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METHOD AND APPARATUS FOR DETERM NI NG THE STATUS COF A
SHARED RESOURCE _ Background of the
| nvention Field of the Invention 5 Thi s invention

relates to the field of digital systems andsl-nore particul arly,
relates to a nethod for determ ning the status of a shared resource.
Description of the Rel atMEPHOD AND APPARATUS FORDETERMININGYst ens, a

singl e system resource nust sh rﬁﬁ by.nma o nents of the
system For exanple, in a diTSfEeﬂfJl LﬁEI’AMP Bﬂsﬁﬁﬁ%lﬂ common for

a-central processing unit (a "CPU') to share menory with a video

di spl ay subsystem or even anot her BRi¥grot the iinveatiomn requires an
arbitration schene to decide which of potentially many requests for
t'he resource W | FjeREof the Inventihant ed. Further, when a single resource is
used to pass information from one syst em conponent (a writing

"producer” )s to anot heqy{qnysath Pélates &' hEHeld of digital systems and, more particularly,
relates to a method for determining the status of a shared resource.

Description of the Related Art

In many digital systems, a single system resource must be shared by many
components of the system. For example, in a digital computer system, it is
10 common for a central processing unit (a "CPU") to share memory with a video
display subsystem or even another CPU. Such a situation requires an arbitration
scheme to decide which of potentially many requests for the resource will be
granted. Further, when a single resource is used to pass information from one
system component (a writing "producer") to another (a reading "consumer"),
15 information stored in the resource by the producer must be protected until the
consumer has retrieved the information. This is especially true when other
producers are competing to write information to the same resource. Accordingly,
once a producer writes information to a shared resource, other producers must
then be prohibited from writing to the resource until the information is retrieved
20 by a consumer.

A traditional circuit design for coordinating access to a shared system
resource involves using a status register (or "semaphore”) associated with the
resource that represents full at one (high) logic state and represents empty  at
another (low) logic state. Such a semaphore is typically implemented using a

26 standard flip-flop. A semaphore may be used, for example, to regulate

| information exchange through a shared resource capable of storing data. Such
a semaphore would represent that the resource is full when "set" by a producer

that has just written data into the resource (indicating that data can now be read

by a consumer) and would represent that the resource is empty when "reset" by
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domain, there is no difficulty in guaranteeing that the value of a semaphore
10 reflects the true status of a shared resource.

There is no need. to synchronize signals between subsystems operating in

a uniform clock domain. However, when two subsystems operate in different
clock domains, signals from one to the other must be synchronized.
- Accordingly, problems arise when subsystems share a resource but operate
15 in different clock domains. Traditional semaphore schemes must overcome
difficulties associated with a multiple clock domain, such as 1) which clock
domain the semaphore will use; 2) how the set and reset signals are generated
across differing clock domains; 3) when the value of the semaphore reflects the
true status of a shared resource so that a subsystem can test such status; and 4)
20 how the related design logic is tested for correctness at the design stage.
In a simple system involving one producer and one consumer which share
a resource but operate in different clock domains, the traditional semaphore
scheme allows three possible choices of a clock domain for the semaphore. First,
the semaphore could be located in the producer’s clock domain. In such a
25 configuration, the producer has immediate synchronous access to the semaphore
reflecting the status of the shared resource; thus, the producer’s set signal is
synchronous to the semaphore. However, the consumer’s reset signal is not
synchronous to the semaphore. Consequently, the consumer’s reset signal must
be synchronized to the producer’s clock to update the semaphore, and the new
30 value of the seméphore must be synchronized back to the consumer’s clock
" domain to allow the consumer to test the status of the resource. .
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The third choice of clock domains for the semaphore is to use a third
clock domain different from the clock domain of either the producer or consumer.
In this case, both the producer and the consumer must be delayed from
prematurely testing the semaphore. Thus, regardless of the choice of clock

20 domain for the semaphore, either the producer, or the consumer, or both must be
slowed by a delay to allow for synchronization,

Additional difficulties arise when more than one producer needs to write
to the shared resource or more than one consumer needs to read from the shared
resource. An arbiter element must be introduced which govemns writes by

25 producers and reads by consumers. The role of such an arbiter is to coordinate
access rights among producers and consumers to avoid race conditions resulting
from two or more producers writing simultaneously to a single resource or from
two or more consumers reading simultaneously from a single resource. A
traditional arbiter element receives multiple requests for a resource and grants

30 access to only one requester who then becomes a current user. The arbiter will

not grant another request for the resource until the current user releases it.
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To state the problem in more detail, assume that one producer finishes
writing data to a shared resource, sends an update signal to set the semaphore and
releases access rights to the shared resource. Assume also that the arbiter then
detects the release of the resource and grants a second producer’s access request.
15 Meanwhile, the first producer’s update signal, which. may have to be
synchronized with the semaphore’s clock domain, will set the semaphore. The
- semaphore’s value must eventually be synchronized with the second producer’s
clock to allow the second producer to validly test the status of the resource. At
the time the arbiter granted the second producer’s request for the resource, the
20 semaphore’s value, as tested by the second producer, may not reflect the true
status of the shared resource if there has been insufficient time for the
semaphore’s value to be synchronized into the second producer’s clock domain.
The traditional solution to this problem, again, is to introduce a delay.
This timing problem has been solved by introducing a delay within the
26 arbitration logic to ensure that the time between one producer’s release of access .
and another producer’s detection of a grant by the arbiter is at least as long as the
time between one producer’s issuance of an update signal to the semaphore and
the eventual synchronizaﬁon of the semaphore’s newly updated value into another
producer’s clock domain. In systems comprising more than two producers or
30 more than two consumers, the required arbitration delay must always be based
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10 scheme is that optimization of required delays is difficult-to implement.

Another disadvantage of the arbitrated semaphore scheme is that

substantial analysis is needed at the design stage to determine the shortest

possible delay time needed to overcome a worst-case scenario. The complexity

of the required analysis grows exponentially with the number of producers or

15 consumers operating in different clock domains, and is further complicated when

additional different clock domains comprise the semaphore or the arbiter or both.

Most importantly, however, is the disadvantage that arbitrated semaphore

schemes are difficult to prove for correctness at the design stage. This problem

is most appreciated in cases where the related logic is but one small component

20 of a large-scale integrated circuit. Due to the great cost associated with tooling

up for production of large-scale integrated circuits, great emphasis is placed on

verifying the correctness of all logic at the design stage to avoid very costly

mistakes.
Summary of the Invention
25 The present invention is designed to reduce the complexity of logic

required fo determine the status of a shared resource and to improve the
performance of such logic. More specifically, the present invention minimizes
the time interval required to notify every resource-sharing subsystem of the
availability or unavailability of a shared resource. The present invention
30 advantaéeously avoids the use of a traditional semaphore to represent the status

of a shared resource.
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signal. Each subsystem thus derives its own status signal indicating the
availability of a shared resource.

A still further aspect of the present invention is immediate, synchronous

notification to a subsystem of changes in the status of a shared resource caused

20 by that subsystem. Advantageously, each time a subsystem initiates an access to

a shared resource, the accessing subsystem is immediately notified that the
availability of the shared resource has changed.

Because the traditional semaphore is absent from the present invention,

there is no asynchronous relationship between a semaphore and a resource-

26 sharing subsystem requiring synchronization to and from the semaphore of every

| update sighal generated by such an asynchfonous subsystem. Consequently, there

is no window of time during which a subsystem, after initiating an access to a

shared resource, will not be able to detect the change in availability caused by its

own access. Therefore, no additional de_léys need to be intérposed to prevent a

30 subsystem from prematurely accessing a shared resource, and, furthermore, delays

related to accessing a shared resource in an asynchronous clock domain are minimized.
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when representing a number of write accesses to the resource made by the first
10 subsystem, the first quantity generated in synchronism with said first clock;
generating a second quantity representing a number of read accesses to the
resource made by the second subsystem, the second quantity generated in
synchronism with the second clock; synchronizing the first quantity with the
second clock to generate a third quantity; synchronizing the second quantity with
15 the first clock to generate a fourth quantity; comparing the first quantity to the
fourth quantity to generate a first resource-available signal for the first subsystem,
the first resource-available signal being active when the first quantity is equal to
the fourth quantity, the first resource-available signal generated in synchronism
with the first clock; and comparing the second quantity and the third quantity to
20 generate a second resource-available signal for the second subsystem, the second
resource-available signal being active when the second quantity is different from
the third quantity, the second resource-available signal generated in synchronism

with the second clock.
Another method in accordance with the present invention determines the
25 status of a resource of a digital system, wherein at least one writing subsystem
writes data to the resource, wherein at least one reading subsystem reads data
from the resource, the resource being unavailable for writing additional data from
the writing subsystems until previously written data is read from the resource by
one of the reading subsystems, wherein each writing subsystem and each reading
30 subsystem operate in synchronism with respective clocks, wherein at least one
writing subsystem operates in synchronism with a first clock, and wherein at least
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quantity representing a number of read accesses to the resource made by a
respective the reading subsystem, each read quantity for each reading subsystem
10 ‘generated in synchronism with the respective clock of the reading subsystem;

synchronizing each write quantity with the clocks of writing subsystems and the

clocks of reading subsystems; synchronizing' each read quantity with the clocks

of writing subsystems and the clocks of readmg subsystems; summing the write

. quantities to generate a total write quantity, the summing performed
16 independenily by each writing subsystem and each reading subsystem; summing
' the read quantities to generate a total read quantity, the summing performed
independently by each writing subsystem and each reading subsystem; comparing

the total write quantity and the total read quantity to generate a resource-
available-for-writing signal, the resource-available-for-writing signal being active
20 when the total write quantity is equal to the total read quantity, the comparison
performed independently by each writing subsystem to generate respective
resource-available-for-writing signals; and comparing the total write quantity and

the total read quantity to generate a resource-available-for-reading signal, the
resource-available-for-reading signal being active when the total write quantity

25 is different from the total read quantity,' the comparison performed independently
by each reading subsystem to generate respective resource-available-for-reading

signals.

Another method in accordance with the present invention determines the

status of a resource of a digital system, wherein a first subsystem operating in

30 synchronism with a first clock makes primary accesses to the resource, wherein
a second subsystem operating in synchronism with a second clock makes
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t here fourth quantity; comparing the first quantity to the fourth quantity to generate a
first resource-available signal for the first subsystem, the first resource-available
15 signal being active when the first quantity is equal to the fourth quantity, the first
resource-available signal generated in synchronism with the first clock; and
comparing the second quantity and the third quantity to generate a second
resource-available signal for the second subsystem, the second resource-available
signal being acﬁve when the second quantity is different from the third quantity,
20 the second resource-available signal generated in synchronism with the second
clock.

An apparatus in accordance with the present invention determines the
status of a resource, wherein a writing subsystem sends a write signal to the
resource, wherein a reading subsystem sends a read signal to the resource, -

25 wherein the writing subsystem operates in synchronism with a first clock, and
wherein the reading subsystem operates in synchronism with a second clock, the
second clock being asynchronous to the first clock. The apparatus comprises: a
first semaphore element which generates a first update signal having a first logic
state and a second logic state, the first semaphore element _responsive to the write
30 signal to change the logic state of the first update signal in synchronism with the
first clock each time the writing subsystem writes data to the resource; a second
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A nmethod in accordance wth,the sent invention determnes the status
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10 second logic state, the first test element generating the first test output signal at
the first logic state when the first update signal is equal to the second
synchronized update signal, the first test element generating the first test output
signal at the second logic state when the first update signal is different from the
second synchronized update signal; and a second test element which generates a
16 second test output signal having a first logic state and a second logic state, the
second test element generating the second test output signal at the first logic state
when the first synchronized update signal is equal to the second update signal,
the second test element generating the second test output signal at the second
logic state when the first synchronized update signal is different from the second
20 update signal.

Another apparatus in accordance with the present invention determines the
status of a resource of a digital system, wherein a first subsystem operating in
synchronism with a first clock writes data to the resource, and wherein a second
subsystem operating in synchronism with a second clock reads data from the

25 resource, the second clock being asynchronous with respect to the first clock, the
resource being unavailable for writing additional data from the first subsystem
until previously written data is read from the resource by the second subsystem.
The apparatus comprises: means for generating a first quantity representing a
number of write accesses to the resource made by the first subsystem, the first

30 quantity_ generated in synchronism with the first clock; means for generating a

second quantity representing a number of read accesses to the resource made by



synchronismw th the second cl ock; synchronizing the first quantity with
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sectond quantity with 15 the first clock to generate a fourth quantity;
conparing the first quantity to the fourth quantity to generate a
first resource-available signal for the first subsystem the first
resour ce-avail abl e signal being active when-klhe first quantity is equal to
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second quantity is different from the third quantity, the second resource-available
signal generated in synchronism with the second clock.

Brief Description of the Drawin

Figure 1 is a block diagram illustrating a portion of a digital system
15 comprising a multiplicity of producer subsystems and a multiplicity of consumer

subsystems all operating in different clock domains sharing a common resource.

Figure 2 is a block diagram illustrating two producer subsystems and two
consumer subsystems, each producer and consumer comprising a counter and
sharing a single resource in a computer environment where each producer and

20 consumer is operafing in the same clock domain.

Figure 3 is a block diagram illustrating two producer subsystems, two
consumer subsystems, each subsystem comprising a counter, each subsystem
sharing a resource, each producer and consumer operating in a different clock
domain.

25 Figure 4 is a block diagram of a portion of a digital system comprising
one producer and one consumer sharing a resource, each comprising a bit
register, and each operating in a different clock domain.



- 8- one readi ng subsystem operates in synchrgnismwth a second
clock, thyoeeanss cl ock being asynchronous w th t h&@CTIUS¢18&Ck.
The net hod conprises the steps of : generating one wite quantity
for each the witing subsystem each wite quantity representing a
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bei ng active 20 ¢ “s“‘&% ﬁ&%&g T&er quan‘tgl in? eq&ng% heacr% '[b%
read quanggty, tshssﬁﬁffpanarﬁfgnaresource. per f or med |ndependently by each
witing subsystem to generate respective

resour ce- avai |l abl e- fcﬁﬁWet‘fa'lgﬁlé%gg gﬁgrrl]tlty it galvbhﬁtfeg{sﬁ-,k-c%fpbﬁents

quantity and ota erate a
resour ce- avai | alind-ressuree teiting cnngmabnts tfor one producer subsystem operating in one
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performed i ndepepdehbYin another clock domam.
15 Figure 7b is a logic dxagram lllustratmg a bit reglster component and a
‘resource testing component for one producer subsystem operating in one clock
domain and a bit register component and a resource testing component shared by
one producer subsystem and one consumer subsystem operating in another clock
domain. | | |
20 Figure 8 is a block diagram iﬂustraﬁng a portion of a digital system
comprising two producer subsystems and two consumer subsystems, each
comprising a bit register, each sharing a common resource, and each operating
in a different clock domain.

Figure 9 is a logic diagram representing a portion of a digital system
25 comprising respective bit register components and resource testing components
for two producer subsystems and for two consumer subsystems, all subsystems

operating in independent clock domains.

- -
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status of a resource of a digital system wherein.a first subsystem

operating in 30 synchronismwith a first clock nmakes primary accesses
td the resource, wherein ' a second '§§bsyst emoperating in
synchronismw th a second cl ock makes WO 97/ 21163 :

PCT/ US96/ 18226 Figure 10a is a block diagram representing two producers eachgoperating

secondary accesses t h esource C k bei asynchr onous

Wi th r eé’béac{ﬁ?{e?“i H’ioc?(i #’og)ﬁm%lak@ﬁoe%g@aﬁéfﬁg a?ne%rgﬁ?rcéﬁ{qréu%{n te
avai | abl e for adgddki doiadintdfahe second préduce@ry accesses until a the secondary
access occurs, and wherein the resource is not available for the

secondary accesses U} é@{‘ %‘gﬁ Qg [H’%éfi ry
accesses alternati ng'ﬁx,?ﬁgﬁ%h&aﬂdt eX ecgl‘r:?ggersy agc@s?séljsa.ﬁu eear%t 0 tﬂi%
conpri ses § he stippsdiffereny ckadomain antli beirig cegaiited Py ranparbitemopergting i tHeer

of the pripmary accesseg to the resource nmade by the first
subsystem the foiqek: dosan Qf first Pr°‘i]“°§"enerat ed in synchronismwth the
first clock; generating a second quantity representing a nunber of

the secondary accessdiigure li0nds a blook diagram aeprbsenting two producercsubsystemseacht em
t he second quantity gengerat in s hy oni. s 1th the second
1 ock. synchr onioPEHEIEND § i eredh, HARK Ao nboth ProdisrR, BERE cleewatede ka8t o o

third arbiter operating in still another clock domain.

10 Figure 11 is a block diagram representing two producer subsystems
operating in different clock domains being regulated by an arbiter operating in
a third clock domain where signals from each producer to the arbiter and from
the arbiter to each producer are synchronized into the respective clock domain of
the other.

15 Figure 12 is a waveform timing diagram representing respective resource

requests and grants for a first producer, a second producer, and a consumer.

Detailed Description of the Preferred Embodiment

Figure 1 is a simplified block diagram representing a multiplicity of
subsystems in a computer system, wherein all subsystems can access a single,
20 shared resource 102. The subsystems comprise "producers” and "consumers",
each such producer capable of writing data to the resource 102; and each such
consumer capable of reading data from the resource. Producer subsystems in
Figure 1 can provide information to consumer subsystems by writing data to the
shared resource 102 which can then be read by a consumer. The shared resource
25 102 is capable of holding one data element.
Each producer and consumer subsystem illustrated in Figure 1 operates in
a different clock domain. It will be understood that a clock domain comprises
one or more clocks operating with the same frequency and phase. It will be
further understood that each of the systems described herein is initially reset to
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t he reading subsystem operates 1 n sync r

second cl ock beidiffereny rchdekodomaing, cort &y comhman¢m¢lhereo'lﬂwamdpmmineswhether a
conprises: a first,s E:lore el enent whi.ch generates a first
update si gnal AhATRG Tesquree, s F@S‘g state and a second |ogic state,
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change the | ogic stat the firsSt update signal 1n chroni
first cloak eachcomprisingawar iprodugers subsystears \Q’Pl"eanda'fl%ﬁ"b candhdwoesansumer a

SO 6/ 16256 subsysiams ("CI" and "C2") sharing a resource 202 which is capable of holding
one data element. Each producer and consumer has an associated counter
element ("P1_Count," "P2_Count," "C1_Count,” and "C2_Count"). Each counter
element is _capable of holding integer values beginning with zero, such values

15 capable of being incremented by one.

A first producer 204 comprises a counter 206 and a testing logic
component 208. The first producer 204 increments the counter 206 by one every
time the first producer 204 writes data to the shared resource 202. A second
producer 210 likewise comprises a counter 212 and a testing logic component

20 214. The second producer 210 increments the counter 212 by one every time the
second producer 210 writes data to the shared resource 202.

A first consumer 216 comprises a counter 218 and a testing logic
component 220. The first consumer 216 increments the counter 218 by one each
time the first consumer 216 reads data from the shared resource 202. Similarly,

26 a second consumer 222 comprises a counter 224 and a testing logic component
226. The second consumer 222 increments the counter 224 by one each time the
second consumer reads data from the shared resource 202.

Both producers and both consumer can read the vatue of all four counters.

Thus, for example, the value of the counter 206 of the first producer 204 can not
30 only be read by the first producer 204, but can also be read by the second
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havi ng a fiwet97i2o188C ot state and a second | ogic stat PCTURI6AER26Nd
semmaphore el ement responsive to the read signal to change the
| ogi c state of the second update signal in synchronism with the

second cl ock each tine the reading subsystemreads data fromthe 5
resource; a first synchronization el ement whl®h synchroni zes the first

updat e signal with the second clock to generate a first

synchroni zed updapredudeg2i;asavell as by thes firsb conssprer (216 randdsyi the setendecdnsudner h
synchroni zes the sgcond update signal with the first clock to
generate a secondféynchroni zed update signal; a first test eI ement
whi ch generates a fi rﬁoheﬁamlﬂgtaatém&ﬁ@kh&ad/teasu@efzb%&fdr@ bevi

10 second logic state, the first test element generating th rst test
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state when the fldattwﬂféast&earemce %ﬂbdﬁc@fﬂﬂfstéﬁééﬁ‘tﬁé‘ﬁams of the re36@eBI 1

- synchroni zed update signal; and a second test el ement which generates a 55
second test out puthegéspurde mmmgdatafwhmh hasonptcyet beercretmieved byes consuinegi(ie.,

state, the [ t est, el errent ener at i t he second Iest out put
signal at the fi rsﬁfesﬁ' g?q% 2;prgducer cann e‘?F“fﬁ’aﬂm éﬁsqiﬁfé“ﬁ
signal is equal t@elyiRr HReRitd Mﬁﬁ,ﬁcﬁ@nal the second t est

el enent generating the second test output signal at the second
| ogi ¢ st at eovvhen t he fAremmsemen: mushialsodchaslial statgsuedf the xsdifres dotdeterming he

oo ance wi t n- DRl Mata inside, the pesoree arg aRla, et BRRS RSy i repd by
resource of a dig E@dsuﬁx\éﬁt(?éf} "M@'F @hﬁ) ?r fakd ﬁéW%%V&H?%ppﬁaﬁfg' ng édﬁsumer

synchronismwith a first clock wites data to the resource, and wherein a
second s ubustsaveid readingtstalg data andrsonstoemisene: that anyadate ceaddisdresbk r eads
data from the In the uniform clock environment illustrated in Figure 2, the first producer
15 204 can ascertain when it is safe to write data to the shared resource 202 (i.e.,
when the resource contains stale data) by reading the values of all counters of all
producers and consumers in the system. The testing logic component 208 of the
first producer 204 sums the value of its own counter 206 and the value of the
counter 212 of the second producer to generate a total number of writes to the
.20 shared resource 202. The testing logic component 208 of the first producer 204
also sums the value of the counter 218 of the first consumer and the value of the
counter 224 of the second consumer to generate a total number of reads from the
shared resource 202. The testing logic component 208 next subtracts the total
number of reads from the total number of writes. A zero result indicates to the
. 25 first producer 204 that it is safe to write data to the shared resource 202. A zero
result indicates that every instance of a producer writing data to the shared
resource is accompanied by a matching instance of a consumer reading data from
the resource. Similarly, if the result of such subtraction is nonzero, the first
producer 204 is able to discern that it is not safe to write data to the shared
30 resource 202 (i.c., that fresh data exist in the resource which have not yet been

read).
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first cl owQ 9111863 ‘resource being unavail abl e f.or w PCIAFIGtR2RE i onal
data fromthe first subsystem until previously witten data is read- -
fromthe resource by the second subsystem The apparatus conpri ses:
means for generating a first quantity representing a nunber of
wite accesses to the resource nade by t he-¥6rr st subsystem the first 30 -
gquantity generated in synchronismwth the first clock; neans for

generating a The destinglogie: teqyired: forethe firsthproducan 306 tootest tha gtataxc e ses -
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t he second subsystem the second quantity generated in synchronismwth the '

second cl ock; means for synchroni zi ng the first quantity with the second
cl ock to gen®lalests (i Couy éﬁz_gﬂmﬂea&'d_coﬂntsymﬁi ng the
second qu%ntity with the first clock to generate a fourth

guantity; ‘neans for conparing the first quantity 5 to the fourth

quantity to gengf ehecresulf of Bie PESTust equationi ik aote; thérDstale dedd ekidfir tHeSéhared
subsystem the first resource-avail able shinal bei ng active when the first

quantity ~ resopzpe 203 and; the divet prodioen 20 amay safely iwrite mewsdata to the shared
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quantity to genexist in thessharedCresqiics! 202, andaibicfirseproidgdst| 2040may iRt place new
10 ~ data in the resource 202.
Similar testing logic allows a consumer to discern when a shared resource
is available for reading. The testing logic component 220 of the first consumer
216 will independently perform the same calculations performed by the testing
logic component 208 of the first producer 204 described above. If the result is
15 nonzero, then fresh data exist in the resource 202, and the first consumer 216 can
read data from the shared resource 202. If the result is zero, then stale data exist
in the resource 202 and the first consumer 216 may not read data.
The testing logic required for the consumer 216 to test the status of the
shared resource 202 is the same testing logic as that required for the producer
20 206:

C1_Test = (P1_Count + P2_Count) - (C1_Count + C2_Count)

If the result of the C1_Test equation is nonzero, then fresh data exist in the

26 shared resource 202 and the first consumer 216 may safely read data from the
shared resource 202. If the result of the C1_Test eqization is zero, then stale data

exist in the shared resource 202, and the first consumer 216 may not read data.

It will be understood that Figure 2 is offered for theoretical purposes only.

In practice, no integer counter is capable of infinite counting. Generally, such

30 counters "wrap around” to a zero value when incremented beyond their capacity.
The testing logic equations discussed in relation to Figure 2 would fail any time



10 second subsystem the second resource-avail abl ¢ signal being active
when the wo972116econd-guantity is different fromthe thirBCHWSYISE26, t he

second resource-avail abl e signal generated in synchronismwth the

second cl ock. Brief Description of the

Dr awi ngs Figure 1 is a block diagramillustrating a portion
of* a digital system 15 conprising a mul4li7plicity of producer subsystens
and a multiplicity of consuner subsystens all operating in :

di fferent clock doeeftle commtérsguddenbynmwent fropparvery high numbeé to zero. Figugeile 2
Is a block diagramillustrating. roducer, su ste and twp .
consumer subsyst (‘-fn'\‘fe%’m Fﬁgg@b\ﬁgﬁﬁﬂ%ﬂmqﬁé%@W%Bﬂﬁ?@m%
sharing a singl etheesignis oF al sharedREGUAES Carf BY dERANRBY W&E%ﬁ& SibS§ii&R oand

20 consuner is operating in the sanme cl ock domain. _
Figure 3 is a bl vepresghtaifs wm histesy roftaceessingothp rreshmreer and) by yrext examining all

consuner subsystens, each .subhsystem ¢ I Sing a counter, each subsystem
sharing a r‘r’esourﬁ'izr"’til HGER F%Hﬁ%gi‘ ﬁﬂgsg'g@ner operati nggeilgt_ a different
cl ock domai n. Figliee 3 is a simplifitd ObloBk 4dib aﬁqjeg& B 95R" Srbafc
portion of a digital syg;&t?eem corrprirsnfp o%re pr oducer gnd or1‘éljo °r

consumner shari ngsubsystems (‘" a@dé’ﬂi’-'l)mrl;grtwgimgmmﬂuisubsystems ("Ciltandst@2"). The
each operating ig,a s%ys e ?1'@1%: lz<a.ccq=(s)s ti) 3 shared resource 302 capable of holding a
single data element. Also, each producer and each consumer in the system
10 illustrated in Figure 3 operates in a different clock domain.- In other words, there
are four different clock domains illustrated in Figure 3, one for each subsystem.
Figure 3 represents a first producer 304 comprising a counter 306 and a
testing logic component 308 and operates in synchronism with a first clock
(P1_CIk). The first producer 304 increments the counter 306 by one every time
15 the first producer 204 writes data to the shared resource 302. A second producer
310 likewise comprises a counter 312 and a testing logic component 314 and
- operates in synchronism with a second clock (P2_CIk). The second producer 310
increments the counter 312 by one every time the second producer 310 writes
data to the shared resource 302.

20 - A first consumer 316 comprises a counter 318 and a testing logic
' component 320, and operates in synchronism with a third clock (C1_CIk). The
first consumer 316 increments the counter 318 by one each time the ﬁrst
consumer 316 reads data from the shared resource 302. Similarly, a second
consumer 322 comprises a counter 324 and a testing logic component 326 and
25 operates in synchronism with a fourth clock (C2_CIk). The second consumer 322
increments the counter 324 by one each time the second consumer reads data

from the shared resource 302. '
As was true for the system described in Figure 2, the testing logic
component enables each producer to determine whether it is safe to write data to
30 the shared resource (detect whether data are "stale"”) and enables each consumer
.to determine whether it is safe to read data from the shared resource (detect
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Figure 5a is a logic diagramillustrating respective bit register

conponent s and resource testing conponents for one producer
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by not, however, have synchronous access to the value of the counter 312 of the

10 second producer 310, to the value of the counter 318 of the first consumer 316,
or to the value of the counter 324 of the second consumer 322. It will be
understood that, to allow the first producer 304 to read the values of the counters
312, 318, and 324, each counter value must be synchronized with the clock of the
producer, P1_Clk.

16 Figure 3 illustrates synchronization of the values of counters 312, 318, and
324 with the clock, P1_Clk. Thus, the value of the counter 312 of the second
producer 310 is input to a synchronization element clocked by P1_Clk. The
synchronized value of the counter 312 is then propagated to the testing logic
component 308 of the first producer 304. Likewise, the value of the counter 318

20 of the first consumer 316 is also input to a synchronization element clocked by
P1_Clk. The synchronized value of the counter 318 is then propagated to the
testing logic component 308 of the first producer. 304. Also, the value of the
counter 324 of the second consumer 322 is input to a synchronization element
clocked by P1_Clk. The synchronized value of the counter 324 is then

26 propagated to the testing logic component 308 of the first producer 304.

