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present i nventd.on general ly rel at es to.a. purrpl ng system Mbre speC| fically,
t.-he present invention relates a

A Dicital Comguter Svetenm

This invention relates to multi-master digital computer systems. More particularly, it
relates to such systems that provide pipelining of a requesting device onto a bus as'a
master while the current master device is still accessing the bus.’

In’ modern computer systems, a2 bus is commonly used to interconnect the various
elements cbmprising the system to one another for the transfer of information carrying
signals therebetween. For example, a central -processor is typically connected to various
memory dJevices and input/output devices via a bus structure to carry the signals
necessary for the operation of each element of the system. Signals carried by the bus may
include, for example. address signals, data signals, clock signals and other control signals.
The hus must efficiently transmit such signals to all of the elements of the computer
system connected to it for the intended functions and operations of the system to be
carried out.

One of the principal indicia by which a computer system is judged is its speed of vperation
and therefore the volume of data which it can process in a given period of time. Because
the bus is utilized in virtually every operation performed by the computer system, itisa
key component whose operational characteristics have a tremendous effect on the overall
pecformance of the computer system. For example. the speed of the computer system is
limited to a large degree by the rate at which the bus is capable of responding to a series
of commands and transferring data between one element and another.



to a systemand a nethod for punping fluid, particularly for peritoneal
- dial ysis. As is well known, peritoneal dialysis is a procedure for
renpvi ng toxi ¢ substances and netabolites-normally excreted by the kidneys
and for aiding in the regulation of fluid and el ectrol yte bal ance.
Peritoneal dialysis is acconplished by instilling peritoneal dialysis fluid
through a conduit into a peritoneal cavity of an individual. The instilled.
peritoneal dialysis fluid contains ionic concentrations of electrolytes.
that are simlar to those in the physiological extracellular fluid with the
exception of lactate which is present as2z a bi carbonate precursor.
Fluid and solute transport occur across the peritoneal nmenbrane between the
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by writing a word from one location to another along a bus upon the occurrence of each
successive clock cycle is an example of pipelining.

Various forms of pipelining in the prior computer art are well known. For example, large
scale vector machines have utilized pipelining of data into the registers. adders, and
output buffers to save time. That is. data is entered into the first of a series of operational
registers while the remaining registers have other data in them.

Also, address pipelining in singie processor systems is used to increase bus efficiency in
the prior art. [n such z pipeline system, the masier generates the address for the next
cycle before the data for the current cycle has been transferred. In this manner, the slavé
can be decoding the address before the actual start of the cycle.

The advent of computer systems with multiple procesSofs has greatly increased the speed
with which complex data processing functions can be performed. ‘In such prior art
computers, a plurality of processors share common elements such as system memory,
input/output devices, and bus structures. Both processors are capable of serving as a bus
master to control the transfer of information to and from a slave device via the system
bus. Although both processors can be performing computations simultaneously. only one
can be a bus master at a time. Each processor must re-quest the bus, be granted access to _
it to become the bus master, complete the intended transaction and then relmquﬁh the
bus and make it available to another bus master.

With respect to prior art multi-master systems. such as computer systems with multiple
processors, when a current bus master is to give control of the bus to a requesting device,
it will complete its current cycle before permitting the requesting device access to the bus
as a master as indicated above. However, in U.S. Patent No. 4,837,736 to Donaldson et al
there is disclosed a multi-master system in which an uncompleted transaction by a bus
master can be temporarily interrupted to allow bus cycles to be utilized by other bus
~ masters in the interim period. For example, in Donaldson, a device to which a2 command



hyper osnol ar to the plasma thus creating an osnotic gradi ent that
facilitates fluid renoval fromthe patient's plasma into the peritoneal
cavity. After a period of tinme (dwell tine), the spent or used dialysis
fluid is renmoved fromthe peritoneal - 2-

ransfer is directed by a bus master may not be able to.
return the requested data immediately and cycles by other
devices are allowed on the bus between the command
transfer and the return data transfer of the read
transaction. While such a configuration may avoid
neriodic inadvertent interruptions of access to the bus
during entire transactions, it does not permit an orderly
optimization of the data transfer rates within a multi-
master computer system. ' _

The present invention provides a diqitai cemputer
system, including a bus, which so operates that, in the
changeover of compenents using the bus, the components
which have the use of the bus relinquish it in stages and
the components which are taking over the use of the bus
acquire it in stages.

The digital computer systenm is, preferably, a multi- °
master digital computer system; that is, a multi-
processor digital compiiter system in which each processor
can demand the use of the bus at any time and goes
sequentially through the states of demanding the use of
the bus, using the bus, and giving up the use of the bus.

A first multi-master digital computer system
comprises: '

(a) a bus:

(b} at least two master devices connected to the

‘bus which devices, in operatiori, pass
through a plurality of distinct, sequential
states of use of the bus; and

(c) means for aliowinq more than one master

_ device to use the bus at the same time.

Preferably, the means for allowing more than one
master device to use the bus at the same time comprises
means for allowing one of the master devices to operate
in a distinct state while another master device operates
either in a leading or following distinct state.
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cavity. Peritoneal dialysis is required for patients with acute or chronic
renal failure when non-dialytic nmedical therapy is judged to be inadequate.
One form of peritoneal dialysis, continuous anbulatory  peritoneal

dialysis -(CAPD) i nvol ves mai nt.ai ning dialysis solution in constant
contact with the peritoneal nenbrane throughout the entire day. To conduct
CAPD, the patient manually drains spent dialysate and manually instills new
di al ysate perform ng a nunber of necessary mani pul ations during the
procedure. CAPD relies on gravity to moe luid in and out of the

peritoneal cavity. The peritoneal dialysis solution is changed
approximately three to five times per day and typically four exchanges per
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master device to use the bus at the same time comprises
means for allowing one of the master devices to enter the
address master state when another of the at least two |
master devices is in the data master state.

One example of the first multi-master digital
computer system further comprises at least one slave
device connected to the bus, addressable by each of the
at least two master devices during their respective
address master states and for recsiving or transmittinq
data during their respective master states,

Another example of the first multi-master digital

-cbmputer system further comprises means for assigning a
priority to each of the at least two master devices and
determining which one of a plurality of simultaneously
requesting master devices is allowed to enter the address
master state first. .

A second multi-master digital computer system
comprises: ' '

(a) a bus; _

(b) at least first and second haster device

| means connected to the bus for originating
bus cycles, each connected to the bus,'each
having means for requeéting the bus and each
having means for releasing the bus, each '
having addressing means activated during a
bus cycle'and during an address master
state, and each having data means for
transmitting information during a subsequent
data master state:;

(c) at lsast cne slave device means connected to

the bus, addressable by the first and second
master device means during their respective
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f1uid to pronote clearance of uremc toxins is reduced once the
concentration of the toxin in the dialysis fluid reaches the plasm.
concentration of the analyte. Thus, renoving spent fluid and replacing it
with fresh dialysis solution (the addition of a fifth peritoneal dialysis
exchange) during the overnight period may be hel pful to patients requiring
additional fluid or toxin renoval. The present invention, therefore,
provi des a systemand a nmethod to satisfy a need of patients requiring a
fifth peritoneal dialysis exchange (dur+ng-sleep) or for patients who
desire a nore convenient nethod to perforn1f our exchanges per day by
ski ppi ng one dayti ne exchange.
address master states for receiving or
transmitting data during their respective’
data master states; and
(d) an arbiter for arbitrating bus requests by
' the first and second master device means
during the bus cycle, and for granting a
request for the bus to a selected one of the
first and second master device means for
transmitting to, or receiving data from the
- slave device means, and for granting a
request for the bus to the other master
device meanslto'enter the address master
state upon its requesting the bus and the
selected master device means releasing the
bus, while the selected master device means
is in the data master state, thereby
accelerating the transfer of the bus from
the selected master device means to the
other master device means in a pipelining
. -manner. | _
In a first example of the second multi-master
digital computer system, the slave device means includes
means for providing a ready signal indicating that the
bus cycle has been completed and causing the selected
master device means to transfer from the data master to
. state to an idle state, '
In a second example of the second multi-master
digital computer system, the addressing means and the
data means of the selected '‘master device means are
activated at the same time during a bus master state,
‘following the address master state and preceding the data
master state.
A third example of the second multl-master digital
computer system further comprises memory means wherein
the selected master is enabled to read information from
the memory means and to write information into memory
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-3~ . The present invention, thereforé, provi des a system and a net hod
for a night exchange that aids in renoving peritoneal dialysis solution
into and out of the patient and allows the patient additional freedom of

movement during the procedure. SUMVARY OF THE | NVENTI ON
The present invention provides a systemand a nethod for automatic
contr ol of exchanged solutions, particularly for treatment. of renal

failure patients undergoing peritoneal dialysis. The system provides a
device, particularly suitable for patlenls requiring a fifth dialysate
solution exchange. The device automatically drains spent fluid from
the peritoneumand fills wth a prescribed volune of peritoneal dialysis

means.

Preferabiy, in -the third example of the second
mulﬁi-master digital computer system, the bus cycle
comprises and I/0 or a memory bus cycle, wherein a
portion of the memory means is associated with the first
master device and selectively éomprises a slave device,
and the second master comprises the master device during
a memory bus cycle.

In a fourth example of the second multi-master
digital computer system the means for requesting the bus
and the means for releasing the bus of each of the two
master device means comprises a master state machine.

~ Preferably, in the fourth example of the second
nulti-master digital ccmpuﬁer system, the master state
machine comprises a logic array. _

In a fifth example of the second multi-master
digital computer systenm, the arbiter comprises an arbiter
state machine.

Preferably, in the fifth example of the second
multi—mastef digital computer system, the arbiter
comprises a logic array.

In the first example of the second multi-master
digital computer system, the means for providing a ready
signal may comprise a memory slave state machine, or,
alternatively, may comprise an I/0 slave state machine.

Preferably, in the first example of the second
multi-master digital computer system, both the memory
slve state machine and the I/0 slave state machine
comprise logic arrays.

| A third multi-master digital computer system
comprises: '

(a) a bus;

(b) a plurality of master devices, each for
originating & bus cycle, connected to the
bus, each having addressing means activated
during the bus cycle and during an address
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fluid warnmed to body tenperature. To this end, in an enbodi nent, the
present invention provides a systemfor controlling fluid flow The system
has a hol der capable of -holding a first. container having a first solution
therein. A processor unit has a neans for controlling flow connected to the
hol der wherein the means for controlling flowis capable of controlling
flow of the first solution fromthe first container in the holder. A tray
is provided capabl e of holding a second contai ner wherein the neans for
controlling flowis capable of control Ling-fl ow of a second solution to the
second cont ai ner . I n an enbodi nent, a heater is incorporated in the
hol der capabl e of heating the first solution in the first container in the

hol der. In an enbodi ment, a scale is incorgprated in the tray capable
of wei ghing the second cont®@ster pfafeed2Bf fard hA¥YNY means| fomn enbodi ment,
the systemincludes a fill dt@n¥fRitting or receiving data during a

subsequent data master state;

(c) a plurality of slave devices connected to
the bus, each addressable by any selected
one of the plurality of master devices
during its address master state, for
recaiving or transmitting data during its
data master state to a selected one of the

. plurality of slave devices; and

() - bus control means for requesting and
releasing the bus for the selected master
device, for arbitrating bus requests by the
master devices and for granting a request '
for the bus to a selected one of the
-plurality of master devices, and for
granting a request'for the bus to another
master device to enter the address master

' state upon releasing the bus from the
selected master device while the selected
master device is in the data master state,
thereby accelerating the transfer of the bus
from the selected master device to another
master device in a pipelining manner.

Preferably, in the third multi-master digital
computef system, the bus control means comprises means
for providing a ready signal indicatiné that the bus
cyéle has been completed, and causing the selected master
‘device to transfer from the data master state to an idle
state. '

Preferébly, in the third multi-master digital
computer system, the bus control meané further comprises
a master state machine for requesting and releasing the
bus for the selercted master device.'

Preferably, in the third multi-digital computer
system, the bus control means further comprises an
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-4- controlling flow of the first solution fromthe first container

In an enbodi nent, the systemincludes a drain valve controlling flow of the
second solution to the second contai ner. In an enbodi ment, an-arm
connects the holder to the processor unit.

arbiter state machine for arbitrating bus requests by the-
master devices, for granting a request for the bus to-a
selected master device, and for granting a request for
the bus to another master device to enter the address
master state upon releasing the bus from the selected
master device while the selected master device is in the
data master state, '

Preferably, in the third multi-master digital
computer systsem, the slave devices comprise memories énd
I/0 devices and the bus cycles for referencing the I/0
devices.

In the third multi-master digital computer systenm,
the means for providing a ready signal may comprise a
memory slave state machine or may comprises an I/0 slave
state machine. o ,

Preferably, in the third multi-master digital
computer system, the master state machine, the arbiter
state machine, the memory slave state machine, and the
I/O slave state machine each comprises a logic array.

A method of granting a request for a bus in a multi-
master digital computer System during a bus cycle, to a
master device requesting the bus for access to receive
from or transmit to a slave device while a current master
device is still accessing the bus, comprising the steps

of:
(a) requesting the bus for the current-master
k device:
(b) granting the request for the bus to the
current master device;
() entering the current master device into an
address master state;
(d) . "addressing the slave device:
(e) entering the current master device into a
data master state; _
(£) reading data from or writing data into the
slave device;
.Thlis Sheet Has Been Reﬁlaced :
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In an enbodi ment, an arm connects the processor unit to the tray. In
an enbodi ment, a display is operatively connected to the processor unit.

