus unit responsible for

originating the element.
Destination Field

The destination a 16 bit word used to identify the target or
destination of an element. Like the source field, it to is a
structured field containing a unit identifier and an entity
identifier For the Micro Channel, the unit id is the bus unit with
an allowable range of 0 to 15, and the entity id is one of 256
possible destinations. Entity id zero (0) is reserved for

management purposes. Together, they provide sufficient information



order consists of a control elenment used to describe the unit of work being
requested, and one or nore control elenents used to indicate the conpletion
or current state of the requested unit of work. Error conditions or changes
in the processing state of a unit of work are reported in error and event

control elements respeciively. Using this definition, each of the follow ng
woul d be a valid wofK order: - a single redquest elenment with no reply

el enent; - a single request element with a single reply elenent; - a single
request element with multiple reply elements; - a single request elenent
with an error el erfentramiggpusimidentify ibe Jus ePehnatft Re eHianvidbinthebenent ; -
a single request ahetrend iwithé rbablenewEntheaslemeanty or el enents; - a single
request elenent with event, reply, and error elenents. Wen request

el enents are chai ned together, each request elenent in the chainis tfeated
3 reltl%g\ﬁftblF k*28r der .

as one part of a si’hg

The correlation field is a 32 bit doubleword used to provide an
identifier for associating or correlating a response with a previous
request. The format and content of the correlation identifier is
determined by the entity who is the originater of the request. It
may be a sequence number, the address of a control block or request
packet, or the address of a data buffer. The correlation identifier
is returned to the originator of the request in a reply, error, or

event element.
Value Field

The value field of an element is a variable length field used
to hold additional arguments, parameters, or data required by the
operation identified by the function code in the type field. The
type, length, and format of this information will vary depending on

the function specified.
Function Codes

Within an element, a function code is used to identify the
operation to be performed and to indicate how the contents of the
value field should be interpreted. The High order bit of the
function code is used to distinguish between common usage function
codes and implementation defined function codes. When bit 6 is set
to one (1), it indicates that the remaining bits (0 - 5) contain a
non- architected function code. When set to zero (0), bit 6
indicates that the remaining bits (0 - 5) contain one of the

following common usage function codes:



BC9- 89- 031

precisely:*control el enents,
in sone cases, data between a client and a server

14 El enments:
are used to exchange control information and,

El ements, or nore

They are like an

envel ope with a see through wi ndow, allow ng the delivery service to use

information in the window to deliver the contro

el ements without having to

know or under st and wteaso-+4031 cont ai ned wi thin thhe remai nder of the control

el enent. Typically, a contro
| ength field -

destination field - a 32 Imeglaggrsrcglcgﬁag@ (Fégld -

type field - a 16 bit

el enent contains the following: - a 16 bit
a 16 bit source field - a 16 bit

a variable length val ue

field The first five fields %de used by the delivery service as well as the

client and server. It comd

~ Base SCB Command (FC=3)
Read (FC=4)

Read List (FC=5)

Read Immediate (FC=6)
Write (FC=7)

Write List (FC=8)
Write Immediate (FC=9)
Execute List (FC=10)
Mark (FC=11)

Cancel (FC=12)

Reset (FC=13)

Read Configuration (FC=14)

Diagnose (FC=iS)
Suspend (FC=16)
Resume (FC=17)
Notify (FC=18)
Inform (FC=19)
Wrap (FC=31)

f"eéF‘E‘ﬁé information visible

Function codes 0, 20 through 30, and 32 through 63 are reserved

and should be treated as an error condition if found in a control

element.

The suspend, resume, notify, inform, and wrap function codes

are used exclusively with the event element. All other function

codes are used with request, reply, and error elements.

The following sections describe in detail the format, content

and usage of the above functions in the various element types of the

extended SCB architecture support.

Immediate SCB



through the window in the envel ope. The remaining field, the value field,
contains the contents of the envelope. It contains information neani ngf ul
only to the client and the server. The foll ow ng sections describe in nore
detail, the format and content of each of these fields as it pertains to
the delivery service. Type Field: The type field of an elenment is a 16 bit
word used to identify an elenent and indicate howto interpret the
remai ni ng fields wsdédhidioghe el enent. The type field consists of the

foll owi ng sub-elenents: EID elenent identifier - a (2) bit sub-field used
to identify the elenent type. There are four elenment types: BC9- 89- 031
15 1 - request (00) - An elenent sent by a client to a server asking it to
performa unit of wor K on™Ti%25eHA Ftemats PEYfs aPath ot Femsainefornd oflat a and

control infornati opfapter migration. They allow the delivery service to be used with
the existing SCB's. The format and content of this element is shown

“in figure 8.
Initialise

The Initialise function is found in request, reply, and error
elements. In a request element, it invokes the initialisation
function of the server. The source and destination, a correlation
identifier, and the value field containing any additional parameters
required by the server initialisation function are passed to the
server in the request element. The initialisation parameters passed
in the value field of the request element are server dependent and

will need to be defined on a server by server basis.

If the indirect flag is set in the type field of the
initialisation request element, the value field does not contain the
actual initialisation parameters, but instead contains the location
and the length of a data area where the actual parameters themselves

are stored.

A server reports the successful completion of an initialisation
request by returning a reply element to the requestor. The source
and destination, the correlation identifier from the initialisation
request element, and any return values are placed in the value field

of the reply element.

The return parameters passed in the value field of the reply
element are server dependent and will need to be defined on a server

by server basis.



bet ween a cllent and the server. 2 - reply (01) - An elenent sent by a
server in response to certain request elenments. Not all request elenents
are answered by replies, only those that request information. 3 - event
(10) - An elenment containing information about the progress of a request,
about the side- effggls @i a previous requesf; or about the status of an
entity. Events may be sent by either a server or aclient. 4 - error (11) -
An el enent that provides error information about a previous request, or
about the health and welfare of a server or deliver suppress

reply flag - indicates MHatHeP¥ofoR% 2 FEPPEFTTeH ¥ wﬁ%rt“é ?leasree VYer to return
a reply el enent whesiendne hyrkycestsinggthef suppress faapuds theeF@sFielhas theen

conpl et ed successf uinliyiall¥aeion SRbuds0 «damatt he reply i s suppressed and no
reply element will be returned When set to zero, whether or not a reply is

returned is determned by the eptity to entlty otocol .. C ai ni ng
flags - indicate whet héFF BFCREE N N B dé%r:matmn' enecorreflEln

identifier from the initialisation request element, and status
information identifying the cause of the failure are returned to the

requestor in the value field of an error element.
Base SCB

The base SCB elements provide a path for certain forms of
adapter migration. They allow the delivery service to be used with
the existing SCB's. The format and content of these elements is

shown in figure 9.
Read

The Read function is found in request, reply, and error
elements. In a request element, it is used to setup and initiate
the transfer of data and control information from the server to a
client. The source and destination, a correlation identifier, and
the value field containing the parameters required by the server

read function are passed to the server in the request element.

It should be noted that the parameters contained in the value
field of a request element are not limited to those identified
above. Additional parameters may be supplied to meet the

requirements of each client/server relationship.

If the indirect flag is set in the type field of the read
request element, the value field does not contain the byte count,
data address and optional parameters, but instead contains the

location and the length of a data area where they are stored. When



Is in effect. When chaining is in effect and all elenments in the chain
represent a single unit of work, to be processed in the order in which they
appear. The followi ng table indicates how the chain bits are to be
interpreted: 00 - indicates no chaining (first and | ast) BC9- 89- 031

16 01 - indicates thecstaosl of a conmmand chaie2 (first element) 11 -

i ndi cates an elenment within the chain (internediate elenent) 10 - indicates
the end of chain (last elenent) | indirect flag - indicates whether the

value field of the eLcFen%{ve,cg?g gﬁgggsstfbﬁyp&mréﬁéaem Iz%rlsftebelég %Jﬁé gd

function or just the 30|nter t ar ea ere the

actual paraneters ar & %19’0‘318’&?"" \xﬁté}ht}éeef uree Brlll% e %Htg@lon, tge correlation

identifier from the read request element and the actual number of

bytes transferred in the wvalue field of the reply element.

A client may choose to suppress the returning of a reply
element by setting the suppress flag in the Type Field of the read

request element.

If unsuccessful, an error element containing the socurce and
destination, the correlation identifier from the read request
element, and status information identifying the cause of the
failure, are returned to the requestor in the value field of the

error element.
Read List

The Read List function is found in request, reply, and error
elements. It is used to setup and initiate the transfer of data and
control information from a server into several possibly
non-contiguous areas of memory. This is often réferred to as data
chaining. The source and destination, a correlation idéntifier, and
the value field containing the list of byte count/data address pairs
required by the read list function are passed to the server in the

request element.

If the indirect flag is set in the type field of the read list
request element, the value field does not contain the list of byte
counts and data address, but instead contains the location and the

length of a area where the actual list is stored.

When the server has successfully completed the transfer, it
returns a reply element with the source and destination, the

correlation identifier from the read list request element, and



value field contains a pointer to the paranmeter value. N notification
flag - indicates whether or not the client is requesting notification by

t he server when processing of this el ement begins. Wen set to one, a
notification is to be returned to the client using a notification event

el ement. W wait flag - indicates whether_or not the client is requesting
the server to wai chdé?'gf’% processing this f&quest el ement, or any ot her
request elenents fromthis client, until it is told to do so with a
subsequent resune event elenent fromthe client. Wen set to one,
processing i s to besiguspeytdaduntEin theexgdee ifieldf dfathe- repdieatampites The cont r ol

el ement that the ¢lLigPtand@Bitent BE tEE YA 1150 HRpDCERBerASisetRethnt ia@Uhky as
possi ble, i.e. befroa[ e.any ot her control elenents that nay be waiting to be
processed. Wen s&8°% TF5h: , the control elenent is to be expedited.

A client may choose to suppress the returning of a reply
element by setting the suppress flag in the Type Field of the read

list request element.

If unsuccessful, an error element containing the source and
destination, the correlation identifier from the read list request
element, and status information identifying the cause of the
failure, are returned to the requestor in the value field of the
error element. The format and content of the read list error element

is the same as the read error.
Read Immediate

The Read Immediate-function is found in request, reply, and
error elements. It is used to request the transfer of data and/or
control information from a server to a client. It differs from the
read request in that the data is to be returned in the value field
of the reply element where it will be immediately available to the
client. The source and destination, a correlation identifier, and
the value field containing the parameters required by the read
immediate function, are all passed to the server in the request

element.

The amount of data that can be returned using the read
immediate request element is configuration dependent. That is, it
is directly related to the size of the delivery queue. Therefore,

care should be exercised when using this request element.