Once all counter values are synchronized with the clock domain of a
producer or consumer, that producer or consumer can check the status of the
shared resource 302. As described in relation to Figure 2, the first producer 304
can check the status of the shared resource 302 by subfracting the sum of the

30 values of the consumer counters (310, 312) from the sum of the values of the
producer counters (304, 308). The testing logic used by the first producer
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Note that synchronization of P2_Count, C1_Count, and C2_Count with the clock,
P1_Clk, of the producer 304 is indicated in the equation by the operational suffix
"IP1". As described in relation to Figure 2, a zero result of the P1_Test equation
indicates that stale data are in the resource 302, and the first producer 304 may
10 then write new data to the resource 302. A nonzero value, on the other hand,
indicates that fresh data are in the resource 302, and the producer 304 cannot
write new data to the resource 302.
The testing logic used by the first consumer 316 is quite similar and can
be represented by a similar equation. For example, the testing logic equation for

16 the first consumer 316 is:
 C1_Test = (P1_CountTC1 + P2_CountTC1) - (C1_Count + C2_CountTC1)

Note that P1_Count, P2_Count, and C2_Count are all synchronized with the
20 clock, C1_CIk, of the first consumer 316. If the result of the C1_Test equation -
is nonzero, the first consumer 316 can safely read data from the shared resource
302. If the result of the C1_Test equation is zero, the first consumer 316 cannot
read data from the shared resource 302.
As was true with Figure 2, Figure 3 is useful only in theory. Because
25 counters, in practice, cannot count infinitely high, the testing logic of Figure 3
would fail if put to use.
Figure 4 is a simplified block diagram representing a portion of a digital
system comprising one producer subsystem ("P1") and one consumer subsystem
("C1") operating in different clock domains. The producer and consumer

30 subsystems share a resource 402 capable of holding a single data element.
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subsyst enssi n a deskp(EkCIk)y sEach W’i@l@%(@b 4550?;@?% af Jeprgscating & value
single, 20 sot}abregg {,gﬁgurce 102. The subsystens conprise "producers” and
"consuners", & such producer capable of witing data to the
resource 102; and eachhe pediucer 404 camoreadnthe valpaldfethef bit eegistey 42 affthem

t he resource. Producer subsystens in %Fi grre 1 can

i nformation to ceoRSWmET 410, 5adhe qensymer410; the Bﬂpﬁéf%gﬁtdrggi%ﬂ%
|C5VLEE 108 U ORI AR up RS0 ol a2 i 0o
consuner gpbsystaeritingtiataspicheorions felapirdoniaing cTherefore the value of the bit register
412 must be synchronized with the clock, P1_Clk of the producer 404, and the
value of the bit register 406 must be synchronized with the clock, C1_CIk, of the
consumer 410. Accordingly, Figure 4 illustrates the value of the bit register 412
being propagated as an input to a synchronization element clocked by P1_Clk.

16 ~ The synchronized value of the bit register 412 is then propagated to the festing
logic component 408 of the producer 404. Also, the value of the bit register 406
is propagated as an input to a synchronization element clocked by C1_Clk. The
synchronized value of the bit register 406 is then propagated to the testing logic
component 414 of the consumer 410.

20 The present invention is concerned with comparing the number of times
producers have written data to a shared resource (number of "writes") with the
number of times consumers have read data from the same shared resource
(number of "reads”). For purposes of the present invention, the status of the
shared resource can be checked by ascertaining whether the number of writes is

25 the same or different from the number of readé; that is to say that calculating the
actual number of writes or reads is not required to check the status of the shared

" resource.
The testing logic described above in association with Figures 2 and 3 can
therefore be simplified. Because the shared resource 402 is capable of holding

30 only one data element and because only a zero or nonzero result is required to
represent the status of the shared resource, one skilled in the art will understand



a different clock domain, It will be understood that.-a clock donmain
conpri ses wopgp116dne Or: igore cl ocks operating wth the sanepdrrespeaspg and

phase. It wll be further understood that each of the systens
described herein is initially reset to WO 97/ 21163

PCT/ US96/ 18226 ' -14-

a’ known set of conditions. A reset is not sh3lm in every figure; however,
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exclusive-OR operation will result in a low state output when both binary
10 operands are in a high state or when both binary operands are in a low state.

It will be readily apparent that the exclusive-OR operation is ideally suited
for comparing a number of writes against a number of reads (each such write or
read being indicated by a producer or consumer changing the value of its
respective binary bit register) to determine whether or not the number of writes

15 matches the number of reads. The present invention is directed to a strictly
enforced write-read-write-read access strategy and absolutely prohibits two or
more writes without an intervening read as well as two or more reads without an
intervening write. In the context of a system employing such an access strategy,
the exclusive-OR operation applied to each and every bit register as a binary

20 operand will yield zero when the number of writes matches the number of reads
and will yield one when the numbers differ.

The producer 404 and the consumer 410 thus comprise binary bit registers
(406, 412) in place of integer counters as described in Figures 2 and 3. The
producer 404 can ascertain whether stale data exist in the shared resource 402 by

25 exclusive-ORing the value of its own bit register 406 and the value of the bit
register 412 of the consumer 410. Such exclusive-OR operation is carried out in
the testing logic component 408 of the producer 404. If the result obtained by
exclusive-ORing the value of both bit registers (406, 412) is zero, then stale data
exist, and the producer 404 may write data to the shared resource 402. If the

30 result is one, however, then fresh data occupy the shared resource 402, and the
producer 404 may not write new data to the shared resource 402.
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producer 210 ashated resoyres, 407 has jalready. baen sead by the, ropsyiner @os@%ﬁﬁa are

consurmer stale), and the producer 404 can write new data to the shared resource 404, If
10 the result of the P1_Test equation is one, however, then fresh data exist in the
shared resource 402 and the producer 404 may not write new data to the shared
resource 402.
The same testing logic is used by the consumer 410. For example, the
consumer 410 can ascertain the status of the shared resource 402 according fo the
15 following equation:

C1_Test = C1_Bitreg ©® P1_BitregTP1 © P2_Bitreg?P1 & C2_BitregTP1

If the result of the C1_Test equation is one, then fresh data exist'in the shared
20 resource 402 and the data can be immediately read by the consumer 410. If, on
the other hand, the result of the C1_Test equation is zero, then the data in the
shared resource 402 are stale and the consumer 410 may not read the data.
Figure 5 is a logic diagram representing logic which aliows one producer
subsystem and one consumer subsystem to independently test the status of a
25 shared resource. The shared resource is not shown in Figure 5. Also, the
producer and consumer subsystems are not shown in their entirety; rather, Figure
5 illustrates only components which facilitate the bit register and the testing logic
components described generally in relation to Figure 4. The bit register function
allows a producer to indicate that it has written data to a shared resource and
30 allows a consumer to indicate that it has read data from a shared resource. The
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An input to the synchronization element 524 is connected by a line 532

to a Q output 534 of a second D flip-flop 536. The D flip-flop 536 has a reset

(R) input 537 and a D input 538. The D input 538 of D flip-flop 536 is

connected by a line 540 to an output of a third exclusive-OR gate 542. The Q

20 output 534 of the D flip-flop 536 is connected by the line 532 as a first input to

the exclusive-OR gate 542. A second input of the exclusive-OR gate 542 is

connected by a line 546 to receive a C1_Sub signal from a consumer subsystem’

406 (Figure 4). The Q output 534 of the D flip-flop 536 is connected by a line

532 as a first input to a fourth exclusive-OR gate 550. An ouiput of the

25 exclusive-OR gate 550 is connected by a line 552 as a C1_Test signal to the

consumer subsystem 406. A second input to the exclusive-OR gate 550 is

connected by a line 554 to the output of a synchronization element 556. The

synchronization element 556 is connected by a line 558 to a second clock

(C1_CIk). The clock C1_Clk is also connected by the line 558 to a clock input

30 559 of the D flip-flop 536. An input to the synchronization element 556 is
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The testing logic required for the first producer 206 to test the status of
t he shared resource 202 can be represented-?4 equation form

P1 Test (P1 Count + P2 Count% - (CCount + C2 Count) 5 If the
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perforned by thgyrichedrizéd with an input clock signal. The binary output signal of a D flip-
flop will assume the state (high or low) of the binary input signal upon
occurrence of a specified transition of a clock pulse.

As discussed above in relation to Figure 4, a producer can indicate a write

10 of data to a shared resource by changing the value of an associated bit register.
Similarly, a consumer can indicate a read from a shared resource by changing the
value of an associated bit register. Such a bit register continuously represents a
high or low state and alternates its represented state (i.e., from low to high or
from high to low) each time a certain signal is detected. - One such bit register

16 is illustrated in Figure 5 as comprising the exclusive-OR gate 512 and the D flip-
flop 502.

The logic state of the Q output 506 of the D flip-flop 502 is initially low,
as is the signal on the line 516 generated by the producer; thus, the logic state of
the output of the exclusive-OR gate 512 is initially low. When the producer

20 writes new data to a shared resource, the producer initiates the write operation by
generating a high pulse (a P1_Add) signal propagated by the line 516. The
output of the exclusive-OR gate 512 assumes a high logic state for the duration
of the P1_Add signal, and the high ldgic state is propagated by the line 514 to
the D input 504 of the D flip-flop 502. On the arrival of the next positive edge -

25 transition generated by the producer subsystem’s clock, P1_CIk, the Q oﬁtput 506
of the D flip-flop 502 assumes a high logic state. One skilled in the art will
appreciate that the duration of the P1_Add signal is approximately one period of
the producer’s clock, P1_CIk, providing sufficient sethp and hold time to generate
a valid signal at the D-input 504 of the D flip-flop 502.

30 The logic state of the Q output 506 of the D flip-flop 502 is then
propagated by the line 510 as an input into the exclusive-OR gate 512. If the
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When the producer subsystem next writes data to the shared resource, the
10 producer generates another active P1_Add signal on the line 516 as an input into
the exclusive-OR gate 512. The line 510, however, still has a high logic state
which represents the second input into the exclusive-OR gate 512. Thus, because
both of its inputs are high, the output of the exclusive-OR gate 512 assumes a
low logic state. Consequently, the line 514 presents a low logic state to the D
15 input 504 of the D flip-flop 502. It will be understood that, upon the arrival of
the next positive transition 'generated by the producer subsystem’s clock, P1_CIk,
the Q output 506 assumes the low logic state of the D input 504. As described
above, the line 510 propagates the low logic state of the Q output 506 as an input
to the exclusive-OR gate 512. When the P1_Add signal drops low on or before
20 the next clock cycle, both inputs to the exclusive-OR gate 512 represent a low
logic state, causing the output of the exclusive-OR gate 512 have a low logic
state. The line 514 thus presents a low logic state to the D input 504 of the D
flip-flop 502. On the arrival of the next positive transition gencrated by the
producer’s clock, the Q output 506 of the D flip-flop 502 assumes the logic state
25 of the D input 504 and, therefore, remains low.

In the manner described above, the exclusive-OR gate 512 and the D flip-
flop 502 operate together as a bit register (or single bit counter) which alternates
logic states from high to low or low to high (i.e., toggles) each time the producer
generates an active P1_Add signal on the line 516. The bit register maintains a

30 continuo_us logic state (P1_Bitreg) on line 510 between such pulses.
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athird clock (C_dk). Th fiTst consuner 316 increnmentst|
counter 318 by deutnut 334 asmumesdhe Jagiq state of the Doipput 538 Thws, theaclugiveOR r om

the shared resour e s#9ond th'D #ip-Hop 338 oRillise a bit register (or single bit counter)
which changes its logic state (i.e., toggles) each time the consumer subsystem
generates an active high C1_Sub signal on the line-546. The logic state of the
16 consumer’s bit register (C1_Bitreg) is maintained on the line 532 as the C1_Test
signal. |
As discussed generally in relation to Figure 4, a producer can test the

availability of a shared resource by comparing the value of a consumer’s bit

register to the value of its own bit register. As was described, such a comparison

20 is preferably carried out by an exclusive-OR operation. The same testing logic

allows a consumer to determine the availability of a shared resource. ,

Accordingly, the producer 404 can test the availability of a shared

resource by exclusive-ORing the value of its bit register with the value of the

consumer’s 406 bit register. The value of the producer’s bit register is

25 represented by the logic state of the P1_Bitreg signal on the line 510. The

P1_Bitreg signal on the line 510 is input into the exclusive-OR gate 520. It will

be understood that, because the P1_Bitreg signal is synchronous with the

producer’s clock, P1_Clk, any change to the P1_Bitreg signal caused by the

producer generating a P1_Add signal propagates to the exclusive-OR gate 520

30 within one clock cycle of the producer’s clock and will ‘be stable prior to the
beginning of the next clock cycle generated by the producer’s clock.



consuner 322 conprises a.counter 324 and a testing logic conponent 326 and

25 oper steegraéssynchroni smwith a fourth clock (C2_d k) . pdhrosssaszasd
consuner 322 i ncrements the counter 324 by one each tinme the second
consuner reads data fromthe shared resource 302. As

was true for the systemdescribed in Figure 2, the testing logic
corrponent enabl es each producer to determ ne2®hether it is safe to wite

data to 30 the shared resource (detect whether data are "stale") and
enabl es each consuner The value dfothdedonsurner®s bitetepister, tepresemtad cbyt therlogid siatea
fromthe shared resource (detect WO 97/21163

PCT/ US96/ 18226  Cl_Biireg, is, however, asynchronous to the producer’s clock and yst, therefore,

whéet her data are . Eﬁ?ﬂr nized® %ﬁ%ﬁﬂ/ | |

operating in bE [ Qer eh}[/ﬁéfgé'kﬁﬁ%ﬁal S; gtﬁﬁp*@gg%t?&e%g tﬁeeg%igrslgﬁ Ia?)slllc
conponent of a pr fmput ¢ ther synchronizatioro element 524uwhicteist ¢lecked|byeBl @lkcount er s
associ ated with other subsys skiJ]led.in the art wll

ens, one,
appreci ate that such vEHIEHES 5*’{1!%9 lpgic disgram Jepegenting 3 pynchronization slement. tAe

testing logic co . . i a t C

306 i sgope?at [ ngrrlﬁg&t téh%'gr% 5C8|00hca[§ aD mp@%%aggi uttt%g’ #‘?gtctf%rko%gégs'
304, the first prasunput sigdal(@sput)rizectinateted by a line $86 ab tienDuinpat §8%s The Qhe
val ue of the counter 30?. .The fir '&a})r ducer. 304 doeg . not., however,
have synchronous SB®B%384 ds copn Bf 8.to esiond 1 flip-flop>90 having a D

input 592, a Q ouiput 594, and a clock input 595. The Q output 594 is

10 represented by an output signal (Output) and is propagated by a line 596. A
target clock (Target CIk) is connected by a line 598 to the clock input 585 of the
first D flip-flop 580. The line 598 also connects the target clock to the clock
input 595 of the second D flip-flop 590.

The Input signal is propagated by the line 586 to the D input 582. On the

15 next positive transition generated by the Target Clk, the D flip-flip 580 causes
the Q output 584 to assume the logic state of the Input. The Q output 584 is
propagated by the line 588 to the D input 592 of the D flip-flop 590. The next
positive edge transition generated by Target Clk causes the Q output 594 to
assume the logic state carried by line 588. The line 596 propagates the Q output

20 594 as the Output signal, which is the logic state of the Input signal synchronized
to Target Clk. The synchronization element represented in Figure 5b is only one
example of logic which will accept a signal generated in synchronism with a first
clock and synchronize such signal with a second clock which is asynchronous
with the first clock.

25 With respect to Figure Sa, the synchronization eiement 524, clocked by
the producer’s clock, P1_Clk, synchronizes the Cl_Bitreg signal with the
producer’s clock. The synchronized C1_Bitreg signal is propagated by the line
522 to the input of the exclusive-OR gate 520. The output of the exclusive-OR
gate 520 on the line 526, comprises the test signal, P1_Test. When the logic

30 state of P1_Bitreg is equal to the logic state of C1_Bitreg (i.e., when the number
of writes to the shared resource is equal to the number of reads from the shared



10 second producer 310, to the value of the counter 318 of the first

consuner wa 67/21163 or to the value of the counter 324 @CTusscasxend
consuner 322. It wll be understood that, to allow the first
producer 304 to read the values of the counters 312, 318, and 324,
each counter value nust be synchronized with the clock of the '
producer, P1 _dk. 15 Fi gure 328t ustrates synchronization of

t he val ues of counters 312, 318, and 324 with the clock, Pl _CKk.

Thus, the val utesofirce)ghewthet logicstate of P hEest de love  Accordingly,r wher 81_Basd is s
i nput to a synchroni zation el ene .ocked.by R k., The .

sygchroni zedyvg(f etrﬁ81‘°‘ﬁ?rﬁ§ e8 ﬂ’e@%%ﬁ%ﬁ%ﬁk’%&%ﬁ%ﬁ%@ &Wﬂt@ E
| ogi c ROWRERHE NOMR Gther! imdf Wheh FIT TestCi8high ¢i.e. L WhENBE mukBer ¥a! e

of the counter 318 20 of the first conSuner 316 is also input to a
synchr oni zat i owrisesstocthe shared resgutg is not equal il thel numben ©f seads Hram itheshaved ue

Comonents 305 BROLTE: the Shark) SEHRE 1 f aaite 1o, prplier Aok waltng

counter 324 of the gegghificaR idvaitags o2 theSpredtht! inviefitin FesARE HOM ARt fabthat
el enent cl ocked by P1 C k. The synchroni zed val ue of the counter

324 is then 25the valyg of theapreduces’st bib register, ¥3_Bifrgige is genevated and 38 avdilablec

first producer.304. . . upt.er sval ues are. synchroni zed
with the cl ock%mnﬁmémh the pmd‘g%}‘ggf?é% ?ﬁ-@%sﬁeﬁmﬁt?@? tb? or
consumer can cgffidatdshehab itchddSwiititer ldata to a share&'i?é’doﬁﬁberﬁﬁg!éﬁé‘rﬁtiﬁé)%-l'ﬁ%dd
described in relation to Figure 2, the first Eroducer_ 304 ¢an check -

the statis of sigealspariing Sd6othecprogigcerpis igtely motified by, rthe ftest heigrid,

e o O o BRR el R it B 60 1ghf sbifel. e B8 Bl .

first producer that the present invention guarantees that a producer will not initiate a premature

(D

write operation to a shared resource and, advantageously, avoids the need to
introduce a delay. The guarantee is based on the fact that, after a producer sends
16 a first synchronous pulse (P1_Add) indicating that it has initiated a write
operation to the shared resource, the P1_Bitreg signal immediately updates the
P1_Test signal to show unavéilability of the shared resource by the very next
clock cycle.
Similar logic represented in Figure 5a allows a consumer to test the status |
20 of a shared resource. The value of the consumer’s bit register, C1_Bitreg, is
synchronously available to the consumer on the line 532. Line 532 carries the
C1_Bitreg logic state as an input to the exclusive-OR gate 550. - The value of the
producer’s bit register, P1_Bitreg, is asynchronous to the consumer’s clock and
is consequently input into the synchronization element 556. The synchronization
25 clement 556 synchronizes P1_Bitreg with the consumer’s clock, C1_Clk, and the
synchronized value of P1_Bitreg is propagated by the line 554 to the second
input of the exclusive-OR gate 550. The output of the exclusive-OR gate 550 on
the line 552 is the test signal C1_Test. When C1_Test is high (i.e., when the
number of writes to the shared resource 402 is different from the number of reads
30 to the shared resource 402), the consumer can read from the shared resource 402.
On the <;ther hand, when C1_test is low, (i.e., when the number of writes to the
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304 to check the status of the shared resource 302 can be represented by

t he equati on; P1_Test = (P1_Count + P2_Count[err]Pl) -
(A Count[err]Pl + C2_Count[err]Pl) 5 Not e that synchroni zation of
PZ Count, O Count, and C2_Count with the ci28ck, P1_C k, of the
producer 304 is indicated in the equation by the operational suffix

"lerr] P1". As deSkaredaesopreer402aisiegual to thequimbep ,Ofaeadérﬁpméhﬁ shared r¢s|ource)?:02
P1_Test equation 1 ndi .St data arg.in the resource ,
and the first pr(t)h(fu%oé]fsmgﬁll4 mag??i%ﬁ ﬁg@h@%%é‘g‘sﬁgﬁe. a to the resource

302. A nonzero val ue, The a‘dhmt%ehedes&m, above apply hl36its & Sofsiler fsﬁﬁ‘s??teﬂﬁt a

are in the resource 302, and the producer 304 cannot write fNew data
to the resource Yen the consumer generatesiaCl 84 pignalpindicating dhasyit hasinftiated a

; r 3 IS 4t b | : . . . represent ed a sjmlar

ggs:tjingn. or exgérfipk@llog’,eﬁbﬁié’ @ég I ng gsg?%uﬁee&u'%’tnlp%gr(wi one “t?%’é‘ qyicjsgllthat

consuner 316 is: the shared resourc€l40Peit no- Idrider @Vailibie Fod Qadihg.g?rcgé)'r(]k?ﬂs[.ﬂneg]@ )
unt,

- (d _Count + C2_Counttd) Not e that P1_Count, _ )
cz(_COGnt are al | hepehyrprevented; frgm prematurely reading the shared resource 402, and again,
no delay is needed.

A reset signal (not shown) connected to the reset (R) inputs 508, 537
10 allows the value of both the producer’s bit register,. P1_Bitreg, and the
consumer’s bit register, C1_Bitreg, to be set to a low logic state. Such a reset
capability is useful, for example, when a system comprising producer subsystems
and consumer subsystems is halted and restarted. It will be understood that such
a reset, in the context of producer and consumer subsystems, restores an initial
15 condition of a shared resource being available for writing.
Figure 6 is a simplified block disgram representing a portion of a digital
system comprising a first producer subsystem 602 operating in synchronism with
a first clock (P1_Clk), a second producer subsystem 604 operating in
synchronism with a second clock (P2C1_CIk), and a consumer subsystem 606
20 operating in synchronism with the second clock P2C1_Clk. Pi1_Clk is
asynchronous with P2C1_CIk.
The first producer 602 comprises a testing logic component 610 and a bit
register 612. The second producer 604 comprises a testing logic component 614
and a bit register 616. The consumer 606 comprises a testing logic component
25 618 and a bit register 620.
The three subsystems 602, 604, and 606 share a resource 608. The testing
logic components 610, 614, and 618 allow the respective subsystems 602, 604,
and 606 to independently determine the status of the shared resource 608. Each
of the bit registers 612, 616, and 620 can represent a value of zero or one. Each
30 of the subsystems 602, 604_, and 606 can read the value of each of the bit
registers 612, 616, and 620,
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20 clock, O _Cdk, of the first consuner 316. |f Hﬁie result of the

G _Test esqu@bi/ones is nonzero, the first consuner 31PCQLASISA$R6Y read
data fromthe shared resource 302. If the result of the O _Test
equation is zero, the first consumer 316 cannot read data fromthe
shared resource 302. As was true with Figure 2, Figure 3 is
useful only in theory. Because 25 count¥ks, in practice, cannot count v
infinitely high, the testing logic of Figure 3 would fail if put to
use. Aitgwatuedof the bitgegister 612 df thHedfirst priodycer602dp asymnehranoys a '

portion of a digital stem c rj si.ng,one Qpro st.em
("P1") and one W%B%F_glﬂfbﬂéﬁ’é‘ﬁﬁ theretore ‘!’? s’@%"?"bﬁ?@rﬂ%ﬁﬁ@ﬁ-ﬂé#&ﬁ'@@"
cl ock donai ns. r QdHsEE ‘éﬂﬁs'un%g l%ﬁm %.%35 : rce
402 capabl e of %%%&Bn‘gga SI neg{a%nggtﬁg e emant606 odh 97/% fis Bsingthe
PCT/ US96/ 18226 value of the bit register 612. Figure 6 thus represents the value of the bit register
As illustrated in Figure 4, a producer subsystem 404 cqnpri ses. a.hi
regi ster 496 an®13 bemgnropagatsd; fnta, Hmu&bgﬁ%?ﬂtsdﬂ a@?@@sﬁ‘éﬁ%@ﬁ? sm
Wi th a (ifindatety int6 tRORSHHIE gfé%wp%n%ffts ig a
bit register 41}Hn§1prﬁﬁ£§5gerclld\ﬁt est#gnéntléogi C corr% nent 414 an Q"o&|c5£(aa;3a1t8e(§sﬁ|ﬁ?1
synchroni sm wi t lsecontleproduter 504 andcthe cknsu@ler G20)respeativelyi t regi ster (406,
412) s capable of ¥ 0" bd%aine’ Bk e it rogisters 616" 8F thehecBi producer 604
and the value of the bit register 620 of the consumer 606 are asynchronous with
10 P1_Clk and must be synchronized with P1_Clk before the first producer 602 can

use the values in comparisons. Accordingly, Figure 6 represents the values of the

bit registers 616 and 620 being propagated into synchronization elements clocked
by P1_CIk before finally being propagated into the testing logic component 610
of the first producer 602.

15 The first producer 602 can ascertain whether stale data exist in the shared
resource 608 by exclusive-ORing the value of the bit register 616 of the second
producer 604, the value of the bit register 620 of the consumer 606, and the value
of its own bit register 612. Such an exclusive-OR operation is carried out in the
testing logic component 610 of the first producer 602. If the resuit obtained by

20 such exclusive-ORing is zero, then stale data exists in the shared resource 608
and the first producer 602 may write data to the shared resource 608. If, on the
other hand, the result of such exclusive-ORing operation is one, then fresh data
occupy the shared resource 608, and fhe first producer 602 may not write new
data to the shared resource 608. ' ' '

25 Likewise, the second producer 604 can also determine whether the shared
resource 608 is available for writing by exclusive-ORing the values of the three
bit registers 616, 620, and 612. Again, a zero result indicates that the producer
604 can write to the shared resource 608, while a one result indicates that the
producer 604 may not write to the shared resource 608. _

30 Availability of the shared resource 608 is determined in much the same
manner by the consumer 606. The testing logic component 618 of the consumer



The producer 404 can read the value of the bit register 412 of the

consuner wWe7Anes t he consuner 410 can read the val ue of tper/osder1sexs st er

- 406 of the producer 404. However, the producer 404 and the consuner
410 are 10 operating in asynchronous clock domains. Therefore the val ue
of the bit register 412 nust be synchronized with the clock, P1_dk
"of the producer 404, and the val ue-3df the bit register 406 nust be
synchroni zed with the clock, - dk, of the ~--consuner 410.

Accor di ngly, Fi §06exdlusive«ORs thecwaludof thel threedfit telgistdns 616,06205 tand 6422 If the

bei n ropagated a | npyt ,to synchroni.zation el enent cl ocked b
PLGK 16 o Temlatibn PR EOR i gaeghen freshyfta pegh iths sharel resourd 08,
bropagated {0 tligq RS bhiltimer 606 may FGHCE6ATRE Mikthd 1ufle, | OF RE BHLE Hand O

Al so, the value o regi ster 'S propaga as an 1 nput
-to a synchroni zaf ithen reshli nefhthecexehisit-QR {3 zeEbk theinestale data exiny rin hthe nshared

‘'value of the bit reqgis 4 is then agat ed the testing | ogic
conponent %14 off®%0 °cé§f$&rsﬂﬂ8§he4i‘fﬂs% 806 et réad gﬂ@ ‘gﬁé‘%"ﬁ@ fgﬁﬂ?&gﬁt %%k i s

concerned with conmpargyiuithfe ﬂié’f@ﬁ% qb 'E"iﬁ%?v - .
witten data to a shardelg resource ﬁun%er 0 q%wtﬁet%rgt'gagm%%%gﬂ@@m
number of tines theostamsmfthé shared essdurte 6d8facoondinpetosthedfoldwingcequationir ce
(nunber of "reads"). For purposes of the present invention, the status of

t he shared resource can be checked by ascertaining whether the
nunber of wites is 25 p1 Tefie=P3Bitkee &Y Bif 1" %Tpler of reads;
that is to say that cal culating tﬁet&% - la%?al %%rbl’%}rg wites or
reads is mot required to check the status of the shared - resource.

{herefore be oimpl i { Abie EEACHe BLERCFBiafbn Eabe them sty sfin, B e shared
osul t i s requi oL Cos HAliLSTBN RAY by RRSORAN 06, K Be Tl PRARE .
one skilled in ©602 cam write ngwdathetosthe shired resource 608. If, however, the result of the
P1_Test equation is one, fresh data exists in the shared resource 608 and the first
15 producer 602 may not write new data to the shared resource 608.
Similar testing logic is used by the consumer 606. The consumer 606 can
ascertain the status of the shared resource 608 according to the following

equation:
20 C1_Test = C1_Bitreg-® P1_BitregTP2C1 @ P2_Bitreg

If the result of the C1_Test equation is one, then fresh data exist in the
shared resource 608 and the data can be immediately read by the consumer 606.
If, however, the result of the C1_Test equation is zero, then the data in the shared
25 resource 608 are stale and the consumer 606 may not read the data.
Figure 7a is a logic diagram representing logic which allows two producer
subsystems and one consumer subsystem to independently test the status of a
shared resource. The shared resource is not shown in Figure 7a. Further, the two
producer subsystems and the consumer subsystem are not shown in their entirety.
30 Figure 7a illustrates only components which facilitate the bit register and testing
logic components described generally in relation to Figure 6.
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t hat binary regi sters nay be substituted for the counters described

above with respect to Figures 2 and 3. Further, one skilled in the

art will also appreciate that, for the same reasons, the Bool ean

al gebra operation "excl usive-OR' can be -32- substituted in place of the -~
addi ti on and subtraction di scussed above with regard 5 to Figures 2

and 3. B‘igereeXs:Irep-esentﬂ firpie Daflipaflop J0RQchavirigna I iiputt 704, ar Q.