In an enbodlnent an i nput means is operatively connected to the processor
uri t . I'n an enbodi nent, neans are provided for effecting structural

rel ati onshi ps between the holder and the processor unit. © Inan .
enbodi nent, a cover is connected to the holder to substantially encl ose the
first container in the hol der. In an enbodi ment, a power switch is
operatively connected to. the tray to aetd wate the Systent In an

enbodi ment, neans are provided to alter position of the processor unit..

I'n an enbodi ment, nmeans are provided to rel ease the hol der, the processor
unit and the tray t

orient _in a .no e_posi tion.
embodi nent, an audi toﬁ)e rreaﬁ?ct“gs‘p‘rn(?vtgg}‘tfpéf’ﬁtFR’/eeIr?q%ﬁWertq @&Stert he
processor unlt capabl e of device:

(h) releasing the bus to the requesting master

device; and |
1 (N entering the requesting master device into
- the address master state while the current
master device is in the data master state in
a pipelining manner.

Preferably, the method of granting a request for a
bus further comprises the step of addressing the slave
device and the step of entering the gurrent master device
into a bus master state.

Preferably, the method of granting a request for a

. bus further comprises, following the step of entering the -
requesting device into the address master state, the step
of ending the bus cycle by ackﬁowledging a ready signal
from the slave device. .

’

Preferably, the method of granting a request for a
bus further comprises, following the step of ending the -
bus cycle, the step of enterlnq the current master device
into an idle state.

The present invention extends the benefzts of
pipelining to multi-master systems. The current master
relingquishes control of the bus in stages. This permits
the requesting device to access the bus as a master and:
address the desired slave before the current master has
given up control of the bus. In a multiprocessor system,
wherein the bus is constantly accessed by different'
devices, a considerable performance increase is achieved.

A multi-master digital computer system utilizes a
pipelining technique to permit a requesting device to
access a bus while the current master device is accessing
the bus. In this inventive system, at least two devices
capable of being masters are connected to a bus. At
least one slave device is to be addressed by either of
the two devices through the bus.

—
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preduci ng an audi bl e signal. In an enbodi ment, an auxiliary processor
Is provided in the tray operatively connected to the processor unit.

In an enbodinent, a real time clock is operatively connected to the
processor unit. ~ _ - 5-

-10-

Upon start-up of the system, one of the two devices
automatically becomes the current bus master.

A system bus controller has an arbiter that
arbitrates between two or more requesting devices if they
each request the bus for a bus cycle and grants the bus
to one of the requesting devices. The selected device
will move from a requesting state to a selected address
master state, when the current bus master releases the
address lines of the bus. The selected address master
then addresses the slave device to set up a transfer of
data. At this time, the current bus master becomes the
current data master. When the current data master
indicates that it is releasing the data lines of the bus,
the selected address master becomes the selected bus
master. Then the current data master transfers from the
pus into an idle state. It is evident therefore, that
the current master is the data master while the selected
master is the address master. In the case where there
are only two possible master devices, there is no
arbitration because one of the devices will always be a
master device with no need to arbitrate. However, in
those cases, the arbiter is used to generate a bus grant
signal tb the requesting device, in this preferred
embodiment.

It should be noted that the system memory may be
divided and physically associated with one or more of the
master devices. ‘The memory of one master device is
accessible through a bus cycle to the other master device
in a master-slave relationship, as described above. A
memory reference by a master device to its associated
memory does not require the bus.

The master and slave devices are know in the art.
The bus controller is an array of logic to be described
below.

The principal object of this invention is to provide
a multi-master digital computer system that has a
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I'n- an enbodi nent, a programmble timng neans is operatively connected to
the processor unit to control actlvatl on of the system . I'n an

enbodi nent, operator-actuated keys are provided to control progranm ng of
fhe processor unit. The operator-actuated keys are nodifiable by the
processor unit. I n an enbodi nent, the neans for controlling flow of
the systemis a pneumatic punp. | n gn.enbodi nent, sensing neans are
provided for detecting tenperature of the first sol ution in the container.
In an enmbodi ment, a.-plurality of strain gauges are constructed and arranged
with the tray capabl e of neasuring weight of the second container on the
tray. | n apiceidningbiatiddty 69r thaegreseing 2aVERR itohacged®tdhod is

provi ded for CORld Ghiiags fdutirdnt! Qukcer Haoie@iisodcenmmidoResihgecnd ops of
Do ut L on ot hofs an RSS! ol i e kol Ui b%OQEQ%nsflaz%%' B9 ghd i rst

sol ution wit hout*Handgi TSt CONt Al Ner tray capabl e of
hol di ng a secondetadrdedi ﬁeﬂFCWlﬁg Eh%'%é@ﬁéws

A multi-master dlgltal computer system in accordance
with the present invention will now be described, by way
of example only, with reference to the accompanying
drawings, in which:
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sol uti.on without hanging.the second container, the first container renotely
situated fromthe second container; and controlling flow of the first

solution fromthe first container and the flow of the second solution to

the second cont ai ner. In an enbodi ment, the nmethod further conprises
the step of weighing the second solutiondn the second container wthout
renovi ng the second contai ner. In an enbodi nent, the nethod further

conprises the step of heating the first solution in the hol der. In an

enbodi nent, the nmethod further conprises the step of sel ectlvely encl osi ng
the first" container in the

Fig. 1 is a block diagram of the multi-master digital computer system;,

[ 3]

Fig. 2 is a block diagram of a single master processor belonging to the system

Fig. 3 is a block diagram of an Input/Output section of the for the system,
Fig. 4 is a schematic diagram of an arbiter for the system,
Fig. 5 is a state diagram of a master state machine for the system,

Fig. 6 is a state diagram of an Input/Output and memory slave state machine
for the system and

Fig. 7 is a timing diagram illustrating the timing relationships of the system.

A current master device controls a bus and occupies the bus master state. A requesting
device wishi;'lg to coatrol the bus enters the requesting state. In response to a grant from
an arbiter and an address release indication from t~e current bus master, the requesting
device enters the address master state. In response to-a data release indication, the
requesting device becomes the bus master. This cycle is repeated for each exchange of
bus mastership. The bus is pipelined in that the address and data portions of the bus are
accessed by two different masters simultaneously. The details of this pipelining are
described below. _ :

Fig. 1 illustrates a multi-master digital computer system 10 having separate
processars 11, 13, and 15. Memories (22 and 12b are associated with processor 11
through memory connector 17. Any access made to those memories by processor 11isa
local memory reference and is not pertinent to this invention. In this preferred
embodiment. memories 12a and 12b are dynamic random access memories (DRAMs).
Processors 13 and 15 may access memories 122 or 12b through processor 11. In this

l/II/I///III/////IlI/ﬁi?M



hal der . In an enbodi ment, the nethod further conprises, the step of
sensing tenperature of the first solution in the first container. . I n
an enbodi nent, the nethod further conprises the step of controlling
driaining of the first container and the filling of the second contai ner.

I n an enbodi nent, the nmethod further conprises the step of draining the
first container only after weighing the second contai ner. In an

enbodi ment, the nethod further conprisesl8he step of folding the holder and
the tray into a second position not suitable for use. . In an

enbodi ment , sykdd, sRh megdndry htdesy is GRP by A@8qdelting processor (13 or 15) which becomes
the master device to processor 11 and its associated memory 124 or 12b which beconies
the slave device. The memory bus cycle and the [/O bus cycle are the same except for a
memory oc [/O cycle designation. and the address of the slave device. Processors 11, 13,
and 13 are interconnected through bus 23. Address and data signzils are transmitted to
the 1/O channel 27 by bi-directional drivers 14 and 16, respectively. These drivers are
controlled by System and Bus Controlter 20 through the DIR and EN signals, as shown.
Arbitration signals are developed by an arbiter in controller 20 (see Fig.4), as well us
action codes. to be described later. Input/Output 23 represents the various peripheral
devices. Controller 20 includes a slave state machine for 1/O and memory bus cycles (ses
Fig.6), to be described below. '

Controller 20 and Input/Output 23 ‘are connected to 1/O channel 27. The system
address (SA), system data (SD), and the local address (LA) are applied to 1/O channel 27
as gated by controller 20 through drivers 14 and 16. Slots 22 may be used for extra
peripheral devices or additional memory. Additional memory is accessed through a
memory bus cycle to the /O channel.

Fig. 2 illustrates processor 11 in block form. Processor 11 is made up of micro-processof
30 and coprocessors 31 and 32. In this preferred embodiment, microprocessor 30 is an
‘Intel Type 30386, coprocessor 31 is an Intei Type 30387, and co-processor 32 is a floating
point unit made by Weitek Company. Of course. other types of microprocessors and
coprocessors could be used as well. ll are inter-connecged through address, data, and .
control buses 33. Cache controller 35 connects to bus 33 and aiso through line extension
logic 37 to cache SRAMs 39a and 39b. Snoop address latch 36 latches bus addresses and
sends them to cache controller 35. Data Flow and ECC Controller 41 is connected to
‘bus 33 and receives local data therefrom. Controller 41 is connected to Memory and Bus
Controller 40 which is also connected to bus 33, receiving and transmitting control and
" address information. Memory and Bus Controller 40 includes a master state machine for
all memory and 1/O bus cycles in which processor 11 is the master device, and a slave
state machine for all memory bus cycles in which processor [t is the slave device..
POSTROM 42 is a Read Only Memory (ROM) used for a power-on, self-test.
Controllers 41 and 40 and POST ROM 42 are shown connected to memory connector {7.
Controllers 40 and 41 are also coanected to hus 2. .
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step of providing a display indicative of perfornmed functions. In an
enbodi ment, the nmethod further conprises the step of providing a cover to

- selectively enclose the first container in the hol der. I n anot her
énbodi ment of the present invention, a bag holder is provided having a
contai ner selectively openable to hold a bag therein. A cover encloses the
contai ner in the bag holder wherein the-cd¥er is hinged to the container. A
- heating elenment is incorporated in the container capable of heating a
solution in the bag. I n an enbodi nent, the bag hol der further has .an
opening in the container through which an extension of the cover is

embodi nent , T b atrck 8t Bfach & el it S RagRell e somim e rt s e 1
an enbodi meftmmynicyipgdinkbetweeasdhpprogesserswnd the: vaciohe lpiv/ Quegue evitestshowet ect
t enper at ur einv 8lg At inolndingf ddcbéers 45 and 46 and Interrupt and DMA controller 47. The
Input/Output devices 52-57 and 60-64 are all controlled by way of /O channel 27
through bi-directional drivers 48 and 49. VGA 56 is a video graphics adapter with images
controlled from VRAM 57. ' : '

The schematic diagram of the arbiter is shown in Fig. 4. The arbiter is implemented in a
gate array in this preferred embodiment, but could be implemented in a PAL
(Programmable Array of Logic), or other logic arrays. '

In the discussion that follows a */" represents "not asserted"™; a "*" represents logic "AND";
a"+" represents logic "or"; a "~ represents that the signal preceding is true when low.

The arbiter assigns the next bus master device in response to one or more bus requests
(BUSREQ~). The next current master device follows a specified controlled sequence
not involving the arbiter to transfer the bus control. ‘The arbiter provides a bus grant
signal (BUSGR) to signal a requesting master device that it is the bus master elect. An
arbitration busy signal (ARB-BUSY), indicating that one or more master devices is
currently requesting the bus. is provided by the NAND of ail of the BUSREQ~ signals:
The arbiter implements priority arbitration by bus position when issuing a new BUSGR
signal. The arbiter implements fair requesting; that is, a mask is maintained for each
BUSREQ~- signal. The mask is set when the corresponding BUSGR signal is asserted to
allow a current requesting device access to the bus. All masks are reset when there are no
asserted. unmasked BUSREQ~ signals.

AND gates 61 62, and 63 receive input signals BUSREQI ~(inverted) and MASK
REQ!~, BUSREQ2~ (inverted) and MASK REQ2~. and BUSREQ3~ (inverted) and
MASK REQ3~, respectively. The input signals represent a bus request by three masters
and an accompanying mask request, the mask request being determined by circuitry
shown in Fig. 4 to be mentioned later. AND gates 69, 70, and 71 each receive as one of
its inputs, the signal BUSREQIL. AND gates 65. 66 and 67 each have, as one input, the
inverted cutput from AND gate ii. The other input to AND gate 65 is from.the output of

i



sofution in the -bag. I n an enbodi nent, the container of the bag hol der
I's I nsul at ed. I n anot her enbodi nent of the present invention, a
portable peritoneal dialysis exchange systemis provided. The system has a

drain tray capable of holding a drain bag w thout hanging the drain bag. A
pouch is capable

- 15 -

AND g":ue 62. The other inputs to AND gate 66 are from the inverted output of AND
gate 62 and the output from AND gate 63. NAND 67 has as inputs, the inverted outputs
from AND gates 61. 62 and 63. The output signal from NAND.gate 67 is a Clean All-
Masks ~ signal which is applied. as shown. to the set inputs of flip-flops 9 .92 and 93.

NOR gate 73 has its three inputs from the outputs of AND gates 69, 70 and 71,
respectively. The output from NOR -gate 73 is applied as an input to each of AND gates
75. 76 and 77. The other input to AND gate 75 is from the output of AND gate 61. The
other input to AND gate 76 is from the output of AND gate 65. The other input to AND

- gate 77 is from the output of AND gate 66. OR gate 78 has inputs from gates 69 and 75.
respectively. OR gates 79 and 80 have inputs from AND gates 70.and 76 and 71 and 77,
respectively.