When the server has successfully completed the transfer, it

returns a reply.element with the source and destination, the



BC9-89-031 17 FC function code - a seven (7) bit
sub-field used to identify the function to be perforned and indicate howto
interpret the contents of the value field. Length Field The length field of
an element is a 16 bit word used to specify the total |ength of the el enent
in bytes. This ingkydess? bytes for the typg field, 2 bytes for the length
field, 2 bytes for the source field, 2 bytes for the destination field, 4

bytes for the correlation field, and n bytes for the variable | ength val ue

field. Source Field The source field rg.a. 19 i%n’uinetdi%?rrgg&&??@f.é Qnd deptify the
originator or source o an eﬁ emént. 1t Is a structured field contdining a
unit identifier add @A vake tipld.deiet pqrey numpey of hEteR TR IEREh AR ovadhe uni t
idis the bus unitimudtdtemnbrithovatal &seBnge of 0 to 15, and the entity id is

one of 256 possible sources. Entity id zero (0) is reserved for managenent

purposes. Together, tRey, praylde. SUELLELENnd-AE QRIBILENSQ4RATRL gyous! y
i dentify a bus

the Type Field of the read immediate request element since it always

returns a reply element.

If unsuccessful, an error element containing the source and
destination, the correlation identifier from the read immediate
request element, and status information identifying the cause of the
failure, are returned to the requestor in the value field of the

error element.
Write

The Write function is found in request, reply, and error
elements. It is used to setup and initiate the transfer of data and
control information from a client to a server. The source and
destination, a correlation identifier, and the value field
containing the amount and location of the data to be transferred by
the write function, are all passed to the server in the request

element.

It should be noted that the parameters contained in the value
field of a request element are not limited to those identified
above. Additional parameters may be supplied to meet the

requirements of each client/server relationship.

If the indirect flag is set in the type field of the write
request element, the value field does not contain the byte count,
data address and optional parameters, but instead contains the

location and the length of a data area where they are stored.



unit as well as the entity within the bus unit responsible for originating
the el ement. Destination Field The destination a 16 bit word used to
identify the target or destination of an elenent. Like the source field, it
tois a structured field containing a unit identifier and an entity
identifier For theMgra,Channel, the unit jd is the bus unit with an

al | owabl e range of to i5 and the entity |d I's one of 256 possible
destinations. Entity id zero (0) is reserved for nanagenent pur poses.

Toget her, they prOV|de sufficient information BC9- 89-
18- t o unambi guously i &% Freyserrr BagssuRssidnY CP‘FPée‘i?ﬁtﬁthrWSF?ﬁ nit he bus
unit who is the reekpnent reply eheneet eitbnthe (Corqecirdt deghinkiiehdthehe correl ati on

fieldis a 32 bit QexhhavRrdeddsHdr oD bxRVindee a8qiesie Bl dnbits ank Gfhe aSSOCI at i NQ
or correlating a responge W othbyq-,ep YlsPHSea in the value field of the reply

element.

A client may choose to suppress the returning of a reply
element by setting the suppress flag in the Type Field of the write

request element.

If uﬂsuccessful, an error element containing the source and
destination, the correlation identifier from the write request
element, and status information identifying the cause of the
failure, are returned to the requestor in the value field of the

error element.
Write List

The Write List function is found in request, reply, and error
elements. It is used to setup an initiate the transfer of data and
control information to a server from several possibly non-contiguous
areas of memory. This is often referred to as data chaining. The
source and destination, a correlation identifier, and the value
field containing the list of byte count/data address pairs required
by the write list function, are all passed to the server in the

request element.

If the indirect flag is set in the type field of the write list
request element, the value field does not contain the byte counts
and data address, but instead contains the location and the length

of an area where the actual list is stored.

When the server has successfully completed the transfer, it

returns a réply element with the source and destination, the



request. The format and content of the correlation identifier is determned
by t he entity who is the originator of the request. It may be a sequence
nunber, the address of a control block or request packet, or the address of
a data buffer. The correlation identifier is returned to the originator of
the request in a repbyss-mwiror, or event element. Value Field The val ue
field of an elenent is a variable length field used to hold additional
argunents, paraneters, or data required by the operation identified by the

function code in thg 1 engt.h an t of this
information will v egéelgen ?eﬁ'qmle Q unvcb:"'tllLeoEgss:c o sg e&emef—'LmETq on Codes

var
Wthin an el ement, Z‘Fﬂﬂc?’f"ﬁr@&b"dé“ itke yalug figld ofe ‘i ‘F‘§P1¥ lf&emeper dton to be
performed and to i| feimattand lvovtenhiof dbaeiteslisf rebl slghang isi dkdsathiasl d be
interpreted. The Hitgh woitdesephi.t of the function code is used to distinguish
bet ween common usage function codes and inplementation defined function

codes. Wien bit 6 is set toone (1), it indicates that the remaining bits
( 0 - 5) contain a A client may chodse to suppress the returning of a reply

element by setting the suppress flag in the Type Field of the write

list request element.

If unsuccessful, an error element containing the source and
destination, the correlation identifier from the write list request
element, and status information identifying the cause of the
failure, are returned to the requestor in the value field of the
error element. The format and content of the write list error

element is the same as the write error.

Write Immediate

The Write Immediate function is found in request, reply, and
error elements. It is used to carry data and/or control information
from a client to a server. It differs from the write request in
that the data is present in the value field of the request element
and is immediately available to the server. The source,
destination, and correlation identifier, as well as the data itself,

are all passed to the server in the request element.

The format as well as the meaning of the data contained in the
value field of the request element are client/server dependent and

as such are not defined here.

The amount of data that can be transferred using the write

immediate request element is configuration dependent. That is, it



non- architected function code. Wien set to zero (0), bit 6 indicates that
the remaining bits (0.- 5) contain one of the follow ng comon usage
function codes: BC9- 89- 031 _ 19 - Imedi ate SCB
Command (FC=1) - Initialise (FC=2) - Base SCB Command (FC=3) - Read (FC=4)
- Read List (FC=5) - Read Immediate (FC=6) - Wite (FC=7) -Wite List
(FC=8) - Wite |nP®d®aP¥ (FC=9) - Execute ¥ist (FC=10) - Mark (FC=11) -
Cancel (FC=12)

is directly related to the size of the delivery queue. Therefore,

care should be exercised when using this reguest element.

When the server has successfully received the data, it returns
a reply element with the source and destination, the correlation
identifier from the write immediate request element and, in the

value field, a count of the actual number of bytes received.

A client may choose to suppress the returning of a reply
element by setting the suppress flag in-the Type Field of the write

immediate request element.

If unsuccessful, an error element contzining the source and
destination, the correlation identifier from the write immediate
request element, and status information idertifying the cause of the
failure, are returned to the requestor in the value field of the

error element.
Execute List

Figure 10 shows an example of an execute list. The Execute
List function is indicated in the type field of request and reply
elements. It is used to setup a repetitive loop for executing a
list of request elements pointed to by this slement one or more
times. The source and destination, a correlation identifier, and
the value field containing the location, lergth, and count required
by the execute list function,.are all passeé to the server in the

request element.

A list of requests to be executed may consist of one or more
request elements which must be contiguous in memory. Each element
in the list contains its own length field so that the start of the
next element can easily be determined. The “length of list" field

determines where the list ends. On each pass through the list, the



- Reset (FGF13) - Read Configuration (FC=14) - D agnose (FC=15) - Suspend

(FC=16) - Resune (FC=17) - Notify (FC=18) - Inform (FC=19) - Wap (FC=31)

Function codes 0, 20 through 30, and 32 through 63 are reserved and shoul d
be treated as an error condition if found in a control elenent. The

suspend, resune, f?nga inform and wap function codes are used
exclusively with the event element. Al other function codes are used with
request, reply, and error elenents. The foll owi ng sections describe in
detail the format, content and usage of the above functions in the various
el ement types of FHRECHPRFAeHIY 13(%°’éﬁ'"&’rﬁet’ S¥tWPe 284 b IPE 2eMomibelilaste iSCB

executed again. If the initial repetition count is negative or zero

the request terminates with no execution.

The request elements that make up the list can contain any of
the function codes defined in this section and use any of the

optional flags available to them.

When the repetition count goes to zero, the list is terminated
and the server returns a reply element with the source, destination,
and correlation identifier from the original execute list request

element.

A client may choose to suppress the returning of a reply
element by setting the suppress flag in the Type Field of the

execute list request element.

Should an error occur while processing any element within the
list, the list will be terminated. The error element returned,

however, will be that of the offending request element.
Mark

The Mark function is used only in a request element to provide
a means of marking or indicating a point of possible synchronisation
between a client and a server. It performs no other function other

than the passing of a correlation identifier to the server.

The power of this function is in the way it can utilised the
Notify and Wait flags to inform a client of the current processing

state of the server.

The Mark function ignores the indirect, suppress, and expedite

flags if set in a mark request element.
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20 The i nmmedi ate SCB el enent

a path for certain forns of adapter migration. They allow the del

service to be used with the. existing SCB' s.

element is shown in figure 8. Initialise The Initialise function

in request,

correl ati on

reply, and error elenments. In a request elenent, it i
initialisation fRYA®PTHBA of the server. TR& source and destinati on,
identifier, and the value field containing any additi

S provide
ivery

The format and content of this

is found
nvokes t he
a

onal

parameters required by the server initialisation function are passed to the
server in the regoest elenent. The initialisation paraneters pass
value field of the request el enent are server dependent and wl |
defined on a serverﬁ£¥ server basis. If the indirect flag is set

|

type field of the i

FAFPS AP1CbIPn g tres iheTeamisht “*R e WHPERTS i el d

ed in the
need to be
in the
does not

contain the act §&tmep¥f-t iTald seauptinelsnendndt eissusef (o feggskadle cont ai ns t he

| ocati on

cancellation of one or more outstanding request elements. The
source and destination, a correlation identifier, and the value
field containing the cancellation qualifier and an optional 1is£ of
request element correlation identifiers are all passed to the server

in the request element.

The cancellation qualifier bits define which request elements

are to be cancelled:

- all outstanding requesfs - {bit 0 = 1)

- requests thﬁt match the source ID - (bit 1 = 1)

- first request matching the cancellation list value(s) -
(bit 2 = 1)

- all requests matching the cancellation list values(s) -
(bit 3 = 1)

A cancellation list is present whenever bits 2 or 3 of the
cancellation qualifier are set to one. If bit 1 is set, then bit 2

or 3 must also be set.

If the indirect flag is set in the type field of the cancel
request element, the value field does not contain the cancellaticn
list, but instead contains the location and the length of a data

area where the actual list is stored.