The excl usi ve- OR grat or Rl i ed, tso 'éh bi nary per ands ‘\fgn{’

result in a high eatRR79y mput 0851, 1§ Fqnnectad, by, aling,

state and the of hgfg i3 hfgtﬁgiu?wfﬁﬁ%amgélek 712. %'éi%lu&ﬁe@(?ﬁ%’ﬁi!%
will result in a ows ut put oth ary operands are in a
hi gh state or whesm bafpat bommc;edohﬁlaahnhﬂmeo rthe B input 304t A second input to the
It will be readily apparent th t the exc)

sui ted 5 f opxclusivePRngate 712 is sonnspted, X%émﬁgggﬁél%t M@%M%JP%‘&@Q
(each such wri teug{tl}eproducer'é@&%tgﬂ spe(cml Veasgeq“héxqau GOTOE R coftfiechd By B

changi ng the val Inary bil register) to
det ermi ne whet her ling 7[1@hs1aiﬁ'st1m1htato afseconid: @chusive-OR gate JB0s A Isecomd nipput tof
reads. The present i nv nt,l o s di gg@t ed to tr| c enforcegl an

Wite-read-wite- HEaeReiRst ‘én‘fﬁ’“&ﬁ Lhyelayhﬁ‘? oPpi &g QipYt ©
more writes wthoyts lﬁ’s?vé—ﬁke a&smg ﬁ’tsof"ﬁé kxAitsiVAORO gatd 000 if BdiHiected by

W t hout an I nt erven ng wite. the context of a system enpl oying
such an accgss st aaimglzﬁ as a P1 Te&thnputxbl the ipredwclr sphksystemo602:p Thedd flip-fiepch
and every bi't reg) 8% a cloc]?lnqgty7l9 which is connected by a line 728 to a first. clock
(P1_CIk). The clock P1_Clk is also connected by the line 728 to a
synchronization element 730 and to another synchronmization element 732. An
output of the synchronization element 730 is connected by a line 734 as one input
16 to the exclusive-OR gate 724. An output of synchronization element 732 is
connected by a line 736 as a second input into the exclusive-OR gate 724.
An input of the synchronization element 730 is connected by a line 738
to a Q output 740 of a D flip-flop 742. The D flip-flop 742 has a D input 744
and a reset (R) input 746. The D flip-flop 742 has a clock input 745 which is
20 comnnected to a second clock (P2C1_CIk) by a line 749. The D input 744 is
connected by a line 748 to an output of an exclusive-OR gate 750. The Q output
740 of the D flip-flop 742 is connected by a line 738 as one input to the
exclusive-OR gate 750. A second input to the exclusive-OR gate is connected
by aline 752to a Cl_Sub signal generated by the consumer 606 (Figure 6). The
25 Q output 740 of the D flip-flop 742 is connected by the line 738 as an input to
an exclusive-OR gate 754. An output of the exclusive-OR gate 754 is connected
by a line 756 to the consumer 606.. A second input of the exclusive-OR gate 754
is connected by a line 758 to an output of an exclusive-OR gate 760. An input
to the exclusive-OR gate 760 is connected by a line 762 to a Q output 764 of a
30 D flip-flop 766. The D flip-flop 766 has a D input 768 and a reset (R) input

771. An input to the synchronization element 732 is connected by the line 762




20 operand will yield zero when the nunber of wites matches the nunber
of reads wo921185d wi lil.> yi el d one when the nunbers diff er PCTAUS96/18226

The producer 404 and the consuner 410 thus conprise binary bit registers
(406, 412) in place of integer counters as described in Figures 2 and 3.

The " producer 404 can ascertain whethegr stale data exist in the
shared resource 402 by 25 excl usi ve- ORI ng”t he value of its own bit
regi ster 406 and the value of the bit regi ster 412 of the consuner

410. Such excl usi tetherQ owtmi766n The PanpitetpSoisiconpected by 2 line, 274 ¢a en ytput

| ogi ¢ conmponent 408_of th d —ixg I .

excl usi ve- ORI ng t%€%8¥%%s?%£6§ogﬁgg#’ f%‘ai ?e&gt ?ﬁ‘g? &ﬂ@%& §§3g$§fm Fﬁ%ﬁs
stal e data an @ipub to tiR ekchisivelOR Giatee 77210 Anothier iput ¢o das exchusivielORs et ed
resource 402. If the 30 result is one, however, then fresh data occupy

the shared resour €& 49zonegeted: ik a line 774 fn 8k Addi siguah genarateds by @ sroan
data to the shared rs0 e WO 97/ 21163
PCT/ USo6/ 16806 Prodiicet 604 ®igite 6). - 22-

To illustrate the requThe® tfEpiflopo766 tas a ¢16¢k Riipddl R7Sr whith isadbnAsdt&d (ta i the
t he status of the shared resource 402 according to the foll ow ng

equat i on: second cleck;TR2E1 Cly) byiatliney7 16e r A sypehropization elemept 778 is also
[err]1Cl_Bitregler gl fl-48 by the HBid 796 6" Me second clock, P2C1_CIk. An input to
synchronization element 778 is connected by line 710 to the Q output 706 of the

10 D flip-flop 702. An output of synchronization element 778.is connected by a line
780 to an input of the exclusive-OR gate 760. The output of synchronization
element 778 is also connected by the line 780 to another exclusive-OR gate 782.
The Q output 740 of the D flip-flop 742 is connected by the line 738 as a second
input to the exclusive-OR gate 782. The output of the exclusive-OR gate 782 is

15 connected by a line 784 to an input of an exclusive-OR gate 786. The Q output
764 of the D flip-flop 766 is connected by the line 762 to a second input of the
exclusive-OR gate 786. The output of the exclusive-OR gate 786 is connected
by a line 788 as a P2_Test input to the producer 604.

The exclusive-OR gate 712 and the D flip-flop 702 are connected together,

20 as discussed in relation to Figure 5a, to function as a bit register. Thus, when the
producer 602 generates a high pulse (a P1_Add) signal on the line 716, the Q
output 706 of the D flip-flop 702 changes logic states (i.e., toggles) from high to
low or low to high. The Q output 706 maintains its logic state continuously until
changed by a P1_Add signal generated by the producer 602.

26 | A similar bit register for the consumer 606 comprises the exclusive-OR
gate 750 and the D flip-flop 742. Accordingly, the Q output 740 of the D flip-
flop 742 represents a stable logic state and toggles its logic state each time the
consumer 606 generates a high pulse (a C1_Sub) signal on line 752.

Figure 7a represents a third such bit register for the producer 604. The
30 third bit register comprises the exclusive-OR gate 772 and the D flip-flop 766.
The logic state of the Q output 764 of the D flip-flop toggles each time the
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Not e that the exclusive-OR operation is indi.cated in the above

equati on Wwo 9721163 "[.err]" operator. If the result of PCRAISPEISERGt
equation is zero, then any data in the
al ready been read by the consuner 410 (the data are stale), and the

shared resource 402 has

producer 404 can wite new data to the shared resource 404. If 10 t he
result of the Pl _Test equation is one, howdver, then fresh data exist i

t he

shared resource 402 and the producer 404 may not wite new data

n

to the shared producer 604 generates adfigh pulse (a P2_Add) signahen dinec7Me avd e Qogi
I's used by the con r .41 -0l € |l e, the ,cons r 410 can
:iscgr t ai nyt he 9?@?@?8%1"1:@?2053'@@)( %%@qim&%m ﬁ@tet%@ es.
fol | ow uat i on: : - : |

ol owing equat i on: The fines 71, 738, Qhﬂsfgfopaglmﬁiglﬁﬂ@clﬁ%%m@egsﬁé%fﬂb

[err] P2 BitregtPl [err] C2
C Test equati oto the

t he
t he dat a.

sh

itreg[err

igure 5 is a logic diagramrepresenting |ogi

r]pPl

he

gis, statee of the: Qhoutputs %6; 740, and: T6d. sThe signals propagatsiour ce -

402 d the data,. ' dj d by,th 41Q. L, o
the of her® handon tgs 750,78 Bid 7675tk Fgfeent e Vabies ot Webtespecttive biraiivtess o |
Bf 81¢ prédutier G|9:_2,4t93 cafistinter §08, AfTthe PRodieBSE0E" AS UikciiR¥d Ml ™ ead
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whi ch al | ows orespestdduigure Sa, an indepéndent comparisonnef thernealunsr ofsbib sogisters t o
i ndependently test t status qf a 2 shared resource. The,shared

resource is noP“i%ﬁﬁ%*eﬁ Bﬁ"g"?t %ﬁs‘iﬁ’f‘s‘f’ﬂg allows mﬁﬂ&%r"“ﬁrﬁ?“ﬁ‘ﬂﬂ%‘umr
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Accordingly, the producer 602 can test the status of the shared resource
608 by exclusive-ORing ' the signals propagated by the lines 710 (i.e., the value
of its own bit register), 738 (i.e., the value of the bit register of the consumer
606), and 762 (i.e., the value of the bit register of the producer 604). It will be
understood that the value of the producer’s bit register, propagated by the line
710, is synchronous with the clock of the producer 602, P1_Clk. Thus, the value
of the bit register of the producer 602 is synchronously available to the producer
602. The signals propagated by the lines 738 and 762 (i.e., the respective values

- of the bit registers of the consumer 606 and of the producer 604) are, however,

asynchronous to P1_Clk. The signals propagated by the lines 738 and 762 must,
therefore, be synchronized with P1_Clk before being exclusive-ORed by the
producer 602.

~ As represented in Figure 7a, the signals propagated by the lines 738 and
762 are input to the respective synchronization clements 730 and 732. The lines
734 and 736 propagate respectively the logic states of the lines 738 and 762
synchronized with P1_Clk. The synchronized logic states propagated by lines
734 and 736 are exclusive-ORed by the exclusive-OR gate 724 (i.e., the bit
register values of the producer 604 and the consumer 606 are brought into the
clock domain of the producer 602 and compared).

-
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30 allows a consuner to indicate that it has read data froma shared
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testing logic conponent allows a consuner or a producer to test the status
of the shared resource. As represented in Figure 5a,
aTirst Dflip-flop 502 has a D input 504, -30- . Q ougput 5?6, aggoat
reset (R) input 508. The out put 506 |1s connecte y a I ne 0]
a fi rsE ?npuf of an ekh§ f%hegzs@l@swé) R grte 24ds propagatesk byhe libe 722 as

h 04. . A.seco d IJJput to
the o O PUL CrAD @I‘F%@X SRt 0K, Saterrdor Ortd ol rciaiated 1368 me il
signal gener at edalso input tob&xeaemhﬁiim@l{ gate S0, eFM‘lﬂ:Q4tl(er£b!ﬁ§véle E&% 20

out put 506 is connected by the line 510 to a first input oOf a
second excl usi vecorpages thesyaue pfstheohiy register efoproducer 60 textbe uesult offthgat e

o oot o8 e Copsfedd B g e bl IR 480 pRocoger 04 i BENCRBARIAE, 1,

a line 526 as a P1 TE‘]She outputt oftthe bkﬂuﬁvadlmgatemﬂ is gﬁ?ﬁ%aedb the line 726
synchroni zati on elenent 524 is connected by a |line irst cloc

(Pl _OK). a Pypkest sigaal. pThejogiq state) represented by dhe BY_Test signabd&esnines a
cl ock i nput 530 ﬁ&%&ﬁ%ﬁo&cé%@@ Y‘ﬁ%g}? tothF Pﬁ%d“g%f 602. I%Qhe pPu{.e fo

t he synchroni zation el ene I'S connec
signal is low (i.e., if the number of writes to the shared resource 608 is equal to

10 the number of reads from the shared resource 608), then the producer 602 may
write data to the shared resource 608. If, however, the P1_Test signal is high
(i.e., if the number of writes to the shared resource 608 is different from the
number of reads from the shared resource 608), then the producer 602 may not
write data to the shared resource 608.

15 As discussed in relation to Figure 5a, the timing relationship between the
P1_Add signal and the P1_Test signal is a substantial advantage of the present
invention. A P1_Add signal generated by the producer 602 will cause the logic
state of the P1_Test signal to be updated within one clock cycle of P1_Clk. The
immediate update of the P1_Test signal eliminates any window of time within

20 which the producer 602 is unable to detect the unavailability. of the shared
resource 608 caused by its own most recent write operation. As described above,
there is therefore no need to introduce a delay to prevent the producer 602 from
prematurely accessing the shared resource 608.

The producer 604 and the consumer 606 also perform independent

26 comparisons of the signals propagated by the lines 710, 738, and 762. The
producer 604 and the consumer 606 operate in synchronism with the same clock,
P2C1_CIk. The signals propagated by the lines 738 and 762 are synchronous to
P2C1_Clk and therefore do not need to be synchronized before being compared
by the producer 604 and the consumer 606. The signal propagated by the lin

30 710 (i.e, the value of the bit register of the producer 602), however, is



to a Qoutput 534 of a second D flip-flop 536. The D:filip-flop 536 has a
reset wo 9722{f88 i nput 537 and a D input 538. The D i‘nput PERUSA18ER6
flip-flop 536 is connected by a line 540 to an output of a third
excl usive-OR gate 542. The Q 20 output 534 of the D flip-flop 536 is
connected by the line 532 as a first input to t he excl usive-OR gate
542. A second input of the exclusive-OR gé’ﬁe 542 is connected by a
line 546 to receive a O _Sub signal froma consumer subsystem 406
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consunmer subsystem ﬁ@n@ouﬁm‘i%ﬁﬁi&%yhﬂﬁbﬁxz&tibntél&neﬂtd th%l 0 state
connected by a line 554 to the output of a synchrom zatlon 556. The
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el ement 556 i S produceM6DPH ted by the line 762 as another input to th
PCT/ US96/ 182267 prépdgited by other input to the excluswe-OR

connect ed by aghieri605 Thetaxclusive®R (gafa 16058s gpmpares therbit {ﬁgmtqspmlm ofthre
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the art and wi ldpud@ tHeCexclusive-OR gate 754. The value of the bit register of the consumer
10 606 is propagated by the line 738 as another input to the exclusive-OR gate 754.
The output of the exclusive-OR gate 754 is a C1_Test signal propagated by the
line 756.
The logic state represented by the C1_Test signal determines the
availability of the shared resource 608 to the consumer 606. If the Cl1_Test
15 signal is high (i.e., if the number of writes to the shared resource 608 is different
from the number of reads from the shared resource 608), then the consumer 606
can read from the shared resource 608. If the C1_Test signal is low, then the
consumer 606 cannot read from the shared resource 608.
The relationship between the P1_Add signal and the P1_Test signal
20 described above is also present between the C1_Sub signal and the CI_Test
signal. Because each C1_Sub signal will cause the C1_Test signal to be updated
within one cycle of the consumer’s 606 clock; P2C1_CIk, the consumer 606 will
not prematurely read from the shared resource 608.
The output of the synchronization element 778, representing the value of -
25 the bit register of the producer 604 synchronized to P2C1_CIk, is also propagated
by the line 780 as an input to the exclusive-OR gate 782. The value of the bit
register of the consumer 606 is propagated by the line 738 as another input to the
exclusive-OR gate 782. The exclusive-OR gate 782 thus compares the bit
register values of the producer 602 and the consumer 606. The output of the
30 exclusive-OR gate 782 is propagated by the line 784 as an input to the exclusive-
OR gate"786. The value of the bit register of the producer is propagated by the

. -



described in detail herein. Essentially, a Dflip-flpp has only one binary
i nput 5 W0 97/2il§hal and one binary output signal. - -The op@CaUSHHIS26 a D
ftip-flop is synchroni zed with an input clock signal. The binary
out put signal of a D flip- flop will assume the state (high or

| ow) of the binary input signal upon occurrence of  a specified
tfansition of a clock pul se. -37- As discussed above in relation
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the D input 504esfurdegod? flip-flop 502. On the arrival of the next positive

edge 25 transition generated by the producer subsystem s clock, P1_CKk,
the Q out put 506 As discussed habowef with- fespast 30 2Figureu 58S an detigé higlyi puist at e.
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available for writing.

Figure 7b is a logic diagram which, like Figure 7a, répresents logic
allowing two producer subsystems and one consumer subsystem to independently
test the status of a shared resource. The logic diagram in Figure 7b takes

20 advantage of a common clock shared by the second producer and the consumer
to reduce the logic required for the system. The shared resource is not shown in
Figure 7b. The two producer subsystems and the consumer subsystem are not
shown in their enfirety. Rather, Figure 7b represents only the components
comprising bit registers and testing logic components of the two producer
25 subsystems and the consumer subsystem.

The components in Figure 7b described by numbers 702 through 720 are
identical to the components described by the same numbers in Figure 7a and
therefore descriptions of these components will not be repeated.

A line 722 connects the output of a synchronization element 724 to an

30 input to fhe exclusive-OR gate 720. The output of the exclusive-OR gate 720 is

aP1_Test signal propagated by a line 726 as an input to the producer 602 (Figure



propagated by the line 510 as an input into the excl u31;ve OR gate 512. If
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Pl _Add signal is still high when the Q output signal 506 arrives at the
excl usive-’ OR gate 512, the output of the exclusive-OR gate 512
tenporarily assunes a | ow | ogi c sB8te. However, | t wll be
understood that by the tine the next positive ge transition
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(Figure 6) and propagated by a line 746. A second input of the exclusive-OR
10 gate 744 is a P2_Add signal generated by the consumer 604 (Figure 6) and
propagated by a line 748. An output of the exclusive-OR gate 740 is propagated
by a line 750 to the D input 736 of the D flip-flop 734.
A second clock (P2C1_CIk) is connected by a line 752 to the clock input
739 of the D flip-flop 734. The line 752 also commects P2C1 _Clk to a
15 synchronization element 754. An input of the synchronization element 754 is
connected by the line 710 to the Q output 706 of the D flip-flop 702. An output
of the synchronization element 754 is connected by a line 756 to an input of an
exclusive-OR gate 758. A second input of the exclusive-OR gate is connected
by the line 730 to the Q output 732 of the D flip-flop 734. An output of the
20 exclusive-OR gate 758 is a P2C1_Test signal propagated by a line 760.
A first bit register of Figure 7b used by the producer 602 comprises the
exclusive-OR gate 712 and the D flip-flop 702. However, the exclusive-OR gate
712 and the D flip-flop 702 function identically to the like numbered components
described in Figure 7a and therefore their description will not be repeated. Also,
26 the relationship between the P1_Add signal and the P1_Test signal in Figure 7b
is identical to the relationship between the same signals described in relation to
Figure 7a and a description of their operation will thus not be repeated.
Because the producer 604 and the consumer 606 operate in synchronism
with the same clock, P2C1_CIk, the logic comprising the respective bit register
30 functions can be simplified, as can the logic required to test the status of the
shared resource 608. Accordingly, a second bit register in Figure 7b is shared



the next positive transition generated by the producqr subsystem s cl ock,
P1 dKk, wo 9721160 e Q éut put 506 assunes the | ow | odi ¢ st aPETASIE/ 18220 -
i-nput 504. As descri bed above, the line 510 propagates the | ow
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10 such high pulse signal is propagated by the line 742.
The P2_Add signal and the C1_Sub signal are propagated as inputs to the
exclusive-OR gate 744 by the respective lines 748 and 746. It will be understood
that the output of the exclusive-OR gate 744 propagated by the line 742
represents the P2_Add signal generated by the producer 604 or the C1_Sub signal
15 generated by the consumer. When the P2_Add signal or the C1_Sub signal is
generated, the exclusive-OR gate 744 outputs such signal. It will be appreciated,
however, that when the P2_Add and the C1_Sub signal are generated at the same
time (i.e., arrive at the exclusive-OR gate 744 in the same clock cycle), the logic
state output by the exclusive-OR gate 744 will not change. Because the producer
20 604 and the consumer 606 are operating in the same clock domain and because
the second bit register can only be updated by either the producer 604 or the
consumer 606 but never both at any particular time, the producer 604 and the
consumer 606 can share a bit register as described.
The producer 604 and the consumer 606 also share a P2C1_Test signal
26 which determines the availability of the shared resource 608 for either writing or
reading. The P2CI_Test signal propagated by the line 760 represents a logic
state resulting from a comparison of the logic state of the first bit register and the
logic state of the second bit register. The logic state of the first bit register
represents a number of writes to the shared resource 608 initiated by the first
30 produce;_ 602. The logic state of the second bit register represents a number of
writes to the shared resource 608 initiated by the second producer 604 reduced



resource, the consumer generates an active high pulse.on the C _Sub signal
line WO 978#®3 The O Sub signal is propagated by tHe |iPET/Ba%/18%26an
input to the 5 exclusive-OR gate 542. It will be appreciated that,
because the Q output 534 of Dflip-flop 536 is propagated by the

| ine 532 as the second input into the excl usive-OR gate 542, the
active high d _Sub signal causes the exclUSive-OR gate 542 to
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The val ue of the producer's bit register is 25 represented by the | ogic

state of the Pis the #1264 Tesrrignabwhiel: is piopagatel byHbe line 760 asqun ipput toythei gnal
on the line 510 iS,input i c|l usive- gate 520. It wll be
under st ood thaﬁ""%‘%é’ﬁ‘gﬁ’&"ﬁﬁgﬂa{g ﬁiéeiémgﬁ"ﬂﬁra ‘s synchronous with the
producer's clock, PthéllbgicagtateClepridentt® By P28l TR Sipadl othus AebRphinds t he
producer generating a P1 Add signal propagates to the excl usive- CRMgate 520
15 whether the shared resource 608 is available to the second producer 604 for
writing and determines whether the shared resource 608 is available to the
consumer 606 for reading. When the P2C1_Test signal is low, the shared
resource 608 is available to the second producer 604 for writing but is
unavailable to the consumer 606 for reading. When the P2C1_Test signal is
20 high, the shared resource 608 is unavailable to the second producer 604 for

writing but is available to the consumer 606 for reading.

Figure 8 is a simplified block diagram representing a portion of a digital
system comprising a first prod_ucér subsystem 802 operating in synchronism with
_ a first clock (P1_CIk), a second producer subsystem 804 operating in
25 synchronism with a second clock (P2_Clk), a first consumer subsystem 806
operating in synchronism with a third clock (C1_CIk), and a second consumer
subsystem 808 operating in synchronism with a fourth clock (C2_Cik). All of
the clocks, P1_Clk, P2_Clk, C1_Clk, and C2_Clk are asynchronous with respect

to each other. . _
30 The first producer 802 comprises a testing logic component 812 and a bit
register 814. The second producer 804 comprises a testing logic component 816

i



30 wi thin one clock cycle of the producer's cloeck and will be stable
prior to twe97/21163 begi'nni ng of the next clock cycle gen®Cansdensz2éhe
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The val ue of the consuner's bit register, represented by the logic state
CrBitreg, is, however, asynchronous to the4producer's clock and nust,

t her ef ore, be synchroni zed. The O _Bitreg signal is thus propagated

by the |ine 532amb aabit reglster simpu'rhé cﬁrkmeomumhrsnﬂ zeimprisese hetebtirig 33gic
which is clocked by P1 gure 5b|saI0|c di agram

representing a Wﬁﬁ%@lt@érﬂ bit segister 822. The second; ansumer 808 compEiseB8a has

-a D input 582, An i nput
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output 584 is connecThel four sabkystimsﬁm 189042 866canxdd8(8 £Harepa fresvurcz9®1haTheg a
D I nput 592 a,Q out put 594, 1agd a clock input 595. The Q out put
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al so connects tiesouree $¢0. Thedit teglstdne 8¢4,0818, 822, and 826 pati rei%eﬂfa vhlae vFcond
586 16 the D i B Re. Ehchof thesubsystires SObokrh 808 EEBEY sarcrrad dbe velued by
the Target _C K, of O Reithd Bit thdiflersH14C 8148 922, and 826. Because the four subs'ystems
10 802, 804, 806, and 808 operate in mutually asynchronous clock domains, it will
be understood that the value of each of the bit registers 814, 818, 822, and 826
must be synchronized with each asynchronous clock.

Accordingly, Figure 8 represents, for example, the propagation of the
value of the bit register 822 of the first consumer 806, the value of the bit

15 register 826 of the second consumer 808, and the value of the bit register 818 of
the second producer 804 into a set of three synchronization elements 830 clocked
by P1_CIk. The synchronized values of the bit registers 822, 826, and 818 are
propagated into the testing logic component 812 of the first producer 802. Thus,
the values of the bit registers 814, 818, 822, and 826 are available to the first

20 producer 802.

Similarly, a set of three synchronization elements 832 clocked by P2_Clk
synchronize the value of the bit registers 814, 822, and 826, thus making such
values available to the second producer 804. Also, a set of three synchronization
elements 834 clocked by C1_Clk synchronize the value of the bit registers 814,

26 818, and 826, thereby making such values available to the first consumer.
Likewise, a set of three synchronization elements 836 clocked by C2_Clk
synchronize the value of the bit registers 814, 818, and 822, making these values
available to the second consumer.

As described above, a producer or consumer can determine the status of

30 a shared resource by exclusive-ORing the values of the respective bit registers of
each of the subsystems. Thus, the first producer 802 exclusive-ORs the values
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causes the Q output 594 to assune the logic state carried by line
588. The line 596 propagates the Q output 20 594 as the Qutput signal,
which is the logic state of the Input sigM@ synchronized to
Target _Cl k. The synchroni zation el enment represented in Figure 5b is only
one ex afifdach OSf thegbit repisters \B14] 818,822, andifP6al I@éhnalresuhdof isuch

Stcond ol ock wAKdRsiveORiye inemotien Sale Jais Gl i Hiatredctoscinte 410 sad the' °
Wth respect t?’%{ﬂ&@ﬁ%ggt&ﬁ %ﬁfﬁh&tﬁ%zﬁ&' E&e%ﬁme B87d. It Gif Rdothkr

t he producer's synchroni zes t Bitreg signal wth the
producer's cl obtknd,Tihe mstﬂcbfcsuclzeﬂclﬁtwaﬂl?mg isi zprey| thes fiash pdatp exist i!ythche

| 522 to the i h I OR 2 Th t f
the excl usi ve-mec?reso%réegﬁié a3 ol ish oo 3, 0o Qe 19npe, BFed °
signal, P1_Tesy eéo}ﬁ%%t 3107 Th@%ﬁc \i:g%ulred t%téﬁtethefavﬁ’ﬂabﬁ'it&réﬂthbssh%ﬂ%&ﬂcé he

| ogi c state of he nunb of wites to the
shar ed resour c8104s #itpstrateti byt the equatien: of reads fromthe shared WO
97/ 21163
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;ﬁsggggeg . then perlqal p1SBifeg @ PXBittestP1 & COVBiRETPT @ T2 Bitregten
10
If the result of the P1_Test equation is zero, then any data in the shared resource
810 has already been read by a consumer (the data are stale), and the first
producer 802 can write new data to the shared resource 810. If the result of the
P1_Test equation is one, however, then fresh data exist in the shared resource
15 ~ 810 and fhe first producer 802 many not write new data to the shared resource
810.
The same testing logic is used by a consumer in Figure 8. For example,
the first consumer 806 can ascertain the status of the shared resource 810
according to the following equation:
20
C1_Test = Cl_Bitreg ® P1_BitregTP1 & P2_Bitreg!P1 @ C2_BitregTP1

If the result of the C1_Test equation is one, then fresh data exist in the shared
resource 810 and the data can be immediately read by the first consumer 806.
25 If, on the other hand, the result of the C1_Test equation is zero, then the data in
the shared resource 810 are stale and the first consumer 806 may not read the
data. Similar testing logic is provided for the second producer 804 and for the

second consumer 808.
Figure 9 is a logic diagram representing logic which allows two producer
30 subsystems and two consumer subsystems, operating in asynchronous clock
domains, to independently test the status of a shared resource. The shared



| ow, the shared resource 402 (Figure 4) is availablejto the producer 404 to
wite WO 97/21368 dat ai../On the ot her hand, when P1_Test i sPGTYR9¢/18226
when the nunber of wites to the shared resource is not equal to

t he nunber of reads fromthe shared 6 resource), the shared resource
I's not available to the producer for witin A significant
advant age of the present invention results ftomthe fact that . t he
val ue of the producer's bit_ register, Bitre%éeei S generated and is

Pl
avai | abl e respurce jawagtishowa in Kigure O Euphers thestwosprodueex subsystems. andsthe
such, after the 0 Ldi S AVAREE t
shared resource §§P ggﬁ%‘?{iﬁ%’%tﬂ{%a’gﬂ%ﬁh&mé?gdﬁ%’*] oﬁwl’d{'ne %?ﬁﬁ'é% §
producer is i mreffiughrgtey oflgithé lopic Whidhhfaciliefés the itlegister componéiits 366 testihgat

t he shared resource is no longer available. It _wll be appreciated
that the present logis/eompansnty deserihedcgenerally in relation de Fighre 8. not initiate a

premat ur e Wi e Js . t age ly,
avoi ds t he ®need to i ﬁBPﬁi:i g‘%@‘%%u@@“@“ﬁ%%?&“fﬁ?%ﬁ%@@%’ g?@ﬁ’é@%’ gﬁit he
fact that, afterclockedosipe®l_Clkydad B5P1_Addosifnal Shputyto ahe firse vegistel by the firsfdd)
indicating that it has initiated a wiit . operation to the shared

resource, the P1PHueesP03; _d?milqdnmexia&t&swfdbaa?@non% of such a bibregister, as
signal to show u%ﬁ%'tﬁ@bﬁér&dqg?éﬁ %\%?i a?ﬂﬁ’ stéteﬁﬁ}értfe%ngﬁo‘;iﬁﬁ éﬁ({r\é mmm

cl ock cycle. ogiCrepresented In

a consuner to tewill hbicbesiepeated. 2A P1_Bitvég sigadlaepdsentss therlogic sidie of teUlrspbitt he
consuner's bit register, C _Bitreg, .is. . Sénchronousl y available to
the consurd®r on Fegistar; nEhusgthe Yalyp.of the bit register efthe first produesr 862 (Figpre &)i c

state as an inpujg Qﬁe@ﬁgﬁs?g_g‘g@g@ ; 550. The val ue of the

producer's bit register, , nchronous to the consuner's clock
and . i s conseqAesedond) rthivd, iand ofduinth $jtn cépister, zrespertivellyp noontprise 6 an The
consuner o ol ockexebasive-RR EaieIo06 and 5 D Tip-ep SR clovket by LG raemclysivee g
= P PR, DYORgyb i i Db forPOE7 Bt by o ¢} ! o8 af i O
the line 582 is gite Xdsdndsa Pnflip-flbp €16.clovked byl a T2 Clk. s Thegdecénd bit, registen
the further comprises a P2_Add signal input to the second bit register by the second
producer 804. The third bit register further comprises a C1_Sub signal input to
the third bit register by the first consumer 806. Also, the fourth bit register
further comprises a C2_Sub signal input to the fourth bit register by the second
20 consumer 808. The logic states of the second, third, and fourth bit registers are
respectively represented by a P2_Bitreg signal, a Cl_Bitreg signal, and a
C2_Bitreg signal. The values of the respective bit registers of the second
producer 804, the first consumer 806, and the second consumer 808 are thus
respectively represented by the P2_Bitreg signal, the Cl1_Bitreg signal, and the
26 C2_Bitreg signal.
The first, second, third and fourth bit registers operate in mutually
exclusive clock domains. Therefore, the values of the bit registers, P1_Bitreg,
P2_Bitreg, C1_Bitreg and C2_Bitreg must be synchronized to each asynchronous
clock to make such values available to each of the producer and consumer

30 subsystems.



nunber of wites to the shared resource 402 is dlfferept fromthe nunber of
reads 30 wo97eméshe shared resource 402), the consuner: canPtE’HHsDGFlsmnthe
shared resource 402. On the other hand, when O test is low, (i.
when the nunber of wites to the VO 97/ 21163
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shared resource 402 is equal to the nunbeddef reads fromthe shared
resource), t he consunmer cannot read fromthe shared resource 402.