One AND gate in each of AND-OR trees 81, 82 and 83 receive inputs from AND-OR
trees 78, 79 and 80 and signal SCLK. respectively. The other AND gate in each of AND-
OR trees 81, 82 and 83 receive signal SCLK--. Output latches 85, 86 and 87 are each
clocked by signal [/O CLK and receive inputs from AND/OR trees 81, 82 and 83.
respectively. The outputs of latches 85, 86 and 87 are signals BSUGR1, BUSGR2 and
BUSGR3, respectively and are applied to the other input of the other AND gates in each
of AND-OR trees 81, 82 and 83, respectively. |

Signal BUSGRI1 is also applfed as the other input of AND gate 69. Signal BUSGR2 is

applied as the other input to AND gate 70. Signal BUSGR3 is applied as the other input
to AND gate 71.

As indicated above. the output from NAND gate 67 sets the MASK request flip-flops 91-
93. On the other hand, NAND gates 95, 96 and 97 reset flip-flops 91, 92 and 93,
respectively. The inputs to NAND gate 95 are signals BUSREQl~, BUSGR1 and
ENABLE FAIRNESS1. This latter signal is set to a low voltage if fairness is desired. In ._
that case, the output from NAND gate 95 will reset flip-flop 91 so that signal
MASKREQ! is low. With that signal low, the output from AND gate 61 will also be low.,
tn the same manner, the inputs to NAND gates 96 and 97 are BUSREQ2 and BUSGR2,
and BUSREQ3 and BUSGR3, respectively. The outputs from NAND gates 96 and 97
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of - hol ding a solution bag w thout hanging the solution bag. A collapsible
| i nkage connects the drain tray to the pouch, and a processor having a flow
control neans is operatively connected to the drain bag and the solution
bag to control flow of fluid to the drain bag froma patient and fromthe

solution bag to the patient. I'n an enbodinent, the system has a
scale incorporated in the drain tray to asure vvelght of the drain bag.

In an enbodi ment, the system has a heati Treans i ncorporated in the pouch
to effect heating of the solution bag and its contents. In an

enbodi ment, valves are associated with the processor to assist the flow
control neaest tfp-Bopst 93] arfd G eMmofe vuguis are MAFKREQZrh adi NNSKRERS ~,
processor qf, Dgaﬁ,eﬁystem is constructed and arranged between the drain tray
and the pouc jﬁ efein the pouch gravitationally feeds fluid fromthe
solution bag toward the processor. - I'n an enbodinent, a display is
associ at ed i MASKhBEQ2oc s slow. dherpitheyioatput uinarn | AN qhitet he iprlowe siisabling
BUSREQ2~. If MASKREQ3~ is low, than BUSREQ3~ is disabled. In those

situations. BUSGR2 and BUSGRS3 will not be active.

Without the ENABLE FAIRNESS 1 signal being active, the grant signals will come in
order of priority, starting with BUSGR L. in this preferrcd embodiment.

Fig 5. is a state diagram of the bus master state machine. [n this preferred embodlmem
the bus master state machine, shown in the Fig 5 state dtagram is implemented in a Gate
Array. It could also be implemented in a PAL or other logic arrays. The nomenclature
"tri-state” and "tri-stated” means the removal of the control signal from a drlver so that the
driver output is neither high nor low, but is floating.

The states are numbered 1-10 and are entered and exited by the presence of input signals.
For example, in state 1 which is entered on the signal, RESET and PRIMSEC~ being
asserted from system 10, with the arbiter not busy, and no requests for the bus pending,
the state machine remains in state . In state 1, the address latch is opened to permit
entry of any selected address present at the input to the latch. However, as soon as
ARBBUSY is not asserted, state 2 is entered. Also, if input signal ARBBUSY from the
arbiter is asserted. then state S is entered f-om state 1. At that point, the address is tri-
stated, the address latch is closed and signal BUSREL~ is asserted, and state 7 is
unconditionally entered from state 5. Then the address is tri-stated, the address latch is
closed and signal BUSREL ~ is asserted, and state 7 is unconditionally entered from state

-

J.

The state machine remains in state 2 so long as signals ARBBUSY AND REQ
PENDING are not asserted. [f signal ARBBUSY is asserted. then state § is entered. If
there is 2 REQ PENDING and NEXT ADDR is not asserted, then state 3 is entered. [f
there is 2 REQ PENDING and NEXT ADDR is asserted, then state 4 is entered. In
either event, upon leaving state 2. signal ADS~ is asserted, REQ PENDING is cleared
and the address latch is closed, except when entering state 5 if ARBBUSY is not asserted.
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Frnr an enbodi ment, keys are associated wth the processor to control
pr ogr ammabl e functlons of the processor. I n an enbodi nent, a cover is
constructed and arranged to selectively open and cl ose the pouch

17 .

as indicated above. Signal ADS~ is a confirmation of appropriate address and control
signals, to be described with respect to fig. 7. Also, if input signal ARBBUSY from the
arbiter is asserted. then state 3 is entered from state . At that 'point the-address is tri-
stated, the address latch is closed and signal BUSREL~ is assarted and state 7 is
unconditionally entered from state 5.

If NEXT ADDR and REQ PENDING are asserted. state 4 is entered from state 2. [f
NEXT ADDR is not asserted, then state 3 is entered from state 2. If neither NEXT
ADDR or BRDYIN is asserted, the state machine remains in state 3. However, when
signals NEXT ADDR and ARBBUSY are asserted and signal BRDYIN is not asserted.
then state 6 is entered from state 3. If NEXT ADDR is asserted. and signals ARBBUSY
and BRDYIN are not asserted, then state 4 is entered from state 3.

Also from state 3, state 1 is re-entered when signal BRDYIN is asserted and signal
ARBBUSY is not asserted, indicating that arbiter is not busy and the slave is ready. State
5 is entered from state 3 when the arbiter is not busy and the slave is ready, indicated by
:ngnals BRDYIN and ARBBUSY bemg asserted

When signals BRDYIN and ARBBUSY are not assel;ted. the state machine remains in
state 4. If signal BRDYIN is asserted and neither ARBBUSY nor REQ PENDING are
asserted, state 1 is reentered from state 4. When signals BRDYIN and REQ PENDING
are asserted and signal ARBBUSY is not asserted, then state 2 is reentered from state 4.
When only signals BRDYIN and ARBBUSY are asserted, state 5 is eatered from state 4.
When signal ARBBUSY is asserted and signal BRDYIN is not asserted, then state 6 is
entered from state 4.

1In state §, signal BUSREL~ is asserted, the address is tri-stated, and the address latch is
closed. '

In state 6, the same signals as in state 5 are asserted but the state machine remains in
state 6 as long as signal BRDYIN is not asserted. When it is asserted, then state 7 is
entered from state 6.
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|'n "an enbodi nent, neans for adjusting orientation of the processor w thout
affecting the orientation of the pouch is provided. ' I n an enbodi nent,
a handle is constructed and arranged on the |inkage to selectively effect
col | apse of the I'inkage. It"is, therefore, an advantage of the present
invention to provide a systemand a nethod for solution exchange that is
sinple to use. Yet anot her advantage of the present invention is to
provi de a system and a nethod for solutilen exchange that is convenient to
use. A further advantage of the present invention is to provide a
system and a nethod for solution exchange that is cost-effective to use.

A still fursthies inevardagendRESHE ipasestedtani MRIMSEST issiot esspried frde systayist em

K‘/B? a mrat hag Jrgfncﬁl?hﬁ'&daﬂ? ffﬁgﬁ Q&E@@. tﬂt?%_tar:]é R4 BUSTEE 0L ri‘.él tﬁgfaﬁapm g@r/r: Cﬁ.d
2 ot hod 1 G085 B e e rienged Bt it B PP EENEING. eBte i T idehissui 11 ng
peritoneal remains in state & Upon a REQ PENDING, state 9 is entered where signal BUSREQ~ '
is asserted and the address latch is opened. As long as there is no bus grant or a bus
relemé. as indicated by no assertion of signal BUSGR or signal BUSREL~, the state
machine remains in state 9. When signal BUSGR is asserted and signal BUSREL ~ is not
asserted, then the state machine moves from state 9 to state 10.

[n state 10, signal BUSREQ~ is deasserted, the address drivers are enabled and the
address is driven. As long as signals BUSREL~ and BRDYIN are not asserted, the state
machine remains in state 10. However, when signal BUSREL~ or signal BRDYIN is
asserted then state 2 is entered..

This state diagram should be studied in conjunction with the timing diagram of Fig. 7 for
a compiete understanding of the structure and operation of this invention.

Fig. 6 is a state diagram of the bus slave state machine which is present in memory and
bus controller 40 in each of the processors, for 4 non-local memory m;rcle, and is present in
system and bus controller 20 for a bus cycle, either 1/O or memory. The conventions
mentioned with respect to the bus master state machine of Fig. 5 applies as well to the
state diagram shown in Fig. 6. State [ is entered by the assertion of input signal RESEf
from system 10. With ADS~ asserted and signal SELECT not asserted, the state
machine stays in state 1. In state 1, the output signal generated disables the data output
drivers. When signal ADS~ is not asserted, and SELECT is asserted from system 10,
indicating selection of a particular device, then state 2 is entered where the bus address
input latch is closed to any further address. As long as BUSY is asserted, indicating that
the selected device is not ready for a bus cycle. the state machine remains in state 2. [f
BUSY is not asserted and WRITE is asserted. then state 4 is entered from state 2.
However, if BUSY is not asserted and READ is asserted. then state 3 is entered from
state 2.

In state 4, the output commands include latching the bus data, asserting a READYOUT
and starting a memory store or 1/O operation. The READYOUT signal generates signal
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ei-al ysi s. And, anot her advantage of the present invention is to
provi de a system and a nethod for solution exchange that may be perforned
during the night time and/or while a patient is sleeping. A further
advant age of the present invention is to provide a systemand a nethod for
sol uti on exchange that is progranmmabl e. A still further advantage of
the present invention is 'to provide a $ stem and a method for solution
exchange that is conpact so as to be eaS|Iy st owed. And, anot her
advantage of the present invention is

BRDYIN which is shown in Fig. 5 and also is used to indicate the end of the qcle as
shown in Fig. 7.

In state 3, the output signals include GET DATA/STATUS and ENABLE DATA
OUTPUT DRIVERS. As long as there is no data ready, indicated by the deassertion of
signal DATARDY, the state machine remains.in state 3. When the DATARDY signal is
asserted. then state 5 is entered and a READYOUT signal is asserted.

State | is entered from either state 4 or state 5 unconditionally.
In state 4, the store operation is started for memory, or an I/O operation is started.

" In state 3, data from memory is received or status from some device is received. When
such data or status is received, then the data output drivers are enabled to send the
information to the master device.

Refer again to the drawings and particularly to Fig.7. In the ensuing discussion,
reference to "the bus" is a reference to bus 25. Bus 25 handles addresses and data, and
references made to the "data bus” and to the "address bus” refer to those portions of bus

25.

In Fig.7, the 1/O clock synchronizes transfers from the processors to the
[nput/Output (1/O) system, and is aSynchronous to the processors’ clock. Clock SCLK is
at a frequency one-half that of the I/O clock. In this preferred embodiment, Clock SCLK
is at a frequency of 16Mhz. SCLK clock penods begin on the nsmg edge of 1/0O clock
when SCLK is high, for example, at time 0.

At time 0, processor 15 is the bus master. in control of the address bus(A2-31.
CONTROL) and the data bus (DATA 0-31). Also at time 0. the bus request signal
' BUSREQI!~ from processor 11 goes true (low) indicating an assertion of the request hy
processor 11 for the bus to access a slave device. The BUSREQ!1~ signal is developed as
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heating a solution using mninmal power and m nim zi ng heat |oss.

) an advantage of the present invention is to provide a system and
a nethod for solution exchange that prevents filling of one solution prior

Mor eover,

to draining of a second sol ution.
I nvention is to provide a systemand a r%
safe to use. Yet anot her advantage “0f the present invention is to

Anot her advantage of the present
t bod for sol ution exchange that

to provide a systemand a nethod for sol ution exchange capabl e of

'S

provi de a systemand a nethod for solution exchange that provides suitable
alarmconditions to notify a patient of conditions or failure in the

‘system

shown in Fig. 5. The arbiter busy signal ARB-BUSY is driven true (high) by
BUSREQI~.

At time |, the bus release signal BUSREL ~ which is active both low and high is driven
low by processor 15 in response to ARB-BUSY being asserted high. Also, the bus grant
signal BUSGR! for processor Il from’ the arbiter is asserted true (high). Signal
BUSREL~ is developed as shown in fig. 5. With respect to processor 11, it has requested
the bus. processor 15 has released the address bus, and the arbiter has granted it to
processor 11 and, therefore, processor 11 can now take control. Shortly thereafter, signal

A2-31, CONTROL for processor 15 goes into a tri-stated condition. Note that all of the

bus cycles shown in Fig. 7 may be either memory or I/O bus cycles.

For an understanding of the generation of the grant signals BUSGRI-BUSGR3 see Fig.
4. When BUSREQ1 ~ is true (low) and MASK REQ!1 ~ is false (high) then a high output
from AND gate 61 is issued and applied to AND gate 75. With all three inputs to NOR
gate 73 low, because none of signals BUSGR1-BUSGRS3 is high, gate 75 issues a high
signal which is applied through AND-OR tree 81 to set latch 85 upon 1/O CLK. Signal

BUSGR! goes high and is applied to AND gate 69 which is applied to OR gate 78 and is '

clocked through AND-OR tree 81 back to OR gate latch 85 to maintain signal BUSGR

high until such time as signal BUSREQ1~ gs false (high). The same a.nalym applies
to the generation of signals BUSGR2 and BUSGR3.