When the server has successfully completed the cancel function,
it returns a reply element to the requestor. The source and
destination, as well as the correlation identifier from the cancel

request element are returned in the reply element.



and the length of a data area where the actual paraneters thenselves are
stored. A server reports the successful conpletion of an initialisation
request by returning a reply elenment to the requestor. The source and
destination, the correlation identifier fromthe initialisation request

el ement, and any return values are placed in the value field of the reply
el enent. The retulfBarodheters passed in thBe value field of the reply

el enent are server dependent and will need to be defined on a server by

server basis. BC9- 89- 031 21 A client may choose
to suppress the retur@eNgerolr @i10cRkdpe!@nBRAte1DN1D%SRE Lt he suppress
flag in the Type FEiel gat%n the JoLtl al i sapion .requgst el.ement. |f

t

corre n rs are. in alu f th < g
unsuccessful , the sourceé and des i nat’ion, e correlatlﬁﬁmfﬁ%ntlfler from

the initialisatiof*f&tuelt I &WeFRAsCTRkf STYPUSS uable to do so, it will

return an error element with status and a list of correlation
identifiers for those it was able to cancel. An empty list

indicates that it was unable to perform the cancel.

However, a cancel request element with the all outstanding
elements qualifier will not return an error element with the list of

cancelled elements.
Reset

The Reset function is used in reguest, reply, and error
elements. In a request element, it is used to request the server be
placed into a known state. The source and cestination, a
correlation identifier, and the value field containing the desired

state, are all passed to the server in the request element.

When the server has successfully completed the reset, it
returns a reply element with the source and destination, the
correlation identifier from the reset reques: element to the

requestor.

The reset function ignores the suppress and indirect flags if

set in a reset request element.

If unsuccessful, an error element containing the source and
destination, the correlation identifier from the reset request
element, and status info;mation identifying the cause of the
failure, are returned to the requestor in the value field of the

error element.

Read Configuration



information identifying the cause of the failure are returned to the
Base SCB The base SCB

requestor in the value field of an error el enent.

el enents provide a path for certain fornms of adapter mgr
the delivery service to be used with the existing SCB's.

ation. They allow
The format and

content of these_el gn]%g{s IS shown in fig?{e 9. Read The Read function is
found in request B¥ S

used to setup and initiate the transfer of data and control
fromthe server to a client. The source and destination, a correlation

%Iy, and error elenents. In a request elenent,

It

S

i nformati on

identifier, and the ThelReed Coefiguesimmafunftign A& Sphinmeterts reelui 3dd by t he
server read funcki®i abmnpasSmen tueed e asefwst, iih chiles ribesester ebenent .

shoul d be noted tbatnhg:DahAMR! SESmeQB: abnad difent hemealdig. bl d of a

request el enent

paraneters may b&TUEHITed FFREST ™

1

L_s%inat l[imted to t?ge%,ceideent i.fi.ed b°¥i% Addi ti onal

ier, and the va
e requirrenents

It

e .
of eac‘h client/server

rel ationship. |f cetfeinipglithebytef foypt, datacrddyags @pd pRIdena}iothe eecifiie read

configuration information to be returned, are passed to the server

in the request element.

It should be noted that the parameters contained in the value
field of a request element are not limited to those identified
above. Additional parameters may be supplied to meet the

requirements of each client/server relationship.

If the indirect flag is set in the ‘type field of the read
configuration request element, the value field does not contain the

optional parameters, but instead contains the location and the

‘length of a data area where the actual parameters themselves are

stored.

A server reports the successful completion of a read
configuration request by returning a reply element to the requestor.
The source, destination, and correlation identifier from the read
configuration request element are returned in the value field of the

reply element.

A client may choose to suppress the returning of a reply
element -by setting the suppress flag in the Type Field of the read

configuration request element.

1f the server is unable to report back configuration
information, an error element with the_source and destination, the
correlation identifier from the read configuration requést element,
and the reason are returned to the requestor in_the'value field of

the error element.



request element, the value field does not contain the byte count, data

addr ess and optional paraneters, but instead contains the Iocation and t he
| ength of a data area where they are stored. Wen BC9- 89- 031

22 the server has successfully completed the transfer, it returns a reply
el ement with the source and destination, the correlation identifier from
the read request el®#dAt%land the actual nurBer of bytes transferred in the
value field of the reply elenent. A client may choose to suppress the
returning of a reply elenment by setting the suppress flag in the Type Field
of the read requestpigdneseent. |f unsuccessful, an error el enment containing

t he source and destination, the correlation identifier fromthe read

request elenent, and statys ir Lofrumtonogs Ldent i f. iiae Lause rof t he
failure, are returned t0 the Teques N the va e fi@id TRhE error
el ement . elements. In a request, 1t is used to initiate the runnlng of

diagnostic routines by a server. The source and destination, a
correlation identifier, and the value field containing the specific
diagnostic tests to be run as well as any operational parameters,

are passed to the server in the request element.

If the indirect flag is set in the type field of the diagnose
request element, the value field does not contain the optional
parameters, but instead contains the location and the length of a

data area where the actual parameters themselves are stored.

A server reports the results of running the diagnostic tests by
returning a reply element to the requester. The source and
destination, correlation identifier from the diagnose request
element, and the value field containing the test results are

returned in the reply element.

A client may choose to suppress the returning of a reply
element by setting the suppress flag in the Type Field of the

diagnose request element.

If a server is unable to run the requested diagnostic test, a
error element with the source and destination, the correlation
identifier from the diagnose request element, and the value field
containing the reason are returned to the requestor in the error

element.
Events

In addition to request, reply, and error. elements, the delivery

service provides an element for conveying information about the



Read List The Read List function is found in request, reply, and error
elements. 1t is used to setup and initiate the transfer of data and control
informati on froma server into several possibly non-contiguous areas of
menory. This is often referred to as data chai ning. The source and
destination, a corgeelgaty@an identifier, and §3he value field containing the
list of byte count/data address pairs required by the read list function
are passed to the server in the request elenent | f the indirect flag is
set in the type field of the read Iis est ekge the value field

does not contain t‘ff@g’iefifg ot TIRER &5 ‘é ata a ﬁlr°£saspreﬁfb‘t“5| nst ead
cont ai ns t he | ocat¥eg¥eshngr taheut| thegitatopt anaarné&ymﬂeee\ten*e egrental ™ei st i
stored. Wien the seemeceldas sifeeestbilthy ocippiletads tihehitr anst eeporké returns
a reply el ement WiJ Bhdnb€ 18 WEGERRE Seehd BMnhRRBatihd)@nGRId8{Ald 0N, denti fi er

fromthe read |ist req"jlesﬁecgus% fnL.He 1amr;]>gct of these state changes, the peer-
entity must be informed of the change as expeditiously as possible.
- The following sections describe the format, content and usage of the

functions codes of an event element.

Suspend

A suspended event is used to notify a client of a change in
processing state at the server. A server changes state whenever it
receives a request element from a client in which the wait flag of
the type field is set to one. The server suspends the processing of
the request and all subsequent requests from the specified source.
This change of state is communicated to the the client by means of a
suspend event element. The source and destination, as well as the
correlation identifier of the request element causing the
suspension, are returned to the client in the value field of the

event element.
Resume

A resume event is used to notify a server of a change in a
clients processing state. A client uses this event to notify a
server that the client is now in a state where the processing of
request elements can now be resumed. The source and destination, as
well as the correlation identifier of the original request element
causing the suspension, are returned to the server in the value

field of the resume event.



BC9- 89- 031 23 residual byte count in the val ue
field of the reply elenent. The format and content of the read list reply
elenent is the same as the read reply. A client may choose to suppress the
returning of a reply elenment by setting the suppress flag in the Type Field
of the read |ist refuesdol enent. |f unsucceggful, an error el enent

contai ning the source and destination, the correlation identifier fromthe
read |list request element, and status information identifying the cause of
the failure, are returned to the re uesﬁs in the value field of the error
el ement. The format and* ETHPRATSGITEHEST S50 P81 °R M6 BPRABALS s the sane
as the read error. Fesaersibheptiirathe Shseenfedy etakenetdiratrecdipnef iaoresie fouad in
request, reply, andaetimatidl @@enksSnotlin the duspibdédstaeeUeRh Hehgynbreansf er of
data and/or control information froma server to a client. It differs from
the read request in thgt the data is to be returned in the value field of
the reply el enent Sre PP 11 be i medi at el y avail able to the

A notification event is used to coniirm the receipt of a
request element from a client in which the notification flag of the
type field is set to one. The server communicates this to the
client by means of a notification event element. The source and
destination, as well as the correlation identifier of the request
element containing the notification flag, are returned to the client

in the value field of of the event element.
Inform

An inform event is used to provide a means of conveying
information regarding the processing state of either a client or a

server from one to other.
Wrap

A wrap event is a management and control initiated event used
internally by the delivery system. It is used to synchronise the

operations associated with the in-bound or out-bound delivery pipes

(queues).

A wrap event element can be sent only by a delivery agent. The
wrap event informs the destination delivery agent that the
associated delivery queue has wrapped and that the next element

should be dequeued from the top of the delivery gqueue.

Command Chaining



client. The source and destination, a correlation identifier, and the val ue
field containing the paraneters required by the read i nmedi ate function,
are all passed to the server in the request elenent. The anpunt of data
that can be returned using the read i nedi ate request elenent is
configuration dependent. That is, it is directly related to the size of the
delivery queue. Thexed-ose, care shoul d be sxercised when using this request
el enent. When the server has successfully conpleted the transfer, it
returns a reply element with the source and destination, the BC9- 89- 031

24 correlation identifjer ff Qmﬁbor}ererqﬁgsq Lapedl %ea geq,g&eﬁ 3 %kg\rkgnt and, in

the value field, the actua tes transferre

i medi ately by t h&*td%t syichoapysly ?ﬁe'"s}"é’g\énf’?ﬁ}%cﬁegﬁnglﬁgu?fb’flleﬁ?ferl YnBites t he
suppress flag if semaidnchalmeing\ipeinfF¢fgpet- offormadly e adriemmarliracaess equest

el enent since it 2dgi@etS in any order that makes sense to the server

{asynchronously). However, there are also times when a client
wishes to have the server process the requests in the order in which
they have been submitted (synchronously). Command chaining is used
for this purpose. Whenever the command'chaining field is set in a
request, it means that the processing of the next element in a chain
cannot begin until the server and/or device has completed processing
the current request element and has returned the appropriate reply
to the client. Chaining is indicated by setting the chain
indicators in an element to the values BC = Beginning of chain, MC
= Middle of chain, and EC = End of chain. This is illustrated in
figure 11. Processing of requests then resumes with the next
request element in the chain. This action continues until all
elements in a chain have been procéssed, or an error condition is
encountered. When an error condition is encountered, an error
element is returned and the remaining request elements within the

chain are discarded.
Data Chaining

Often it is necessary to gather data from several ﬁon-
contiguous areas of memory and transfer it to a single destination
(a write) or, conversely, to transfer data from a single source ang
scatter it into several non-contiguous areas of memory (é read).
This is commonly referred to as data chaining. The SCB architecture

supports two methods of data chaining: direct and indirect.
Direct Data Chaining

In direct data chaining, each non-contiguous data area is

described by an entry in a chaining list. The entry contains a byte



returns a reply elenent. If unsuccessful, an error elenent containing the
source and destination, the correlation identifier fromthe read i mediate
request elenent, and status information identifying the cause of the
failure, are returned to the requestor in the value field of the error
element. Wite The, Wiske function is foundgin request, reply, and error