The advant ages descmcbadu@pvﬁlmbyrepfesmtim lihe 9¢8 nropayatifig hy F1eBitreg
When the consuner generates a d Su%{%e i ndi cat | n%ct hat it has
initiated a 5Signal asan PR t9:3 sync R seisment 22918 keds fo PanElk, sty

(within one cl Pl?éde?x | onger
avai | abl e for ?@hﬁﬁgs 1%&@(&)%03”%1%@ S2E R ere pr eveﬁlpe’ép (r)tgm

premat urely r esylichrprization elemeeiit 924 aiocked PLZ2_6Clid Agmel926 similarly propsgated ay -

I S needed. A . reset,signal (not shown) connect edpto t he

reset (RP i nputhe %@mﬁéﬂ%l as anyinpy @rr'émslma@amn iedpment 28 ¢loekedeto s

bit register, ’?@ﬁ ' '
ClBitreg, to bgi'set to a %swcstate Eﬂgﬁige@e OLkédegy%l-%amq ity
i s useful, forasxaimput, tovihsynchronyzatiom eiemq:ntl 3nclockeddby €2 SO S s @Eline

2Eghconsumer sgi)’fé%gms Iﬁlﬁﬁﬂwjﬂﬁg%ﬁ‘g%ﬁ”ed Ia%}%\np |1 be, unedlgtgstood ';rgjat
restores an ingbkidd by P1_Clk, as an input to a synchronization element 938 clocked to
10 P2_Clk, and as an input to a synchronization element 940 clocked by C2_Clk.
Likewise, a line 942 propagates the C2 Bitreg signal as an imput to a
synchronization element 944 clocked to P1_CIk, as an input to a synchronization

(Y

element 946 clocked by P2_CIk, and as an input to a synchronization element
948 clocked by C1_Clk.

16 As described above in relation to Figure 8, the status of the shared
resource can be ascertained by exclusive-ORing the values of the bit registers of
each of the producer and consumer subsystems. Figure 9 thus represents, for
example, the P1_Bitreg signal being propagated by the line 918 an input to an
exclusive-OR gate 950. A line 952 pmpagates the C1_Bitreg signal synchronous

20 to P1_Clk as a second input to the exclusive-OR gate 950. A line 954 propagates
the C2_Bitreg signal synchronous to P1_Clk as a first input to an exclusive-OR
gate 956. A line 958 propagates the P2_Bitreg signal synchronous to P1_CIk as
a second input to the exclusive-OR - gate 956. An output of the exclusive-OR gate
950 is propagated by the line 960 as an input to an exclusive-OR gate 964. An

25 output of the exclusive-OR gate 956 is propagated by the line 962 as a second
input to the exclusive-OR gate 964. An output of the exclusive-OR gate 964 is
a P1_Test signal propagated by the line 966 as an input to the first producer 802.

Exclusive-ORing the values of the bit registers, P1_Bitreg, P2_Bitreg,
C1_Bitreg, and C2_Bitreg is thus accomplished by the exclusive-OR gates 950,

30 956, and 964. The result of the such exclusive-ORing is the P1_Test signal

| propagated by the line 966. The value of the P1_Test signal determines whether



15 condition of a shared resource being available for witing.

Figure 6 WO/2163pl i fi &d’ bl ock di agram representing a por tPCTUSH6/1822d1 gi t al
"system conprising a first producer subsystem 602 operating in synchronism
W th a first clock (P1_C k), a second producer subsystem 604
operating in synchronismwi th a second clock (P2C1_CO k), and a
‘consuner subsystem 606 20 operating i#synchronism wth the second
clock P2C1_dk. Pl _dk is : asynchronous w t-h P2Cl1_d k

The first pr odﬂmeshmzresmn’pc 83@ds availablei tnghé ﬁgstmroducpnﬁ&fmfoxﬁ\izﬁhﬂgld Ifithei t

| gigl ster 612. Ffe,rﬁ?cond ?dUC@rquger é ri,ses g%estl :Igeglgﬁgg?tggﬁlgent
logic CO”ponenEha%:d resouﬁﬂeSSPG‘d 1B héweveRdtit P Fegp- SIEFﬁle is hxéhr then the' Bist! hr ce

subsystenms 602, 604, and 606 share a resour ce~ 608
| ogi ¢ corrponenpmthw 80| eannghwrigel Bewi|datantor the shasdercmm 81(bsyst ens 602,

Fesour ce %08, " Each 1t will be UEREIAL tpaf the prlaionip %l?eiw%ﬁéi‘fa&&a&?% iié‘srted
represent a valuriBéd d6dve i presdift-befdeh P':IOAdd an@'P1! PEst 2
and 606 can read the value of each of th& bit redis ers
and 620. 20 Dt 35 tassay that each P1_Add s1gnal generated by the first producer 802
PCT/ US96/ 18226updates P1_Test within one clock cycle of the first producer’s clock, Pl__Clk.
The first producer, notified immediately by the P1_Test signal that the shared
10 resource 810 has become unavailable, will be prevented from prematurely
accessing the shared resource 810. A similar relationship is present with respect
to P2_Add and P2_Test, with respect to C1_Sub and CI_Test, and with respect
to C2_Sub and C2_Test.
The structures and operations of the P2_Test circuit, the C1_Test circuit,
156 and the C2_Test circuit in Figure 9 are analogoﬁs to the structure and operation
of the P1_Test circuit and they will not be discussed in detail herein.
The present invention is directed to digital systems having any number of
producer subsystems or consumer subsystems. It will be appreciated that when
a resource is shared by two or more producer subsystems or two or more
20 consumer subsystems, an arbiter element is needed to prevent two or more
| producer subsystems from simultaneously writing to a shared resource, or to
prevent two or more consumer subsystems from simultaneously' reading from a
shared resource. Such uncontrolled simultaneous accesses to shared resources are
known as race conditions.
25 The basic functions of an arbiter are 1) receiving requests for a resource;
2) receiving releases of a resource; 3) arbitrating between all requesters of a
resource; and 4) granting a resource to one of the requesters. By using these
functions to regulate access to a resource, an arbiter can avoid race conditions.
Many such arbiter elements are known, and the present invention is not directed
30 to specific arbiter elements.



The value of the bit register 612 of the first producer 602 is asynchronous
wth P2CL_, Mifgsmust therefore be synchronized wt h-P2C1l_eck/ussé/1a2es t he
second producer 604 and the consumer 606 can perform conpari sons using the
value of the bit register 612. Figure 6 thus represents the value of the
bit register 5 612 being propagated into synchroni zation el enents

cl ocked by P2Cl _Cd k before bei ng pre¢mgated ultimtely into the
testing | ogic conmponents 614 and 618 of the second producer 604 and

t he consumer 620 respegéwaryanother advantage of thepresehtinventiérhis apprasctated whes
bit registers 616 of the second tﬁr oducer 604 ., .and the value of the
bit register 620 anf enthodisesnt uefrtheopresent nYeRion Jr¥elyes) two 1y more rprodyger

and nust be synchrpni zed w P Lot or . can:
use the val ues i rf% § 85&‘29 ok_c'%)#ré [ %%& %H%tgﬁ% ?@p@gggﬁ%@ﬁag @gftﬁrés
of the bitragitidhslt Bethodsl foraletrmifing thengatns of aghired résourre involve using

synchroni zati on el enents cl ocked ..by P1L Ak bhefore finally bejng
propagat ed bnto taesmapbeterlg TEprgRcht @B F¥eilbl onutavailable statyg; Under the traditional

producer 602. 15 [ s QS Oémgap t Al
stal e data exi st Ipﬁh??feeagﬂaﬁg’w &éhr%;sour%go 20 y é%@ usi@fgf‘fﬁl@%h@he
val ue of the bit v 6f @& séhéplidre. Ia sgstensdnvolving multiplecsioskr ddifidins, tibwill deue

of the bit register 620 of the consuger 606, g;]eg t he_val ue of ié];
own bit register appeeciated thatpcesssingsthocvalye of thesemaphore ag wellogs updating thee

testing logic co neng 0 f A S ﬁi”z?ﬁ&z t LAS I:Fsg;r%tems
obt ai ned by 20 rWa?%equ @%cf%éﬁ/@%eﬁg ?g&g%, en dsétlil e? atag gé(l s1n
the shared pesourgrfiftg asynchronousrtd thérgerhaphote. pSochidelayscainplivate/thietdesiga tof

to the shared resource 608. If, on the ot her hand, the result of
such excl usi ve- ORMPbBPer ation is one, then fresh data - occupy the

shared resource 608, a - ?E.QE gL &m%s%&n ' n i ill
data to the shared res‘ggt?%%?g@é{.e? & r&g' Li kew se\,%ltb%%d’sgl)(‘:vglﬁbéterm
producer 604 can ks @raifiacsdss 16 thérssbice tth anether esljuester. Howeven if, dhec&8 ofs

avai l able for witing by exclusive-ORi n%ét he val ues of the t

"
bit registers 61cynghronizatien delrys, {hanswiy, granted regueter W%&%ég?"tcﬁép upfate -
producer 15 to the semaphore indicating umavailability of the resource, the newly granted

requester will have access to the resource (as granted by the arbiter) but will
access the resource prematurely (e.g., a producer will write data to a resource
which already contains fresh data or a consumer will read data that has already
been read). To correct such premature accesses, arbiters are traditionally
20 designed with built<in delays equal to or longer than the worst-case
synchronization delay required to allow the slowest-clocked subsystem to detect
semaphore updates. |
When the present invention is used to determine the status of a shared
resource, the traditional need for a common -§emaphore to represent the status of
25 the shared resource is eliminated. In accordance with the present invention, each
producer or consumer sends an update signal directly to every other producer and
consumer, Thus, only one synchronization operation is required to allow any
producer or consumer to detect an update to the status of a shared resource. As
demonstrated below in Figures 10a, 10b, and 10c, the fact that the maximum
30 update delay to any producer or consumer is equivalent to a single
synchronization operation eliminates the need to infroduce built-in delays in the



604 can wite to the shared resource 608 while a one result indicates that
t he pfodgser 604 may not wite to the shared resoupcCeu8fsis280

Avai | abi I|ty of the shared resource 608 is determned in nuch the sane
manner by the consumer 606. The testing |ogic conponent 618 of the consuner
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606 exclusive-ORs the value of the three bit registers 616, 620, and 612.

If the . desat of &f arbher. Pt the degraution iamprocesting speeddauskdttey shating i n
t he shared resource 608, and the consuner 606 .may read fromthe
shared resource. respurcet apg pebitingtheg access to questlﬁwm&/ of the

I COR |.e
cacl e ve O 15 zer o, ihe 164 Coaler ok GRnbASUBHRRY o oo gt SSRHE°
To illustrate theyst@ﬁtdoﬁ@nkmgla:ﬁrst\prb&mdr 1002 opératihg ﬁn@ylmlﬁbmﬁﬁZWIthra first

ascertain the status of the shared resource 608 according to the
f ol | owi ng équat i élQCk, P1_CIk, a second producer 1004-qpergting in synchyopjsey with s secppd

Bitreg[err]Pl r r 1fb u
the P1_Test equa{; C?‘%s—l%;ﬁé'r 0, t‘;ﬁedrrlﬁgeﬁy %P%n%hgl ?ﬁlglrughj sa Vit @ "bdof
clock, P2_Clk.
A line 1008 propagates a BUS_Release signal generated by the first producer

1002 as an input to a synchronization element 1010 clocked by P2 Clk. The

10 output of the synchronization element 1010 is propagated as an input to the
arbiter 1006. A line 1012 propagates a BUS_Grant signal generated by the
arbiter 1006 as an input to the second producer 1004. A line 1014 propagates a
P1_Bitreg signal generated by the first producer 1002 as an input to a
synchronization element 1016 clocked by P2 Clkk. An output of the
15 synchronization element 1016 is propagated by a line 1018 as an input to the
second producer 1004. A line 1020 connects the second clock, P2_CIk, to the
synchronization element 1010, to the synchronization element 1016, to the arbiter
1006, and to the second producer 1004.
The first producer 1002 updates the P1_Bifreg signal upon initiating a
20 write operation to a shared resource (not shown). The P1_Bitreg signal is
' synchronous with the clock, P1_CIk, of the first producer. As described above,
to determine the status of a shared resource under the present invention, the
second producer 1004 must be able to read the logic state of the P1_Bitreg signal
to compare it to the logic state of its own bit register. The logic state of the -
25 P1_Bitreg signal is thus synchronized with P2 Clk by the synchronization
element 1016, and the synchronized P1_Bitreg signal is propagated by the line
1018 to the second producer 1004.
When the first producer 1002 initiates a write to a shared resource, the
first producer also generates the BUS_Release signal propagated by the line 1008
30 as an input to the synchronization element 1010. Because the arbiter is operating
in synchronism with the second clock, P2_CIk, the BUS_Release signal must be



resource 608 has already been read by the consuner 606; and the first
producer waoo7p1163602 can wite new data to the shared reseroress®aszs! f,

however, the result of the Pl _Test equation is one, fresh data
exists in the shared resource 608 and the first 15 producer 602 may not
wite new data to the shared resource 608. Simlar testing

|l ogic is used by the consuner 606. The cons«#8r 606 can ascertain -~

the status of the shared resource 608 according to the foll ow ng

equat i on: 20 chronized with P2_Clk béfopé the &rbitéli 100850caneretdive the BUS_Release
Pl_Bitreg[err]P2C [err] P2 Bitre If the result of the

C _Test equat i onsigBalone The hewiput é%h the tsynebeonization t¢lement 1010 reprgsenty the

resource 608 and | of . ,

11 hovever . ¢ neBcHitadl SRR GpbiiERGed Wil/ed €5 The bRRsFRIRATRS RBicase,
the shared 25  sighsls i pecpagited adsc antinpat tondhé laebite@nH006er HeiMng aceivid taad
t he dat a. Fi,gure 7a i.s a | ogic diagramrepresenting | ogic
which al |l ovs t woBSSaRglease SIgnal,-thesaﬂ%%tl@Rg eERPNgs by ganerating s t o

osour ce 1's. hot - g n SRR raling acpes tp 108 BBl AR & tme' S5kl Bt

subsystens and t @04 0nBecaise sthes BUS: Grante sipnbl 6 aynchronéuse iwitle B2 Oty it &

Figure 7a illustrates only conponents which facilitate the bit register and
testing propggated @6 an Japyt o the) sepond mredueer 4004 ation to Figure
6. Figure 10a shows that when an arbiter 1006 is operating in synchronism

10 with one producer subsystem, and when the present invention is used to

determine the status of a shared resource, no built-in delay is required to be
introduced into the arbiter 1006 to ensure proper arbiter timing. The second
producer 1004 is notified of any change to the status of the shared resource
caused by the first producer 1002 as soon as the P1_Bitreg signal is synchronized
16 with P2_Clk by the synchronization element 1016. At least the same amount of
time is taken for the BUS_Release signal to be synchronized with P2_Clk and
propagated to the arbiter 1006, and for the arbiter 1006 to responsively generate
the BUS_Grant signal propagated to the second producer 1004. It will thus be
appreciated that the arbiter 1006 cannot detect the BUS_Release signal of the first
20 producer 1002 and also grant the bus to the second producer 1004 by a
BUS_Grant signal before the second producer 1004 can detect the updated
P1_Bitreg signal of the first producer 1002. There is therefore no possibility of
a race condition, despite the fact that no built-in delay is introduced to slow the
arbiter 1006. '
25 Figure 10b is a simplified block diagram representing the same
components as represented in Figure 10a. In Figure 10b, however, the arbiter
1006 is operating in synchronism with the first producer 1002. The arbiter 1006
can therefore receive the BUS_Release signal directly from the first producer
1002 with no synchronization. Yet, because the second producer 1004 is
30 asynchronous to the arbiter 1006, the BUS_Grant signal generated by the arbiter
1006 must be synchronized with P2_Clk before the second producer 1004 will
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.Rigure 7a represents a f| rst Dflip-flop 702 having a D input 704, a Q
out put 706, and a reset (R) input 708. The Q output 706 is connected by a

l'i ne 710 to a first input of an exclusive-OR gate 712. The
-excl usive-OR gate 712 has : an out put4®onnected by a line 714 to the
D input 704. A second input to the 6 exclusive-OR gate 712 is

connected by a | j&ect A6 BUS_Gritit_sighal. s iAgvads tyreneith resgect to Figure 0 t the arbiter
producer subsystem 602 (Figure 6). _The Q outpu con ect
" line 710 as a fi #€Q6 cansot d@@ctat@m"é??é?@é&?ie é%‘egﬁ’fsé CeI (g(gg%‘ﬁijgf‘hput

to the ex Gridf t
out put of an g&w%xc‘l‘uswe-&z’gﬁlpmyg%mﬂ%# ggtdggtusﬁf theg clﬁgﬁe@&

‘gate 720.is conngbad frpdider 1004acd wdete? theasipdatdd Pl Bitregmignal oft the first
‘producer subsystem .602. The D flip-flop 702 has a clock input 719
which is ccﬁnnectE@dB(]efa 002ne 728 to a first clock (P1L_AdKk). The

clock P1_Qk is also E‘fg[ﬁg%gbcefkgp%éeﬁtg%é %% fenfé described 1&F1 s 10a and

synchroni zation el enen 0 anot roni zat1 on nt 732. An
out put of the syngthyr  that rthe | arbitert IG(EOH eperahmgan@nchronsim mith7 8 4cleck, one

i nput 15 to the exc usj ve ate 72 chr i zati o
elenent 732 is ACLk, o‘ﬁn%%’fcéﬂ'g%‘}}’sa Ab%ﬁn%&@g i gﬁt 'i‘ o he
excl usive-OR gat g ﬁ)ggy,ﬁﬁgtr

el ement 730 is cor%sze-c easabis/lgnal]genera?eg bf‘ﬁle‘ﬁﬂt'br fucérh Q out put 740 of a

flip-flop 442. Th&thDAfCHqObéﬁotquﬁbimleO@amql&tecthUS Release asrgnala wésqat

R i t 746. The D Fl fl 42 h | ock t
go)nn:agltogd to a sk g‘@ﬁﬁeé};egé!b"ggﬂé)géf %syn%co&o% IH‘?&? sepﬂg Iﬂr? B‘E 19@% the
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one input to theP2 Clk before the second producer 1004 can detect the BUS_Grant signal. Thus,
because both the BUS_Release signal propagated to the arbiter 1006 as well as

15 the BUS_Grant signal generated by the arbiter 1006 must be synchronized, it is
not possible for the arbiter 1006 to detect the BUS_Release signal of the first
producer 1002 and also grant the bus to the second -producer 1004 by a
BUS_Grant signal before the second producer 1004 can detect the updated
P1_Bitreg signal of the first producer 1002.

20 Figures 10a, 10b and 10c demonstrate that, regardless of the clock domain
selected for an arbiter, the present invention avoids any need to interpose any
additional delay to or from an arbiter to prevent race conditions.

Figure 11 is a simplified block diagram representing a first producer 1102
operating in synchronism with a first clock, P1_Clk, a second producer 1104

25 operating in synchronism with a second clock, P2 Clk, a first arbiter 1106
operating in synchronism with P1_Clk, a consumer 1108 operating in
synchronism with a fourth clock, C1_CIk, and a second arbiter 1109 operating
in synchronism with C1_Clk.

The three clocks, P1_CIk, P2_CIk, and C1_CIk are mutually asynchronous.

30 A line 1110 propagates a P1_Request signal generated by the first

producer 1102 as an input to the first arbiter 1106. A line 1112 propagates a



excl usive-OR gate 750. A second input to the exclusive-OR gate i s connected
by a line wodn91a C Sub signal generated by the consur’her 6PET/AUBY6Is TS ©) -
The 25 Q output 740 of the D flipflop 742 is connected by the Iine 738
as an input to an exclusive-OR gate 754. An output of the

excl usive-OR gate 754 is connected by a line 756 to the consuner
606. A second input of the exclusive-OR gat e5(F54 I s connected by a
line 758 to an out put of an exclusive-OR gate 760. An input to the
excl usi ve- OR gat d’l?(ﬁh'antssngnaingexteutedbybyat}ia ﬁsst7ﬁ31té101a06?dﬁuitpliﬁ wfbtd e &rst30

Dflip-flo 766 Th D fl hasaD ut 768 andareset (R
|nputp P lhbﬁ't X‘R?Hg?é Leﬁ‘ﬂdeﬂ%@rgenmd by the first

connected by the _
BCT/ US98/ 18226 ﬂrb&f‘ce?%OZ as an\iﬂtﬁ%%lﬂz@fgblt register 1116. A line 1118, propagates a
to the Q out put MBiﬂ’d:ga signah gerieratéd hiysthe cfivst bitadgister A 1188 Ay thpuf 18 first
out put an excl usive- CRq out put 764 is connected

772. The
by the 1ine®762 égstmg ogic companet, (ﬁ@ A optpt of ithe: fiet tgsting lozic cdknpmimt
i nput to the excl V; g | 0 ne 74
P2_Add si gnal genlgrggté ;} 'géfec%mé propa7g5?ed ﬁ%&ugggclégg %F?ISLII t7h
The D flip-flop m&dttcaslaOZ:I ock input 775 V\/m ch is connected to the

second cl ock, P2C1_C E'E!‘ a i Be 776 A's h'Eronl zation_elenent 778 is
al so - connect %i}“ Hd1 $ ieg: |sigmel asoam) input . toAn,

i nput to synchronization element 1124 clocked by P2 Clk. An output of the

10 synchronization element 1124 is propagated as an input to-a second testing logic'

component 1126. The line 1118 further propagates the P1_Bitreg signal as an

" input to a synchronization element 1128 clocked by C1_CIk. An output of the

synchronization element 1128 is propagated as an input to a third testing logic

component 1130.

15 A line 1134 propagates a P2 Request signal generated by the second

producer 1104 as an input to a synchronization element 1136 clocked by P1_CIk.

An output of the synchronization element 1136 is propagated as an input to the

first arbiter 1106. A P2_Grant signal generated by the first arbiter 1106 is

propagated by a line 1138 as an input to a synchronization element 1140 clocked

20 -~ by P2 Clkk. A P2 _Add signal generated by the second producer 1104 is

propagated by a line 1142 to a second bit register 1144. A P2_Bitreg signal is

generated by the second bit register 1144 and propagated by a line 1146 to the

second testing logic component 1126. The second testing logic component 1126

generates a P2_Test signal propagated by a line 1148 as an input to the second

25 producer 1104. The line 1146 propagates the P2_Bitreg signal as an input to a

synchronization element 1150 clocked by P1_Clk. An output of the

synchronization element 1150 is propagated as an input to the first testing logic

component 1120. The line 1146 also propagates the P2_Bitreg signal as an input

to a synchronization element 1152 clocked by C1_Clk. An output of the

30 synchronization element 1152 is propagated as an input to the third testing logic
component 1130. '

- -



synchroni zation elenent .778 is connected by line 710-to the Q output 706 of
the 10 WofrRtes| op 702. An out put of synchroni zation el AGIAISIHEER26|
connected by a line 780 to an input of the exclusive-OR gate 760.
The out put of synchronization element 778 is al so connected by the
line 780 to anot her exclusive-OR gate 782. The Q out put 740 of the
Dflip-flop 742 is connected by the |ine 738335 a second Il nput to
the exclusive-OR gate 782. The output of the exclusive-OR gate 782 is 15
connected by a |ine 784 tige 4454 pranagaies aCh.Request \signakgenarated &y, the isonsgmer

out put 7 f AR 6. n t y. the Jine 762 to
a second i nput of qtliﬂge)astag%l;&t tbélgec%éﬁ/gﬁc\l/é& ?ﬁ}gzli %)‘ %gs&%qg %‘quitmgfgepﬂétes
excl usi ve- OR gat e a8B Grantcsipndl Qir6shgated by a 1inB)1156 lak a8 ifSiS t8 Ihélcdiduhes 1108.
i nput to the producer 604. The excl usive-OR gate 712 and

the D flip-flop 703hesgonswnsngsnewtesibds Sub signy propagatedqbysa lingdd S8 s malinputon

to Figure 5 to ' . | f1<hETH : : . . .

pr oducer 6025 gene&gggyrg%%ﬁﬁﬁ%lggb'( %%&ﬁ?@sﬁﬁ{‘&%ﬁ}ﬁ@ Hlﬁgl%?lg?ﬂe
Q out put préjfagated tbyea Ehd 1162 & apinpiPtocthe nkied tdstigg logié aéxﬁgodeht 2130.
toggles) fromhigh to_, | ow or low to high. The out put 706

maintains its | ogiidedhird destivg: logicipmmpongpf; generates a C1_Teplasigaal nropagated byia

si gnal generated t Sj{E,l ar bit reqigter
for the consuner %8 lgg‘r‘rp%%%ges thtgqéig ué’f’%-l&& The lﬁe h?gtags‘)?%’pﬁ?ggﬁﬁ?g D
flip-flop 742. Ac@lr Bithegl ¥ignilhas @oinpitito a4&mehrohbatiéh féléent 1166 clockdd &F
742 represents a stable logic staté and toggles its logic state each tine

t he 10 cons Bletlks 0 dy enprt of dhey Sm%ﬁ%é ¢lement 516 issprgpagatesh as iane

752. : | BN e e | 1 o] | [ . 1the
producer 604. The %pdl tH g#h@?%é%@o{og%i% rO%%%lrzﬁé:%h%t e g?%&ﬁ%ﬁ%}ré?%&%?%e
772 and the D fli thd CopBiffeg.signal as an infitetol gynchidhiration feldnieat @168 clucked 64

of the D flip-flop.toggles each tine the
P %Z_Cﬂg An output of the synchronization element 1168 is propagated as an

input to the second testing logic component 1126.

15 A line 1170 connects P1_Clk to the first producer 1102, to the first arbiter
1106, and to the synchronization elements 1136, 1150, and 1166. A line 1172
comnects P2_Clk to the second producer 1104 and to the synchronization.
elements 1140, 1124, and 1168. A line 1174 connects C1_CIk to the consumer
1108, to the second arbiter 1109, and to the synchronization elements 1128 and

20 1152.