Referring again to Fig. 7, at time 2, processor 11, in view of BUSREL~ being low, shifts
into the address master state. Shortly after time 2, signals A2-31-and CONTROL for
processor 11 become active. Also at this time, processor 15 gives up the data bus by

~ driving BUSREL~ high. This allows processor 11 to take control of the data bus at the
next clock. The control signals represented as CONTROL are those associated with the

normal operation of the '386 microprocessor including WRITE OR READ (W/R~),
memory or [/O (M/10~), DATA or CONTROL (D/C~). The various combinations of
these control signals form the bus cycles that could be executed. ' '

At time 3, processor 11, in view of BUSREL~ being high, shifts into the bus master state.

controlling both the address and data bus. Note that signal BUSREL~ has two active
states: low indicating to a requesting master that it can become the addrsss master, and
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Addi tional features and advant ages of the present invention are described

in, and wll be apparent from the detailed description of the presently
preferred enbodi nents and fromthe draw ngs. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1-illustrates a front perspective view of an

enbodi nrent of the system of the present invention. Figure 2 :
illustrates a perspective view with one armfolded up in an enbodi nent of
the system of the preset invention. - 21Fi,gure 3 illustrates a rear
perspective view of an enbodi nent of the system of the present invention.
Figure 4 illustrates a perspective view of the systemof the present

i nvention highiiodicitisg|thysig agdrassImpsigr sas begasme the bus FRSiRIr @ddresy huddrat es an
envi ronnentrﬁ_ktew, ew of the general flow requirenents of solutions to and

froma patient requiring peritoneal dialysis. Figure 6 illustrates a
bI ack box diagram of the '
Also. at time 3, signal BUSREQI ~ goes false (high) which causes signal ARB-BUSY to

go false (low) indicating that the requesting has ended. Signal ADS~ goes true (low). to
indicate that signals A2-31 and CONTROL are valid.

At time 4, signal BUSGRI1 goes false (low) indicating that the arbitration is over, and
signal ADS~ goes false (high). Also, signal BUSREQ2~ goes true (low) indicating that
processor 13 wants the bus. Note that signal BUSREL~ remains high signifying that the
bus has not been released by processor 11. Signal ARB-BUSY goes true (high) because
of the bus request from processor 13. Also, signal DATAOQ-31 goes active for processor

. Note that during this time period the sigrals A2-31 and CONTROL for processor 11
go inactive but then immediately go active for the next bus cycle. At this point, processor
11, the bus master, is both the address master and the data master at the same time.

At time 5, signal BUSGRZ, the bus grant for processor 13, goes true (high) but, since the
BUSREL~ signal remains high, processor 13 cannot access the bus and processor 11
retains control. Signal BRDYIN is asserted by the slave device to processor 11. This is a
ready signal generated by the slave state machine as shown in Fig. 6 as READY OUT
which generates signal BRDYIN.

At time ¢, signal ADS~ for processor 11 goes true (low), signaling the validity of signais
A2-31 and CONTROL for processor 11's second bus cycle. Shortly after time 6, DATAO-
31 for processor 11 goes inactive.

At time 7, processor 11 releases the address bus as indicated by signal BUSREL~ being

driven low. This, combined with BUSGR2 signal high, allows processor 13 to access the

bus as address master at time 8. Also at time 7. processor 11 completes its second cycle
with the deassertion of ADS~, the indication of valid DATAO-31. and the assertion of

BRDYIN by the slave device. Following time 7, the A2-31. CONTROL signal for

processor 13 becomes active illustrating that processor 11 is now only the data master.
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-10- har dwar e conponents in an enbodi nent of the present invention.
Figure 7 illustrates a circuit diagramof the pneumatics required for .the
systemin an enbodi nent of the present invention. Figure 8 illustrates
a general flow chart of a structure of the main programto operate the
system and - S

At time 8, processor 13, in view of BUSREL~ being low, becomes the address master. At
this time. processor 11 is the data master, while processor 13 is the address master. Also
at time 8, processor 11 drives signal BUSREL~ high which will allow processor 13 to
become the bus master at time 9.

At time 9, signal BUSREQ2~ goes false (high) indicating the end of the bus request. and
signal ADS~ for processor 13 becomes true (low), signaling the validation of signals A2-
31 and CONTROL for processor 13. Following time 9, signal ARB-3USY goes false
(low). As mentioned above, processor 13 becomes the bus master.

Following this detailed description. the mode of operation follows a pattern so that.
minute detail of the description of the remainder shown in Fig. 7 need not be made. For
example, a bus request is made by a device seeking access to the bus to communicate with
4 slave device (see BUS REQl~ and BUS REQ3~) at time 10. The arbiter of Fig. 4
determines that signal BUSGR 3 should be asserted, as shown at time 11 with no BUSGR
1 signal being asserted in response the bus request by processor 1. For processor 15 to
gain access to the bus however, it is necessary that the current bus master, processor 13,
release the bus, which it does at time 11. This enables processor 15 to take control as
address master at time 12. Also at time {2, BUSREL~ is driven high by processof 13.
shifting processor 15 from the address master state into the bus master state.

For all cycles, the current bus master drives BUSREL ~ low, allowing a requesting device
that has been granted the bus actual access to address bus. When BUSREL~ is driven
high by the current data master, allowing actual access to the data bus, the current
address master shifts into the bus master state. At time 14, for example, BUSGRI is
asserted in response to BUSREQ~ having been asserted back at time 10. Also at time
14, BUSREL~ is driven low by processor 5, allowing access to the address bus by
processor 11. At time 16, BUSREL~ is driven high by processor 15, allowing access to
the data bus and shifting processor 1l from address master to bus master. The
accompanying signals such as A2-31, CONTROL. ADS~, BRDYIN, and DATAOQ-31 all
are driven as shown and as described ahove.
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met hod of an enbodi ment of the present iLnvention. Figure 9 illustrates
perspective views of various user interface screens displayed by an

- enbodi ment of the system of the present invention. DETAI LED
DESCRI PTION OF THE . PRESENTLY PREFERRED EMBODI MENYS The
present invention provides a systemfagr: automatic control of dialysate

sol ution exchange in treatnent of chronic renal failure patients undergoing
peritoneal dialysisphohe sRASIRA iiff |t mephinkkd hairimtorntdmpd y -
drains spent fluid fromthe peritoneumthen fills the sanme w t({] a
prescribed vol @ SQPridadRns dit ¥ T 195 U %%rf%anoeoqayn enper at ur e.
The device fil lgpddwaneedforwipgicwenide et irepuf rem actpersdapecalf di al ysi s
exchange, such as a fifth exchange, night tinme exchange, or those patients -
requiring a noréoBFEMCR 1 me and nethod for perforning four exchanges
by ski pping one day tinme exchange. The systemis designed for use with
a peritoneal dialysis solution container, such as, for exanple, a Dianeal'’
peritoneal dialysis.solution in an Utrabag[err]
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contalnqhsgggqggﬁng_ ,.ad sol d by Baxter Healthcare Corporation of

Deerfi el uch a container consists of-a solution bag,
adm ni st rl J"llﬂuan nd a drain bag. QO her simlar twin bag systens
be inple system of the present invention.

- 24 -

CLAIMS: ,

1. A digital compufér system, including a bus, which so
operates that, in the changover of components using the
bus, the components which have use of the bus relingquish
it in stages and the components which are taking over the
use of the bus acquire it in stages.

2. A.first multi-master digital compufer system as
claimed in claim 1, comprising:

(a) ‘a bus;

(b) at least two master devices connected to the

bus which devices, in operation, pass
through a plurality of distinct, sequential
states of use of the bus; and
(c) - means for allowing more than one master
device to use the bus at the same time.
.3. A multi-master digitai computer system as claimed in
claim 2, wherein the means for allowing more than one
master device to use the bus at the same time comprises
means for allow1nq one of the master devices to enter the
address master state when another of the at least two
mastec devices is in the data master state.

4. A multi-master digital computer as claimed in claim
1, comprising:

(a) a bus:;:

(b) at least first and second master device

means connected to the bus for originating
bus cycles, each _
having means for requesting the bus and each
having means for releasing the bus,'eACh
having addressing means activated during a
bus cycle and during an address master
state, and each having data means for
transmitting information during a subsequent
data maéter state;

() at least one slave device means connected to
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A steriTe f|UId pat h of the twin. bag transfers the peritoneal dialysis

solutlonnﬁgmamﬁ tient during the dialysis treatnent. An extension
|i ne nay ided to lengthen the fluid path allow ng the
patlent novenent once conqﬁgted to the system Such an
exten5|o |s typically a single use product. Referring now to the.

dramﬁngs,mhereln like nunerals refer to |like parts, an enbodi nent of an
exchange system of the present invention is generally designated at 1. The

system 1 incl udes four prl€ﬁép cogg&pggéﬁgﬁe gy oRe" %Qéthth $ntrol

panel 10, an insul ated he I ncor I n* a“pouc a sc
incorporated in a drain trmgseeraﬁeva@elmesnSt@nrangohheen yaspestida, 16b.

As illustrated in Figure 1g érégeu%éQEePagtégeesf ég% '%th t he pouch

26 including the |nsulated eater and a raln ard on the
drain tray 30 including t herapambting ¢@hﬁn@§r¥®9|%hetnbrﬁgpggttwﬁnects

the drain bag 20 and the sghehipRsBas d8a¥kth 4RE system 1l and the
aut omat ed val ves 16a, 16b. An
(a) an arbiter for arbitrating bus requests by

the flrst and second master device means
~during the bus cycle, and for granting a
. request for the bus to a selected one of the
- first and second master device means for
transmitting to, or receiving data from the
slave device means, and for granting a
request. for the bus to the other master
device_means to enter the address master
state upon its requesting the bus and the
selected master device means releasing the
bus, while the selected master device means
is in the data master state, thereby
accelefating the transfer of the bus from
the selected master device means to the
other master device means in a pipelininq
manner. ' .
5. A multi-master digital computer system as claimed in
claim 4, wherein the addressing means and the data means
of the selected master device means are activated at the
same time during a bus master state, following the
address master state.

6. A multi—master'diqital computer system as claimed in
claim 1 comprising '

(a) a bus;

(b) a plurality of master devices, each for

originating a bus cycle, connected to the
bus, each having addressing means activated
during the bus cycle and during an address
master state, and each having means for
transmitting or receiving data during a

_—_ .
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~extension |ine tublng 24 .connects to the adm nistration tubing 22 and

extendghssmat eQas shown in Flgure 5) subjected to the peritoneal
di al ysis ﬁ: Referring nowto Figure 5, a fluid flow di agram
‘denonst r§ systen11 of the present invention cycles fluid into
and out o a patlent 2 is shown. To thisxgend, the system 1 consists of the
two automated valves 1, one valve 16a is a fill valve between the sol ution
bag 18 and the extension line 24 and the other valve 16b is a drain valve

between the extension |ine tubing 24 and the drain bag 20. The
adm ni stration tubing 22subseeuent! dataamastet6atand;16b to the sol ution

(c) a plurality of slave devices connected to
‘ the bus, each addressable by any selected
one of the plurality of master devices
during its address master state, for
-receiving or transmitting data during its
data master state to a selected one of the
plurality of slave devices; and
(a) bus control means for requesting and _
releasing the bus for the selected master
device, for arbitrating bus requests by the
master devices and for granting a request
for the bus to a selected one of the
plurality of master devices, and for
granting a request for the bus to another
master device to enter the address master
state upon releasing the bus from the
selected master device while the selected
. master device is in the data master state,
théreby accelerating the transfer of the bus
from the selected master device to another
master device in a pipelining manner.
7. A multi-master digital computer system as claimed in
claim 6, wherein bus control means comprises means for
providing a ready signal indicating that the bus cycle
has been'completed, and causing the selected master
device to transfer from the data master state to an idle
state.
8. A method of granting a request for a bus in a multi-
master digital computer system during a bus cycle, to a
master device requesting the bus for access to receive
from or transmit to a slave device while a current master
device is still acceséing the bus, comprising the steps |
of: |
(a) requesting the bus for the current master

device;
—_—
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-~ 12 - _____ _bhag-18-and—the drain bag 20, respectively. Referring again
to Figures 1-4, the exc a e system 1 generally consists of a coll apsible
S- shaped [Tois 8h stinct areas: a top portion, a bottom portion

and a m ddI ﬁ& top portlon of the exchange system 1'includes the
I nsul at ed h porated in a shell of the pouch 26 for holding the
sol ution bag 18 The pouch 26 is insulated and includes the heater 12
designed to slowly warmthe solution bag 28 and the solution therein to a
tenperature approxi mately equal to body tenperature. The solution bag 18 is
| oaded into the pouch 26 with the adm nistration tubing 22 exiting a bottom

end of the pouch 26. A cover 28 encloses the pouch 26 hol ding the sol ution
bag 18. The cover Z®)may grantlng a request for the bus to the

current master device;

(¢) entering the current master device into an
address master state: |

(d) addressing the slave device;

(e) entering the current master device into a
data master state;

(£) reading data from or writing data into the
. slave device;

(g) requesting the bus for the requesting master
device;

(h) releasing the bus to the requesting master
device; and
(3) entering the requesting master device into
the address master state while the current
master device is in the data master state in
a pipelining manner.
9. A method as claimed in claim 8, further comprising,
with the step of addressing the slave device, the step of
entering the current master device into a bus master
state. '
10. A method as claimed in claim 9, following the step
of entering'the requesting device into the address master
state, the step of ending the bus cycle by acknowledglng
a ready 51gnal from the slave device.

| :



be fol ded to enclose the pouch 26 as illustrated in Figures 2 and 4.