el ements. It is used to setup and initiate the transfer of data and control
information froma client to a server. The source and destlnatlon, a

correlation identifier, and the value fi eld aCerLt ai edaatgnaurg‘gl and
| ocation of the 4% %9 B2 BT PES DT e > Wi t & t1‘°'unc Fion. al |

passed to the semdgmriled hyhen Fl@questtrell’%ﬁ’éﬁf‘ the neffottHy B t}‘ﬁ)tléﬁ %shat t he
paramet ers cont aipR@@sded. t RisVadtih Edneirhenf ugtil cgliehd eatirderehdt thy @istot

limted to thosehg@eﬂéehfgrg&s@xaova- n&\q@uet bRRak: RAT PIRLL St a1 RMgSPP] i ed to

meet the re rerrents 0 c en erver | it t
flag is set in t HB"YGHé& :foug]g& 1ent e e kead nds¥ A W20 eliccldpe 1 ndirec

codes. The format of a read llSt element for direct data chaining

is shown in figure 12.
Indirect Data Chaining

Indirect data chaining is similar to direct data chaining
except for the location of the chaining list. The list is not part
of the request element. Instead the list is kept separate and is
referenced by means of a indirect list pointer in the value field of
the request eleménta Indirect data chaining is invoked by setting
the indirect flag in a Read or Write List request element. The
format of a read list element for indirect data chaining is shown in

figure 13.
Using Notification and Wait

B client can request notification when an element is about to
be processed by setting the notification flag in the type field of
the appropriate request element. This causes the server to return a
event notification element with the source, destination, and '
correlation identifier of the element containing the notification

flag in its value field to the client.

A client can suspend the processing of a set of request
elements at a particular point in the list by setting the wait flag
in the type field of the appropriate request element prior to
submitting it to the Delivery Service This causes the server to
suspend further processing of request elements, to return an event

notification element with the correlation identifier of the element



request elenment, the value field does not contain the byte count, data
address and optional paraneters, but instead contains the |ocation and the
| ength of a data area where they are stored. BC9- 89- 031

25 When the server has successfully conpleted the transfer, it returns a
reply element with the source and destination, the correlation identifier
fromthe wite réaa?fggimél ement, and the adfual number of bytes transferred
in the value field of the reply elenment. A client may choose to suppress
the returning of a reply elenent by setting the suppress flag in the Type
Field of the wi tcenteggjoe The sherphiflagl in itrsvrioe$841d) andio amitoforek enent

contai ning the seu#fe 3@t fRA!thEakridRatihd1@1Rat betodt icomtihdaft kfd er from the
wite request el %gf\gqgal ARde st atlise ! LQLFRL Q1 Jagf@iégf yd F‘% Lhe. cayse of the
failure, are return to the re uestor .In the value Tield of T he

until the resume event is received from the client. Figure 14 shows

the various combinations of usage for notification and wait.

While the invention has been particularly shown and described
with reference to preferred embodiments, it will be understood by
those skilled in the art that various changes in detail may be made
therein without departing from the spirit, scope, and teaching of
the invention. For example, there are many queueing techniques
known in the art, at least some of which could be substituted for
the FIFO circular queue used in the preferred embodiment. Likewise,
the format of the control element could be varied. Accordingly, the
invention herein disclosed is to be limited only as specified in the

following claims. .



error element. Wite List The Wite List function is found in request,
reply, and error elements. It is used to setup an initiate the transfer of
data and control information to a server from several possibly

non-conti guous areas of rrermry This is often referred to as data chai ning.
The source and des,%d n%tg a correlation 98 entifier, and_the val d
containing the lis yte count/data address pairs renusrs}{EEmwAS”uBEEM te
list function, are all passed to the server in the reduest QEPIAGED If tihe
indirect flag is set inthe type field of the wite Ii
the value field do€g2Mbt contain the byte counts and data address, but

I nstead contains the |ocation and the I ength of an area where the actual

list is stored. Wen- tm%ﬁarav\%rwm& §Lg99&§.s§oylérxns@@mgeeﬁgﬁélheeleun@sfer’ it

returns ar epl y el EB?Q&G) represtebxgl.ngOrlérqgeestsa,nrdepgfesst, Ioga};[sggr% ronous

notification between entities (642,646) located in different units

(622,624) of the system, the system comprising:

a first unit type (622), the first unit type (622) further

comprising at least one processor;

a second unit type (624), the second unit type (624) further

comprising at least one subsystem, which may have attached devices;

an interface bus (650), interconnecting with each of the unit
types (622,624);

a distributed pipe (602,604), the distributed pipe (602,604)
further comprising shared memory (106,112) distributed among each of
the unit types (622,624);

each of the unit types (622,624) further comprising:
at least one entity (642,646);

~a delivery send means (630) for sending control elements
(104,116), addressed to another entity from the entity, to the
distributed pipe (602,604) without interaction with any other
entity; and

a delivery receive means (628) for receiving control elements
(104,116), addressed to the entity, from the distributed pipe
(602,604) without interaction with any other entity;
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BC9-89- 031 26 correlation identifier fromthe
wite |ist' request elenment, and residual byte count in the value field

the reply element. The format and content of the wite [[F56 di&ipHAY BEEN
is the sane as the wite reply. Aclient may choose to M
returning of a repicy-sot@rent by setting thessuppress fl | ' lI d
of the wite list request elenent. |f unsuccessful, an error el enent
containing the source and destination, the correlation identifier fromthe

wite list request el gagais t@wéonﬂ@ta%mémq&wai@mre%pﬁaﬁéﬁb&ﬁ the cause of

the failure, arer turnedtother uest.o a, of the error
el ement. The for t? TRt &0 ?fe eentll:'Jtes 6E9%4é i a"°+§n’éfn "9 5 the sane

as the wite errore.“tWF”‘t ésﬁznﬁféﬁltaf‘é‘grl'ﬁ%e WﬁtF@“F?ﬁT%]dFdls%z f¥Metion is found
in request, reply, and error elenents. It is used to carry data and/or

control informatian faRMpshredukeRl d10inda SArM8Inm 1) Wnddbidf SfeSpeon { he write
request in that thg data is present in the value field of the request

ar gqueue.
el ement o
3. An apparatus, as claimed in claim 1, wherein the pipe is a FIFO
queue.
4. Bn apparatus, as in any preceding claim, wherein the entity

sending the control element is from one of the unit types (622,624),
and the entity receiving the control element is from the other of

the unit types (622,624).

5. An apparatus, as claimed in claim 1, wherein the pipe (602,604)

contains control elements (104,116) for a plurality of entity pairs.

6. An apparatus, as claimed in claim 1, wherein the delivery send
means (630) further includes means to signal the delivery receive
means (628) when there are state changes in the distributed pipe

(602,604).

7. An apparatus, as claimed in claim 1, wherein the delivery send
means (630) further includes means to signal the delivery receive
means (628) to examine the state of the distributed pipe (602,604)

at predetermined time intervals.

8. An apparatus, as claimed in claim 'l, wherein each of the units
(622,624) as an entity dedicated to managing its respective unit's

interaction with the distributed pipe (602,604).
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and is imedi ately available to the server. The source, destination, and
correlatjon identifier, as well as the data itself, are all passed to the
server in the request elenment. The format as well as t :
data contained in the value field of the request el eng
dependent and as guch, are not defined here, The amouny of dBERLACEBt can|be
transferred using ewite imediate requé%t el enent 1S confrguratton
dependent. That is, it BC9- 89- 031 27 is
directly related to the size of the delivery queue. Therefore, care should
be exerci sed when®usi¥y2Briiratup cquatdined amehrin Whehereineceagie owisr furaiter
successful |y recebwgdisehandatastatd t6 €hdlBNRSr Sut@Ppipe QbeiTBMY Wilihnidle source
and destination, themeardet!dthan, ggﬁnténﬁiﬁ&e&m%%ﬁi slte inmediate |
request element and, in the value field, a count of the actual nunber of

bytes received. A client may choose to suppress the returning of a reply
10. An apparatus, as claimed in claim 4, wherein the control

elements (104,116) further comprise a fixed length portion and a
variable length portion, the fixed length portion further comprising
a type field for describing the type of information in the control
element, a length field containing the length of the control
element, a source field describing the source of the control
element, a destination field describing the destination of the
control element, and a correlation field for correlating requests

with replies.

11. An apparatus, as claimed in claim 10, wherein the variable

length portion contains data.
12. An apparatus, as claimed in claim 10, wherein:

- the variable length portion further comprises a field having a

command for immediate execution by an attached device; and

the type field further comprises an immediate command

identifier;

whereby the entity sending the immediate command can
encapsulate commands within a control element and pass the immediate

command through the distributed pipe (602,604).

13. BAn apparatus, as claimed in claim 10, wherein the unit
containing the entity sending the control element further comprises
at least one buffer storage for holding data external to the

distributed pipe (602,604), and the control elements (104,116)

R O R W ~ e
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el enent by ,setting the suppress flag in the Type Field of the wite
I mredi ate request elenent. If unsuccessful, an error elenent containing the
source and destination, the correlation identifier fromthe wite inmediate

request elenent, and status information identifying the [Cays e
failure, are retugnegh to the requestor in jhe value fiel dﬁﬁ’f"% 'TMBEEN
el ement. Execute List Figure 10 shows an exanple of an cut BEPLAGED The
Execute List function is indicated in the type field of request and reply
elements. It is used to setup a repetitive |loop for executing a |ist of
request el enents PUIPRTeREVERy Biplinte 1demdiHfantheotfsahr® pbrdats H‘nége byfifer sour ce

and destinati on, whiclhrisalssddigiedivdentthd centrolaptkmette val ue fiel d contai ning
the location, length, and count required by the execute list function, are

al | passed to theléer Veép ar:at(glsheasr ce.ﬂilil?é%tl lcfaimr!lto whpfelh%e e tltequeSts to be
executed may consi st of 8ne or Tore request el ene h st be

conti guous in nenﬁ?”ﬁ?lngE%{Ehc%F’@MFmﬁ”ﬁ @ 7 isERsYESHt éf"?ﬁ’“i F’é’“&’(/m | engt h
field so that therseining dhe corkrol element is in a subsystem.

15. An apparatus, as claimed in claim 15, wherein the unit further
comprises at least one buffer storage for holding data external to
the distributed pipe (602,604), and the control elements (104,116)
further having fields to identify the location of data in the buffer

which is associated with the control element.
16. An apparatus, as claimed in claim 13 or claim 15 wherein:

the variable length portion further comprises a field having an
address of a buffer location containing a command for immediate

execution by an attached device; and

the type field further comprises an immediate command

identifier;

whereby the entity sending the immediate command can
encapsulate commands within a control element and pass the immediate

command through the distributed pipe (602,604).