Figure 12 is a timing diagram representing timing relationships between
certain signals generated by the components described in Figure 11. Figure 12
comprises signals generated in synchronism with the three clocks, P1_CIk,
P2 Clk and C1_Clk over a time interval (f). The P1_CIk signal 1202 represents

25 the logic state transitions generated by P1_Clk during the time interval t. The
P2_Clk signal 1204 represents the logic state transitions generated by P2_Clk
during the time interval t. Likewise, the C1_Clk signal 1206 represents the logic
state transitions generated by C1_Clk during the time interval t. It will be
appreciated that the P2_Clk genecrates fewer transitions during the time interval

30 t than the P1_CIk signal (i.e., P2_Clk is faster than P1_CIk). Similarly, the
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producer 604 generates a high pulse (a P2 Add) signal on line 774, and the
Q output 764 of the D flip-flop 766 represents a stable logic state

bet ween toggl es. The lines 710, 738, and 762 propagate
signal s correspondi ng respectively 3% the | ogic states of the Q

out puts 706, 740, and 764. The signals propagated 5 on |lines 710, 738,

and 762 thus r eﬁhﬁhtmgmbgmm nagire ttragsitions during dinys ¢ thangthet Ry Clk signal

-~ of the producer 602 nd the producer 604. As discussed
wth 4 86 ll—g:ﬁiz g@?‘gpggn%ﬁ-quependent conpari son of the val ues

of bit regi sters A P1_Reduest 5ipfalon208a@ll P2 ésthnwmm®ﬁ%

each producer and consuner to determ ne e availability o

shared resour ce.lowstoahigh i mspective synchyonisey avith: 118% Pl Cl;koSlgngiuiEOZSandstheh a -

Che oo oA AR 158 ARl B R s o e
test the status geheda delyegﬁlﬂi&:ﬁrst producerGfa%zbeF:gu&el 351 dﬂa e 8ok &1

si gnal s propagated by the |ines
regi ster), 738 @cmﬂ@%&l’weofllbh@lnm simyltanconslys t Fee RinRNequest 1and

il be ('P&i&sﬂé{@ﬁo%ﬁ%?%t pitfeftd Tsftpiety B e okl 67 am 1y '

propagat ed by t pj @@1 to the ﬁrst7a1=§iter|15106yflﬂhrﬁlpﬂéiuﬁdé¥kﬁobdttﬁ& thé edt Rbddder
producer 602, P1 hus, the val ue of the bit register of t he

producer 6®2 is 1392@0&6@9@%9&1@9@1 £1Q4y arenthepabydviving for access tg (R shared

si gnal s propagat h s 738 and 762 (i.e., the respective val ues
of the bit regi ﬁs@ émfﬁﬂéo@hsurrer 606 and of the producer 604) are,

however, asy g TIoReqest gighdl (334 gehieeatéd Bahé coisuRRe A1608 (Figuwrda1)
lines 738 and 762 nmust ,

transitions from low to high in synchronism with the C1_CIk signal 1206. The

transition of the C1_Request signal 1224, propagated as an input to the second

15 arbiter 1109, indicates that the consumer 1108 seeks access to the shared

resource. Following the transition of the C1_Request signal 1224, a C1_Grant

signal 1226 generated by the second arbiter 1109 transitions from low to high

indicating that the second arbiter 1109 has granted access to the shared resource

to the consumer 1108. Other consumers vying for access to the shared resource

20 are not shown.
Following the low to high transitions of the P1_Request signal 1208 and
the P2_Request 1210 signal, a P1_Grant signal 1212 transitions from low to high.
The P1_Grant signal is generated by the first arbiter 1106 indicating that the first
producer has been granted the right to access the shared resource. The
25 P2 _Request signal 1210 remains high, indicating that the second producer
continues to seek access to the shared resource.

. Having access to the shared resource, the first producer 1102 initiates a
write access to the shared resource and also generates a P1_Add signal indicating
such write access was initiated. ~ Consequently, upon the next full tramsition

30 generated by the P1_Clk signal following the transition of the P1_Grant signal,
a P1_Add signal 1214 transitions from low to high. The P1_Add signal 1214 is

e., the value of 1ts own bit

20



therefore, be synchronized with P1_Ck before being- gxclusive-ORed by the

producer 689721163 - As represented in Figure 7a, (PCE/ESI6HINE
-pt opagated by the |lines 738 and 25 762 are input to the respective
synchroni zation elenents 730 and 732. The lines 734 and 736

propagate respectively the logic states of the |lines 738 and 762

'synchroni zed with P1_d k. The synchroni zed 15§gi c states propagated by |ines
734 and 736 are exclusive-ORed by the exclusive-OR:gate 724 (i.e., the bit
regi ster val ues diputlte the fivkt bifrregister alld 61 Héparohewnext figh trangition ob thghP1iGlko

the 30 5  ©' oK ASIPIS nd Bl S455E PP Gl I 2hEMes the logic bR of 2

PCT/ US96/ 18226  p1 Bitreg signal 1216 from low to high. Also, because the first producer 1102
The out put of the €xclusive-COR gate 724 is propagated by the |ine 722 as

an input to the &asinitated therwrjteascessdo thehazed resourpe, she disst egodngen withdtams

710 is | so inpui to the.exel usive- ate. 420.,Thus, t

excl usi ve- @R gat 3571?5““? for me??oﬁ?)a&‘ sm(s%gcgaﬁ?ﬂé:’hﬁgl?%ethﬁi tég}ceﬁp‘get &f the
producer 602 to @IjeRW gigﬁglﬁ&ghigh to lowgonpari son of the bit register

val ues of the prodicer 604 and the consumer 606. ' The out put

of the exclusive- OR gRecauseGhe P1pAdd aigualkl2Idyistapnlsc signal i teapsitions to low at
detorm nes e syl fnf B dogitapER” PL Bt e Bilfee sighd 2214 iPnesy | T
producer 602. |f pyhBjtigT@ghal 1216 is propagated immediately as an input to the first testing
10 logic component 1120 (Figure 11) 'which, also immediately, causes the logic state

of a P1_Test signal 1218 to change from low to high. Importantly, because the

P1_Test signal 1218 is updated within one full transition of the P1_Cik signal

1202 following the initiation of the write access by the first producer 1102, the

first producer 1102 is notified of the change in status of the shared resource

15 caused by its own write access and cannot possibly generate another write access

before being so notified. _

The P1_Bitreg signal is propagated by the line 1118 to the synchronization
element 1124 clocked by P2 _Clk. The output of the synchronization element
1124, representing the P1_Bitreg signal synchronized with P2 _CIk, is then

20 propagated to the second testing logic cbmponent 1126. Because the
synchronization element 1124 is clocked by P2_CIk, the second testing logic
component does not update a P2_Test signal 1220 until one full transition of the
P2_Clk signal 1204 occurs. Thus, the P2_Test signal 1220, being asynchronous
to the P1_Bitreg signal 1216, transitions from low to high upon the occurrence

25 of one full transition of the P2_Clk signal 1204 following the transition of the
P1_Bitreg signal 1216.

Similar synchronization of the P1_Bitreg signal occurs with respect to the
third testing logic component 1130. Consequently, the third testing logic
component 1130 does not update the logic state of a C1_Test signal 1222 until

30 one full transition of the C1_Clk sxgnal occurs following the transition of the
P1_Bitreg signal 1216. The C1_Test signal 1222 is asynchronous to the



signal is low (i.e., if the nunber of wites to the shqred resource 608 is
equal to 109721163 nunber of reads fromthe shared resour ceceispeisken the
producer 602 may wite data to the shared resource 608. If,
however, the P1_Test signal is high (i.e., if the nunber of wites
to the shared resource 608 is different fromthe nunber of reads
fromthe shared resource 608), then the prodbber 602 may not wite
data to the shared resource 608. 15 - As discussed in relation to
Fi gure 5a, the tiPi_Bijtreg|signabri2ibp ahé ttherefore Heansitions from1lodvido shighn aipoanthe
the P1_Test signal is a su stanhhfl adv.ant age of _t '

pr.es n{ )
i nvention. A P1_/AfFUEFRTa P QliFe é’c’i’nﬂy"”t‘h&gm"o 6‘8@3& 306 fellawing cthe
| ogi c stq}ﬁ,sgfontmhgjp__ﬂgﬁegsgi | 141@, be updated wi thin one clock
e |

cycle of PI_Ck. T mediat & update of the P1_Test signal
el i m nates any wi ndow Upon thedransitioning26f the P2v/Fest [signak 122Mand the ®D Tebtssignal

unabl e to detect navai | abi |t f th har ed .resource, 608
caused by ifs ownlt 5 {6 88 pmdpg% ﬁ&éﬂﬁi‘ﬁﬁ@%é&ﬁﬁmr@amﬂ able to
there i's theref Olqudo HCaink® i Hafud UitRo fhae] FbolrReRESHAY FORFIHR A Hebesd 02

from prematurely accessing the shared resource
The producer 604 initiatedhby therfixstrprodacé HI020 Bevafiser thei O eGlkeruignal 1266 generates

b oducer 604" and THEHOBR ante: dsBosop s signal FA0R, S Gomeion T8 s fkle o
glr Ce)Cls(;/nchr onousPt%g%mgs{ich Iﬂ%ﬁi@o%ﬁ%%ﬁﬁ%?ﬁ%gﬁ%?%@%@%‘ @gbdsgcgﬁd
synchroni zed bef preduser A§04onpar ed by the producer 604 and the
e 800, g e S SRR B i scntd o s S M
by the second arbiter 1109, initiates a read access to the shared resource within
one full transition of the Cl1_Clk signal 1206 following the transition of the
C1_Test signal 1222. The consumer 1108 indicates the initiated read access by
15 generating a C1_Sub signal 1228. Like the P1_Add signal 1214, the C1_Sub
signal 1228 is a pulse and hence transitions from low to high and then from high
to low during one cyclé of the C1_Clk signal 1206. The C1_Sub signal 1228
| propagates to the third bit register 1160. The third bit register 1160 causes a
C1_Bitreg signal 1230 to change from low to high upon the next full transition
20 -of the C1_Clk signal 1206.

The C1_Bitreg signal 1230 is immediately propagated to the third testing
logic component 1160 (Figure 11), which immediately changes the C1_Test
signal 1222 from high to low. The Cl_Bitreg signal 1230 is propagated to
synchronization elements 1166 and 1168, thereby synchronizing the Cl_Bitreg-

25 signal 1230 respectively with the P1_Clk signal 1202 and the P2 Clk signal
1204. Following such synchronization, the P1_Test signal 1218 transitions from
high to low upon one full transition of the P1_Clk signal 1202 following the
transition of the Cl1_Test signal 1222. Likewise the P2 Test signal 1220
transitions from high to low upon one full transition of the P2_Clk signal 1204

30 following the transition of the Cl_Test signal 1222. Such transitions of the
P1_Test signal 1218 and the P2_Test signal 1220 indicate that the first producer
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- 36- womymhronous to P2A _d k, and nust, ther efor e PATAISI6/18226
synchroni zed. Thus, the signal propagated by the line 710 is input
to the synchroni zation el ement 778. The out put of the

synchroni zation el enent 778, representing tP% Iog| c state
pt opagated by the line 710 synchroni zed to i s propagated by the
line 5 780 as an |n£ut to the excl usi ve- OR gate 760. The bit register

val ue of the prodyces; 1104 gan detest the ichangenia statps af therbared,
h | 0; “ 0]
compar s the bit oS stg?a"ﬁ%ﬂ "¥ the (" 1108 Sufliingt 8 g L4045 S b

pr-oducer 604. Therewoimrel of the excl usive-OR gate 760 i's i nput to
t he excl usive-OR gate 754. The yalue of the bit | ster of the consumer 10

606 i s propagated by t Hscayssdhe st produees; HO? °?‘ﬁ‘|‘ﬂ?£1 o logiestate oif g DbRaquestt e
754. The quhuiontl P‘[){l]lehlgg 24) 5w, V&d@ecgﬂeethzsséﬁinﬁl ;gm%&?ﬁttgf HdhBined

pr opagat ed by t he
represented by tha High logid state @fahe P2 tRequst asigriah¢210, the first atbaﬂef 2P08 tdusesthe

t he shared resource 608 to the consuner 606. If the C Test 15 signal is
high (i.e., if theignahBaGrent 1232 tostransitioneframdow o kigh, thersby Esantingctessrtont

(rom < ninber o s g 5 8k R0 s ks PGB SR,

| ow, then the access @6 haBieared @ésoanenaid being rotifisd thyeths Howelbgicesiate 6©the

J

608. The rel atlonshlg’ébsgt%r\égen the P1 % si,gnal and the
P1_Test sigial 20P2 Te%é@#t thab ITeUFeCs @Rl &m@ntesw@s@ws
signal and the C urcd. 99gl ‘%Pft’ﬁ QccatlPna 1R ;

cause the d Testa;ls-l gna e up d’i‘?qux&‘?@%%u ten onebl?:yc cl)xfﬁg%l

consuner's 606 cl eeﬂondlii}aiuo@t kuou leausesrwmreAchQfgnul 1234 to tramsition from low to
high. Because the P2_add signal 1234 is a pulse it transitions from low to high
and from high to low during one full transition of the P2_Clk signal 1204.

15 The P2_Add signal 1234 is propagated to the second bit register 1144
which causes a P2_Bitreg signal 1236 to transition from low to high upon one
full transition of the P2_Clk signal 1204 following the transition of the P2_Add
signal 1234. The P2_Bitreg signal 1236 is immediately propagated to the second
testing logic component 1126 which, also immediately, causes the P2_Test signal

20 1220 to transition from low to high.

The P2_Bitreg signal 1236 is propagated to synchronization elements 1150
and 1152 which respectively synchronize the P2_Bitreg signal 1236 with the
P1_Clk signal 1202 and the C1_Clk signal 1206. After such synchronization, the
synchronized P2_Bitreg signal 1236 is propagated respectively to the first testing

25 logic component 1120 and to the third testing logic component 1130.

The first testing logic component causes the P1_Test signal 1218 to
transition from low to high. However, because the P2_Bitreg signal 1236 is
asynchronous with the P1_Test signal 1218, the P1_Test signal 1218 does not
transition until one full transition of the P1_Clk signal has occurred following the

30 transition of the P2_Bitreg signal 1236. '



not prematurely read fromthe shared resource 608. .. The

out put of wadney/ayexchroni zati on el enent 778, representi ng t hecralsygngbe 25
the bit register of the producer 604 synchronized to P2C1_dk, is also

pr opagat ed ' by the line 780 as an input to the exclusive OR gate
782.. The val ue of. the bit regi ster of the consuner 606 is
propagated by thé line 738 as anot her i nput3&o the excl usi ve- OR
gate 782.. The. exclusive-OR gate 782 thus conpares the bit regi ster

val ues of the producefimiledyathird testing logicrepmpont Thuses the @1 _Desttdignab(222
excl usi ve-OR ga d t e_784.as an i.nput to the

excl usi ve- 9%4g J&“S&t @B%Z%Ttﬁ h%ﬁl Yi’gﬁo‘f“" h'ealﬁ%[mr o ypon; pre full
producer is propr@sitiol dfythe®1_Clk sighal 1208 ¥dfidwing the transition of the_P2_Bitreg

PCT/ US96/ 18226
line 762 as anotsig@al 12¥ut to the exclusive-OR gate 786. The output of the

| te 78 T | by the | 788.
The logic State repr dterwE oo fRtetz28 Bas HebHRR Gdieh e smtmend, s the
shared resour ce cofisimes BMBI btilbhes tabcdsd o Rhe Ghisred effhree. 2ple6f ”a'

is 5 | ow, then the producer 604 can wite to the share resource
| f, however, th&ignal 1222 reppesentsia highdagicistate, g Shamdrresduaceplscn!ﬂaﬂdﬂeﬁ;ﬁ%e

ot oot e’ pi” e 0, (EROUSRGme: 1108 g B A NEPER: ko Haow |
present al so berewoiftet &ifd fehefiieh il C2NSuY BNkl 13% to indicate that such read
10 access was initiated. As described above, the C1_Sub signal 1228, being a puise,
drops to low during one full transition of the C1_Clk signal 1206. The C1_Sub
signal 1228 is propagated to the third bit register 1160 which causes the
C1_Bitreg signal 1230 to transition from high to low. The C1_Bitreg signal 1230
propagates to the third testing logic component 1130 which immediately causes
15 the C1_Test signal 1222 to transition from high to low. As also described above,
the C1_Bitreg signal 1230 is synchronized to the P1_CIk signal 1202 and the
P2_ClIk signal 1204 respectively causing the P1_Test signal 1218 and the P2 Test
signal 1220 to transition from high to low.
It will be appreciated that the present invention is not directed toward the
20 function of arbiters, nor does the present invention depend on any method for
- accomplishing arbitration among subsystems.

This invention may be embodied in other specific forms without departing
from the essential characteristics as described herein. The embodiments
described above are to be considered in all respects as illustrative only and not

25 restrictive in any manner. The scope of the invention is indicated by the
following claims rather than by the foregoing description. Any and all changes
which come within the meaning and range of ecjuivalency of the claims are to be
considered within their scope.



signal. That is, because the P2 Test siH ummmﬁﬂu i thin one cl ock
cycl e of 1wo97218ach P2'.Add signal, thel el | rRIT/AIN6H8R26r el y

wite to the shared resource 6087 ¢ * As discussed above
with respect to Figure 5a, an active high pul se prapagated by a
reset line (not shown in Figure 7a) connected to the rese] THI® SHEET HAS BEE
inputs 708, 746, and 771 causes the produce‘|57'602, t he profucer : m(?tplle
15 consuner 606 to be set-to an initial condition whe m—ia-a
resource 608 is WHAT IS GLAIMEBD IS or writing. Figure 7b is
a logic diagramwhich, like Figure 7a, represents |ogic al | owi ng

two producer subsystens and atethodofirudeternsiningytheestatus dfnal egsoactensf ¥ digital
test the status of a shared rgﬁéurce. The Iogi,c diagramin Figure 7b takes
20 advaht age Syiters, ¥ acfirst RURSHSiFIR ORSFatin g Ins SYRShEPTISTD Wikl @ finst ol

ack
consuner wriled eﬂfy#:emt Igﬁdl 9%’%{?%’2%&%%0%%% iéﬁ%,g{ra%l'g&} har edand

resource i s not shown e two produ

t he Consgmaf subsymﬂmnislm @viﬂﬂt second clock sdadswdatia fronin said rmﬁfce,e%a&d sddehd @lock
Figure 7b represents only the conponents ., Lonprising bit registers
and testind | ogi being pHmehronoyy With fespech t9qsuid, fipsy clock,s spidy sesontre s beinghe

consuner sybsyst . ss Jhe 1C e 7 J by
nunbers 702 thr o&é%"%e afPléWMg addlapgae]n%%c) Q‘Pﬁ{%ﬁ? ?éﬁgg%%gln Fgﬁﬁ'gglro P% d
by the sane nunberittenrdatd uread Tronasaid resource by leideseooml gatsystem) iseidsmethod

t hese conponents wi |l not be repeated. A line 722 connects
the output ®f a SOMPHAIRG thei SEPHOL| enent 724 to an 30  input to the
SrCl et Ver G oL 120, Lo gk ok i AR B i e 2
(Figure 10 to said resource made by said first subsystem, said first quantity generated
1 in synchronism with said first clock;
12 generating a second quantity representing a number of read
13 accesses fo said resource made by said second subsystem, said second
14 quantity generated in synchronism with said second clock;
15 synchronizing said first quantity with said second clock to generate
16 a third quantity;
17 synchronizing said second quantity with said first clock to generate
18 a fourth quantity,
19 comparing said first quantity to said fourth quantity to generate a
20 first resource-available signal for said first subsystem, said first resource-
21 available signal being active when said first quantity is eqﬁal to said
22 fourth quantity, said first resource-available signal generated in
23 synchronism with said first clock; and
24 cdmpating said second quantity and said third quantity to generate
25 a second resource-available signal for said second subsystem, said second
26 resource-available signal being active when said second quantity is
27 different from said third quantity, said second resource-available signal
28 generated in synchronism with said second clock.
1 2. The method as defined in Claim 1, wherein said first quantity, said
2 second quantity, said third quantity and said fourth quantity represent a value of
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6). Aline 728 connects | ¢StL clm 0 a clock i nput 719 of the

Dflip- flop 702. The line 728 al so connects P1_dk to a

synE ?f‘{gn jent 724 Ali ne 30 connects a Q output 732 of
a D ;E%ég ‘an Fnput of the %ynchronl zation el enment 724.
TheDfII R 7’24 s a Dinput 736, a reset (R} 5 i nput 738, and a

cl ock i nput3 739. either zgre orans, @@dn\éa!u%c anging Siom one g erp; Of from zero to pagut

s, vor R gar g ghfighiEhteat vitefin St 808 1ERh SRR b0 1 stberkld by

I nput 5 Of ekélfisiee-ORifig vsmdllﬁrﬁaqﬂ:w tb Ssail Ednfdttb qamhsa,l afk® itiepdif Coalty/
t he consuner 606 (FIrgure 6) and propagated by a |ine 746. A second
i nput of tHe excisepon etemavaﬂablgammzs genegated bXexclisiyie-PRingn said rseeonsd,

t he consurrer 604 propagated by a |ine 748. An out put
of the exclUsi veq@tggte Wp‘iopagat by a line 750 to the D

input 736 of the D flip-fl 734 A second cl P2Cl Clk)

is connected by a |ind-7.5 antﬁgd@Fd’@ﬁanlb%FIMI w e‘?gbaéﬁ"liﬁéb

fl fl 4. T
sylnEhro(rsza‘?l on gﬁeneﬁﬁalf?ﬁwﬂm I nput g}'ﬁct}ﬁg%n roni thjti;ig% e ement c}g%( is

connect ed hy thebbmgeas?ﬁéhrbmushwn@ said }ﬁmt 0166k ahd tsaid Ebcbhdpolddkopvh‘bﬁéin shid
out put ;(Q nchrom zgqtlon el, nt 754, s conn cted
756 to an itput 6‘?1 stem wries datasfo, sal 'é‘i""& P‘H%@ﬁ"@?

excl usi ve gat g4 ﬁﬂgﬁﬁfa? bm"g Qm%%p 2
of the D flql?p flop n out put or? mﬁl %béyl excl us&fg‘-’i‘&? ate %ﬁm?@‘

P2Cl_Test sé gnal r¢mdofremposaixd] réspurcel bynsaid @econd subsystem, said methdd cempiising the
i st f Fi 7b d th d 602 i th
register of Figure ersltjesf:(sa of:by e producer conprises the

8 - generating a fifth quantity representing a number of write accesses
) to said resource made by said third subsystem, said fifth quantity
10 generated in synchronism with said third clock;
1 synchronizing said first quantity with said third clock to generate
12 a sixth quantity; |
13 . synchronizing said second quantity with said third clock to
14 generate a seventh quantity;
15 synchronizing said fifth quantity with said first clock to generate
16 an eighth guantity,;
17 synchronizing said fifth quantity with said second clock to generaté
18 a ninth quantity;
19 generating said first resource-available signal by comparing a sum
20 of said first quantity and said eighth quantity to said fourth quantity, said
21 first resource-available signal being active when said sum of said first
22 quantity and said eighth quantity is equal fo said fourth quantity;
23 generating said second resource-available signal by comparing a
24 sum of said third quantity and said ninth quantity to said second quantity,
25 said second resource-available signal being active when said sum of said
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*

" Aunmber ed conmponent s destried il Ffgute 7a Fd therefore their

description will not be repeated. Al so, 25 t he r ¢THIS SHEET AR ~the
_P1_Add signal and the P1_Test signal in Figuyre 7b REPBACHSNLI Cl. to
the rel ationship between the sane signals cri bed ™ rretati-on-—i-g .
Figure 7a and a descrjption of their operation wil| thus not be repeated.
.Because t %8 producer ®ird awt%@:@o%@nw auantity ist differens yfrem s2id ssacond
with the me cl ock, 5’ WCI g the logic conprising the respective bit

. register functtons“éan be sinplified, as can the logic required to
test the sigatus of the  generatinglazthird resosrosavaildhds sighalhy cormipiring Psuneepnd
bit register in Fi gure_?%ﬁihs shared .. VWO 97/21163 .

- PCT/ US96/ 128226 said quantity and said sixth quantity to said seventh quantity, said

The' ool ueyes O gar S eEnBE SR Al Waas SGRA whlL R SF afi e o

because 31 t he Quuautityutnd’ 32id ofixthhguabtify ispequabiio Gaill béveRitho Gadifitye Osalty

the line 730 to an input of the exclusive-OR gate 740 and because
an out put 3Bf the exc|hiyiyesayeceyaagablg signal geperpted pinosynghronisny withnsaid ithied 750
to the D isgput 736 OfclI) Dflip-flop 734, the excl usi ve-OR gate
740 and thé D flip-flop 734 function as a bit register. That is to

say that a,figh pul se, ST 03, RLRILR MDY ! Bk § St 3 robeh e
2 said digital system operates in synchronism with a fourth clock, said fourth clock
3 being asynchronous with said first clock and said second clock and said third

4 clock, wherein said fourth subsystem reads data from said resource, wherein said
5 resource is unavailable for writing additional data from said first subsystem or
6 said third subsystem until previously written data is read from said resource by

7 said second subsystem or by said fourth subsystem, said method comprising the
8 further steps of:

9 generating a tenth quantity representing a number of read accesses
10 to said resource made by said fourth subsystem, said tenth quantity
11 generated in synchronism with said fourth clock;

12 synchronizing said first quantity with said fourth clock to generate
13 an eleventh quantity; |
14 synchronizing said second quantity with said fourth clock to
15 generate a twelfth quantity;
16 synchronizing said fifth quantity with said fourth clock to generate
17 a thirteenth quantity;
18 synchronizing said tenth quantity with said first clock to generate
19 a fourteenth quantity;
20 synchronizing said tenth quantity with said second clock to
21 generate a fifteenth quantity;
22 synchronizing said tenth quantity with said third clock to generate
23 a sixteenth quantity;
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line 730 until anot her 10 *sukh h Pul Se signal is propagated by the ~-
line 742, . : The P2_Add SI gnal and the C _Sub signal are

propa HEE'I‘HRStBEEN the excl usive-OR gate 744 by the respective

I i nes ?ﬁ?S bLA £p--t-vi 1l be under st ood -60- that the output of the i
excl ul r opagat ed by the line 742 represents the

P2_Add sizgnal generated bgenenafing saiddisst weauroe-availablel signal by gomparg said

ted by th 2 Cl Sub
Gener at od® the. exol uSH of sud R bR ptd Gid BB alfupnfo S g gl Bt
appreci atgd, qUENBY Bhid saw Q‘éur%ﬁ‘ﬂi qd&ﬁu&%ﬂd@es%ﬁfbet%l{ﬂ are

generated at the sane é e., arrive at the exc I Ve- gate
744 in tte# same cl ocwhglycsald)sum nésm first quantity amtsadeelghthmmﬂny isfequal to

The consfor. 806 ar o e s FORACREy i€ sid Forept Sbenipose
the secong bit register cgé)% g Qm%ggo@y&%mh glgﬁaltl rreHﬁ’t%ﬁ'gé%dor

t he " consuner 606 er both at an articul
producer 304 and t hesum ofsald thisd quantity eod auentitytfota supyof said second

descri bed. (4= he caonsuner 606 Q share

CoR50 38t si gnal oavantity GF sl 3K ‘ﬁ%ﬁ“ ai] BB epiGe-Ayad ssgﬂ

resource £08 for eitfsffvewhéd 88idOgum of said tlﬁﬂaQwﬁ e a%pmtﬁﬁamﬁmg
ultin rom

(

propagated by the line 760 represents a |logic state res
a conparison of the d@rmtshm&ld)m nésdid swnduquamwguasdsmddiﬁemﬂequanmy,
l'ogi ¢ state of the second bit Thelo ate af. the first hit
register 3 represenﬁm’ﬁa 4% laﬁe by, comparing saidog
initiateggby the firg&im3@said ﬁfﬂf@@aﬁwmﬁﬁeatdm&mmyﬁawnc&fsmes@eﬂﬁnd
bit register represents a nunber of witées to the shared resource
608 initisted by thequastihandsaid sxteensl Auaniityc said third resource-available signal
37 active when said sum of said fifth quantity and said sixth quantity is equal
38 - to said sum of said seventh quantity and said sixteenth quantity; and R
39 generating a fourth resource-available signal by comparing a sum
'''' 40 of said eleventh quantity and said thirteenth quantity to a sum of said
M tenth quantity and said twelfth quantity, said fourth resource-available
42 signal active when said sum of said eleventh quantity and said thirteenth
43 quantity is equal to said sum of said -tenth quantity and said twelfth
44 quantity, said fourth resource-available signal generated in synchronism -
45 with said fourth clock. '
1 5. The method as defined in Claim 1, wherein a third subsystem of -