The bottom portion of the exchange systemincludes the drain tray 30 with
the scale 14 incorporated therein. The scale 14 is capable of neasuring a
wei ght of the fluid drained into the drain bag 18 that is fed fromthe

adm nistration tubing 22 into the drain bag 20. The drain bag 20 may be
pl aced on the drain tray 30 in any position to determ ne the weight of the
drain bag 20 using the incorporated scal e 14. As illustrated in Figure 1,
the drain bag 20 is centeal!ly | ocated on&lhe drain tray 30. Finally,
the mddle portion i*cl udes rat or “Jouch control panel 10 and the
aut omat ed cl anps ortval ves 16a, Iob. operat ors t ouch control panel 10,
in a preferre odiment, is an LCD display 54 provided with various sized

fonts and|icons maki ng the EXtEhgnmgesystemit—eas -to~wse and flexible for
‘vari ous Iangu%ge f —Np thi]s end, three kdys 34 are provided_al | ow ng
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not ched area 36

Two notched areas 36 are al so provided to
i ncl udes the val ve 16b and receives solution fromthe patient 2 and

I nformati on. .

of
accept the administration tubing 22. The notched area 36 includes the val ve

16a that controls fluid flow fromthe solution bag 18 through the extension

:13_
line tubing 24 and to the patient 2 while the other
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drains the sane to the drain bag 20 on the drain tray 30. Preferably, the
“adninistration tubing 22.fromthe solution bag 18 goes through the top
notched area 36 while the bottom notched area 36 receives the.

adm ni stration tubing 22 |leading to the drain bag 20. Connecting the
top portion to the nmddle portion is an upper arm38. A release handle 40
is provided along a length of the upper arm - The.rel ease handl e 40

incl udes a lever requiring manipulation to fold the exchange system 1 for
storage or transport. A lower arm 42 connects the mddl e portion with the
| ower portion. A power switch 44 is pref8gably provided on he | ower
portion adj acei]t the drain tray 30 to act’ aWate t he exchange
system 1. 85 Refer@idg to Igogure 3,athe ex ge stem 1 includes an
upper knuc I;e,,_ 6 at tthg m ddlg fportio pposite a face of the operator

touch contr el . The (pper]knycRre)46 |nclud§s atilt adjugtyr 48
that adjusts tge I e e cfﬁt"he oger at qr to@ch c@ntrol panel _1Q. {The
| ower knuckl g s gtled [aB & he |lowd [portFon oF"t‘h@ ex¢hangg |system 1
and connects|thé |o = =1 = 3 2
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arm42 to the drain tray 30. The upper knuckl e 46 connects the upper arm
38 to the lower arm 42 and al so connects the operator touch control
panel 10 t herebetween. A detachable power cord 52 is connected to the

| ower portion at the drain tray 30. - - 14
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Referring nowto Figure 4, . the fill valve 16a and the drain valve 16b are
shown. adj acent the operator touch control panel 10. The fill valve 16a
connects to the adm nistration tubing 22 that connects to the solution bag
18. The fill valve 16a controls flow of solution fromthe solution bag 18
tothe patient 2. Simlarly, the drain valve 16b is at a | ocation where the
- drain line is inserted and is capable &, controlling the flow of solution
fromthe patient 2 to the drain bag 20 oh the drain tray 30. - The
operator touch control panel 10 includes the display 54. The display 54

di splays information with respect tRSHePrusie-of the e system 1l prior
to use. During use, the display 54 displa I nformat{on Wth respect to
progress of treatngmt: | keys. 34,\(n conju in with the display
54, of the operator} touch contrb -panel 10 ar®&jused for setgjup for

treat nent. To |usBEASERE BUSREL 3 VIRISTATE Busremr da Wi th a cl ean,
flat surface is prdferred. The exchange syst em|1 missti@kdohesdll{ar | y adapt abl e
for hone use, parti atients who require_an _exchgnge at night.

%
-
£3

%

9
ASSERT BUSREQ ~

ASSERT BUSREL- 6
TRi~STATE ADOR \

+BUSREL ~

/BUSGR

CLOSE ADOR LATCH /BROM OPEN ADDR LATCH
g
S v@s
g ,
z .
ASSERT BUSREL 5 DEASSERT BUSREQ—- 'O
TRI~STATE ADDR '

ENABLE ADOR DRVS
ORIVE ADORESS

CLOSE ADOR LATCH

i . Q\Qc’
b Ny
% N | %o, . ‘259‘!")\
& § 2 % % g
% » [++] [+2) 'bv a g ﬁ’
o S g 27 2 \
& 2 |
%) ASSERT ADS - 3
CLEAR REQ PENDING
‘ CLOSE ADOR {ATCH
OPEN ADDR LATCH -
Q
: <
/ARBBUISY. ( A f_
/REQ PENDING “—L¢ Ky
g &
Q
: /B(RMJB
[= ]
- &
4
3
OPEN ADDR LATCH
/BROYING /ARBBUSY



Ihéreforé a night stand or a table near a bed of the patient is typically
A good choice for setting up the system1l. An outlet is further required
for pl ugging in the power cord 52 to provide power to run the exchange

System 1. To operate 'the exchange system 1, the bag 18 containing a
solution, such as D aneal[err], distributed by Baxter Healthcare
. Cbrporation of Deerfield, IIIinois, may be used with-a separate or
pre-attached set. A prep kit or disconnggt cap as well as any other
accessories typically required for perf ing a CAPD exchange are also
necessary. An extension set is further réquired,
. RESET AD?/SMCT
5 \ 1
ASSERT READYOUT OISABLE DATA QUTPUT
_ — ] DRIVERS
| ]
b
|
GET DATA/STATUS 3 g LATCH 8US DAT. |
ENABLE DATA o Ao
OUTPUT DRIVERS L ASSERT READY OUT
/DATARDY 2 START STORE OR OP.

2
CLOSE BUS ADDRESS
INPUT LATCH

)

susy
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.such as the extension |ine tubing 24. The exchange system 2 is

" .typically stored in the position illustrated in Figure 4. To set up the

s> exchange system 1, the lower arm42 is raised to the position shown .in
“Figure 2. The upper arm 38 nmay then be pulled to unfold the exchange system

1 into an upright position as illustrated in Figures 1 and 3. The upper
knuckl e 46 and the | ower knuckle 50 are designed such that the exchange
- system 1l remains in position and will not collapse prior to full extension
of the upper arm 38 and the | ower arm 42. After the exchange system1
I's converted to the position illustrated in Figures 1 and 3, the power cord
52 is plugged into a grounded outlet. The sol ution bag
7
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18-and “the drain bag 20 with the fill line and the drain line as part of
the administration tubing 22 may then be | caded into the system1 as
ifltustrated in Figure 1. The extension line tubing 24 may be attached to
the admi nistration tubing 22 for connection to a patient. To this end, the
fill line of the adm nistrati-on tubing 22 is pressed onto the fill valve
gate at the location of the automated valve 16a. Tubing is inserted into
the slots, and the automated fill valve 16a with its gate springs back into
its original position. The drain line is simlarly inserted into the drain
val ve 16b. Prior to initial set-up, the power switch 44 turns on the
system and instructions are provi ded fABSERABTStep required to set up the
system 1. That is, the displa QY PdmBa 4bsReRVi des tfHaunres sdge
"LOAD SET AND ATTACH EXTENSIC%Bnia#geﬂépgppagggﬂ‘?ﬁﬁé‘ﬁés a real time clock
and a programmable tinme to activate the exchange. The display 54, follow ng

set-up, provides i nStyiei LN ScompletleSsydtarn 0! 10 dlling GOMEET Jilch BREAK
FRANGIBLES $0 operates that, in the changeover of components using
the bus, the components which have the use of the bus
relinquish it in stages and the components which are
taking over the use of the bus acquire it in stages.

This Sheet Has Been Re; ﬂ
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LON SEARGHSREPORH% |Amii<@mﬂé\'°t2ﬁ,‘l6ﬂ§4-ﬁser- ér adm nistrator

o-flush procedure w || t akle- place. This initiates fluid flow

m._t |II bag to the drain. After the flush fromthe fill bag has been
oM MEXHOR THEABSTRAGE W | | read "OPEN TRANSFER SET™. The partermt
t r ansfer—set—et-anp—-s—then—opened- Atthis point fluid fromthe

patijent flows fromthe
A DIGITAL COMPUTER SYSTEM

A multi-master digital computer system has a bus, a plurality of master devices
connected to the bus, a plurality of slave devices connected to the bus, and a bus controller for
arbitrating bus requests by the master devices and for granting the bus to a selected one of the
plurality of the master devices. Each master device is capable of originating a bus cycle to
transmit data to or receive data from a desired slave device. The bus controller grants the bus to ;
a selected master device which enters an address master state and addresses the desired slave }
device. The selected master device is transferred to a bus master state where a data transfer to or !
from the slave device is initiated. The selected master device then transfers to a data master state |
unless the selected master device wants, and is permitted through an arbiter, to retain control of !
the bus. The bus controller grants a bus request to a requesting master device through to the
arbiter. The requesting master device is transferred into the address master state while the
selected master device is still in the data master state, thus performing a pipelining operation.
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o . . _ qoieets oS
drain bag. The drain valve 16b then closes after an appropriate flush

vol ume . has been detected on the drain tray. Then, the patient can go to
bed: -+ During the night, an exchange takes place at the designated tine
programred on the display 54. Therefore follow ng flushing, the display 54
I ndicates that the flush is conplete ("FLUSH COVWLETE") and further

indi cat es t hRiramirdid ilsS GAFEERIE P BUE GaEed mAIP MR bet apbIestrge such
as "GOOD NI . " At the progranmed tine, for exanple, 2:00 a.m, the
exchange sys ulerD RS ridemeditaid) datiay d nhd iaté 1gr ands cyled ekl biyd ofthen t he
patient's pefjitoneal cavity into the drain bag 20. After the drain is

~conpl et e, thelesyistemmalreo@diiowetke dn thes diuse bedweeandhier eommaoidut i on f | ows

into the perfitoneal cavity. During this tine, the display 54 may- provi de an
i ndi cati on oftnansfaroand dhe Indtmrm data dransfiexgofothe tead i nfor mati on
sensed and tfransm tted. biqthe scale 14 incorporated within the drain tray

30. The Gransamti@ndaWhidiee sugh anconfdgyradion B3y 8Voide keys 34 on

t he control [panel ]it%n .and, t he displ %ri‘% wi. |l activate. The %tel %rlllts 21is

t hen instruc danadvertent in ptions of access to

during entire transactions, it does not permit an orderly
optimization of the data transfer rates within a multi-
master computer syStem.

k'j _ Européan Patent Application No. 0 348 672 discloses
a digital computer comprising an address/data/command bus
-and a plurality of bus units connected to the |
address/data/command bus, wherein the bus unit currently
using the bus generates a busy signal until one cycle
before the last data transfer on the bus, at which time
the busy signal ceases and an arbitration sequence is '
allowed Fo take place. The arbitration seguence leads to
a decision as to which bus unit should next use the bus
-Kv; and the selected bus unit is given acceés to the whole of
the address/data/command bus when the bus is released by
the bus unit currently using the bus.

The present invention proﬁides a digital computer
system including a first device, a second device and a
bus along which the first and second devices, in
| operation, transmit electrical signals in turn by using a
plurality of address lines of the bus to transnit

address components of the signals and by using a

M

plurality of data

: Eh_iujgiJiiﬁﬁ
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aisplay 54 of the operator touch control panel 10 to "CHECK FILL BAG',
"ATTACH CLAMPS", and "CLOSE TRANSFER SET AND CAP OFF." Therefore, the
patient 2 is reqU|red to be attached to clanps and to each line to
elag1?ate spilling during renoval and tg open a new di sconnect cap
B ' components of the signals, wherein the first and second
devices are capable of so o’peratin%st aet tu rl"rpen% g&xsar“:lgseter
between the first device transmitting signals on the busL
as the next bus master
and the second device transmitting signals on the busL
the first device first releases the address lines of the
bus to the secend device and; subsequently, the first
device releases the data lines of the bus to the seeond
device.

Preferably, eaeh of the first and second devices ie
k«j capable of operation in one of three states which are:

(i) an address master state during which it
generates address compdnents of the signals without data
components,

(ii) a bus master state during which it generates
both address components and data components.of the
signals and

(iii) a data master state during which it generates
data components of the signals without address com-~
ponents,

. each of the first and second devices being capable
of first requestiné access ﬁo the bus before entering the
address master state and then entering theladdress master
state following the granting of the request.

Preferably, each of the first and second devices is
capable of operating first in the address master state,

next in the bus master state, and then in the data master

state.