17. An apparatus, as claimed in claim 10, wherein: the variable
length portion further comprises a field indicating the length of an
execute list containing a series of requests to an entity, a field
indicating the address of the execute list, and a repetition count
indicating the number of times the execute list is to be repeated;

and

the type field further comprises an execute list identifier.

[ | -
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next ¢l ement can easily be determ ned. The "length of list" field
determ nes where the list ends. On each pass through the list, the
BC9- 89- 031 _ : 28 repetition count is
one, and if not zero, the list is executed again. If the i THluaSHE!HpﬁA
count is negative OpcZg4 @3t he request termngfes with no ekecut 'REPLAG-E‘[?
request elenents that make up the list ‘can contai n any of Tne ftmeton
codes defined in this section and use any of the optional flags available
to them Wen the regaetltlon count goes to zero, the list is term nated and
the server returns 2T FPaTEHENES \ﬁ?r"‘t"'Hed( i LB Ve, "DEedR ithe E¥RFnT ieadd
correlation identif F\e”fchﬂfrrwtlhes oriigy mad We;&ebihsefOFP@@lcP@qméstthel ement. A
client may choose t gecBiipg Ratitl 9ndhebrlikiiing sedtua oL Bhey/ s@laeieaitiby setting
the suppress flag in the Type Field of the execute |list request elenent.

Steeel |

whereby the sending entity is synchronised with the receiving

entity.

19. BAn apparatus, as claimed in claim 1, wherein the delivery send
means (630) further comprises means to detect when the distributed

pipe (602,604) is full.

20. BAn apparatus, as claimed in claim 1, wherein the delivery send
means (630) further comprises means to detect when available space
in the distributed pipe (602,604} is insufficient to hold another

control element.

21. An apparatus, as claimed in claim 20 wherein the delivery send
means (630) further comprises means to place a wrap element at the
end of the distributed pipe space when the distfibuted pipe
(602,604) does not have available space for another control element,
the wrap element indicating to the delivery receive means (628) the

end of available pipe space;

whereby the delivery receive means (628) resets to the start of

the pipe space.

22. An apparatus, as claimed in claim 1, wherein the delivery
receive means (628) further comprises means to detect when the

distributed pipe (602,604) is empty.

23. An apparatus, as claimed in claim.l, wherein the delivery
receive means (628) further comprisés means to detect when the
distributed pipe (602,604) changes from the empty state to the not
empty state.
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Shoul d ap error occur while processing any element within the list, the
list wWill be termnated. The error elenent returned, however, will be that
of the offending request elenment. Mark The Mark function iLs.used only. in .3
request elenent to provide a neans of marking or indicatipnfHI§ $EETtHAS BEEN
possi bl e synchroni sati on between a client and a server. I} perRQPmCED)

ot her function ot hekct#mn3x he passing of a cesrel ati on i demtrfrer—to-tte
server. The power of this function is in the way it can utilised the Notify
and Wait flags to informa client of the current processing state of the
server. The Mark fumtlﬂnagpgfm&sast bﬂaﬂn&du Edn ﬁ%&&ﬁ%el%“& expedite
flags if set in a rklr quest e %

29 Cancel The Cancel ‘func |onls mf}%tg pf‘%‘*’request reply, and error

25. An apparatus, as claimed in claim 24, wherein each unit pair
has a pair qf distributed pipes (602,604) associated with the unit
pair, the péir of distributed pipes further comprising a first
distributed pipe (602) for control elements sent from a first unit
of the unit pair to a second unit of the unit pair, and a second
distributed pipe (604) for control elements sent from the second

unit of the unit pair to the first unit of the unit pair;
whereby each of the unit pairs operate in full duplex mode.

26. A computer system comprising apparatus as claimed in any

preceding claim.

27. 1In or for a computeér system, a method for transferring control
elements (104,116) representing requests, replies, or asynchronous

notification between units (622,624), comprising:
interconnecting units (622,624) with an interface bus (650);

sharing memory physically distributed between the units
(622,624) as a distributed pipe (602,604);

sending control elements from a sending unit, representative of
requests and replies, and addressed to a receiving unit, to the
distributed pipe (602,604) without interaction with any other unit;

and

receiving control elements, addressed to a receiving unit, from
the distributed pipe (602,604) without interaction with any other

unit;
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elenents. In a request element, it is used to request the cancellation of

one or nore outstanding request el ements. The source and destination,

PETAS BE
BLAGED on

Ot
13

qualifier and an optional l|ist of request elenent corr

correlation identifier, and the value field containin T@S s
{5
are all passed to hegsgiyver in the request el ement. T

a

e_carfte

EN

qualifier bits define which request elenentsS are to be cancelled: -

out standi ng requests - (bit 0 = 1) - requests that match the source ID -
first request matching the cancellation |ist value(s)
rOGTRIE t1Ee ipaRiEhl fiFTeRE C1RACEP) ard atynilirstously ues(s) -

(bit 1 =1) -
(bit 2 =1) -

al |

(bit 3 = 1) A canctdehsfierond frogtoné Sf pheseits whemever o tteSudtOhndug t he

cancel I ation qual i fHeedis8¥iButpib® (Bi¥Cs0shf bit 1 is set, then bit 2 or 3
. If the indirect flag is set in the type field of the
cancel request el eznéent, the value field does not contain the cancellation

nust al so be set.

A method as claimed in claim 26 wherein the units (622,624)

include at least one processor unit.

29. ‘A computer system comprising:

a first unit type having at least one processor;
a second unit type having at least one subsystem, which may

have attached devices;

an interface bus (650) for interconnecting with each of the
unit types (622,624);

characterised in that the system further comprises:

a distributed pipe (602,604) comprising shared memory (106,112)
distributed among each of the unit types (622,624);
each of the unit types (622,624) further comprising:

at least one entity (642,646);

delivery send means (630) for asynchronously sending control
elements (104,116), addressed to another entity from the entity, to
the distributed pipe (602,604) without interaction with any other
entity; and

delivery receive means (628) for asynchronously receiving
control elements (104,116), addressed to the entity, from the
distributed pipe (602,604) without interaction with any other
entity.

al |
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list, RQui instead contains the |ocation and the length of a data area wh
the actual list is stored. \Wen the server has successful| ; BEEN
cancel function, it-returns a reply element to the requedtyd QL ce
and destination, as well as the correlation identifier frlomth®&EE
request elenment are rSeined in the reply el enént. BCI '
30 The server will attenpt to cancel all requests whose correlation
identifiers are in the value field of the cancel request. If for any reason
the server is unable dfrfer $@srei iayink |appSh s FRNASRdHAGNOBSIR R vEMNGD St at us
and a list of correlation identi] |""'r"J EE Qpin&:ﬁﬂ AEI%T@A&W cancel . An
enpty list indicates that it wa [ | . However, a
cancel request elenment with the all outstanding elenments qualifier will not
return an error el emeA®STRACTh the |ist of cancelled el ements.

A microprocessor system which includes a processor unit with
system memory and a separate buffer memory, one or more subsystem
adapter units with memory, optional I/0 devices which may attach to
the adapters, and a bus interface. The memory in the processor and
the memory in the adapters are used by the syétem_as a shared memory
{106,112) which is configured as a distributed FIFO circular queue
(a pipe). Unit to unit asynchronous communication is accomplished
by placing control elements (104,116) on the pipe which represent
requests, replies, and status information. . The units (622,624) send
and receive control elements (104,116) independent of the other
units which allows free flowing asynchronous delivery of control
information and data between units (622,624). The shared memory
{106,112) can be organised as pipe pairs between each pair of units
to allow full duplex operation by using one pipe for outbound
control.elements (104,116) and the other pipe for inbound control
elements (104,116). The control elements (104,116) have standard
fixed header fields with variable fields following the fixed header.
The fixed header allows a common interface protocol to be used by
different hardware adapters. The combination of the pipe and the
common interface protocol allows many different types of hardware
adapters to asynchronously communicate, resulting in higher overall

throughput due to lower interrupt overhead.
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Reset The Reset function is used in request, reply, and error elenments. In
a request elenent, it is used to request the server be placed into a known
state. The source and destination, a correlation identifier, and the val ue
field containing the desired state, are all passed to the server in the
request element. When the server has successfully conpleted the reset, it
returns a reply elenent with the source and d¥sii nati on, the correlation
identifier fromthe reset request elenment to the requestor. The reset
function ignores the suppress and indirect flags if set in a reset request
el ement. If unsuccessful, an error elenent containing the source and
destination, the correlation identifier fromthe reset request elenent, and
status information identifying the cause of the failure, are returned to
the requestor in the value field of the error elenent. Read Configuration
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BC9- 89- 031 31 The Read Configuration function is
used in request, reply, and error elenents. Wen used in a request, it
causes the server to return configuration infornmation to the client. The
source and destination, a correlation identifier, and the value field
containing the byte count, data address, and optionally the specific
configuration information to be returned, arézﬁassed to the server in the
request elenent. It should be noted that the paraneters contained in the
value field of a request elenent are not limted to those identified above.
Addi ti onal paraneters may be supplied to neet the requirenents of each
client/server relationship. If the indirect flag is set in the type field
of the read configuration request elenent, the value field does not contain
the optional paraneters, but instead contains the |ocation and the length
of a data area where the actual paraneﬁ@?; t hensel ves are stored.
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A server reports the successful conpletion of a read configdration request
by returning a reply element to the requestor.
correlation identifier fromthe read configuration request el enment are

returned in the value field of the reply elenent.

The source, destination, and

A client may choose to

suppress the returning of a reply elenent by setting the suppress flag in

the Type Field of the read configuration regsert el enent.