2 said digital system operates in synchronism with a third clock, said third clock
3 being asynchronous with said first clock and said second clock, wherein said
4 third subsystem reads data from said resource, said resource being unavailable for ___
5 writing additional data from said first subsystem until previously written data is
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by-a nunber of reads fron1 he areq resosrce initiated by the consumer
606. Because the second bit regi'ster is upda Er 604
each tinme the producer 604 initiates a witg. Four ce
608 and is al so updated by . t he- consurél- 606 Jeach BE . uner
606 initiates a read fromthe shared 5 resour ce —The need to
. subsequent | ygcompaesd fiden Wil trescupsy’ BYisaidSseebnd Rabsystem or bprsaillithind &ilbdystem,
the read operations of the consuner 606 is elim pated. » The

si gnal propadat ed s8id method; qemprising: thefurther,#epsoef: t he excl usi ve- OR gate

producer % 'Goa"and ¢ haRaRunk g AP GRRHY rtprk @A FonEiRf Bhrold dfiecs

line 756 to gn input oftol hid resétce emalie: by eaidRigal subHBtens psaid efifis inmtity
| ogi c state of the first bit register S thronl zed with the clock
P20 _C k. The out put ofgenmratedyin syarhtenis i d clock; s the P2C1 Test

: al which ted
Second prodder B04 ana to tHACREHEARCHIENEAS et it clock 1 emgrats

representedqgy the P2Ca digei qeantifg! thus determ nes 15 whet her t he
shared resource 608 is avallable to, the second producer 604 f&
witing and 1det er mi nes whet Rchmpizingrsaid second, quaniiy gaidl| thinde clasky t

consuner 606 for readin %Quae Eé"" st signal is Iow t he shared
resource 608% s avail ab%rl ?he secén -[f.oducer 604 for witing but is
unavail abl e 440 the consumer @ﬂ&lrbnimgeeaidrﬁfth Yuentity athP2dd fife: clocki tprganerate

—{]

20 hi gh, the shared resource 608 i's unavail able to the second producer
604 for 16 an eighth quantity;
17 synchronizing said fifth quantity with said second clock to generate
18 a ninth quantity;
19 generating said first resource-available signal by comparing said
20 first quantity to a sum of said fourth quantity and said eighth quantity,
21 said first resource-available signal being active when said first quantity is
22 equal to said sum of said fourth quantity and said eighth quantity;
23 generating said second resource-available signal by comparing said
24 third quantity to a sum of said second quantity and said ninth quantity,
25 said second resource-available signal being active when said third quantity
26 is different from and said sum of said second quantity and said ninth
27 ~ quantity; and
28 generating a third resource-available signal by comparing said fifth
29 quantity to a sum of said sixth quantity and said seventh quantity, said
30 third resource-available signal being active when said fifth quantity is
3t equal to said sum of said sixth quantity and said seventh quantity, said
32 third resource-available signal generated in synchronism with said third
33 clock.
1 6. A method for determining the status of a resource of a digital
2 system, wherein at least one writing subsystem writes data to said resource,

3 wherein at least one reading subsystem reads data from said resource, said
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system conprising a first producér Subsydt efh 802 operating in synchronism
W th T S st—etock _(P1_C k), a second producer subsystem 804
[ FH%'IEMH&S)/BEEN nismwth a second clock (P2_AKk), a first

operatin
consumerﬁ operating it#2synchronismwith a third clock -

(d_dk), and a secon Suner subsyst em 808 operating in
synchr oni gm wi tmsaurceubemgcunmlemz @bk )writllg asiditional data t 6mC Isaiak Swriting

P1 dk, P2 dk, k, a nchronqus w.th respect to'
each ot he%’_ sibs QIems “HEF s‘f’mg?'ba%e %"%FFB F@F@!}w& hyeanei ofgaidogi ¢
conponent g812 a%édalgbsub tems, whef&ﬂ eadPwriting suliich GO GhoR OGS butd0etem

conprises a testing Ioglc conponent 816
PCT/ US96/ #8226 operate in synchronism’ wnth respective clocks, wherein at least orfU—Wntmg

and a bit regls 18. The fII’S nsunmer 806 conprises a testing logic
conponent 8820 ﬂg’s&& toP%'ﬁ'iegt Er ‘g"gh: o?lg%ew gom @bripastsae a
testing | @Qi C Cramee %W Ilﬁsml The .four
subsystems 802, 804g 806, and 808 share a resource %fﬁcon?hdo‘:l% said s F@?ﬁil ng

| ogi ¢ cor#@onent &l Oqumgm@mouawdﬂm &irst olocksaid esstiendt comprisis 1 96px

1 of:
12 generating one write quantity for each said writing subsystem, each
13 said write quantity representing 2 number of write accesses to said
14 resource made by a respective said writing subsystem, each said write
16 quantity for each said writing subsystem generated in synchronism with
16 said respective clock of said writing subsystem;
17 generating one read quantity for each said reading subsystem, each
18 said read quantity representing a number of read accesses to said resource
19 made by a respective said reading subsystem, each said read quantity for
20 each said reading subsystem generated in synchronism with said
21 respective clock of said reading subsystem;
22 synchronizing each write quantity with said clocks of writing
23 subsystems and said clocks of reading subsystems; -
24 synchronizing each read quantity with said clocks of writing
26 subsystems and said clocks of reading subsystems;
26 summing said write quantities to generate a total write quantity,
27 said summing performed independently by each said writing subsystem
28 and each said reading subsystem;
29 summing said read quantities to generate a total read quantity, said
30 summing performed independently by each said writing subsystem and
31 each said reading subsystem;

a2 comparing said total write quantity and said total read quantity to
33 generate a resource-available-for-writing signal, said resource-avallable-
34 for-writing mgnal being active when said total write quantity is equal to
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802, 804, 806 and 808 to independently ;.d:.'l":" ' m"autﬂ us of the shared
resource 8{po7igedit regrsters 814, SfST 'Ilmlllﬁ n PEPUSH£SR26a
vad ue of zero or one. Each of the *subsystehs 802, 804, 806, and 808

can read the val ue of each of the bit registers 8 818, 822, _and
826. Because the four subsystens 10 802, 804, 806, anHTRRBSAPEY AKS BE{EN
t theg

[}

mut ual |y asynchronous cl ock domains, it wlF63- be uhder stppiiap
val ue of each of the bit registers 814, 818, 822, and 826
synchroni zesd wi t h eachsaid totalhreashquantity, said.comparison performed independéntiylby,each
Figure 8 represents, for_ exanple, the propagation of the \ e of
the bit red®ster 822 ofeid HEr ﬁ“bW@gn@r g ,tetFFéP‘?Fgl"ﬁereﬁ‘P“rf’?féV%‘a"Hél@r'
regi ster 8 of the segop 808, and t'he value of the bit register
818 of & t he secgﬁg'ﬂﬁr% ucgrsﬁ%m into a set of three synchronization
el ements 833 cl ocked corhparing_€lid total veriteyquahtitynandesdid/ tdtalaead fudntity o t
regi sters 822, 826, and 818 are ., dropagated intq the testing |ogic
conponent - #82 of the fgmat%mmp&g@gp&?%ﬁg?eahmg sgmﬁt ﬁ%g\}'ﬁﬁqh‘@?'-&aﬂ?ﬂ 2

bit regist %s 814 818for§2a’din%ﬁ%@§l%i@ Ectﬁ)é%ﬁépéﬁi&altwbﬁtef quablity’f8 different

producer 80 a set of ree synchronrzation
el ements 834 cl ocked bfrof’said ltotal read quantityc kaid dompatiben pedformeddf indbgendently

regi sters 814, 822, and 826, thus aki suc val ues avail abl.e to
t he second 9roducer 80 .°9£?'s§§§‘iq?a§’é¥ SHQ&FWFEE" S ﬁp%gtvpd'ﬁsource-avaﬂgble-
el ements 834 cl ocked bgo -9;24@!%<S hroni ze the value of the bit registers
814, 25 818, and 8 é, ther eby maki ng such values available to the first
consumer. 1 Li keWi se, The swethaf ag HefinedsipnClainy 16, »etereim seideweite quabitifies
cl ocked by C2_C k ) ynchr.oni ze the, val ye of. t.he bit registers 814
818, and 822, makih S%lﬂe%a\&}aﬂages represent &v‘éﬁt‘h‘%lﬂfeel 5" R & dsE'ang‘?lan%r.
As describeg abovagngingr Céte 18/zeRBF HORY 2¢r6 o R Wheh ifcrbmented, wHéreR said
a shared resource by exclusive-ORing the values of the respective bit

regi sters ofs total varite iquaritity isgenetatedshycenclusivetQRingsaid writet quantitiesc whesip

excl usi ve- O?s t hesa\{til ltgt%f read quantity is generated by exclusive-ORing said read quantities,

mict _h

6 wherein said resource-available-for-writing signal is generated by
7 " exclusive-ORing said total write quantity and said total read quantity, wherein
8 ~ said resource-available-for-writing signal is generated independently by each said
9 writing subsystem, wherein said resource-available-for-reading signal is generated
10 by exclusive-ORing said total write quantity and said total read quantity, and
11 wherein said resource-available-for-reading signal is generated independently by

12 each said reading subsystem.

1 8. A method for determining the status of a resource of a digital
2 system, wherein a first subsystem operating in synchronism with a first clock
3 makes primary accesses to said resource, wherein a second subsystem operating
4 in synchronism with a second clock makes secondary accesses to said resoﬁrce,

5 said second clock being asynchronous with respect to said first clock, wherein
6 said resource is not available for additional said primary accesses until a said

7 secondary access occurs, and wherein said resource is not available for said
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of each of the b|t regi sters If the result of such
' then stale data-exist in the shared resource 810

excl - B
and _th'EHIS SHEET HAS BEEN{r oducer 802 can wite data to the shared resource
810. oREPI:kGED her hand, the resg4-t of such exclusive-ORing is

zero, Xist in the 5 shared resource 810 and the first

producer nay notsewndhlg' dedessel Ouritil ea $hid! Bimary access 0B&EY) Eﬁd%ar}h%fk&% ¢
required to test the availability of the s?gred resource I'S
il lustratel by elematingin ime with said secondapy apeesses; spitl Biethodgcompriging2he

BitregtPl ,, [err%te% opitregferr]P1 ferr] C2 _BitregtPl 10 If the
result of the est equation is zero, then any data in the shared

resource 11 810 has generatihg hefirst quaitp yepresehfing Whurbd Sofalf Rﬁﬁﬁﬁl .
e Sfare

stale), and the first producer 802 can wite new data to t
resource 80. |f theaﬁ@ﬁﬂsttoéﬂldtlﬁéome made Wlsanbﬁtﬂeuhwmmmsaiﬂﬁmtaquanuty

however, en fresh S u 810 and the
first pro%cer 802 rrgg{l/é}%tg# lﬁ%ﬁ%’é\@%"d‘?ﬁé%ﬁﬁg g’ﬁg’r ed resource
810. 14 The sgemerathfy i Getotd Qubntitys eéhréiénfing OF SitiiRber! Bf Faf'r ©

8. For exanpl e, .
16 secondary accesses to said resource made by said second subsystem, said

16 second quantity generated in synchronism with said second clock;
17 synchronizing said first quantity with said second clock to generate
18 a third quantity;
19 : synchronizing said second quantity with said first clock to generate
20 a fourth quantity; '
21 comparing said first quantity to said fourth quantity to generate a
22 first resource-available signal for said first subsystem, said first resource-
23 available signal being active when said first quantity is equal to said
24 fourth quantity, said first resource-available signal generated in
25 synchronism with said first clock; and
26 comparing said second quantity and said third quantity to generate
27 a second resource-available signal for said second subsystem, said second
28 resource-available signal b.eing active when said second quantity is
29 different from said third quantity, said second resource-available signal
30 generated in synchronism with said second clock.
1 9. An apparatus which determines the status of a resource, wherein
2 a writing subsystem sends a write signal to sald i'esource, wherein a reading

w

subsystem sends a read signal to said resource, wherein said writing subsystem
4 . operates in synchronism with a first clock, wherein said reading subsystem
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the first consumer 806 can atus of Lha shared resource 810
accor di ng twotdre1feal | ovm ngl I m I Cl- Test PCIUINOHPRY

[err] Pl _Bitreg[err]P
If the result of the CI Test equation is one, then.-

shared resource 810 and the data can be i g
first consuner 806. 25

equation is zero,
stale and thg fir

[err] P2 Bftr"egs[er*r]Pl err

TWSHEEE j “the
i at eREPu:m by the
|f, on the other Hifad, tHe—westtt—OT fhe C_Test

then the data in t he shared resource 810 are
Sdpefdiers URE yrithfonisty with racaecande clock, said steomd dock | being

testing logic is provided for the secongugaégducer 804 and for the

second consufer 8Casynchronous tosald first ¢

consuner subsystens,

oper at i ng |n as

gpparatys ICOMPHSINEL g am

ronous C

representing_l ogi c which al I t
2 95&!%%@@%0 ch SEHRRE srﬁgggg@n@@%

i ndependent | y test the kividgia firkt mgwwmdandeacsmmd logivestateasaid first serigphore

97/ 21163

- 43- o resource ¢lemens respandiveita seidywrite Q‘MJP%@PSQ&%PZ%“ feRf said

subsystens and the

entirety. Raf’her
1

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

34

Fi gure

firs}, bt GRERY T 'syncHoSiisrh SWth Hafd Rt a@&/‘@adh”uidéeédid

writing subsystem writes data to said resource;

a second semaphore élement which generates a second update
signal having a first logic state and a second logic state, said second
semaphore element responsive to said read signal to-change the logic state
of said second update signal in synchronism with said second clock each
time said reading subsystem reads data from said resource;

a first synchronization element which synchronizes said first updafe
signal with said second clock to generate a first synchronized update
signal;

a second synchronization element which synchronizes said second
update signal with said first clock to generate a second synchronized
update signal;

a first test element which generates a first test output signal having
a first logic state and a second logic state, said first test element
generating said first test output signal at said first logic state when said
first update signal is equal to said second synchronized update signal, said
first test element generating said first test output signal at said second
logic state when said first update signal is different from said second -
synchronized update signal; and |

a second test element which generates a second test output signal
having a first logic state and a second logic state, said second test element
generating said second test output signal at said first logic state when said
first synchronized update signal is equal to said second update signal, said

second test element generating said second test output signal at said
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illustrates only the logic i he bi t - fegi ster conponents
and testiwQ9721163 | ogic co m‘ , ‘general |y i PCT/ES%6S2R6 t O
Figure 8. 5 -~ .. . Afir orrprrses an exclusive-OR gate- .

902, arB o cI ocked by a PI _dk, and a Pl _Add si gnal
I nput Eﬂlﬁméﬁﬁﬁr ggs':ﬁ«.%& er by the first producer 802. Detailed
descri pti on® nents of such a b#6-regi ster, as wel | as

t he op€fation of such e bit register have been provrded above and hence

Wi Il not #e repeat edsecan@logictstate vﬂiegmjd firsd sprchiérizéd Bpddd signall Bl

-~ first bit 10 regi,ster., Thus, val ue of the bit register of the Tirst
producer ¥b2 (Fi gur e fiom said second 'ép $g88nt ed by the Pl Bit reg signal.

A second, third, and fourth bit register, respectively, conprise an

excl usi ve-1OR gat e 90@0and'1'ée|3ppmwsfaso4ﬁfm68 lelaihe@ wherir?2 C k, an

excl usi ve- OR gat gmgiﬁg D fli -f 12 cl ocked by a C _Ck,
and an ex® usi ve- OR 15 Wﬁ Q GESCIQSSB&QR)G&@@DQ?_&&

2 adk. T d bi t !
he second b flipeflbgt&id first exclusi‘iéli(l)ﬁeéatS ‘HiWnkS% rﬁr%u{léplﬁggﬂa fﬂﬁé

input to the second bit register by the second
third bit 4register fowiphiceonnestediasean mpat B saidgficat D flipuflop,said first D flipe

third bit regrster b St _can r 806. Also, the fourth bit register
further cénprises a @gﬁ@‘é %?%Et §a1d serond quinut connected AsAndRpYsintoh e
second 206 consurrgidm ex'EnﬁwlquRC gfté;odf@s of the second, third, and
fourth bit registers are respectrvely represented by a P2 Bitreg

signal, a’Cl_Bitreg si gna$aid serend semaphore compgises 2 gecond eatlusive-©R/ ghtecmdof

Lhe 1 espe B'GveaﬁhttL%%‘%é%?Sﬂﬁroﬂéé}refde““dmdrmrgoﬁ g&g Svingahiod oy,
represented by the wm@eu@uga@hmkheas%ﬁ it ﬁﬂo% f;rgﬁlpg*}rb[pﬁ§%.dt

C2 Bitreg signal. he first, second
regi st er 9%per at e i rscaond,B) flip-flop havmg eioutﬂsouﬁputlsaﬂld'odﬂhnumu cdtiresteti aise,

t he vaIu of the bi st.er P2 Bitreg, C _Bitreg
and C2_ Ftreg nust %‘e{ng’% ir ds@ﬁmﬁ) ‘g ive:OR. 8fteonous clock to
make such val ues avai [ ablﬁlto each of th roducer and consumer

1 eapparatusasrfedgl Claim 9, wherein said first

2 synchronization element comprises two latched D flip-flops, and wherein said

3 seco_nd synchronization element comprises two latched D flip-flops.

1 12.  The apparatus as defined in Claim 9, wherein said first test element

2 comprises an exclusive-OR gate, and wherein said second test element comprises
3 an exclusive-OR gate.

1 13.  An apparatus for determining the status of a resource of a digital
2 system, wherein a first subsystem operating in synchronism with a first clock
3 writes data to said resource, wherein a second subsystem operating in
4 synchronism with a second clock reads data from said resource, said second clock

5 being asynchronous with respect to said first clock, said resource being
6 unavailable for writing additional data from said first subwstem until previously

7 written data is read from said resource by said second subsystem, said apparatus

8 comprising:

) means for generating a first quantity representing a number of

10 write accesses to said resource made by said first subsystem, said first

11 ~ quantity generated in synchronism with said first clock;
TR




30 subsyst ens. WO 1y

PCT/ US96/ 1580®7/21163 ﬂ“lmmnﬂ““ ||||| “ I“I . PCT/USP6/18226
Accordingly, Figure 9 represént$ a-li'he %918 propagating the P1 Bitreg
signal as an input to a synchronization el ement 920 clocked to P2 Ok, as
an input to a synchronization el enent 922 ¢l and as
an’input to a synchroni zati on el enent67924 (I%%%Aq _%EE\' A line
926 simlarly propagates 5 the P2_Bitreg signal_as an o _to h
synchroni zat2 on el enent 928 mdaps ferigensrating a secofd qURRtity representing s number of

synchroni zati on el enment 930 cl ocked hy G Ok, and . as, an input tp a
synchroni zaff on el gmnfe§§2WEk§’dsﬂ§ W.mﬁé&sgyasafdr rzfgcon% subsys 4 said
propagates thie O BitreGesind"flanBy Séhetdidtin E@cwﬁmimﬂsﬁ&kb&%dg%@gm 936

clocked by P1 Ck, as an input td a synchronization el ement 938 ed to
10 P2_Chk, and as an i npueans forsynohrohizing said ifiost quantity witld d4did stamkiadodky
C2_d k. Li kewi se, a Iineg%%g rapagates the C2_Bitreg signal as an
input to a 16 synd 2Enate 3 ﬁl‘%‘? ¥ 944 clocked to Pl _dk, as an

K,
i nput to a gynchronizati on means for gmﬂkir%%lghi&ké&hg “Eﬁlﬁ 2nith %aid n
I nput to a synchroni zation el enent @Jn . 48 cl ockegl ytgl_gﬁa.l %‘&&&ka
As descri beds above i n rtelganérate & fouFthoguastiy; t he status of the shared

19 means for comparing said first quantity to said fourth guantity to
20 generate a first resource-available signal for said first subsystem, said first
21 resource-available signal being active when said first quantity is equal to
22 said fourth quantity, said first resource-available signal generated in
23 synchronism with said first clock; and

24 means for comparing said second quantity and said third quantity
26 to generate a second resource-available signal for said second subsystem,
26 said second resource-available signal being active when said second
27 quantity is different from said third quantity, said second resource-
28 available signal generated in synchronism with said second clock.
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resource can be ascertained by exclusive-ORing the vahues of the bit
regi sters afo9721163 each..of the producer and consumer subsyPECTAISR6/1822¢ure 9

thus represents, for exanple, the Pl Bitreg signal being propagated
by the line 918 an input to an excl usive-OR gate 950. A line 952
propagates the O _Bitreg signal synchronous 20 to PL_Ck as a second
input to the exclusive-OR gate 950.- A |ine 954 propagates t he

C2_Bitreg signal synchronous to P1_Cl k ab/B4first i nput to an exclusive-OR
gate 956. A line 958 propagates the P2 _Bitreg signal synchronous to P1 Ok
as a second inpuj to the exclysive-OR gate 956. An outp of the
excl usi ve-OR gate O 950 is propgyated by the line 960 as input to
an excl usive-OR gate 964_I1An 25 oybut of the exclusive-OR g@te 956 is
propagated by the line 952 as a secong_{)l i nput to the exclWsive-OR

gate 964. An gutp exc = gate 964 is a PIVTest
si gnal propa edf by the lifne P66 as an}input to the firgt produc 802.
Excl usi ve- ORi the val ues j gisters, Pl _Bitrgqg, _Bityeg,

O Bitreg, arg C2 Bi®reg i 4 thus @ktonplishgd e excllusi &&- OR pat es
950, 30 . BndCdp4. The fesl) of [the such exclusiye-@)ng if the

P1 Test sign propgagafed by th¢ |ine 966. The vdlue of the Pl_Test

si gnal det er f€nes| whet her WO 97/ 21163 _
PCT/ Us96/ 18289 L L— —45.
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the shared resource 810 is available to the first producer 802 for witing.
If the WO 9721R3 Test signal is low, then the first produP@r/USTEAS22N
wite new data to the shared resource 810. If, however, the
P1_Test signal is high, then the first producer 802 cannot wite
new data to the shared resource 812/145 It will be understood
that the relationship between P1_Add and P1_Test descri bed above
is present between Pl _Add and Pl _Test as represented in Figure : 9.
That is to say that each P1_Add signal generated by the first producer 802
updates P1_Test within one clock cycle of the first producer's clock,

P1 C k. The f§=; gsg producer, notifieB § mrediately by the P1_Test
signal that the shar e &8 resource 810 h88 becone unavailable, will be
prevent ed fron1prenatuﬁa) accessi efhe shared resource 810. A
simlar relationship i esent with respect to P2_Add and

P2 Test, with respect pect to
C2 Sub and C2,Tes opg¢rations of the

P2_Test mrcufﬁ the @ Tept FiL Tegt chfcuit in
Figure 9 are alogous:-t;,'oth Sthucturg sof the
P1 Test circu gn M i her ey
The present i gyert §d-i+3et‘ ki1 g anyy nunber of
producer subsst e ms or! ohsulré? £ . i pprecfht ed that
when r scurc,e) 5 spar : Cdqr |subsystens or two
or nore 20 ongqurfer ,subgyst ens, its|needed to prevent
two or nore by proﬁuceﬁ subsystems r’rﬂ sy wiggting to a
shared resource, on tjo prevent tjwo pr sydsystens from
si mul t aneously readi Mg~—fTOM a SHared resource. Ju¢h ugpontrolled
si mul t aneous accesgqes to shared fesourcgs are krlo ag_lrace
conditions. 25 The bgsic funcfions of an arlQifer ape 1)
receiving request$ for a resource, 2) receiving|r¢l eaSEs of
resource; 3) ardbifrating bet mafil requé¢sters of a rbsource; and
4) granting a res¢urce to oné gtre reque¢sters. By usi dg the@ .
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functions to regulate access to a resource, an arbiter can avoid race
condi ti onsW09721163 NMany such arbiter elenents are known, apcrtiSesgizsent

invention is not directed 30 to specific arbiter el enents. WO
97/ 21163
PCT/ US96/ 18226 . 3/14 - 46-

However, anot her advantage of the present invention is appreciated when

an enbodi ment of the present invention involves two or nore producer
subsystens or two og @Dke consuner subsystemseand thus requires an arbiter.
Tradi ti onal met hodsaf & 3determ ning the stadu® of a shared resource involve

using 5 a se h rgnto represent an avé(_’n abl e or unavail abl e status.
Under the traditional & © nmet hod, eachas@bsystem desiring access to a
shared resource firgt |chhecks the he bhore. In
systens invol ving | 4i @l e cl gck donmi gs, be Z@preci ated
t hat- accessi ngof byg] of the semaph@re §pada I hg tthe
val ue of the sgifapla bqui r¢ synchrofirza forjall =ebsystens 10
O]Perati ng a‘snyg:;hr_l 1& %o thelsemaphorg Aft ' ayE_Lor'pji Cat %t{]ﬁ flesi gn
o] Yan¥ar bitt er . r anjarlpi ferf flefec at a
resour ce ha@ Heen r:el-gas ed, af 4rbite] wil I: - gn]gf antaccess to
t he resourcEto‘a-nthgr ~eceQt ¢r.  Ho\e Ry 1 iﬁ Be-ed uee |ol !
synchr oni zag cn@lna st the rféy\Ay gramt@ requesi er c{a’?rm Vet etect an
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t he
have access to the resprr/os96{18%26
access the resource prematurely

15 to the semaphore indicating unavailability of:the resource,

new y grantq 9721163 réquester wll
granted by the arbiter) but wll

(e.g., a producer will wite data to a resource whi ch al r eady
contains fresh data or a consunmer w4l/ll4read data that has al ready

béen read). To correct such premature accesses, arbiters are traditionally
20 designed with built-in delays equal to or |onger than the worst-case

synchroni zati on delay requir

to allow the sl owest-clocked subsystemto
det ect semaphore up

tes. When t he present

invention is used to determ e the status of a shared resource,
the traditional negqe : 3 0 represent the status of 25
the shared resourcqg is ellnlnated 4C dfnce with the present

i nvention, each n;gﬁe sends an update signal
directly to every qther prodyce = consuner. Thus, only one
synchroni zati on opédr at o™ i si1r deui ol | pw any producer or
consuner to detect Jan ppeatetto thé As

£ o] a shared resource.
n . qn& Xole

denonstrated bel o =43 the fact that the maxi num
30 or {c ufrer is equivalent to a single
synchroni zati on &pefration el inm nat ¢s thhe heell to i ntroduce built-in del ays

red

in the WO 9T 21163 4 ! /]
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design of an arbiter. Thus,

the degradation in processing speed caused by
sharing wo9721163esources and arbiti ng the access t o r esoulPCEYSI648226

Ri=ni m zed. Figure I0a is a sinplified bl ock diagram
illustrating a portion of a digital system conprising a first
producer 1002 operating in synchrod/dfhwith a first 5 clock, PL dk, a

second producer 1004 operatifg in synghronismw th a second cl ock,

P2 dk, and an arbiter 1
cl ock, P2 _d k.

6
Ilhb
generated by the first pEbduEbg

1008

1002

@eratingdn synchronismwith the second
JPrppagates a BUSRel ease si gnal
O

as an input to a

synchroni zati on el enent
synchroni zati on el enent

The 10 out put of the
an input to the

‘arbiter 1006. A line 1@ pr es & t signal generated by the
arbiter 1006 as an inpdf r 1004. A line 1014
propagates a P1 |Bi ed by the first producer 1002

as an input to a

An out put of the 15
line 1018 as an input to
connects the second cl oc

nt 1016 cl ocked by P2 _C k.
t 1016 is propagated by a
roducer 1004. A line 1020

synchroni zati on el enent

1010, to the synchroni zatfi'®n the arbiter 1006,
and to the second producgr . The first producer 1002
updates the Pl _Bitreg si Qi i 20 wite operation to a
shared resource (not sho signal is synchr onous

with the clock, PI_dk, odycer As descri bed above,

to determ ne the status har ed QgFource under the present invention,
t he second prod @§1004 mugd{ be able to read the logic state of
the P1 Bitreg signal @|to conpaje it to the logic state of its own
bit register. The logic af— of the 2p Pl_Bitreg sig is thus
synchroni zed with P2_C k 8y _fhe synchrpni zati on Igg ment 1016, and

the synchronized P1_ Bitreg signal is propagated by the Il 1018
to the second producer 1004.
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When the first producer 1002 initiates a wite to a shared resource, the
first pr odu%?s’g@’é@ generates the BUSRel ease signal propagat @tTisséie2é i ne
1008 30 as an input to the synchronization el enent 1010. Because the
arbiter is operating in syncargai smwith the second clock, P2_dk,
t he BUSRel ease signal nust be V\Dé /21163

PCT/ US96/ 18226 : ;48-
synchroni zed with P2 _C k before the arbiter 1006 can receive the BUSRel ease

signal. The output of the synchronization element 1010 represents the
BUSRel ease signal synchronized with P2_C k. The synchroni zed BUSRel ease
signal is propagated as an input to the arbiter 1006. Having received the

5 BUSRel ease signal, the arbiter 1836 responds by generating a BUSG ant
signal, in effect granting accggs to time shared resource to the second

pr oducer 1004. Because he BUS@ant signal is synchronous with P2
Ak, it is pr opagat ed rectly ¥ an input to the second producer
1004. Figure | 0@Qshows ﬁat when an arbiter 1006 is

with one producer subsystem and when the
dgterm ne the status of a shared
eqyorTed-t-o-be; i ntroduced into the

operating in synchroni sm 10
present invention is used to
resource, no built-inydetay-rs-

arbiter 1006 to ensurg proper iter tlimng.:The second pr oducer
1004 is notified of ahy chan% gthe“@t atus of the shared resource
' w0 3 . t
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caused by the first producer 1002 as soon as the Pl; Bitreg signal is

synchr onwoaxinites with P2_C k by the synchroni zati on elRCRAUSI6NBRE. At

- *| east the same anount of time is taken for the BUSRel ease signal to
be synchronized with P2_Clk and propagated to the arbiter 1006, and
for the arbiter 1006 to responsively generate t he BUSG ant si gnal

" ‘propagated to the second producer 1004. It will thus be appreci at ed
that the arbiter 1006 cannot detect the BUSRel ease signal of the first 20
producer 1002 and al so grant the bu ({ta t he second producer 1004 by a

BUSG ant signal before the second pr dfficer 1004 can detect the updat ed
PIBitreg signal of the first producer 1002. There is therefore no

" possibility of a race condition, despite the fact that no built-in -
delay is introduced to slow the arbiter 1006. 25 Fi gure
|Ob is a sinpld fied block diagram representing the sane - conponent s

“as represente®in Figure 10a. In Figure |0b, however, the arbiter
1006 is operafng in synchronl smwit the fi rst producer 1002. e arbiter
1006 Ban ther pic ~YY-YRVI= SRel-e3 gnal directly fromthe

first producer . . cau e“'
second producd asyncnronous DT TEN 1006,q;t
BUSG ant si gn4 pd by the arbijter 1006 mjdt| b r@hr@m zed
with P2_C k bd $econd] producdr 1004 Wi WO 47 211 ;;
PCT/ US96/ 1823¢ , _ . - ?5 o @
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detect the BUSG ant signal. As was true with respect-to Figure |0a, the
arbiter WO 97211886 cannot detect the BUSRel ease signal of ROTEUS95/i8226
producer 1002 and al so grant the bus to the second producer 1004 by
a BUSG ant signal before the second producer 1004 can detect the
updated PIBitreg signal of the firsigsy9 producer 1002.