Preferably, each of the first and second devices is

This is the replacement sheet
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and to cap off the transfer set. The disposable is then renoved and

di scarded using normal procedures required for CAPD. An "UNLQAD'

i nstruction is then provided, and an indication of the drain volume nay be.
di.spl ayed as wel | . The exchange sys®em 1 .nay then be put away by the
patient 2 by pressing the rel ease handl e 40 and pressing down

si mul t aneoudl ycapakir of(g9ing k3 3n Tidle cﬁ%@t%r%m%manmeousl y

rel eases sudh that, t he, exchan%¥hé¥sten11 is forced to the position as
i |lustrated || fFeqRipakien of ﬁﬁﬁwQﬂﬁﬁeﬁcﬁﬁﬁF%ontrol panel 10 allows a

user to program a nunber t her.apy, aranet t he exchange
.time, the drain ti%ﬁrfte q%“éf f ?W??ﬁﬁéﬁ%l????*e
vol une may al | #E;é% prOV|d %§§$y Ste
i nstructions f°or eg'g{ ?{%Eglr ]rs] % PTh AP 'ng“brﬁoy t he
three keys 3§ &réeﬁrpﬁﬁ% ]i%geq:céeg M t ol nel
10. Thel &O%?c%‘r gd-%‘; éajt{vci %L'}ﬁ qn%%frgl ar% 56
~or an audio eécﬁfa l&éi&é’é fé‘é]é‘.i!\h ba%enever
t he exchange systen1
the first device first releases the address lines of the
bus to the second device and, subsequently, the first
device releases the data lines of the bus to the second
(o device.
\_/ also
The invention]provides a method of sharing a bus in
a digital computer system that includes first and second
devices which, in operation, transmit signals along the
" |bus in turn by using a plurality of address lines of the
bus to transmit address components of the signals and by
using a plurality of data lines of the bus to transmit
data components of the signals, wherein, in a change
as the current bus master
between the first device transmitting signals on the bus/
as the next bus master
and the second device transmitting signals on the'bqu
the first device first releases the address lines of the
bus to the second device and, subsequently, the first
|device releases the data lines of the bus to the second
device.
Preferably, in the change, the second device first
has access only to the address lines of the bus and the

second device next has access to both. the address and the

data lines of the bus.

Preferably, the first and second devices,a;e capable

This is the replacement sheet
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1 identifies a problemin the system1, the system1 may sound an al arm and
may I medi ately stop noving solution. The type of alarm may be di spl ayed.
Twe basic types of alarnms may occur during therapy: an al arm capabl e of
correction by the patient or with m nimal assistance pronpt and aid or an
alarmindicative of systemerror caused by a problemw thin the exchange

system 1. Fojdfowergiving aluctidical silognalst o diget bushandgt danta or user to
correct the gondition. A nunber of alarm nmessages nay be di splayed on the

di spl ay 54 ange dertieen ttheu figrsth deviiog rrwsmyésgm%qhaﬂ.sown Ehenpl es
of such al armasesisngerrdntchusyfasfdrECK DRAI N as the next bus master
" busjand the second device receiving signals on the bus),
the first device first releases the address lines of the
bus to the second device and, subsequently, the first |
ﬁevice releases the data lines of the bus to the second
sdevice.

The arrangements described herein permit piﬁelining
in multi-master systems. As is diéclosed, the current
&“f_ master relinquishes control of the bus in stages. That
permits the requesting device access to the bus as a
master that can address the desired slave before the
current master has given up conﬁrol of the bus. In a
multiprocessor system the bus is used by a plurality of
different devices in turn and a considerable performance
increase is achieved.

In the system described herein, there are at least
two devices capable of being masters that are connegtéd
L/_ : to the bus and at least one slave device is to be
addressed by each in turn through the bus. The pipelining
technique permits a requesting master device access to an
address part of the bus while the current master device

is still using the data part of the bus in a multi-master

digital computer system.

This is the replacement sheet
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LI NE", " CHECK DRAIN TRAY", "CHECK FILL LINE", "CHECK HEATER BAG', "CHECK
PATI ENT LI NE", "DRAIN NOT COWLETE"' and "SYSTEM ERROR. " The heater 12
incorporated in the insulated pouch 26 of the exchange system1 is
connected at a top end of the upper arm 38 and is provided by an al um num
plate wwth a resistive heating el enent d a thermally insul ated encl osure

to receive the solution bag 18. A therwdl circuit interrupting device is
mounted on the heater plate and shuts €3®mthe heater in the event of a
thermal run away condition. Referring now to Figure 6, a block diagram

of the el ectronics necessary for operating the exchange system1l is
rlTustrated. A procgsiPiseadelso FH_fO\éthQy&qu,nQHQt&dthe two devices
o automatically becomes the current bus master.

A system bus conﬁroller has an arbiter that
arbitrates between two or more requesting devices if they
each request the bus for a bus cycle and grants the bus
to one of the requesting devices. The selected device
will move from a requesting state to a selected address
master state, when the current bus master releases the
address lines of the bus. The selected address master

. then addresses the slave device to set up a transfer of
k*’ ' data. At this time, the current bus master becomés the
current data master. When the current data master
indicates that it is releasing the data lines of the bus,
the selected address master becomes the selected bus
master. Then the current data master transfers from the
bus into an idle state. It is evident therefore, that
the current master is the data master while the selected
master is the address master. In the case where there
are only two possible master devices, there is no
arbitration because one of the devices will always be a .
master device with no need to arbitrate. However, in
those cases, the arbiter is used to generate a bus grant
signal to the requesting dewvice, in this preferred
embodiment.

It should be noted that the system memory may be
divided and physically associated with one or more of the
master devices. The memory of one master device is
accessible through a bus cycle to the other master device
in a master-slave relationship, as described above. A
memory reference by a master device to its associated
memory does not require the bus.

The master and slave devices are know in the art.
The bus controller is an array of logic to be described
below. .

The principal object of this invention is to provide
a multi-master digital computer system that has a

This is the replacement sheet
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mnthln the operator touch control panel 10. The processor 58 nonitors
all inputs to the system1 and controls the display 54, the val ves 16a,
16b, t.he heater 60, the punp and ot her subsystens, such as the al arm 56.
AN auxiliary processor 62 nay be provided and |ocated in the base platform
vof the drain tray 30. The auxiliary prqﬁf§sor 62 is used as a sl ave device
to inplenment certain control and nonit ? functions of conponents,
particularly at the location of the drai ray 30. The prinmary purpose of
‘the auxiliary processor 62, however, is to mhimze the anmount of
interconnect cabling required between the operator touch control panel 10
and the base pg 1 Q@nﬁﬁ tﬂ&tﬁi&&ynfdﬂﬁayr3Quest1anhevi¢éItoaadceksua1 val ves
- -16a and 16b, r te [ t r a

eoh 7{ Y REhE! Lo der?aRDEUTY SREre RIDLE T T4

pneunatic circ %é neumatic circuit is
general |y desi dovst- edTB{-S g ﬁtF‘PﬁLﬁ%l ndithd&eygade ae‘ﬁ't‘?@ﬂﬁ’ai"i‘c RMunp 66
driven by a notQyca@8ed Thesqrimibh timtcdnnrevsed to three sol enoid-type

pneunat i c A multi-master digital computer system in accordance
| with the present invention will now be described, by way
of example only, with reference to the accompanying
drawings, in which:

This is the replacement sheet



- 19 - val ves 70, 72 and 74. The three sol enoi d-type valves 70, 72 and
74 are located in the base portion under the drain tray 30 and provide
routing of air pressure to the two valves 16a and 16b | ocated in the
operator touch control panel 10 via two pgeumatic tubes between the base
portion and the panel 10. To open tTe~fill valve 16a, the pneumatic
punp 66 Eamts

Fig. 1 is a block diagram of the multi-master digital computer system,

Fig. 2 is a block diagram of a single Imaster processor belonging to the system,
Fig. 3 is a block diagram of en Input/Output section of the for the systen,

Fig. 4 is a schematic diagram of an arbiter for th-é éystem.

Fig. 5 is a state diagram of a .master state machine for the system,

Fig. 6 is a state diagram of an Input/Output and memory slave state machine
for the system and

Fig. 7 is a timing diagram illustrating the timiny relationships of the system.

A current master device controls a bus and occupies the bus master state. A requesting
device wishi;xg to control the bus enters the requesting state. In respoase to a grant from
an arbiter and an address release indication from the current bus master, the requesting
device enters the address master state. In response to-a data release indication, the
requesting device becomes the bus master. This cycle is repeated for each exchange of
bus mastership. The bus is pipelined in that the address and data portioas of the bus are
accessed by two different masters simultaneously. The details of this pipelining are
described below.

Fig. 1 illustrates a multi-master digital computer system 10 having separate
processors 11, 13, and 15. Memories 12a and 12b are associated with processor {1
through memory connector 7. Any access made to those memories by processor 11 is a
local memory reference and is not pertinent to this invention. [n this preferred
embodiment, memories 12a and 12b are dynamic random access memories (DRAMSs).
Processors 13 and 15 may access memories 12a or 12b through processor 11. In this
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Is first turned on with the main solenoid valve 70 in the vented position
to allow the punp 66 to start-up. Followi ng start-up of the punp 66, the
fill solenoid valve 72 and the main sol enoid valve 70 are opened. Pressure
builds in a pinch valve di aphragm and the val ves .open. Wien the val ve
positions indicate that the valve is op . the main solenoid valve 70 is

pl aced back in the vented position, and- punp 66 is turned off. To cl ose
the filled solenoid valve 72, the filledisal enoid valve 72 is placed in the
vented position, The drain solenoid valve 74 operates in a simlar

manner as u%&e:‘% dukh %Qhﬁwh&e%% MﬁdJ By aT ey:ﬁigvpescels@aubah ) &hedArieagmésoaded,
t

.and the sol énoi d vy I ves are. \r/rlz r% (en léq]eg not,.enern %v%%%%c(tmq%t t he
spring wilItN&aSESEE Fﬂ‘éﬁ 4 RO ‘5‘? ST "‘?"5?"1 ReTRE cf‘gsea posSIt 10N,

Pr ef er abl y, the Rlevendévicep riheanernery $8s arste andehe i/Q bucawyle;arq)@wsmﬁ e8CEPE iftar ol
and m)][“ to[)T@tjr\beri?Q}’@tcV@@ae@émhb@ aﬁ&Qlﬁ@ﬂﬂﬁesﬁbE%t@rﬁaﬁe ddfiee. "BroEesRIrOTLISOr 58
Is prefera mast er o] tro

processor ré!zlai grg in fcg%(}cgeaf {}!lrougg bus gf S@Uress axlltﬁgdt.bgggdlg tl?e {rl ft?ﬁ{ %  The
software ar d_:lmlf@c,qhgm@l 2% by hirditestipnal drivers 14 and l respectively. These dnvers are -
controlled by System and Bus Controller 20 through the DIR and EN signals, as shown.
Arbitration signals are developed by an arbiter in controller 20 (see Fig.4), as well as
action codes, to be described later. Input/Qutput 23 represents the various peripheral
devices. Controller 20 includes a slave state machine for 1/O and memory bus cycles (see

Fig.6), to be described below.

Controller 20 and Input/Output 23 are connected to [/O channel 27. The system
address (SA), system data (SD), and the local address (LA) are applied to I/O channel 27
as gated by controiler 20 through drivers 14 and 16. Slots 22 may be used for extra
peripheral devices or additional memory. Additional memory is accessed through a
memory bus cycle to the [/O channel.

Fig. 2 illustrates processor 11 in block form. Processor 11 is made up of micro-processor
30 and coprocessors 31 and 32. In this preferred embodiment, microprocessor 30 is an
Inte! Type 30386. coprocessor 31 is an Intel Type 30387, and co-processor 32 is a floating
point unit made by Weitek Company. Of course. other types of microprocessors and
coprocessors could be used as well. All are inter-connected through address, Gata, and
control buses 33. Cache controller 35 connects to bus 33 and also through line extension
logic 37 to cache SRAMs 39a and 39b. Snoop address latch 36 latches bus addresses and
sends them to cache controller 35. Data Flow and ECC Controller 41 is connected to
bus 33 and receives local data therefrom. Controller 41 is connected to Memory and Bus
Controller 40 which is also connected to bus 33, receiving and transmitting control and
address information. Memory and Bus Controtler 40 includes a master state machine for
all mefnory and 1/O bus cycles in which processor 11 is the master device, and a slave
state machine for all memory bus cycles in which processor 1l is the slave device..
POSTROM 42 is a Read Only Memory (ROM) used for a power-on, self-test.
Controllers 41 and 40 and POST ROM 42 are shown connected to memory connector 17.
Controllers 40 and 41 are also connected to bus 25.
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Figure 8 after the system1 is initialized as generally designated at 100,
for concurrently running tasks 102, 104, 106 and 108. These tasks incl ude
i nterrupt tasks 102, nonitor tasks 104, control tasks 106 and treat nment
t.asks 108. 1- 20 -

- b

Fig. 3 is a block diagram of Input/Output 23. [/O channel 27, as shown in Fig. 1. is the
communication link between the processors and the various Input/Output devices shown
in Fig. 3, including decoders 45 and 46 and Interrupt and DMA controller 47. The
Input/Output devices 52-57 and 60-64 are all controlled by way of [/O channel 27
through bi-directional drivers 48 and 49. VGA 56 is a video graphics adapter with images
controlled from YRAM 57. '

The schematic diagram of the arbiter is shown in Fig. 4. The arbiter is implemented in a
gate array in this preferred embodiment, but could be implemented in a PAL
{Programmable Array of Logic)'. or other logic arrays.

In the discussion that follows a "/" represents "not asserted”; a "*" represents logic "AND";
a"+" represents logic "or"; a "~" represents that the signal preceding is true when low.