If the server is

unabl e to report back configuration information, an error elenment with the
source and destination, the correlation identifier fromthe read

configuration request el enent,

in the value field of the error el enent. BC9- 89- 031
32 Di agnose The Diagnose function is used in request, reply, and error
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elements. In a request, it is used to initiate the running of diagnostic
routines by a server. .The source and destination, a correlation identifier,
and the value field containing the specific diagnostic tests to be run as
wel | as any operational paraneters, are passed to the server in the request
element. If the indirect flag is set in the type field of the diagnose
request elenent, the value field does not contgim the optional paraneters,
but instead contains the location and the length of a data area where the
actual paranmeters thenselves are stored. A server reports the results of
runni ng the diagnostic tests by returning a reply elenent to the requestor.
The source and destination, correlation identifier fromthe diagnose
request el enent, and the value field containing the test results are
returned in the reply element. A client may choose to suppress the
returning of a reply elenment by setting the suppress flag in the Type Field
of the diagnose request-elenent If a server is unable to run the requested

di agnostic test, a errot eIeH@ﬁﬂ’%nth t he sodPEésand destlnafmkﬁﬁ t he
correl ation
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identifier fromthe di agnose request elenent, and the value field

cont ai«ni ng.the reason are returned to the requestor in the error elenent.
Events In addition to request, reply, and error elenents, the delivery
service provides an el ement for conveying information about t he

BC9- 89- 031 33 progress of a request, or about the
side-effects of a previous request, or about dy z state of an entity - the
event element. The event element differs fromthe other elements in that it
it reports a change in state of one of the communicating entities (client
or server). Because of the inpact of these state changes, the peer- entity
must be infornmed of the change as expeditiously as possible. The foll ow ng

secti ons describe the gprgﬁgﬂngggtqmg and usage of the functions codes of
an event elenent. Sus 7

Al 504y Az 5067 A3 508; Ad 5107

client client client client
eatity | | entity entity entity

P

tRRRRRF

pregrergregmeye

*

server | { server client server | | server server
entity “entity entity . entity entity entity
516 518 520 52 524 526
a1 82 83 c1 c2 C3
B (adapter) 512 . C (odapter) 514

FIG.5



A suspended event is used to notify a client of a change in processing
state:at the server. A server changes state whenever it receives a request
elenment froma client in which the wait flag of the type field is set to
one. The server suspends the processing of the request and all subsequent
requests fromthe specified source. This change of state is conmunicated to
the the client by means of a suspend event empent. The source and
destination, as well as the correlation identifier of the request el enent
causing the suspension, are returned to the client in the value field of
the event elenent. Resune A resune event is used to notify a server of a
change in a clients processing state. A client uses this event to notify a
server that the client is nowin a state where the processi ng of request

el emrents can nowlxagggumaﬂ@yQ%2§ource and destlnatlon as well as the

correlation identifjer—of 1Hc ||g|ua| eqrest—etrerent—caustrag—the
suspensi on, are retjurned [t Péé_ip 362t he voatTd 0987 S 1 BkD osumd
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BC9- 89- 031 34 A resune event received froma
source other than the one responsible for the suspended state or the

recei pt of a resunme for a destination that is not in the suspended state,
will be ignored. Notification A notification event is used to confirmthe
recei pt of a request elenent froma cli en)t”'tn whi ch the notification flag
of the type field is set to one. The server communicates this to the client
by means of a notificatien event el enenti.1 The source and destination, as
well as the correlation Rdentifier of tWe request el enen? containing the
notification flag, are rleturnedrizgn t he cli entenein th3eo val Ue fiel d of of the
event elenment. |nform AfTrniormevent—TsTusedt gyrde—fa neans of
conveying i nformation rdgar g SHE prac =qq‘?EFEm§EI RIERY dither a client or
a server fromone to otller. Wap  CORRELATION FIELD

' /
/ VALUE FIELD i
Immediate SCB Command
' 3322222222221111111111
10987654321098765646321098765463210
REQ |—|—{=|—|-|-15CB IMMEDIATE ELEMENT LENGTH = 28
- SOURCE DESTINATION
CORRELATION IDENTIFIER .
IMMEDIATE COMMAND VALUE
UNUSED
RESERVED FOR STATUS DWORD 1
.RESERVED FOR STATUS DWORD 2
Base SCB
3322222222221111111111
1098765432109876546321098765643210
REQ |-|-l1|-]-|- SCB ELEMENT LENGTH = 28
SOURCE DESTINATION

CORRELATION IDENTIFIER

SCB ADDRESS

SCB LENGTH IN BYTES

RESERVED FOR STATUS DWORD 1

RESERVED FOR STATUS DWORD 2

FIG.9



A wap event is a managenent and control initiated event used internally by
the delivery system It is used to synchronise the operations associ ated
with the in-bound or out-bound delivery pipes (queues). A wap event

el ement can be sent only by a delivery agent. The wap event inforns the
destination delivery agent that the associ ated delivery queue has w apped
and that the next elenent should be dequeuedgfipom the top of the delivery
gueue. Command Chai ni ng BC9- 89- 031 35 The
processi ng of request elenents by a server may take place either
synchronously or asynchronously dependi ng on whether or not conmmand
chaining is in effect. Normally a server may process requests in any order
t hat makes sense to the server (asynchronously). However, there are al so
times when a client wishes to have the server process the requests in the
order in which
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t hey have been submtted (synchronously). Command chaining is used for this
pur pose. \VWenever the command chaining field is set in a request, it neans
that the processing of the next elenent in a chain cannot begin until the
server and/or device has conpleted processing the current request el enent
and has returned the appropriate reply to the client. Chaining is indicated
by setting the chain indicators in an elenegy1#o t he val ues BC = Begi nni ng
of chain, MC = Mddle of chain, and EC = End of chain. This is illustrated
in figure 11. Processing of requests then resunes wth the next request
element in the chain. This action continues until all elenents in a chain
have been processed, or an error condition is encountered. Wen an error
condition is encountered, an error elenent is returned and the remaining
request elenments within the chain are di scardedChaDaed Comtrioli Rtpr@hten it is
necessary to gather data from several non- contiguous-areas of nenory and

transfer it to a single destination (a wite) or, jo selviatq transfer
data from a singNen-TRHiLk B6krataEletentd | Nt 0 sevellatrdA—eort-guous areas
of menory (a read). 4 1st element / '
— L=16 ——
BC L=16
/ 1lst element 2nd element
l /7 / 1lst of chain /
o ] [ ]
— L=32 MC L=32
— chain
/ /7 3rd element
2nd element / 2nd of chain /
EC L=12
— L=12 '
7/ 4%th element J/
l end of chain l
/ _ -
l 3rd element / -
1 — L=24
/ 1 t
5th elemen )2




" This is commonly referred to as data chaining. The SCB architecture
supposts two nethods of data chaining: direct and indirect. Direct Data
Chaining In direct data chaining, each non-contiguous data area is
described by an entry .in a chaining list. The entry contains a byte
BC9- 89- 031 36 count and an address pointer to a
data area. After each data area descri bed gy n entry is transferred, the
next entry in the list is processed. This 1éﬂ?on continues, until all the
entries in the list have been processed, or no nore data exits. Direct data
chaining is invoked through the use of the Read List and Wite List
function codes. The fornat of a read list elenent for direct data chaining
is shown in figure 12. Indirect Data Chaining Indirect data chaining is
simlar to direct data chaining except for the |ocation of the chaining
list. The list is not_part

33222
10987

[V,
[V 3]
N

2 2221111111111
6 210987654321098765643210

C|I
i

ta | oM
sl &N

]

REQ

2

READ LIST ELEMENT LENGTH

SOURCE - DESTINATION

CORRELATION IDENTIFIER

BYTE COUNT

DATA ADDRESS

OPTIONAL PARAMETERS

.
.

BYTE COUNT

DATA ADDRESS

{ OPTIONAL PARAMETERS

-~

FIG. 12



of the request elenment. Instead the list is kept separate and is referenced
by nmeans of. a indirect list pointer in the value field of the request
elenent. Indirect data chaining is invoked by setting the indirect flag in
a Read or Wite List request elenent. The format of a read list elenent for
indirect data chaining is shown in figure 13. Using Notification and Wait A
client can request notification when an el enepty12s about to be processed by
setting the notification flag in the type field of the appropriate request
el ement. This causes the server to return a event notification elenment with
t he source, destination, and correlation identifier of the el enent
containing the notificati®ms f$Rkag2izn rtzs2 val ue fital d1tblt he cI ient. A client
can suspend the processingft 84 §&t4 82 + 8fLigdt® &|%iént 8 %ab 78 Bdr3 2cuPar
point in the list by settm?st@eelmyg kiR tihe typﬁﬁmlnﬁqg@;i the
appropriate request el engatlpgrid -t - —to—the—Bet-very—Ser vi ce
This causes the server tqQ suspendSP@&eE her procdssing oPESFBHMt eI eme1ts,
to return an event notififcatTon el-ement oopbdr Brrbh SpePiri ation identifipr of
t he el enment :

LENGTH OF INDIRECT LIST

" ADDRESS OF INDIRECT LIST _ ——l

L BYTE COUNT
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BYTE COUNT

DATA ADDRESS
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BCS- 89- 031 37 containing the suspend flag inits
valuesfield, and to wait for a resune event fromthe originating client
before continuing. The original request elenment containing the wait flag is
not processed until the resune event is received fromthe client. Figure 14
shows the various conbinations of usage fori2atgification and wait. Wile
the invention has been particularly shown and described with reference to
preferred enbodi nents, it will be understood by those skilled in the art

t hat various changes in detail may be nmade therein w thout departing from
the spirit, scope, and teaching of the invention. For exanple, there are
many queuei ng techni ques known in the art, at |east sone of which could be
substituted for the FIFO circul ar queue used in the preferred enbodi nent.

Li kewi se, the format of the control elenent could be varied. Accordingly,
the invention herein disclosed is to be limted only as speC|f|ed in the
foll ow ng cl ai ns.

oN
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0 0 No—operation — continue processing
‘request elements.

o 1 " Suspend processing of the current element
and all subsequent request elements from
this source to this destination pending
the receipt of a Resume Event Element
from- the source, .

1 1] Return a Notification Event to the
source and continue to process this
request element and all subsequent
elements from thls source.

1 1 Return a Notification Event to the
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ation pending the receipt of a Resume
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F1G.14

&
k1
B g

e,



_REPLACEMENT SHEET - 38- CLAI M5 1 An apparatus within a system for
asynchronous transfer of s W E@? r ol —elene, s—epresenti ng
requests, replies, or asyn%h‘z BEFE&- - p iton |bgiepeROEMENTISHEET! ( cat ed in

- different units on the systiem an Svnchdondys transfe M 8
said entities, said systemconprising: a first tvmtém{i4 w r§t type
unit further conprising at |east one prd®essor; lb=secont=type—um == saj d
second type unit further conprising at |east one subsystem Whl ch may have
attached devices; an interface bus, interconnecting said first and second
type units; a di stributed pipe between said first type unit and said second
type unit, sachitpHIHIYYSTEM FAVING 0P SHOW ASYNCHRONOUSLY
di stri but ed anong eac sald uni t g5 ans to store data from said
shared nmenory relating to said contro]1:’ el'enents i ndependent of said pipes

SRR wfﬁgﬁaﬁym@rgwﬂm%ﬁ%mﬁpﬁﬁ“ o said e

ABSTRACT

A microprocessor system which-includes a processor unit with system memory and a
separate buffer memory, one or more subsystem adaptgf units 'with memory, optional I/0
devices which may attach to the adapters, and a bus interface. The memory in the processor
and the memory in the adapters are used by the system as a shared memory (106, 112)
which is configured as a distributed FIFO circular queue (a pipe). Unit to unit
asynchronous communication is accompli_shed by placing control elements (104, 116) on the
pipe which represent requests, replies, and status information. The units (622, 624) send
and receive control elements (104, 116) independent of the other units which allows free
flowing asynchronous delivery of control information and data between units (622, 624).
The shared memory (106, 112) can be organised as pipé pairs between each pair of units to
allow full duplex operation by using one pipe for outbound control elements (104; 116) and
the other pipe for inbound control elements (104, 116).