Figure 10c represents the sane conponents described in Figures 10a and

| Ob, except that the grbiter 10§56 is opegating in synchronismwth a clock,
A_Ck, that is asynch®dnous to fth P1_GBk and P2_C k. As such, the

BUSRel ease si gnal gengat ed by Nle first_broduce8 1002 nust be synchroni zed

10 with A Ck befffe the arBter 1000 can dédect the BUSRel ease signal .
Al so, becausg the arbitler 1006 | asy‘@e-k,ronous with the second
producer 1004, the ant sgg gdﬂlé?ated by the arbiter 1006
must be synchr| 'wtg secjond producer 1004
can detect the IR gnak. e bt h the BUSRel ease
si gnal propaga e hr bie the BUS Grant signal
generated by t [: r 06 | | not
possi bl e for the ardgiger BUgRgde R o gnal of the first
producer 1002 &nd spegriht; 0 cgp gdsicer 1004 by a
BUSG ant signal b#f L Hes's 10pi~dan-&f elct t he updat ed
P1 Bitreg signl e fins Fi gures 10a,
10b and | Oc depo te that| dojmai n
sel ected for a1& iter, the need to interpose
any afidi jAoggl delia Di ger toj pyevent race
condi tions. § ' fpritNReed bl ock di agram
representing a .'r.s‘:z‘/pﬁoduce { i AN Ng i nj synchronismw th a
first clock, P1_C ke jarsecon( S oducer 1304 25 aperating in
synchronismwith a seleere—etrpekq—Pa—EHera first aﬁo'ﬁt er 110
operating in synchronismwth p Cl k, a gonsuner {1108 oper ati\ in
Ugb' ‘s
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synchronismwi th a fourth clock, d_Ck, and a secondjarbiter 1109

operating wo097/21163i n syfichronismwith CI 1d k. ThPQuiisee1826cks,
Pl1-d k, P2 Ok, and C1_dk are nutually /';)' synchronous. 30 A
line 1110 propagates a Pl_Request si gna? enerated by the first

producer 1102 as an input to the fi rst ar biter 1106.. A line 1112 propagates

a’- WO 97/ 21163 3 5

PCT/ US96118226 <| "’, - 50-

P1 _Grant signal generated by the fid8t B®rbiter 1106 as an input to the
first producer 1102, A Iine 1114 propagates a P1_Add signal
generated by the first x @ ©ol102 as an input to a first bit
register 1116. A line 11@? ri'r paga’ti’e N4 P1_ Bitreg signal
generated by the first rgglst as an input to a first 5

testing | ogic component 120§ An OIEp fof the first testing logic
conponent 1120 $s &8Pl Test cSI pagated by a line 1122 as an
input to the first roducerb 2. The line 1118

al so propagates the P1 Bi nal Mys)gn-in ut to a

synchroni zation elene "kﬁj y"P2§ An out put of the 10
synchroni zati on el enent 1] S an input to a second testing

| ogi c conmponent The 2 11182 f yrther propagates the
P1_Bitreg signal as an Hd i np t@ a syhdhronization el enent 1128
clocked by d_ dk. An oJtpuf|of t8
o |
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synchroni zation el ement 1128 is propagated as an input;to a third testing

| ogi c WO suzpéeient 1130. 15 Aline 1134 pr opeyAISes18226

P2 Request signal generated by the secag&l producer 1104 as an i nput
to a synchroni zation elenent 1136 cl oc %y P1 d k An out put of

t he synchroni zation el ement 1136 is propagated as an I nput to the

first arbiter 1106. A P2_Gant signal generated by the first arbiter 1106
S propagate ?Ua line 1138 as an |ngu to a synchroni zation

el ement 1140 cl ocked® by P2_d k. A P2 signal generated by the
second producer 1104m' propagat ed b ,amJ Ine 1142 to a second bit
register 1144. A P2 _Bitfad signal is geflerated by the second bit
‘register 1144 and pr@®pBg& ed by a line 1146 te §h second’_\t esting
-l ogi ¢ conmponent 1126 q

- generates a P2est ¥ propagated bgea |i '

. second 25 B?rodu HEBd. THe line 1]46 ¢
~as an input toc.a rs Bhchrjoni i
- An out put of - >
i nput to th&f rst t'estin | 4o
pr opagat es el P2_Bi't rgg ki glald 5

el ement 115 ovk'eé k& A oni¥zat i on
el ement 115 isQr)Dpaai D g’r' gi @
conmponent 1380 ! %9/2 183 —
PCT/ US96/ 1836 ' 5
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-51- A Line 1154 propagates a C _Request signal generated
by t he consW$7/21163 1108 as an input to the second ar biPeTusdsn8226The
second arbiter 1109 generates ﬁg ~Grant signal propagated by a
line 1156 as an input to the consumer 1 4 The consumer generates
a C _Sub signal propagated by a Iine 1158 as an input 5 toathird bit
regi ster 1160. The third bit register generates a Cl_Bitreg signal
propagated by a line 1162 as an input to the third testing | ogic conponent

1130. The_nt hird testing logic conponent .gener at gs a Cl _Test signal
propagated by a 3 line@ll164 as an i nput tgthe cogpuner 1108. The
line 1162 al so pro‘Biigat es the"", Cl _Bitreg_signal ag an input to a
synchroni zation elgnhent 1166 ocked by 10 PS_CI K. ASout put of the
synchr oni zag+ ment 1166 Ijs propagated as an TpU 0 t he
first testi conmponent {1120. The line 1162 furthef~progagaf es

the d _Bitr an indut to a synchroni zati on ekrdgentQGlle8 cl ocked -
by AN tout put f the synchroni zgt\ on elé PNt 01,'16 is

O in to the second t ing |oglc c@nponent 1126.

s Pl_dk to the flifst ®retéeerd~Hl02, to the

d to the synchronifzati en Fenentk {1136,

xconnegts P2_Cfk Xolorhe secpnd pr oducer

O eﬁF s40,» 1124, ahd 1168. A
o 188

pr opagat ed
15

Y

first arbitera| O 11086,
1150, and 1J16@ |ge 1 ine 1172
1104 and to] t hefsynchroni zai
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P2_C k signal 1204 represents the logic state transisti;ons generated by

P2 _Ck wo9Tdmesng théeé time interval t. Likew se, -the O ROTWUSYSY8RA 1206
represents the logic state tran&i jlons generated by ClL C k during
the time interval t. It wll be Aépreci ated that the P2_dk
generates fewer transitions during the tine interval 30 t than the

Pi Ok signal (i.e., P20k is faster than ¥~ k). Sinilarly, the WO

97/ 21163 1010~
PCT/ US96/ 18226 BUS Release =\ -52-
Cl _dk signal generates{nore transitioasyedri hg tinelt than the P1_Ck

si gnal (i.e., Ok is faster fhan — —_ 1012 A
P1_Request signal 1208 and a P2_Request [signal |[121Q transition {rom

R

1210 are- respectively py theijfirst pr 1102 (Figure
11) and the sefdck br oducer 10 (Fi gur g Jrl aljmo Sifrul t aneousl y.
P‘I i SyRE] gaéz rlespectivel y
134 | 1014 (Figure 11%180 the flirst arpiter 1106.
It wll be understoo a
producer 1104 are thereby vying forEa Ss ﬂ shar ed resource
e a

low to high in resp e synchronismwfh the|P1 CLBY 3 and the
5 P2_C k sign 1204. The Pl _Request{ and PZ% qUEJFaes] O sP4.5%3 and
The P1_Request and
by the lines 1110 an

[ he first producer 10 1102 and the second
(not shown). A d Req sig 224 generated by the
consuner 1108 (Figure 11)
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transitions fromlowto high in synchronismwth the {0 _Ck signal 1206.

The WO pE21463 | on of the C Request si gnal 1224, propaBerais6iEs23m
Friput to the second 15 arbiter 11093/14di cates that the consumer 1108
seeks access to the shared resource. Follow ng the transition of
the Cl_Request signal 1224, a O _G ant signal 1226 generated by the
second arbiter 1109 transitions from!low to high I ndi cating that
the second arbiter 1109 has granted access to the shared resource
to the consunmer 1108. unmers vying for access to the shared
resource 20 - are t shown. Foll owi ng the |ow to high
transitions of the Pl Req t signar] 1208 and the P2 Request 1210
signal, a P1_Gant sifgnal 12 tyrgltions fromlow to high. The
Pl_Grant signal is ggneraleg by Fadtirst arbiter 1106 indicating that the
first pr odu has been pgr&hjed the right to access the shared
resource. The 25 g P2 Requesg| sRghalk 1210 remai ns high, indicating that
t he second pro *confi neeb Yp seek access to the shared
resource. - Hayi ng} acCegs % the shared resource, the first
pr oducer 1105 I rn,etlat g/ t%® saccess to the shared resource and
al so gener at a” P1_Add| Sigghal ¥ ng such wite access was
initiated. sequent Iy gan t kt full transition 30 gener at ed by
the P1 dk g1 gl fhel t nrgemrStt of the Pl _Grant signal,
a P1_Add sijgnalg 1 bl tenan it@ons o high. The P1_Add signal 1214
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input to the first bit
transi ti orwofo7eims3Pl_Cl k™

si gnal

{Figure 11) changes the logic state of a

fromlowto high. Also

regi ster

1202,

because the first producer

P1 Bitreg signa

1102

initiated the wite access to the shajggdqgesource, the first producer

W t hdr aws S
| ogi c stateg of
Because the¢ P Si
the sane tijne og
P1 Bitreg $ig P16
testing 10 C
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to high. ILpo Yy,
within oneffu ANs
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P| _Request |si gnal |fjr om hi ghCTo} | ojv.

i pngl] 1214 is apptiise]signdl, i} trgRs]tipns fo |ow
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conponent 1130. Consequently, * hirg testing | ogic
1130 does not update the logic state of a O Test si gnM&stamngg?
one full transition of the A _Ck signal occurs followng the transition of

t he PIBitreg signal 1216. The O-¥&st signal 1222 is asynchronous
to the WO 97/ 21163
PCT/ US96/ 18226 WHAT IS CLAIMED IS: -54-

P1 Bitreg signal 1216, and therefore transitions fromlow to high upon the
occurrencg of one ful| trangeiHodnfoRf ddiétifingCllle StaiiSadf 42R8oiree | Twa Nligile
transition of the P1_Bitreg signal 1216. Upon the

transiti ohi ng cistehe wherginsa fibtyshisysternoopenating, én gynchrenismi yath a fiyst clock
1222, the second. rogucer 110 and the consuner 1108, a ectiv abl e
Lo 5 > onie S gd AShe RIS A0 SBsbiRRS ekl B
fromthe yite s9a@@shism with a secorid élod RAdPYath Frorh Isﬁlatrew@w GRId skéSid clock
Because the O k signal 1206 generates transitions faster than
the P2_Cl% si gﬁnlnglzemcltrn@worv@mmrﬁsmoaou saidpb lfiestt olock said regeurcet beingh

o odvcer "8 105, Wnabalffd /\GBHE RS GERAMNE RoBRNS Hro AR AR T Alfidley

access toy;the shjuddaasiedesE from said resource by said second subsystem, said method

8 comprising the steps of:

9 generating a first quantity representing a number of write accesses
10 to said resource made by said first subsystem, said first quantity generated
11 in synchronism with said first clock;

12 generating a second quantity representing a number of read
13 accesses to said resource made by said second subsystem, said second
14 quantity generated in synchronism with said second clock;
15 synchronizing said first quantity with said second clock to generate
16 a third quantity;
17 T synchronizing said second quantity with said first clock to generate
18 a fourth quantity; -
19 - comparing said first quantity to said fourth quantity to generate a
20 first resource-available signal for said first subsystem, said first resource- .
21 available signal being active when said ﬁrSt quantity is equal to said
22 fourth quantity, said first resource-available signal generated in
23 synchronism with said first clock; and
24 comparing said second quantity and said third quantity to generate
25 a second resource-available signal for.said second subsystem, said second
26 resource-available signal being active when said second quantity is
27 | different from said third quantity, said second resource-available signal
28 generated in synchronism with said second clock.
1 2. The method as defined in Claim 1, wherein said first quantity, said
2 second quantity, said third quantity and said fourth ‘quantity represent a value of
pa. T"ﬁlsiii“l'ii'ilfeli" N
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' 120 W 504 A8k £
by the second arbi ter 110 ?an's.”'tflaﬁlmlﬂllﬂlﬁﬂllﬂ il gﬁt:gf%gh??ﬁ!f’ow%g {’fﬁ

iransition of the _Test %igdnalt 1222% The c $
the initiated read access by 15 generating a C Sub signa quamﬂcﬁw

the P1_Add signal 1214, the Cl_ Sub signal 1228 is a pulse and
hence transitions from low to high and thesgfrom high to | ow during
one cycle of the d_C k signal 1206. The d Sub signal 1228

propagat s to Eﬂﬁ‘ert BéroCorbiie, @t 740 hhAfing Thent BhE 4o tk.'el'o o?ghﬁﬁ%er& ]tgoor%ehe

causes a _Bitreg signal 1230 to change fromlow to upon
next full4t ranS\{hendncmlentedofwhﬂelnaald]ikssreg;natce-:lmﬂable sxgnal is generated]' Ibsy

d.to,the t
051 ¢ coponon xS QitigkBd F ghaBiSTROSHA e Santil apd v e%egexd
signal 1322 fr gépohdOfesérct-available sighabii§ 'geferatedn8Y ék%ﬁ@l\ﬂeSORfdé[O%%t %&:

synchroni zation el ements 1166 and 1168, thereby synchroni zing treg
25 si’gnal qRAUity candesaid ﬂerd/qumtiwthe P1_Ck signal. 1202 and the P2_C k
si gnal 1204. Fol |l owi ng such synchroni zation, the Pl_Test signal

1218 transitions fr@m A methbd gbrtdetdxﬁmmgomeommﬁ%ﬁ atresotivéd idtna Wigitdle
P1 Ak signal 1202 follow ng _the transition of the C Test S|gnal
1222. Li Rewi seSX%‘@nPZJhFE%? %iﬁgﬁﬁeﬂubwmm operating i syrehronism withne tﬁrghclookl ow
upon one 4f ul | NgOf Kk | 1 t e
tlroansi tion of t d{%st sslawngrleg . @L?gﬂﬁt raﬁsgf %nssubgfé?ﬂ oeriting ' in

P1 Test @i gnal syllibhﬂ)msni witlea Bébo'ﬁd&ﬂodd 138ds ddt2 Zdbm Bl Gedotirdd) dhidtdacord &bk

E’Eﬁ?’? ldggg F18226¥\Qn§ 7/aszy%l:cL: %nous with respect to said first clock, said resource being
6 unavailable for writing additional data from said first subsystem until previously
7 written data is read from said resource by said second subsystem, wherein a third
8 subsystem of said digital system operates in synchronism with a third clock, said
9 third clock being asynchronous with said first clock and said second clock,

10 wherein said third subsystem writes data to said resource, said resource being

11 unavailable for writing additional data from said third subsystem until previously

12 written data is read from said resource by said second subsystem, said method

13 comprising the steps of:

14 generating a first quantity representing a number of write accesses

15 to said resource made by said first subsystem, said first quantity generated

16 in synchronism with said first clock;

17 generaﬁng a second quantity representing a number of read

18 accesses to said resource made by said second subsystem, said second

19 quantity generated in synchronism with said second clock;

20 synchronizing said first quantity with said second clock to generate

21 a third quantity;

22 synchronizing said second quantity with said first clock to generate

23 a fourth quantity;

24 generating a fifth quantity representing a number of write accesses

25 to said resource made by said third subsystem, said fifth quantity

26 generated in synchronism with said third clock; -
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-'-.55- | 1102 and’he second producer 1104 c?am’m t:t ﬁle“clga?gg’l ?
o ORI , ., . cocourcs eoused by, thopeRREe & 36N 1997

Becaus'e the'fil st producer 1102 changed the logic state of the Pl Request

5 1208 signal fromhigh to | ow, and because the second producer has
mai nt ai ned a high logic state of thg P2_Request signal 1210, the
first arbiter 1106 causes the signal P2 _Grant 1232 to transition

o the s@ond producer 110 et P2 RS v dmpity with sl iRl GloER OTRRLGEE,

the sharegd resource angkiiejuadtiygtified by the low logic state of the |0
P2_Test signal 1220 that the shared resource is available, initjiates a
wite ac@®ss to wshechropizing saidoseeond nwantifyi vdthe saidhithisdcplogki te

access h been initi h .. second producer 1104 causes a
P2 Add s!aagnal 1234 ftgg[ﬁeﬁgﬁs# ts%oeﬁﬁ* ﬁ'&ﬁhl Ow to hi gh. Because the
P2_add siggnal 1234 is a pulschrohiking! i iftfinofsantity Withovdid Girkd ébck to generateAnd

fromhigh to low during_one full transition of the P2_C k signal 1204. 15
The P2_Ad@ signal 1284 cighthqypatifyiied to the second bit register 1144

one % T T anert PoRBpniZng b i SR M AT hecBi ekt B e BAlE
transitiea of the P2aAdgth quantity; signal 1234. The P2 Bitreg signal 1236 is
I medi atel y propagated to the second testing |ogic component 1126
whi ch, al380 i medi ately, @gherating pdirstresauyee-ayajlehle signal by gomparing a sum of
transiti fromlow Holel . P T i 1.1 ' . i

ot opagat S to syncnr S A8 quentty and, sid sighth Giindy 8 L8 Foibf Wankd Sald
respectieel y synchr ofirsteresduarcé2dvdilablec gighiaD beinglaktive whén tshid sum of said FirstCl k
si gnal 1202 and the ad _Jdk si ggi%l .1206. After such synchroni zati on, ‘dh
synchroni®ed P2_Bi t r SBad|tysnd saidxighth %‘PB%Q@}&FGEPMB§§@C£WBIQ}‘3?B% Ferds st ¢

testing g resource-available signal generated in synchronism with said first clock;

40 generating a second resource-available signal by comparing a sum
a1 of said third quantity and said ninth quantity to said second quantity, said
42 second resource-available signal being active when said sum of said third
43 quantity and said ninth quantity is different from said second quantity,
a4 said second resource-available signal generated in synchronism with said
45 second clock; and |
46 generating a third resource-available signal by comparing a sum of
47 said fifth quantity and said sixth quantity to said seventh quantity, said
a8 third resource-available signal being active when said sum of said fifth
a8 quantity and said sixth quantity is equal tb said seventh quantity, said
50 third resource-available signal generated in synchronism with said third
51 clock.

1 4, A method for determining the status of a resource of a digital
2  system, wherein a first subsystem operating in synchronism with a first clock
3 writes data to said resource, wherein a second subSystem operating in
4 synchronism with a second clock reads data from said resource, said second clock
5 being asynchronous with respect to said first clock, wherein a third subsystem of
6 said digital system operates in synchronism with a third clock, said third clock
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- nent 1120 and to the third S o t9l

. Tﬁ“l“l mmlﬁmﬂml ogi ¢ conponent causes the Pl Tégt??ﬁné% ’gg’g(}?? 2 180
- ransn lonmremekow to high. However, because the Pm\cogiu&@gzs
" asynchronous with the Pl_Test signal 1218, the P1_Tel I ot
transition until one full transition of the P1_Cdk signal has occurred
follow ng the 30 transition of the RggBitreg signal 1236. WO
- 97/ 21163

PCT/ US9%/ 182
Siml arlf5 t:rh@rcg tas tc Prnogno}l% “lnéh g%lf‘rp%ur?ten%ocgaﬁtlsdegal sec@d TeX s“.’%“'rﬁ""F‘ iaéﬂz
“to trans;l ti orhird aubsystent @vritegaalxtww bald]lciefbllﬁé@rv&hérﬁmna ﬁﬁﬁtﬁfubggstet]po?fh sdie full
transition of .the d Ck signal] 1206 followi ng the transition o e
P2 Bitrég xgnfl sysfegn ppempfescin synchronism with ‘a fousthcrlogkq seidsfoyrih clegke has
mai nt aiped a kg aé% 1
has ac?:gss tgp t are 6{rlétz-,‘tsv@ltjhr gﬂg e{égll?tggeafnﬁi saal.ﬁecgnﬁogl%ﬂﬂedhd %ﬁ‘gﬁﬁf’hlzzz
represents a dwgk) whegsin saidafoarth silssystear fedds datautan shid Ry¥Girtébikertian idi@

consuner 1108. The c¢onsu 1108 thus injitiates a read access to the shared
resour £2 and TGETS i Unay: gﬁﬁh ¢ dorpaiiingsadditional date from seid fansk subsysteBL O 1 ead

10 1:§CCFS%aiﬂaﬁﬁlidn§lfbb§§t&ﬂ unfiit p‘ijé'ﬁ&lfsl)b SHitACYfa i PEadFroiPsatd g&%l.lrc]ezgﬁ ’

bei ng a pul se,

14 said second subsystem or by said fourth subsystem, said method comprising the
15 steps of: |

16 generating a first quantity representing a number of write accesses
17 to said resource made by said first sﬁbsystem, said first quantity generated
18 in synchronism with said first clock; '

19 generating a second quantity representing a number of read
20 accesses to said resource made by said second subsystem, said second
21 quantity generated in s&nchronism with said second clock;

22 - synchronizing said first quantity with said second clock to generate
23 a third quantity; _

24 synchronizing said second quantity with said first clock to generate
25 a fourth quantity; |

26 generating a fifth quantity representing a number of write accesses
27 - to said resource made by said third subsystem, said fifth quantity
28 generated in synchronism with said third clock;

29 synchronizing said first quantity with said third clock to generate
30 a sixth quantity; |

31 synchronizing said second quantity with said third clock to
32 generate a seventh quantity; _

33 synchronizing said fifth quantity with said first clock to generate
34 an eighth quantity; |

35 synchronizing said fifth quantity with said second clock to generate
36 a ninth quantity;
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|mmﬂmu lmnmwmﬁ one ful I transition of the Cf ‘J‘ﬁ’@naﬁ 11208 Z’ 6

1228 is propagated to the tgg Mre I ster
whith tcalise¥ the * Cl Bitreg signal 1230 t 1 8 ‘{ggy to
S

"low. The d Bitreg signal 1230 propagates to the thi rd te

| ogi ¢ conmponent 1130 which i medi ately causes 15 - the O _Test si gnal
1222 to transition fromhigh to low. As g§po described above, t he
-G Bitreg signal 1230 is synchronized to the P1_Ck signal 1202 and tiie
P2C k sj,gnal 1204 respe Qﬁaﬁ

P2_Tesf‘:‘j ” si gnal %{aéﬁitﬁc{)g tﬁ ?QSI&S‘I llrgérrﬁ-gﬁlﬁg}gé gﬂﬁgﬁlgfﬁeﬁ%& s
"It willssbe appreci & esdid hesourdmenmdesb}ntsald\\fentthosub'sjzstm,t sdid eeithdqiansiy d

t he 20 function of arblter nor does the present invention depend on
any met¥od for generated 18 synelirpnism &?‘2‘1 said dowth glasky subsyst ens.

This ingention may be erbadir&ilzing é&id‘ﬁ Peh Ité/ t{x}%ﬁ:ﬁﬁfo%ﬁ[}ﬁéﬂk %t%egfe}dtgg

from the essential characteristics as erein. nent s
descri bad above arantednvbnthcqmmtldﬁred in aI | respects as illustrative only

i cat®d by the | SYROFPUAPHq S aReHenE AGHEIY M o5 hEKGY Slfsiingo
descripfgi on. Any aggheihte @R@&Fﬁ uanti whi ch come within the neaning and
range of equival enCy of the clai a e to be considered within
t heir s@ope. synchronizing said fifth quantity with said fourth clock to generate
45 a thirteenth quantity;
46 _ synchronizing said tenth quantity with said first clock to generate
47 a fourteenth quantity;
48 synchronizing said tenth quantity with said second clock to
49 generate a fifteenth quantity;
50 synchronizing said tenth quantity with said third clock to generate
51 a sixteenth quantity;
52 generating a first resource-available signal by comparing said sum
53 of said first quantity and said eighth quantity to a sum of said fourth
54 quantity and said fourteenth quantity, said resource-available signal active
56 when said sum of said first quantity and said eighth quantity is equal to
56 _ said sum of said fourth quantity and said fourteenth quantity, said first
57 resource-available signal generated in synchronism with said first clock;
58 generating a second resource-available signal by comparing said
59 sum of said third quantity and said ninth quantity to a sum of said second
60 quantity and said fifteenth quantity, said second resource-available signal
61 active when said sum of said third quantity and said ninth quantity is
62 different than said sum of said second quantity and said fifteenth quantity,
63 said second resource-available signal generated in synchronism with said
64 second clock;
65 generating a third resource-available signal by comparing said sum
66 of said fifth quantity and said sixth quantity to a sum of said seventh
67 quantity and said sixteenth quantity, said third resource-available signal
e SAk 9‘ This Sheet Has Been Replaced :
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‘::Iet j!!ﬂ!”ﬂgﬁ!lﬁ%ﬁ@'} of a resource of a digital 12 ;;”E@g% féﬁ?érgéig;i E

fir ting in synchronismwth a first mg , ites
data to said resource, wherein a second subsystem opéi’éft"i"iﬁgsoszlJWN 19997
synchronismw th a second cl ock reads data from said resource, said second

clock 5 bei ng asynchronous with respggt to said first clock, said
resource being 6 unavail able for witing additional data fromsaid

first subsystemunti] prewviousl . | . ' .ead i
resourc’e%y said sec%ﬁ%%egv %&é%%#ggisﬁldm%w%a sai?os:lr%@i%l{ahg& %}qg?leps
of: 9 4o ~ to said s@fHTsald R¥ehiduanifitydarinéaid yixteeptlegedtititiosadd Hirder
of wite accesses 10 ] to said resource made by said tirst
subsyst ed® said firstesoiraataveijable signal generated in synchronism withssaid thieh rlogk;
with said first clock:; 12 generating a second quantity
representing a nunber of read 13 accesses to said resource

made by g@i d second subsygemratigh dowrtls evdurckdavailable signal bydetanparing a sum
generated in synchronismw th said second clock; 15

synchronigi ng sai d fok stidcglayanth \quantity and gaidcthyieenth quantity tpopcssum of sail
athird antity; . . , QﬁJQF | ZJ ' d ity
Wi th sai gyf irst cl oc{%ngoqlgl%rﬁletya%ng s%g twel B R&I’ ;éapglgr éﬁ%&?&t@‘gﬂg%
conpari ngssai d firstsighlndctivy witenssaidl sirawiflsaidielznénthyquantitye and siid thirteéfith
first resource-avail able signal for said first subsystem  said_ first
resource?é 21 quantity 4§ squab e s3idysun phisaid \lapity, agd; sgid ftyelfth
gquantity._is equal to s g : ng ' ' ﬁi&lgw
resour ce- Jfalvai | abl e %‘?%Irtll ’ %agdng?%rtthecrjeso%ce J}%Hﬁﬁl@ signél éénreis’a;%déﬁx? %K?gsﬂrrn&vm
said firsg clock; anwith said fourth clock.