The arbiter assigns the next bus master device in response to one or more bus requests
(BUSREQ~). The next current master device follows a specified controlled sequence
not iavolving the arbiter to transfer the bus control. ‘The arbiter provides a bus grant
signal (BUSGR) to signal a requesting master device that it is the bus master elect. An
arbitration busy signal (ARB-BUSY), indicating that one or more master devices is
currently requesting the bus, is provided by the NAND of all of the BUSREQ~ signals.
The arbiter implements priority arbitration by bus position when issuing a new BUSGR
signal. The arbiter implements fair requesting; that is, a mask is maintained for each
BUSREQ- signal. The mask is set when the corresponding BUSGR signal is asserted to
allow a current requesting device access to the bus. All masks are reset when there are no
asserted, unmasked BUSREQ~ signals.

AND gates 61 62, and 63 receive input signals BUSREQ!~(inverted) and MASK
REQi~, BUSREQ2~ (inverted) and MASK REQ2~. and BUSREQ3~ (inverted) and
MASK REQ3~, respectively. The input signals represent a bus request by three masters
and an accompanying mask request, the mask request being determined by circuitry
shown in Fig. 4 to be mentioned later. AND gates 69, 70, and 71 each receive as one of
its inputs, the signal BUSREQI. AND gates 65. 66 and 67 each have, as one input, the
inverted cutput from AND gate ii. The other input to AND gate 65 is from the output of
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Al'l tasks in this systemcan be classified as either control tasks, nonitor
tasks, or interrupt tasks. Interrupt tasks are operations to effect a
change in a physical conponent such as, for exanple, the valves, the
héater, the punp and/or the display panel. Mnitor tasks are operations
that read the status of physical conponents such as tenperature, fluid, the
position of valves or user keys. Control noni tor tasks are not
intertwined as is usually done in single-tHhreaded software. On the
contrary, a clear softmare boundary is defined between control and nonitor

functions I ovi | et el | ar d easily verifjable s ftware.
The nmodul e&%@ h‘@a§ﬁ°g¥'ﬁ§ al'r‘ee r%‘f’i‘%%f’&‘fe‘f‘ ‘QIPBb AND

vari abl es. gitechZefndribe nctmah@e@ ANDgawe ﬁiou“ém%'DaWehq;raemﬂmed!efmmmeddmml&el y
pr fpag alt i NGrdn® tAcNﬂjl QhiteR B4 U&Z%nd ah eTh@b@zr htJEIknii Fedes NeD gafeed Pl e0ChYn 9t D e
b I TR A L I
-serial peripheral interface. The naster-slave protocol consists of a
data-in, dat@Rogite T3ah®- kd Ghrée AAPULS FEIMAMURe SRERAS of IATED gl #Ri TD RRECASSOr
| respectively. The output from NOR gate 73 is applied as an input to each of AND gates
75. 76 and 77. The other input to AND gate 75 is from the output of AND gate 61. The
other input to AND gate 76 is from the output of AND gate 65. The other input to AND
gate 77 is from the output of AND gate 66. OR gate 78 has inputs from gates 69 and 75,
W respectively. OR gates 79 and 80 have i mputs from AND gates 70.and 76, and 71 and 77,
respectively.

One AND gate in each of AND-OR trees 81, 82 and 83 receive inputs from AND-OR
trees 78, 79 and 80 and signal SCLK, respectively. The other AND gate in each of AND-
OR trees 81, 82 and 83 receive signal SCLK--. OQutput latches 85, 86 and 87 are each
clocked by signal I/O CLK and receive inputs from AND/OR trees 81, 82 and 83.
respectively. The outputs of latches 85, 86 and 87 are signals BSUGR1, BUSGR2 and
BUSGRS3, respectively and are applied to the other input of the other AND gates in each
of AND-OR trees 81, 82 and 83, respectively. .

Signal BUSGR1 is also appliéd as the other input of AND gate 69. Signal BUSGR2 is
applied as the other input to AND gate 70. Signal BUSGR3 is applied as the other input
to AND gate 71.

" As indicated above. the output from NAND gate 67 sets the MASK request flip-flops 91-
93. On the other hand, NAND gates 95. 96 and 97 reset flip-flops 91, 92 and 93.
respectively. The inputs to NAND gate 95 are signals BUSREQLl~, BUSGR1 and
ENABLE FAIRNESS!. This latter signal is set to a low voltage if fairness is desired. In
that case, the output from NAND gate 95 will reset flip-flop 91 so that signal
MASKREQI1 is low. With that signal low, the output from AND gate 61 will also be low.
In the same manner, the inputs to NAND gates 96 and 97 are BUSREQ2 and BUSGR2.
and BUSREQ3 and BUSGR3, respectively. The outputs from NAND gates 96 and 97
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58 acts as the master and orchestrates the entire comuni cation. By
selecting the auxiliary processor 62 as the slave, the two processors 58, 62
exchange eight bits of data. For naster-to-slave, this is a command byte;
for slave-to-master, this is an input data byte. If a |onger comand or
data transfer is necessary, a sinple.nmulti-byte protocol may be used.

To ensure data integrity, additional safeg@ards are built on top of the
basi c serial peripheral interface protase¥—= Periodically, the two
processors 58,62 exchange time stanps so that if, for sone reason, either
processor 58 or 62 is not performng as required, the

reset flip-flops 92 and 93, whose outputs are MASKREQ2~ and MASKREQ3-~,
respectively.

[f MASK REQ2~ is low. then the output from AND gate 62 is low, disabling
BUSREQ2~. If MASKREQ3~ is low, than BUSREQ3~ is disabled. In those
situations, BUSGR2 and BUSGR?3 will not be active.

Without the ENABLE FAIRNESS 1 signal being active, the grant signals will come in
order of priority, starting with BUSGR 1, in this preferred embodiment.

b’ Fig S. is a state diagram of the bus master state machine. In this preferred embodiment
the bus master state machine, shown in the Fig 5 state diagram is implemented in a Gate
Array. It could also be implemented in a PAL or other logic arrays. The nomenclature
“tri-state” and "tri-stated” means the removal of the control signal from a dnver so that the
driver output is neither high nor low, but is floating.

The states are numbered 1-10 and are entered and exited by the presence of input signals.
For example, in state 1 which is eatered on the signal, RESET and PRIMSEC~ being
asserted from system 10, with the arbiter not busy, and no requests for the bus pending,
the state machine remains in state 1. [n state 1, the address latch is opened to permit
entry of any selected address present at the input to the latch. However, as soon as
ARBBUSY is not asserted, state 2 is entered. Also, if input signal ARBBUSY from the
arbiter is asserted. then state 5 is entered f-om state 1. At that point. the address is tri-
stated, the address latch is closed and signal BUSREL~ is asserted, and state 7 is

\ unconditionally entered from state S. Then the address is tri-stated, the address latch is
closed and signal BUSREL ~ is asserted, and state 7 is unconditionally entered from state
5.

The state machine remains in state 2 so long as signals ARBBUSY AND REQ
PENDING are not asserted. If signal ARBBUSY is asserted. then state 5 is entered. [f
there is a REQ PENDING and NEXT ADDR is not asserted, then state 3 is entered. If
there is a REQ PENDING and NEXT ADDR is asserted, then state 4 is entered. [n
either event, upon leaving state 2, signal ADS~ is asserted, REQ PENDING is cleared
and the address latch is closed, except when entering state 5 if ARBBUSY is not asserted,
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-, 21 - ot her processor detects the sane and an orderly fault recovery

can be attenpted. As previously discussed, the operator touch control
panel 10 includes the operator keys 34 provi ded for a user to interact with
t-he exchange system 1. In a preferred enbodi nent, the keys are "soft"

keys that have no designation on the actual nenbrane of the key 34, but
rat her are defined by software on thezkgnel 10 directly above the actual
key 34. The key definition will changerbased on the state of the system1l
at that time. The key 34 may be back lit and the intensity of the key back
light varies along with intensity of the back light of the display 54. In
addition to the three visible keys, two invisible keys are available for
entry: i nt o aséndidacs) above. Signal ADS~ is a confirmation of appropriate address and control

signals, to be described with respect to fig. 7. Also, if input signal ARBBUSY from the
arbiter is asserted, then state 5 is entered from state 1. At that point, the address is tri-
stated, the address latch is closed and signal BUSREL~ is asserted, and state 7 is
unconditionally entered from state 5. '

If NEXT ADDR and REQ PENDING are asserted. state 4 is entered from state 2. If
NEXT ADDR is not asserted, then state 3 is entered from state 2. If neither NEXT
ADDR or BRDYIN is asserted, the state machine remains in state 3. However, when

(,/ signals NEXT ADDR and ARBBUSY are asserted and signal BRDYIN is not asserted.
then state 6 is entered from state 3. 1f NEXT ADDR is asserted, and signals ARBBUSY
and BRDYIN are not asserted then state 4 is entered from state 3.

Also from state 3, state 1 is re-entered when signal BRDYIN is asserted and signal
ARBBUSY is not asserted, indicating that arbiter is not busy and the slave is ready. State
S is entered from state 3 when the arbiter is not busy and the slave is ready, indicated by
signals BRDYIN and ARBBUSY being asserted.

When signals BRDYIN and ARBBUSY are not asserted, the stite machine remains in
state 4. If signal BRDYIN is asserted and neither ARBBUSY nor REQ PENDING are .
asserted, state 1 is reentered from state 4. When signals BRDYIN and REQ PENDING
are asserted and signal ARBBUSY is not asserted, then state 2 is reentered from state 4.
When only signals BRDYIN and ARBBUSY are asserted, state 5 is entered from state 4.

o When signal ARBBUSY is asserted and signal BRDYIN is not asserted, then state 6 is
entered from state 4.

[n state 3, sigﬁal BUSREL~ is asserted, the address is tri-stated, and the address latch is
“closed. '

In state 6, the same signals as in state 5 are asserted but the state machine remains in
state 6 as long as signal BRDYIN is not asserted. When it is asserted. then state 7 is
entered from state 6.
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and. nufse's nenus, for exanple. - The display 54 is further provided for
communi cation with the user. The display 54, in a preferred

enbodi rent, has 302 x 240 pixels in a graphics node and 40 x 30 characters
in a text node. Text and graphics may, however, be overlaid for greater
flexibility. The display 54 may be back |it by a cold cathode fl uorescent
tube (CCFT), the intensity of which is wistabl e under software control. The
contrast is also variable under softwar. ntrol. The al arm 56 and
audi o systemis provided for audible eoback to the patient. Every press
of the keys 34 results in a short audible tone. Any user set-up errors

hat are delgted didib WAHREGE 3 bALI 06F bURASEES | RoPLARL AR RST 10

| ook at the on cor gé- . The
servi ce nenU’ahHmFWé“WU?@@ﬁE"hﬂﬁﬁ arB‘ﬁe@é§§3ﬂ4b§Uﬁ8 M @bﬂ#eééﬂdahm key
conbi nat i onsddagss tih eri-btated. OAs pangess- thpre AMOERBQIRENDEYE, then Uke isGud ffaciipssSi bl e

at any ot hefentdid¥Bin state 8. Upon a REQ PENDING, state 9 is entered where signal BUSREQ~
is asserted and the address latch is opened. As long as there is no bus grant or a bus
release, as indicated by no assertion of signal BUSGR or signal BUSREL ~, the state
machine remaias in state 9. When signal BUSGR is asserted and signal BUSREL ~ is not
asserted. then the state machine moves from state 9 to state 10.

o In state 10, signal BUSREQ~ is deasserted, the address drivers are enabled and the

— address is driven. As loag as signals BUSREL ~ and BRDYIN are not asserted, the state
machine remains in state 10. However, when signal BUSREL~ or signal BRDYIN is
asserted then state 2 is entered..

This state diagram should be studied in conjunction with the timing diagram of Fig. 7 for
a complete understanding of the structure and operation of this invention.

Fig. 6 is a state diagram of the bus slave state machine which is present in memory and
bus controller 40 in each of the processors, for a non-local memory ajcle, and is present in
system and bus controller 20 for a bus cycle, either I/O or memory. The conventions
mentioned with respect to the bus master state machine of Fig. 5 applies as well to the
state diagram shown in Fig. 6. State lis entered by the assertion of input signal RESET
from system 10. With ADS~ asserted and signal SELECT not asserted. the state

; machine stays in state 1. In state 1, the output signal generated disables the data output

~ drivers. When signal ADS~ is not asserted, and SELECT is asserted from system 10,
indicating selection of a particular device, then state 2 is entered where the bus address
input latch is closed to any further address. As long as BUSY is asserted, indicating that
the selected device is not ready for a bus cycle. the state machine remains in state 2. [f
BUSY is not asserted and WRITE is asserted. then state 4 is entered from state 2.
However, if BUSY is not asserted and READ is asserted, then state 3 is entered from
state 2.

[n state 4, the output commands include latching the bus data, asserting a READYOUT
and starting 2 memory store or [/O operation. The READYOUT signal generates signal
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- 22 - Figure 9 illustrates an overview of the user interface
screens for the display 54. The orientation of the soft keys is also shown
with their variable designations defined by the software of the system 1.
The scale 14 of the exchange system 1l in the drain tray 30 includes force
sensing resistors (not shown). Force applied to the resistors causes the
r-esi stance to change. The nore force_gggéLed, the | ower the resistance

BRDYIN which is shown in Fig. 5 and also is used to indicate the end of the cycle as
shown in Fig. 7.

In state 3, the output signals include GET DATA/STATUS and ENABLE DATA
OUTPUT DRIVERS. As long as there is no data ready, indicated by the deassertion of
signal DATARDY, the state machine remains in state 3. When the DATARDY signal is
asserted. then state 5 is entered and a READYOUT signal is asserted.

State 1 is entered from either state 4 or state 5 unconditionally.
{n state 4, the store operation is started for memory, or an [/O operation is started.