Fig. 1
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at | east one entity; a delivery send nechanism for asynchronous enqueui ng
and sendi ng one of said control elenents and said store
delivery receive mechani smfor asynchronous deque EQPQREEMER?@N@E'
said control elements and said stored data. 2. n appar |
1, wherein said pipe is a circular queué”‘S Anl| apRAr aF W Nvels V¥,
1, wherein said pipe is a FIFO (first-in/first-out]_guelig=
apparatus, as in claiml, wherein said pipe contains control elenments for a
plurality of entity pairs. 5. An apparatus, as in claim1l1l, wherein said
delivery send nmechani smfurther includes neans to signal the state of said
distributed pipe to said delivery receive nechanismin a different one of
sai d uni t daiRE quitkBastthe adupisrs msd POGwEB 8a1abke ofprécebsinglits Asiatusuty thiire fras 6.

An apparatus, as in claim wherein said delivery send mechani sm f ur t her

I ncl udes amaedtd eimingteathe bhttlentak at thé imafae bus whichudlledref mpithdérahes pragtessor
delivery receive mechanismin a BC9- 89- 031 39

wher ei n t her tho adapsers ehd theirt respettive YOap parfermuas welhasvtheiy bhagdware would allow.
SUMMARY OF THE INVENTION

ne of
claim
| ai m

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

According to one aspect of the present invention there is provided an apparatus
within a system for asynchronous transfer of self-describing control elements representing
requests, replies, or asynchronous notification between entities located in different units on
the system and for asynchronous transfer of data between said entities, said system
comprising: a first type unit, said first type unit further comprising at least one processor; a
seconc!i type unit, said second type unit further comprising at least one subsystem, which
may have attached devices; an interface bus, interconnecting said first and second type
units; a distributed pipe between said first type unit and said second type unit,. said
distributed pipe further comprising shared memory distributed among each of said units;
buffer means to store data from said shared memory relating to said control elements
independent of said pipes and to tfansfer said stored data to and from said units, each of
said first and second type units further comprising: at least one entity; a delivery send
mechanism for asynchronous enqueuing and sending one-of said control elements and said

stored date; and a delivery receive mechanism for asynchronous dequeuing and receiving

one of said control elements and said stored data.



transtferred fromone of the entities (642,646) to another of the entities_
(642, 646) through the distributed pipe (602, 604). 2. pala

claimed in claiml, wherein the pipe is a circular queu .RQSLA‘E%%SQ&T
apparatus, as claimed in claim1l, wherein the pipe is alFlFO q

apparatus, as in any preceding claim wherein the entity| B88di u‘ef]&w Ll
control elenent is fromone of the unit types (622,624),—and the entity
receiving the control elenment is fromthe other of the unit types
(622,624). 5. An apparatus, as clainmed in claiml1, wherein the pipe
(602, 604) contains control elenents (104,116) for a plurality of entity
pairs. 6. An apparatus, as clainmed in claiml1l, wherein the delivery send
means (630) further includes neans to signal the delivery receive neans
(628) when there are state changes in the distributed pipe (602,604). 7.
An appar at us, Ascéidiighldmbthet hspedd Jf theVpRkeit intentionl eere/BprodeedlanBsgat(6 30)
further includes neans to signal the delivery receive neans (628) to

exani ne t withixt asystah folhesydclronousutandfep iof self-862ribifid control elements representing

requests, replies or asynchronous notification between entities located in different units of
the system and for asynchronous transfer of data between said entities, said system
comprising: a first type unit, said first type unit further comprising at least one processor;
more than one second type unit, each said second type unit further comprising at least one
subsystem, which may have attached devices; an interface bus interconnecting said units;
at least one distributed pipe, each distributed pipe being distributed between two of said
units, each said distributed pipe further comprising shared memory distributed among each
6f said units: buffer means to store data from said shared memory relating to said control
elem(;nts independent of said distributed pipes and to transfer said stored data to and from
said units, each of said second type units further comprising; at least one entity; a delivery
send mechanism for sending one of said control elements and said stored data; and a
delivery receive mechanism for receiving one of said control elements and said stored data;

wherein said entity sending said control element is in a subsystem, and said entity

receiving said control element is in a subsystem.



at predetermned tine intervals. 8. An apparatus, as clained in claiml,
wherein each of the units (622,624) as an entity dedicated to managing its
respective unit's interaction with the distributed pipe (602 604) .
BC9- 89- 031 40 9. An apparatu
claim1, wherein each unit further conpri-ses an int¢
di stributed pipe (602,604) which uses a commbn set
interrupt primtives. 10. An apparatus, as clained |§tga|-nﬁ4 ___________________
control elenments (104,116) further conprise a fixed|leng aYal; J
variable I'ength portion, the fixed | ength portion further conprising a type
field for describing the type of information in the control elenent, a
|l ength field containing the Iength of the control elenent, a source field
describing the source of the control elenment, a destination field
descri bi ng t he Adesidinpaoistill a@bthehaspe@iftied prédefriivéntichitierd i€ proviledtaiméthbd el d
for correlating requests

for asynchronously transferring self-describing control elements representing requests,

replies, or asynchronous notification between units in a system, comprising the steps of:
interconnecting units, comprising at least one processor and at least one subsystem, with an
interface bus; sharing memory physically distributed between said units as a distributed
pipe; providing a buffer separate from said pipe to store data from distributed memory
relating to said control elements independent of said pipe; asynchronously enqueuing and
sending- said control elements and the stored data from a sending umit, said control
elements addressed to a receiving unit, to said distributed pipe; and asynchronously
dequeuing receiVing said control elements and the stored data by said receiving unit, said

control elements being addressed by said sending unit, from said distributed pipe.



Wth replies. 11. An apparatus, as clainmed in claim 10, wherein the
vari able length portion contains data. 12. An apparatus, as clained in
claim 10, wherein: the variable |l ength portion further conp is es.a fi
havi ng a command for inmedi ate execution by an attache g @pfi ;‘QQL
type field further conprises an i medi at¥ conmand i denfli fTer, ere%
entity sending the i medi ate conmand can encapsul ate C(J%Qd@ B NDV &i
control elenment and pass the i medi ate conmmand t hr ough |iLhe_di"Stribus
(602,604). 13. An apparatus, as clained in claim10, wherein the unit
containing the entity sending the control etenent further conprises at

| east one buffer storage for holding data external to the distributed pipe
(602,604), and the control elenments (104, 116) TH' S SHEET HAS BEEN

According to still another aspect of the present invention there is provided a method
for asynchronously transferring self-describing control elements representing requests,
replies, or asynchronous notification between units in a system, comprising the steps of:
interconnecting subsystem units with an interface bus; sharing memory physically
distributed between said units as a distributed pipe; providing a buffer separate from said
pipe to store data from said stored memory relating to said control elements independent of
said pipe, asynchronously sending said control elements and said data from a sending unit,
said contro! elements addressed to ;1 receiving unit, to said distributed pipe; and
asynchronously receiving said control elements and said data by said receiving unit, said

control elements addressed by said sending unit, from said distributed pipe.



BCO- 89- 031 41 further having fields to identify
the location of data in the buffer which is associated with the control
el enent. 14. An apparatus, as clained in claim10 vvhere| n -1 y
sending the control element is in a subsystem and '
control elenment is in a subsystem 15. -An appar at us
15, wherein the unit further conprises at |east one
hol di ng data external to the distributed pipe (602, '
el ements (104, 116) further having fields to identify the Iocatlon of data
in the buffer which is assoctated with the control elenment. 16. An
apparatus, as clained in claim13 or claim1l5 wherein: the variable |ength
portion further conprises a field having an address of a buffer |ocation
containing a command for inmmedi ate execution by an attached device; and the
type field further DESGRIPSHONOF THEPREFERRER EMBODEMENAK(S) wher eby t he
entity sending the imedi ate command can encapsul ate commands within a
control el emenA preferpesis smbhdinientrof the epresent invention will now be described with

--------------

reference to the accompanying drawings in which:

Figure 1 is a simplified diagram of the invention using a single sending unit and a
single receiving unit.

Figure 2 is a overview diagram of the signalling mechanism used to notify units of
the system. '

Figure 3 is a block diagram of the state information used by the signalling
mechanism in figure 2.

Figure 4 is a diagram of the interrupt logic used by the system.

Figure 5 is a diagram of the invention using mulitiple subsystems and entities.



command t hrough the distributed pipe (602,604). 17. An apparatus, as
claimed in claim 10, wherein: the variable | ength portion further conprises
a field indicating the length of an execute list containing a series of
requests to an entity, a field indicating the address‘EF=Fﬁ%~cerF$FEF%s ,
and a repetition count indicating the nufber of times |t REPLAGEMENT P&

to be repeated; and the type field further conprises § j
identifier. BC9- 89- 031 42 |{ BateAr -Gyt s
claimed in claim17, wherein the type field further comprises notify and
wait bits for indicating to-the receiving entity synchronisation status for
the sending entity; whereby the sending entity is synchronised with the
receiving entity. 19. An apparatus, as clainmed in claim1, wherein the
delivery send neans (630) further conprises neans to detect when the

di stri but ed Figure 6 is another diagram of the invention using multiple subsystems and entities,

which also shows the delivery send mechanism and the delivery receive mechanism.
Figure 7 is a diagram of a control element.
Figure 8 is a diagram of an immediate SCB command.
Figure 9 is a diagram of a base SCB.
Figure 10 is a diagram of an execute list.



pi pe (602,604) is full. 20. An apparatus, as clained in claim1, wherein
the delivery send neans (630) further conprises neang=te=defect-when.

avai | abl e space in the distributed pipe (602,604) is |i RepLACEMERT sheefol d
anot her control elenent. 21. An apparatus, as clainmeq in ¢l g@i V(Bngere n
the delivery send means (630) further co¥fprises rreanj Dﬁeml,g,c.gn W

el enment at the end of the distributed pipe space whet '
(602, 604) does not have avail abl e space ;grééﬁ@ot her control elenent, the
wrap elenment indicating to the delivery e nmeans (628) the end of

avai | abl e pi pe Rﬂaa?géram%ﬁﬂﬂ o SYBtee e B RO WAndPBACTSscl RAYBiRg Rtrb

the start of the pfpe space. 22. An apparatus, as clainmed in clal

wher ei n t haerflehts iepesériting! HRueRanfepl(iés}8or AdynthiBhousOnRification RBREer @nigdscCt
when the distributed pipe (602,604) is enpty. 23. An apparatus, as clained
i n cl ai m lpcatbxbirediffetene uditd o dhreysysteneandefonesynshrofidifl)trahsfet bEdata betwdeaaaid
means to detect when the distributed pipe (602,604) changes fromthe enpty
state to temtitingtsaid system comprising:

pe

a first type unit, said first type unit further comprising at least one processor;

a second type unit, said second type unit further comprising at least one subsystem,
which may have attached devices;

an interface bus, interconnecting said first and second type units;

a distributed pipe between said first type unit and said second type unit, said
distributed pipe further comprising shared memory distributed among each of said units;

- buffer means to store data from said shared memory relating to said control

elements independent of said pipes and to transfer said stored data to and from said units,

eaéh of said first and second type units further comprising:

at least one entity;

a delivery send mechanism for asynchronous enqueuing and sending one of said
control elements and said stored date; and

a delivery receive mechanism for asynchronous dequeuing and receiving one of

said control elements and said stored data.