In state 3, data from memory is received or status from some device is received. When
such data or status is received, then the data output drivers are enabled to send the
information to the master device.

Refer again to the drawings and particularly to Fig. 7. In the ensuing discussion,
reference to "the bus” is a reference to bus 25. Bus 25 handles addresses and data, and

references made to the "data bus” and to the "address bus” refer to those portions of bus
25.

In Fig. 7. the [/O clock synchronizes transfers from the processors to the

N input/Qutput (1/0) system, and is asynchronous to the processors’ clock. Clock SCLK is
at a frequency one-half that of the [/O clock. In this preferred embodiment, Clock SCLK
is at a frequency of 16Mhz. SCLK clock periods begin on the rising edge of 1/0 clock
when SCLK is high, for example, at txme 0.

At time 0, processor 15 is the bus master. in control of the address bus(A2-31,
CONTROL) and the data bus (DATA 0-31). Also at time 0. the bus request signal
- BUSREQ!~ from processor 11 goes true (low) indicating an assertion of the request by
processor 11 for the bus to access a slave device. The BUSREQI1~ signal is developed as
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beconmes. If the force sensing resistors are placed in a sinple voltage
divider circuit, a certain force gives a repeatable voltage fromthe

di vider. The four sensing resistors can then be calibrated by running the
system through an entire range of force and recording the correspondi ng
voltage. Using the set of calibration voltages, the force on the force
sensing resistors can be determ ned f orlZz] | subsequent runs. O course,

ot her known scal es may be inpl enent ed TO?%T8asure the rate of the drain bag
20 on the drain tray 30. The insul ated heater 12 within the pouch 26
may include internal sensors (not shown) to nonitor the tenperature of the

f0il heater_assenmhly. .Theni nter.nal, sensor ested for accuracy in
linearity Sﬁgf’w il i'g'g Spoagf‘e 25 'P ebﬁéaﬁ'%}a?e‘%gﬁé[ﬁﬁsgn'a ﬁb" Mt E{Pf n@'gl!’ﬂerx’
response oBUSREQENsors. Due to intrinsic properties of the nickel iron
material of the element and the sensors, as the tenperature increases, SO

does their g ,esi ] 1S bl d. I I trcui,t., the
change in rAetgiﬁ*se[Sfeiﬁgée:Sgsa#‘{)désE E%Péc% I gé%%l a‘?’lle@fﬁ odcgoecﬁ%tﬁ lJé‘giqﬁd \?‘glht'%lgjre“.'e"The
sensors ar &% BEefosEsser by isrespriedp SREGBURY being aserted high. Alo, the bus grant

signal BUSGR! for processor Il from the arbiter is asserted true (high). Signal
BUSREL~ is developed as shown in fig. 5. With respect to processor [ [. it has requested
the bus, processor 15 has released the address bus, and the arbiter has granted it to
processor 11 and, therefore, processor 11 can now take control. Shortly thereafter, signal
A2-31, CONTROL for processor 15 goes into a tri-stated coadition. Note that all of the
bus cycles shown in Fig. 7 may be either memory or 1/O bus cycles.

For an understanding of the generation of the grant signals BUSGR1-BUSGR3 see Fig.
4. When BUSREQI1 ~ is true (low) and MASK REQ1 ~ is false (high) then a high output
from AND gate 61 is issued and applied to AND gate 75. With all three inputs to NOR
gate 73 low, because none of signals BUSGR1-BUSGR3 is high, gate 75 issues a high
signal which is applied through AND-OR tree 81 to set fatch 85 upon [/O CLK. Signal
BUSGR1 goes high and is applied to AND gate 69 which is applied to OR gate 78 and is
clocked through AND-OR tree 81 back to OR gate latch 85 to maintain signal BUSGR [
high until such time as signal BUSREQ1~ gs false (high). The same analysis applies
to the generation of signals BUSGR2 and BUSGR3.

Referring again to Fig. 7, at time 2, processor 11, in view of BUSREL ~ being low, shifts
into the address master state. Shortly after time 2, signals A2-31 and CONTROL for
processor 11 become active. Also at this time, processor 15 gives up the data bus by
driving BUSREL ~ high. This allows processor 11 to take control of the data bus at the
next clock. The control signals represented as CONTROL are those associated with the -
normal operation of the "386 microprocessor including WRITE OR READ (W/R-),
memory or [/O (M/10~), DATA or CONTROL (D/C~). The various combinations of
these control signals form the bus cycles that could be executed.

At time 3, processor 11, in view of BUSREL ~ being high, shifts into the bus master state.

controlling both the address and data bus. Note that signal BUSREL~ has two active
states: low indicating to a rzquesting master that it can become the addrsss master, and
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heater at the sane tinme and of the sane material as the heater trace
itself. The sensor is a thin equivalent of the heater trace causing its
resi st.ance to be higher. When tenperature increases, the resistance of the

trace - 23 - i ncreases. The
I ncrease is detected by a bridge circuit
| =18-
. 1 SR

high indicating that the address master can become the bus master (address and data
master).

Also. at time 3, signal BUSREQ1~ goes false (high) which causes signal ARB-BUSY to
go false (low) indicating that the requesting has ended. Signal ADS~ goes true (low). to
indicate that signals A2-31 and CONTROL are valid.

~ At time 4, signal BUSGRI1 goes false (low) indicating that the arbitration is over, and
signal ADS~ goes false (high). Also, signal BUSREQ2~ goes true (low) indicating that
processor 13 wants the bus. Note that signal BUSREL~ remains high signifying that the
O, bus has not been released by processor 11. Signal ARB-BUSY goes true (high) because
of the bus request from processor 13. Also, signal DATAO-31 goes active for processor
11. Note that during this time period the sigrals A2-31 and CONTROL for processor 11
go inactive but then immediately go active for the next bus cycle. At this point. processor
11, the bus master, is both the address master and the data master at the same time.

At time 5, signal BUSGR?2, the bus grant for processor 13, goes true (high) but, since the
BUSREL~ signal remains high, processor 13 cannot access the bus and processor 11
retains control. Signal BRDYIN is asserted by the slave device to processor 11. This is a
ready signal generated by the slave state machine as shown in Fig. 6 as READY OUT
which generates signal BRDYIN.

At time ¢, signal ADS~ for processor 11 goes true (low), signaling the validity of signals
_ A2-31 and CONTROL for processor 11's second bus cycle. Shortly after time 6, DATAQ-
A 31 for processor 11 goes inactive.

At time 7, processor 11 releases the address bus as indicated by signal BUSREL~ being
driven low. This, combined with BUSGR2 signal high, allows processor {3 to access the
hus as address master at time 8. Also at time 7. processor |1 completes its second cycle
with the deassertion of ADS~, the indication of valid DATAQO-31. and the assertion of
BRDYIN by the slave device. Following time 7, the A2-31. CONTROL signal for
processaor 13 becomes active illustrating that processor 11 is now only the data master.

This is the replacement sheet

Date: 17 AUG m



whi ch -anplifies the change. . The exchange system 1, therefore, provides
a sinple, convenient and cost-effective device for providing an additional
exchange during the night tine. The system 1l satisfies a need for patients
who require. a fifth CAPD exchange or patients who desire a nore convenient
met hod of perform ng four exchanges. The 9$_ystem 1 is portable and perforns
an exchange using a twin bag using an e*l—en-sion line. The system 1l has two
-aut omat ed val ves, ensures drain before &g+=and provi des a sinple user
interface and an insulated heater to raise and maintain fluid tenperature.
Al t hough the present invention has been described with reference to a
peritoneal dialysis procedure, it should be understood that the present

i nvention i &t H@a 8t RIBFSSArd 3 onivigv ¢f BIIREbntheins law.deerraes the addrass mystaravenous

feedi ng.  this tirhe. pinaaebscr b & isushel @asit roastert While pratdssussi 3ah tegRIdra3f thaster. Also

nmodi fi cati ofs;he st BRcl:ES N kiVesPd; r b e} ' reLn wll
be appar ent &tst(l) tthecslg?rlsl eg Th {'%Fgr"?ﬁ%ucﬁﬂgméigqg%g&ﬁgﬁegg’éﬁfcf?ls may
be made Wit h?fﬁf"e Fhe bus master at time 9. _ ' . -

.o

At time 9, signal BUSREQ2~ goes false (high) indicating the end of the bus request, and
signal ADS~ for processor 13 becomes true (low), signaling the validation of signals A2-
31 and CONTROL for processor 13. Following time 9, signal ARB-BUSY goes false
(low). As mentioned above, processor 13 becomes the bus master.

Following this detailed description, the mode of operation follows a pattern so that

minute detail of the description of the remainder shown in Fig. 7 need not be made. For’
example, a bus request is made by a device seeking access to the bus to communicate with

a slave device (see BUS REQ1~ and BUS REQ3~) at time 10. The arbiter of Fig. 4

determines that signal BUSGR 3 should be asserted, as shown at time 11 with no BUSGR

1 signal being asserted in response the bus request by processor 11. For processor 15 to

gain access to the bus however, it is necessary that the current bus master, processor 13,

release the bus, which it does at time 1. This enables processor 15 to take controf as

address master at time 12. Also at time 12, BUSREL~ is driven high by processor 13,

shifting processor 15 from the address master state into the bus master state.

For all cycles, the current bus master drives BUSREL ~ low, allowing a requesting device
o that has been granted the bus actual access to address bus. When BUSREL~ is driven
high by the current data master, allowing actual access to the data bus, the current
address master shifts into the bus master state. At time 14, for example, BUSGRI1 is
asserted in response to BUSREQ~ having been asserted back at time 10. Also at time
14, BUSREL~ is driven low by processor 15, allowing access to the address bus by
processor {1. At time 16, BUSREL~ is driven high by processor 15, allowing access to
the data bus and shifting processor 11 from address master to bus master. The
accompanying signals such as A2-31, CONTROL. ADS~. BRDYIN, and DATAOQ-31 all
. are driven as shown and as described above. :
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departing fromthe spirit and scope of the present i nvention and without

diminishing its attendant advantages. It is, therefore, intended that
such changes and nodifications be covered by the appended cl ai ns.
-24- VE CLAI M 1. A bag hol der conpri sing; a cont ai ner

sel ectively operable to hold a bag t~Ae&ein;
. -_—23

Those skilléd in the art may maké various changes
and modifications in system design, hardware and
software, all without departing from the scope of

this invention~ as defined by the appended claims.
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a coveWai ner in the bag hol der, the cover hinged to the
cont ai 7 and a heating elenent incorporated in the container
capabl e lm“m\ﬂﬂ‘ tion in the bag. 2. The bag holder of Claim1
further m“ . an opening in the container through which an
extensi on=of ¢t he cbvér is inserted, the cover pivotable at the opening.

3. The bag holder of Cdaim1l1 wherein the heating elenent is a film
etched in the container. 4. The bagihol der of Claim1l further

conpri si ng\:éh a sensor incorporated with the heating elenment to detect

t enper at VEhatisiclaimadkisar ¢ he sol ution in the bag. 5. The bag hol der
of Cl aimjl wherein the container is insulated.

1. A digital computer system including a first device, a second device and a
bus along which the first and second devices, in operation, transmit
electrical signals in turn by using a plurality of address lines of the bus to
transmit address components of the signals and by using a plurality of data
lines of the bus to transmit data components of the signals, characterised in
that the first and second devices are capable of so operating that, in a

| change between the first device transmitting signals on the bus as the

N\ current bus master and the second device transmitting signals on the bus as

the next bus master, the first device first releases the address lines of the

bus to the second device and, subsequently, the first device releases the

data lines of the bus to the second device.

2. A computer system as claimed in claim 1, wherein each of the first and
second devices is capable of operation in one of three states which are:
(i) an address master state during which it generates address
components of the signals without data components,
(i) a bus master state during which it generates both address
| " components and data components of the signals and
~— (i) a data master state during which it generates data components of the
signals without address components,
each of the first and second devices being capable of first requesting access
to the bus before entering the address master state and then entering the

address master state following the granting of the request.

3. A computer system as claimed in claim 2, wherein each of the first and

second devices is capable of operating first in the address master state,

next in the bus master state, and then in the data master state.
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4. A computer system as claimed in claim 2 or 3, wherein each of the first
and second devices is capable of going to an idle state following the

termination of its data master state.

5. A computer system as claimed in any one of claims 1 to 4, wherein the
first and second devices are capable of receiving electrical signals on the
bus and, in a change between the first device receiving signals on the bus
as the current bus master and the second device receiving signals on the
bus as the next bus master, the first device first releases the address lines
of the bus to the éecond device and, subsequently, the first device releases

the data lines of the bus to the second device.

16. A method of sharing a bus in a digital corhputer system that includes first
and second devices which, in operation, transmit signals along the bus in
turn by using a plurality of address lines of the bus to transmit address
components of the signals and by using a plurality of data lines of the bus
to transmit data components of the signals, characterised in that, in a
change between the first device transmitting signals on the bus as the
current bus master and the second device transmitting signals on the bus
N as the next bus master, the first device first releases the address lines of
the bus to the second device and, subsequently, the first device releases

the data lines of the bus to the second device.

7. A method as claimed in claim 6, wherein, in the change, the second device
first has access only to the address lines of the bus and the second device

next has access to both the address and the data lines of the bus.
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8. A method as claimed in claim 6 or 7, wherein the first and second devices
are capable of receiving electrical signals on the bus and, in a change
between the first device receiving signals on the bus as the current bus
master and the second device receiving signals on the bus as the next bus
master, the first device first releases the address lines of the bus to the

second device and, subsequently, the first device releases the data lines of

the bus to the second device.
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