2. An apparatus, as in claim 1, wherein said pipe is a circular queue.

3. An apparatus, as in claim 1, wherein said pipe is a FIFO (first-in/first-out) queue.

4. An apparatus, as in claim 1, wherein said pipe contains control elements for a
plufslity of entity pairs.

5. An apparatus, as in claim 1, wherein said delivery send mechanism further includes

means to signal the state of said distributed pipe to said delivery receive mechanism in a
different one of said unit types when there are state changes in said distributed pipe.
6. An apparatus, as in claim 1, wherein said delivei’y send mechanism further includes

means to signal the state of said distributed pipe to said delivery receive mechanism in a

UL



enpty state. BC9- 89- 031 43 24. An apparatus, as
claimed in claiml1l, wherein there are a plurality of dif LERéd ] X .
An apparatus, as clained in claim24, wherein each unit ha g'g'EgTﬁﬁhETo
di stributed pipes (602,604) associated with the unit pa t ke Y
di stributed pipes further conprising a Prst distribut t_b%tfap‘é"!a% %
control elenments sent froma first unit of the unit pair to a second unrt’
of the unig ' ega;galg- i ' i (B! : nts
sent fr omd{lfﬁ‘g@%treoél 8 n uniut% o] thtg eﬁ%’?{ngg%fgat? gPt'ee(ﬁ”Fq@%t%@m%%? ggé&%e ﬁg’hﬁiglﬁt
pai r; whenhghinkaedls.0f the unit pairs operate in full duplex node. 26. A
conputer system conprising apparatus as clained in any preceding claim 27.
In or for7a compuipparfys e clainie] Whekefnaid doniedl eleien@ faMhdricompeike H8Xed
(104, 116) representing requests, replies, or asynchronous

length portion and a variable length portion, said fixed length potion further comprising a

type field for describing the type of information in said control element, a length field
containing the lengﬂ1 of said control element, a source field describing the source of said
control element, a destination field describing the destination of said control element, and a
correlation field for correlating requests with replies.
8. An apparatus, as in claim 7, wherein said variable length portion contains data.
9. An apparatus, as in claim 7, wherein:

said variable length portion further comprises a field having a command for
immediate exécution by an attached device; and

said type field further comprises an immediate command identifier;

whereby said entity sendihg said immediate command can encapsulate commands
within a control element and pass said immediate command through said distributed pipe.
10. An apparatus, as in claim 7, wherein said unit containing the entity sending the
control element further comprises buffer storage for holding data external to said
distributed pipe, and said control elements further having fields to identify the location of
data in said buffer which is associated with said control element.
11. An apparatus, as in claim 10, wherein:

said variable length portion further comprises a field having an address of a buffer
location containing a command for immediate execution by an attached device; and

said type field further comprises an immediate command identifier;

whereby said entity sendihg said immediate command can encapsulate commands
within a control element and pass said immediate command through said distributed pipe.
12. An apparatus, as in claim 7, wherein: |

said variable length portion further comprises a field indicating the length of an

execute list containing a series of requests to an entity, a field indicating the address of said

* [ L M S ra




notification between units (622,624), conprising: integcaonnecting units

(622,624) with an interface bus (650); sharing nenory ' —
di stributed between the units (622,624) as a distribut ﬁ%@b%&f%ﬁ@)"
sending control elenents froma sending unit, represenf ghjve &Nﬂvmt S
and replies, and addressed to a receivim™d-unit, to thd=destyTRut'ed pr-pe
(602,604) without interaction with any other unit; and receiving contr

el ement s, e . Lyl ' i SE Tl e

(602, 604) “SRE R £rebeliBGE bt indiBlng hd HbeHor it s 4B B 9FSs o e
44 wher ei pedeiRaCs rol el ements (104, 116) are asynchronously transferred

fromone of the units to another of the units through the distributed pipe
(602, 604) . 28. sfidrppdpeldFartidrabipaistsantdxaduie R iddigifier.n the units (622, 624)

13.  An apparatus, as in claim 12, wherein said type field further comprises notify and

wait bits for indicating to the receiving entity synchronization status for the sending entity;
whereby said sending entity is synchronized with said receiving entity.

14.  An apparatus, as in claim 1, wherein said delivery send mechanism further

comprises means to detect when said distributed pipe is full.

15. An apparatus, as in claim 1, wherein said delivery send mechanism further

comprises means to detect when available space in said distributed pipe is insufficient to

hold another control element.

16. An apparatus, as in claim .15, wherein said delivery send mechanism further

comprises means to place a wrap elemént at the end of said distributed pipe to indicate the

next element should be dequeued. |

17.  An apparatus as, in claim 1, wherein said delivery receive mechanism further

comprises means to detect when said distributed pipe is empty.

18.  An apparatus, as in claim 1, wherein said delivery receive mechanism further

comprises means to detect when said distributed pipe changes from the empty state to the

not empty state. |

19.  An apparatus, as in claim 1, wherein there are a plurality of distributed pipes.

20.  An apparatus, as in claim 19, wherein each first type unit and a second type unit

constitute a unit pair, and each unit pair has a pair of distributed pipes associated with said

unit pair, said pair of distributed pipes further comprising a first distributed pipe for control

elements sent from a first unit of said unit pair to a second unit of said unit pair, and a

second distributed pipe for control elements sent from said second unit of said unit pair to

said first unit of said unit pair; |

whereby each of said unit pairs operate in full duplex mode.

* c L N s *



incl ude at |east one processor unit. 29. A conputer system conprising: a
first unit type having at | east one processor; a sef [T TVpe 1a g at
| east one subsystem which may have attached devi ces%#ﬂ%ﬁ%‘éﬁ%s
(650) for interconnecting with each of the unit typg 622*%‘&(” }397
characterised in that the system furthertlconpri ses: Stribut'ed - pirp
(602, 604) conprising shared nenory (106, 112) distributed anong €ach of the

at | eact dho erttiraprrais th doredan Yl 1 BREee R Bl sy S SRR bRs0S
di 104 1: 114 i1y h
ni1ye © S R e e s B R o R S e it Ty

other entizhy; a0l aflirAtUE Withire & S MEmMR aSyncRrdldus @inshst WIGBIFARSMHYING E&RAIIVI NY
control elenments (104,116), addressed to the entity, fromthe distributed

‘pi pe (602 cfidbntsnirépiesenting t reqaests, aepliést br asynohidigis notification between entities

located in different units of the system and for asynchronous transfer of data between said
entities, said system comprising:

a first type unit, said first type unit further comprising at least one processor;

more than one second type unit, each said second type unit further comprising at
least one subsystem, which may have attached devices;

an interface bus interconnecting said units;

at least one distributed pipe, each distributed pipe being distributed between two of
said units, each said distributed pipe further comprising shared memory distributed among
each of said units: _

buffer means to store data from said shared memory relating to said control
elements independent of said distributed pipes and to transfer said stored data to and from
said units,

each of said second type units further comprising;

at least one entity;

a delivery send mechanism for sending one of said control elements and said stored
data; and

a delivery receive mechanism for receiving one of said control elements and said
stored data;

wherein said entity sending said control element is in a subsystem, and said entity
receiving said control element is in a subsystem.
23. A method for asynchfonously transferring self-describing control elements
representing requests, replies, or asynchronous notification between units in a system,

comprising the steps of:

* [ L # S *
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interconnecting units, compﬁsing at least one processor and at least one subsystem,
with an interface bus; )

sharing memory physically distributed between said units as a distributed pipe;

providing a buffer separate from said pipe to store data from distributed memory
relating to said control elements independent of said pipe;

asynchronously enqueuing and sending said control elements and the stored data
from a sending unit, said control elements addressed to a receiving unit, to said distributed
pipe; and

asynchronously dequeuing receiving said control elements and the stored data by
said receiving unit, said control elements being addressed by said sending unit, from said
distributed pipe. |
24. A method, as in claim 23, wherein said control élements are written to and read
from said distributed pipe as a circular queue. _ |
25. A method, as in claim 23, wherein said control elements are written to and reaid
from said distributed pipe as a FIFO queue.
26. A method, as in claim 23, including the further step of signalling with state logic
said receiving mechanism in a different one of said unit types with said sending mechanism
when a control element is placed on said distributed pipe.
27. A method, as in claim 23, including the further step of signalling said delivery
receive mechanism with said delivery send mechanism to examine the state of the
distributed pipe at predetermined time intervals.
28... A method for asynchronously transferring self-describing control elements
representing requests, replies, or asynchronous notification between units in a system,
comprising the steps of: _

interconnecting subsystém units with an interface bus;

sharing memory physically distributed between said units as a distributed pipe;

providing a buffer separate from said pipe to store data from said stored memory

relating to said control elements independent of said pipe,

e




-43.

asynchronously sending Said control elements and said data from a sending unit,
said control elements addressed to a feceiving unit, to said distributed pige; and
asynchronously receiving said qontrol elements and said data by said receiving unit,
said control elements addresséd by said sending unit, from said distributed pipe.
29. A method, as in claim 28, wherein said control elements are written to and read
from said distributed pipe as a éircular queue.
30. A method, as in claim 28, wherein said control elements are written to and read
from said distributed pipe as a FIFO qﬁeue.
31.- A method, as in claim 28, including the further step of signalling with state logic
said receiving mechanism in a differeht one of said unit types with said sending mechanism
when there are state changes in éaid distributed pipe.
32. A method, as in claiin 28, including the further step of signalling with state logic :
said delivery receive meéhanism in a different one of said unit types with said delivery

send mechanism to examine the state of the distributed pipe at predetermined time

intervals.

A



44 Date :

COMPUTER SYSTEM HAVING APPARATUS FOR ASYNCHRONOUSLY
DELIVERING

CONTROL ELEMENTS WITH A PIPE INTERFACE

ABSTRACT

A microprocessor system which includes a processor unit with system memory and a
separate buffer memory, one or more subsystem adapter units .with memory, optional I/O
devices which may attach to the adapters, and a bus interface. The memory in the processor
and the memory in the adapters are_used.by the system as a shared memory (106., 112)
which is configured as a distributed FIFO circular queue (a pipe). Unit to unit
asynchronous communication is accomplishéd by placing control eleménts (104, 116) on the
pipe which represent requests, replie_s, and status information. The udits (622, 624) send
and receive control elements (104, 116) independent of the other units which allows free
. flowing asynchronous delivery of control information and datalbetween units (622, 624).
The shared memory (106, 112) can be organised as pipe pairs between each pair of units to
allow full duplex operation by using one pipe for outbound control elements (104, 116) and
the other pipe for inbound control elements (104, 116).

Fig. 1