1 5. A method for determining the status of a resource of a digital

2 system, wherein a first subsystem operating in synchronism with a first clock
3 writes data to said resource, wherein a second subsystem operating in
4 synchronism with a second clock reads data from said resource, said second clock
5 being asynchronous with respect to said first clock, wherein a third subsystem of
6 said digital system operates in synchronism with a third clock, said third clock
7 being asynchronous with said first clock and said second clock, wherein said
8 third subsystem reads data from said resource, said resource being unavailable for
9 writing additional data from said first subsystem until previously written data is
10 read from said resource by said second subsystem or by said third subsystem,
1 said method comprising the steps of®

12 generating a ﬁfst quantity representing a number of write accesses
13 to said resource made by said first subsystem, said first quantity generated
14 in synchronism with said first clock;

15 generating a second quantity representing a number of read
16 accesses to said resource made by said second subsystem, said second
17 quantity generated in synchronism with said second clock;

18 synchronizing said first quantity with said second clock to generate
19 a third quantity; |
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sai d s®tcdndtsubsyst em sald second 26 resource-avail abl e
signal being active when said second quantity is 27 di fferent
fromsaid third quantity, said second resource-avail able signal 28
generated in synchronismw th said second ci63ek. 1 2. The

met hod as defined in Claiml, wherein said first quantity, said 2

second quaotity, said thirdympheortizihg saiddecaidiquiantity Wwithusaid fitsy cloekte gemérate
val ue of , - 58- 3

ei ther zer?d or one, sﬁifﬁ“‘i’]&ﬂ!}@‘tgﬁangi ng fromone to zero or fromzero to

one 4 when i ncrenent Xm%r rCrﬁnfiW [
i s gener atzéd by 5 g?’bs IV -%ghhg salgj eﬁ)trr?ss{eﬁq r?'tlty éi?odf?g%@ ‘f%&rth
quantity, 2and wher ei ntosesvadl résource nsadieoby said othirde-sabsystenty| saidi §ifth quantity

gener ated by excl usive-ORi ng . said segond 7 ntity and said third
quantity. 24 1 generatgg n sy‘)—i’hﬁ%‘%uwﬂbrsa@efhérﬁrﬁlﬁﬂﬁg the status of a

resource gf a digital synchronizing said first quantity with said third clock to generate

26 a sixth quantity;
27 synchronizing said second quantity with said third clock to
e 28 generate a seventh quantity;
29 synchronizing said fifth quantity with said first clock to generate
30 an eighth quantity;
31 synchronizing said fifth quantity with said second clock to generate
32 a ninth quantity;
33 generating a first resource-available signal by comparing said first
34 quantity to a sum of said fourth quantity and said eighth quantity, said
35 first resource-available signal being active when said first quantity is equal
36 to said sum of said fourth quantity and said eighth quantity, said first
37 resource-available signal generated in synchronism with said ﬁrst clock;
3g generating a second resource-available signal by comparing said
39 third quantity to a sum of said second quantity and said ninth quantity,
40 ' said second resource-available signal being active when said third quantity
41 is different lfrom and said sum of said second quantity and said ninth
42 quantity, said second resource-available signal generated in synchronism
43 with said second clock; and
a4 generating a third resource-available signal by comparing said fifth
a5 quantity to a sum of said sixth quantity and said seventh quantity, said
a6 third resource-available signal being active when said fifth quantity is
47 _ equal to said sum of said sixth quantity and said seventh quantity, said
a8 third resource-available signal generated in synchronism with said third
a9 clock.
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|naf|rst subsystem operating in s hronismwth a
f| r““‘“i mmml\rﬂllewrl tes data to said resource, wherein a second

subsystem opersati*ng in synchronismwith a s 4/t o ef ﬁ& ?gg?
fromsaid resource, said second clock 5 bei ng as nchr onous "kt
respect to said first clock, said resource being 6 unavai l abl e for

witing additional data fromsaid first sub84stemuntil previously 7

- witten data is read fromsaid resource by said second subsystem wherein a
third 8 1 subsysteem ofA anetHodli for tdetermirtihg nthe nseatas &f a Fesounediofrd igival t h
athird clock, said 9 - third cl ock, being asynchronous W|th said first
clock and Zai d S¥ss®hd Whegin at lgast one wmggeslgpsyapm vyTites) data,) 49 said regources

data to sagjd re S Vv f t

SN oY G MR a8 Uy A ends Y08 B Pkl (L
St o | e s vekng tnt ot o, g
repr esent |5ng a Fehsystems fungyl M@%bé?@é@n datp is réadg from said resouree by ensoof sid
made by s |

I n synchr on| sm \%\ﬁig@é’%#%t@@rglg kéacﬁwﬂ?éqédbtsy Stgﬁn&daéagg re%tg% F %lfslyﬁtgma

second quant ity operatee ireByhdlgonisUMIR réspedtb@d clotBs, wherein at leastc 686 Sefitih®
said resource nade by said second subsystem, said second %9 )
quantity dener afERSYFIRIS PRETHEN TS SYRGIIONIFR; &VilledoHEst ctlach; wherein at least one

synchroni zing s h o] e e
ayt hird qﬁgan'? | t?éaqg? Et?r;sy &HﬁptobérXteW in sﬁl %&nﬁsr%gg‘?gll’ ﬁéggés‘égln %lgglg, éﬁg usae%%ﬁ y
W th sai diofirst cbk:b(bleutgmsgnclﬁbﬁmrs with said ﬁrst clock, said metidd cpmaptisihy ;the 4teps
generating a fif}h quantity representing a nunber of wite accesses 25

to said r¥sourc& made by said third subsystem said fifth quantity 26

generat ed,jJ n synchroni sm Weh frafifll Ond RiritdlqGartityf for each said writing subsystem, each

13 said write quantity representing a number of write accesses to said

14 resource made by a respective said writing subsystem, each said write

15 quantity for each said writing subsystem generated in synchronism with

16 said respective clock of said writing subsystem;

17 generating one read quantity for each said reading subsystem, each
18 said read quantity representihg a number of read accesses to said resource

19 made by a respective said reading subsystem, each said read quantity for

20 each said reading subsystem generated in synchronism with said

21 respective clock of said reading subsystem;

22 synchronizing each write quantity with said clocks of writing

23 subsystems and said clocks of reading subsystems;

24 synchronizing each read quantity with said clocks of writing

25 subsystems and said clocks of reading subsystems;

26 summing said write quantities to generate a total write quantity,

27 said summing performed independently by each said writing subsystem

28 and each said reading subsystem; |

29 ' summing said read quantities to generate a total read quantity, said

30 summing performed independently by each said writing subsystem and

31 each said reading subsystem;
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a sixth quantity; 29

roni gl g sal @ second quantity with said third fem&.ﬁ gq; JUN ]%g7

" generate a seventh quantity; 31 If ont z1 ng_ sai

e (i -- _— . synchroni zi.n sa;i 1P|c gnﬁl/ ‘M&ﬁ&l
T o o 2o T Y64 1822 8

fifth quantity with said first clock to generate 32 an eighth
quantity; 33 synchro#65zi ng said fifth quantity with
- said second clock to generate 34 a ninth quantity; 35

generahng a first resogsmpariiviishidibeal sirite Guatitycantipsaid notahreadnquantigcto
said first quantity and said el ghth g}tjantity__to said fourth quanti, 1 said
¢-EOTSVEHAE $iEndly Sald: TeSQUIRF@NaAR sum
of said first 38 T YA AY, ' ' : i Yisl uafigl to
said fatrth quanti fSFVEERg sigp Pail' dotive Whedfla T iied Rithedyis) cust! gnal
gener atggd i n synchgsiaitotl ad lquartity, said sdmparisoin; petfbrmed independently by each
generating a second resource-avail able signal by conpari ng a suH\ﬁ%
of sai @third quansaidyWEitags SHRSYSIER: 1O qgRIISTate | Tespective 4 resolmsAvatlablE iy
said 4 . 86C . urce-avail abl e signal being active when
said sé?n of said t‘mnrt%'%ﬁ&galg’%% gquantity and said ninth quantity is
differgat from said seceomparirg siidytotal write quantity and said total read quantity to

3s generate a resource-available-for-reading signal, said resource-available-
40 for-reéding signal being active when said total write quantity is different
3] : from said total read quantity, said comparison performed independently
42 by each said reading subsystem to generate respective resource-available-
43 for-reading signals.
1 7. The method as defined in Claim 6, wherein said write quantities
2 and said read quantities represent a value of either zero or one, said value
3 changing from one to zero or from zero to one when incremented, wherein said
4 total write quantity is generated by exclusive-ORing said write quantities, wherein
5 said total read quantity is generated by exclusive-ORing said read quantities,
6 wherein  said resource-available-for-writing  signal is generated by
7 exclusive-ORing said total write quantity and said total read quantity, wherein
- 8 said resource-available-for-writing signal is generated independently by each said
9 writing subsystem, wherein said resource-available-for-reading signal is generated
10 by exclusive-ORing said total write quantity and said total read quantity, and
1" wherein said resource-available-for-reading signal is generated independently by
12 each said reading subsystem.
1 8. A method for determining the status of a resource of a digital
2 system, wherein a first subsystem operating in synchronism with a first clock
3 makes primary accesses to said resource, wherein a second subsystem operating
4 in synchronism with a second clock makes secondary accesses to said resource,
5 said second clock being asynchronous with respect to said first clock, wherein
6 said resource is not available for additional said primary accesses until a said

7 secondary access occurs, and wherein said resource is not available for said
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second resour ce-avail abl e si gr‘l’a!TTge rat ed | n8 2 2‘ k
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genersat icngea o hiy *resource avai | abl e signal by conpar
sald fifth quantity and said sixth quantity to said seventh quantlty sal
48 third resource-avail abl e signal being active when said sum
of said fifth 49 quantity and -6t d sixth quantity is equal to
sdid seventh quantity, said 50 third resource-avail abl e si gnal
gener at ed 8n syrsehondary raccessesh uatal d said palingaty access occurs, said qzﬁmarylaccesses
4. A nmethod fqr determning t atus .of a resource of .a digital.
system wherei n Hepgtng %BWSYVH % seqonfRry; Accesieh S8t Tetad: f FF‘Pgt the
clock 3 4o Wiggs g@ta to said resource, wherein a second subsystem
operating in 4 synchronismwi th a second clock reads data from said
resource, 1sai d second cl ocgergrating aiﬁestr:glaastynn&prcﬂwtmgw nmnb@'stpfesaxdtpmmayd

first clock, wh ' t hi t ., said digital
oper at 65 1 synchr oni SHEFFE 0 S8 AFRTGR Defe bx.apid ff subsyPli said’Bist quantity

- 60- 13 generated in synchronism with said first clock;
14 generating a second quantity representing a number of said
15 secondary accesses to said resource made by said second subsystem, said
16 second quantity generated in synchronism with said second clock;
17 synchronizing said first quantity with said second clock to generate
18 ~ a third quantity;
19 synchronizing said second quantity with said first clock to generate
20 a fourth quantity;

2 | comparing said first quantity to said fourth quantity to generate a
22 first resource-available sighal for said first subsystem, said first resource-
23 available signal being active when said first quantity is equal to said
24 fourth quantity, said first resource-available signal generated in
25 synchronism with said first clock; and
26 comparing said second quantity and said third quantity to generate
27 a second resource-available signal for said second subsystem, said second
28 resource-available signal being active when said second quantity is
29 different from said third quantity, said second resource-available signal
30 generated in synchronism with said second clock.

1 9. - An apparatus which determines the status of a resource, wherein

2 a writing subsystem sends a write signal to said resource, wherein a reading

3 subsystem sends a read signal to said resource, wherein said writing subsystem

4 operates in synchronism with a first clock, wherein said reading subsystem
EDES SHEES .
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nous with said first clock and sai d”second cl ock,

Wnermlmamamaﬂﬂ rlm)thl rd subsystemwrl tes data to sgr?rd r’Qsowcelmw
fourth subsyst ém df said digital system operat es in’synt

vvlth a fourth clock, said fourth clock 10 bei ng asynchronous with

said first clock and said second clock and €?nid third 11 cl ock,
wherein said fourth subsystemreads data from said resource, wherei n said

12 resource i s unavailable.for wiitin di n ata from.s f.i rst
subsyst emfr  18Pperates dm; WH{WUM%@E fm& t“ﬁ‘ﬁ%vﬂ)‘ s IS§CaRd; t‘il d‘é‘?lﬁgl s
read fromgaid ﬁﬁﬁf@gup){o satdl first clo%ﬁl gmg%%qmgwﬁﬁﬂg or by said fourth

subsystem sai d conprising the st eps of:
generating a first quant i tayﬁrslmemaphmnengiemenUNﬂMh gf:nmie’sea :ﬁrsteupdate sighal

to adreorcemad rt bs df
generat ed ® 18 having™§ it oty shiechdrp el Iowi elafe, S iret Yeaphore
generating, a second Qe ¢ V& S8 ald drrfle RigRREIo Chargidfle 1395c state of s2a1d

¥sgon
accesses to said resource rrrwadJ Ey sai d second subsyster%% sai d”second
quantity generated i firstynpdatesignal i spnchaonisme withdsaid didet cl@k each time said
synchroni zi ng said f'v&r?ttm qgu r;tétgr\é wﬁ%eg (sa?l ghs ond clock to generate 23
athird qltantity, 24 g subsy. & I ENE SR TG sai d second quantity
with saidyfirst clock to gieﬁé‘doﬁaese?rﬁg)hore element whléhfgéﬂe}:ﬁe.ﬂldagédohﬂ %&te
generating a fifth quantity representing a nunber of wite accesses
to said resource nadeignal havingt &ifirst maus;ﬁ!atermdsalselcdndf lagic)state,i said 2@cond
generated in synchronl sm thir

synchroni A ng sai d fi{FS¢P %&ﬂ?’??’(gﬁspﬂngﬁ? & f‘ﬂ? f%f'd signal to ghange the lagig state
a sixth guantity; 31 of said second update signal fY§}aRhfonishh Reith SAt Se6idBldck each

quantity with said third cl ock generate a seventh

quantity; 183 time said readmg §9bmi6!3h re_qdngia@afrgnt $4id Fespuzeity with

Y S$7 clock to gener A st synchronization element which synchronizes said first update'
18 signal with said second clock to generate a first synchronized update
19 signal;
20 a second synchronization element which synchronizes said second
21 update signal with said first clock to generate a second synchronized
22 update signal;
23 ~ afirst test clement which generates a first test output sigﬁal having
24 a first logic state and a sécond logic state, said first test element
25 generating said first test output signal at said first logic state when said
26 first update signal is equal to said second synchronized update signal; said
27 ' first test element generating said first test output signal at said second
28 logic state when said first update signal is different from said second
29 synchronized update signal; and
30 a second test element which generates a second test output signal
31 having a first logic state and a second logic state, said second test element
32 | generating said second test output signal at said first logic state when said
a3 first synchronized update signal is equal to said second update signal, said

34 second test element generating said second test output signal at said

~
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-61- _ generating a tenth quantlty representlng
nunber of read accesses 38 to said resource nade by said fourth
- subsystem said tenth quantity 39 -68- generated in synchronism
- with said fourth clock; 40 synchroni zing said first

- quantity 3WI t h said fsecont logidcitate wvhpersaida fiest synchronized update signal is\different

- quantity; hronl I ng said second quantity with
sai d four3F‘h cl ock t oftpm said second “g‘ﬂ‘ ];te atwelfth quantity; 44

synchroni zing said fifth quantity W|th sald fourth clock to generate 45
a thirteemth quantit 0. 46 The apparatus as defined in Glaim?.owhereiny sai d tenth

gﬂ:m : w Wl4t8 h said first cLl(akarstt seg%gﬁfﬁ@géﬂ?&ﬁ‘;ﬁgs saaﬁ'lr&'t F)éﬂ?%v%ﬁgng'#{ef:@ ﬁrst

' said secogd clock toD flip-flop, said first exclusive-OR gate having a first output, said first

4 output connected as an input into said first D flip-flop, said first D flip-
5 flop having a second output, said second output connected as an input into
6 said first exclusive-OR gate; and
7 said second semaphore comprises a second exclusive-OR gate and
8 a second D flip-flop, said second exclusive-OR gate having a third output,
s said third output connected as an input into said second D flip-flop, said
10 second D flip-flop having a fourth output, said fourth output connected as
11 an input into said second exclusive-OR gate.
1 11. The apparatus as defined in Claim 9, wherein said first
2 synchronization element comprises two latched D flip-flops, and wherein said
3 second synchronization element comprises two latched D flip-flops.
1 _ 12. The apparatus as defined in Claim 9, wherein said first test element
2 comprises an exclusive-OR gate, and wherein said second test element comprises
3 an exclusive-OR gate. '
1 13.  An apparatus for determining the status of a resource of a digital
2 system, wherein a first subsystem operating in synchronism with a first clock
3 writes data to said resource, wherein a second subsystem operating in
4 synchronism with a second clock reads data from said resource, said second clock
5 being asynchronous with respect to said first clock, said resource being
6 unavailable for writing additional data from said first subsystem until previously
7 written data is read from said resource by said second subsystem, said apparatus
8 comprising:
9 | means for generating a first quantity representing a number of
10 write accesses to said resource made by said first subsystem, said first
1 quantity generated in synchronism with said first clock;
Sheet Has Been Replaced
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erate a fifteenth quantity; 50 ?F‘i-'il‘“ Lot d }82 6

‘49
. Sy ﬁi’tenth quantity with said third cl gei k@ geperat 1
.a tgﬂmﬂwm&u&m* y, 52 gener at ﬁ'ﬁ 'ét?f"lgf gec Jﬂﬁ 1997
resource-avail abl e signal by conparing said sum 53 of said
first quantity and said eighth quantity to_a sumof said fourth 54
quantity and said fourteenth quantity, sar®-resource-avail abl e si gnal
active 55 when said sumof said first quantity and said eighth
quantity'?% s equal to 56 means for generating g seeandoguatitity) repsesenting mnuinber afid
sai d fourteenth quapiist Ya..Sakdsf iL:§t .fesourcesavail abl e
‘si gnal ;gnerat ed in?t];éd)‘/in%:i reg%lkstr% \I§\A£l hresal.llr&efrlnlag? bc,}f 5‘3’1?; ebcgnd subsy&em, said

generatimg a second sécondujuantifygénepditd i spthrotiymCRitAahid secoad ¢16&;
sum of said third quantity and said ninth quantity to a sumof sai d second

60 15 quant i t y ™a98s dor synehronizing Kaid first quantity sith said serpnd clock
resourcegavail abl e g . .. active when said sumof said
third qugnt ity and gdag%?tgt th(lquﬁla?l aln{liy,i s 62 different than

sai d sunmzof said second eeans fdrysyacistoniing 54l tseeotdquntity with saf first clock
sai d second resource-avail ablfe signal .generated in synchronismwth said 64
second dPock: 65  to generate a fourth'quanfi¥her ating a third resource-avail abl e

signal Ry conparing sai dygum . . f ks | .1 tity.an
said sixth quantity to a sum g‘? %oa{?%fnél vseaﬁq t{lr%ﬂmhg' H L&H f%ﬁﬁaq{#{@ g‘hd
-sai d sixpeenth quangéreyate adirst febourde-nesilablec sigaalafor MLl €ibdystem, said first

21 _ resource-available signal being active when said first quantity is equal to
22 said fourth quantity, said first resource-available signal generated in
23 synchronism with said first clock; and

24 means for comparing said second quantity and said third quantity
25 to generate a second resource-available signal for said second subsystem,
26 said second resource-available signal being active when said second
27 quantity is different from said third quantity, said second resource-
28 available signal generated in synchronism with said second clock.
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and said sixteenth |g anb said t hiir . L reesouree-avail
signal generated in ' éuNsW&nth sai d th| rd clock, 71 : and
72 ing a;fourth resource-avail abl e si gnal by
conparing a sum 73- . of saild el evegg h quantity and said

thirteenth quantityt+e—a—stmef—sai-eH 74 . tenth quanti ty and said
twel fth quanti ty,m%%%r ce-avail able 75 si gnal
-active when said th quantity and said thirteenth 76
quantity is equal to said s 0 ent b, quaptit said twel ft
quantity, shid fourth 1r‘esou‘g “&9&%&6‘( tﬂ P &Yeﬁ"‘gﬁ?l(ﬂfr*b %th
‘wWith said fpurth t sub te?h eraﬁ#FElh B Wit Hriciblie
:status of a resou ce of a | ﬁIT sﬁl Ve o}’ste h!’?ﬂel n |rst subsystem
~operating i®n synoimntesi datawid hsaaadfnesmjrce;l ovtlerédn a secmdtﬂﬂasdstem topernting in

; resource, wherei n a,second subs erat|n n 4, synchroni smw.t h
ta second clbck réé{ﬂf%l“ﬂ%}ﬁ‘&‘i"’rtﬁ é‘zﬂ“& %’%ﬁ?@e&”’gg %@ﬁﬂ“ﬁ%é sgcond clock
ge' Ng asyncgr onoyginy tayd edtl 16 Lsafd Oy Sé%bg%eéaﬁu %ekéli:&ﬂ being

ubsystem of 6 sald gl taI syst operates In ront smwt
"Fhird clocks sai dlnamhblecformﬁlg additidmmai ldgtadiagmahld(ﬁlstjmbaystemsmtﬁi pi'evmnsly

cl ock and said second | ock, rein.said 8 hird.s tem reads, data
fromsaid resour ST, 8L ﬁ'%mb'ﬁ' GeSQReG b sald geqand @‘Bs m’mlf' od " °
addi tional glata fooRiprsmigtihtisicps 0<;-ubsyst emuntil previously witten dat ais

L 10 read fromsaid resourcé by said second subsystemor by said third

j subsystem 41 sai d et gederating ai firsthquantity repesentinfg: a number of write accesses

10 to said resource made by said first subsystem, said first quantity generated

! 1 in synchronism with said first clock;

_ 12 generating a second quantity representing a number of read

% 13 accesses to said resource made by said second subsystem, said second

' 14 quantity generated in synchronism with said second clock; |
15 synchronizing said first quantity with said second clock to generate

18 a third quantity;
17 synchronizing said second quantity with said first clock to generate
18 a fourth quantity; "y
19 comparing said first quantity to said fourth quantity to generate a |
20 first resource-available signal for said first subsystem, said first resource- Vi
21 available signal being active when said first quantity is equal to said -
22 fourth quantity, said first resource-available signal generated in
23 synchronism with said first clock; and
24 comparing said second quantity and said third quantity to generate
25 a second resource-available signal for said second subsystem, said second
26 resource-available signal being active when said second quantity is
27 - different from said third quantity, said second resource-available signal
28 generated in synchronism with said second clock.
1 2. The method as defined in Claim 1, wherein said first quantity, said

2 se__co;id quantity, said third quantity and said fourth quantity represent a value of



\%/I?I te éccesses 13 Rfﬂiggnerat ! Pg:?a ijrffesgﬂﬁgfai %d;eg;e::[ﬂ“’mmllmlrrml Iﬂ"

subsystem said filr$t guantity gepefated 14 i n Synthrlonifsmswi t h
said first clock; |15 01 JUN 1998 generating a second quantity
representing a nugb¢r_of read 16 accesses to said resource nade
by said second subsystem salid secohd 17 quantity generated in
synchronismw th sald-second clock:§18 -58- synchroni zi ng
said first quantity with said second clock to generate 19 a
third quantit ither zero or one, said value changing from one to zero or from zero to one

-63- 20 . synchronj zi ng said second quantity with said
first clock tdvhganweremented, wherein said first yesowce-avatjable signal is generated by

generating a f} Qﬁﬁh't . @aﬂfti q&ﬁ.ﬁj d

to said lgr1esoure?:‘{:altugrri:‘a{g'e yésga{ﬁl% Ep%lﬁ sﬁg‘fl:ﬁa{e}}r’n sal g{lﬁ ’hmg(ﬁani | %y %id
gener at egl i n sydopdr eRdROE-avdilabiaisignhhis geretatedk by2éxclusive-ORing said second
synchroni zing said first_quantity with said third clock to generate 26

a si xt h Yuant iqugntity7and said third quantity. synchroni zing said second
quantity with said third clock to

1 3. A method for determining the status of a resource of a digital

2 system, wherein a first subsystem operating in synchronism with a first clock

3 writes data to said resource, wherein a second subsystem operating in

4 synchronism with a second clock reads data from said resource, said second clock

5 being asynchronous with respect to said first clock, said resource being

6 unavailable for writing additional data from said first subsystem until previously

7 written data is read from said resource by said second subsystem, wherein a third

8 subsystem of said digital system. operates in synchronism with a third clock, said

9 third clock being asynchronous with said first clock and said second clock,
10 wherein said third subsystem writes data to said resource, said resource being
1 unavailable for writing additional data from said third subsystem until previously
12 written data is read from said resource by said second subsystem, said method
13 comprising the steps of: -
14 generating a first quantity representing a number of write accesses =
15 to said resource made by said first subsystem, said first quantity generated _-3
16 in synchronism with said first clock; - F
17 generating a second quantity representing a number of read
18 accesses to said resource made by said second subsystem, said second
19 quantity generated in synchronism with said second clock;
20 synchronizing said first quantity with said second clock to generate
21 a third quantity; '
22 synchronizing said second quantity with said first clock to generate
23 a fourth quantity;
24 generating a fifth quantity répresenting a number of write accesses-
26 to said resource made by said third subsystem, said fifth quantity

26 generated in synchronism with said third clock;



28 generate_a_s uantity; 29

synchroni zi ng sai R§ [ ReEmeNTt SRBETWI|t h said first clock. ”"lmmwm»&"ml IIII
an eighth quantityj synchroni zing said fefth s
guantity with said second clock td denerate 32 a ninth
quantity; 33 01 JUN 998 gererating a first resource-avail abl e
signal by conparin aid first 34 quantity to a sumof said
fourth quantity anfl said eighth quantity-5%aid 35 “first

resour ce- avai | abl elLsignal—beirg—eaettve when said first quantity is equal 36
to saidpgum of said fourgyhchieniving ¥aid TirstSquatiey ¢ithsaiflithivd ¢lyck sapehekatest 37
resource-avail abl e signal generated in synchronismwth said first clock;

38 28 a sixthygw@tiy:i ng a second resource-avail abl e signal by
conpari said 39 -t hird. 'I@BSI Youhti . 1S Als
gquanti t gand said ninth sc?’&&%?ﬂ’{‘/‘,m 4%“9 td q @sai% géuciong Y& o

resour cgoavail abl e géngfie alxevéergh agbmtity; when said third quantity 41

is different fromand said sum of sai d second, qua tit%[ﬁ%\%d said ninth 42
quantit¥! said second reSmehropizing sad fifth guady v, qlocks i geEtie sm 43

wi th saig second cl : . ' generating a third
resourcea-gavai | abl e %fglﬁgﬁlng“)‘/aﬁggﬁpari ng said fifth 45 quantity
to a sumsof said sixth gsymchronizimgshid &ifith quentitytwitlnsaichsécond cloek tb dénerate
third resource-avail abl e sigpnal being active when said fifth quantity is 47

equal t&said sum _cﬁm?&hél“_%q h quantity and said seventh quantity, said 48 s
third regource-avail abl eggicaRfl HRAFIGbAILe Vaitibll BiphA By eothghingad srh bffr d 497

o ock: 36 said first quantity and said eighth quantity to said fourth quanﬁty, said
37 first resource-available signal being active when said sum of said first
38 quantity and said eighth quantity is equal to said fourth quantity, said first
39 resource-available signal generated in synchronism with said first clock;

40 generating a second resource-available signal by comparing a sum
41 of said third quantity and said ninth quantity to said second quantity, said
42 second resource-available signal being active when said sum of said third
43 quantity and said ninth quantity is different from said second quantity,
44 said second resource-available signal generated in synchronism with said
45 second clock; and -
46 generating a third resource-available signal by comparing a sum of
47 said fifth quantity and said sixth quantity to said seventh quantity, said ’*
48 third resource-available signal being active when said sum of said fifth '
49 quantity and said sixth quantity is equal to said seventh quantity, said
50 third resource-available signal generated in synchronism with said third

51 clock. '

1 4, A method for determining the status of a resource of a digital

2 system, wherein a first subsystem operating in synchronism with a first clock

3 writes data to said resource, wherein a second subsystem operating in

a synchronism with a second clock reads data from said resource, said second clock-

5 being asynchronous with respect to said first clock, wherein a third subsystem of

6 said digital system operates in synchronism with a third clock, said third clock



-64- 1 6, Aethad for determning the statu

of* a digital 2 REBLADFMEWNESHEET ft | east one writing suquﬂmﬂmmgmmm
data to said resourncegs knyat | east one readi ng subsystkemreadss +
data fromsaid reséuﬁce said 4 resource being unavailable for witing
additional data frgm sgﬂd-“mi‘??%g 5 subsystens until previously

witten data is redd|fromsaid resoufjce by one of said 6 readi ng
subsystens, whereir each witing subsfystem@nd each readi ng subsystem 7
operat e i n synchr or-sm—wi-t-h—respeetf ve cl ocks,. wherein at | east one

witing 87 beingyasyachrongier ithssaid) fizstneloclo and saidvwsdebnd: clocks twhereds ksaid
wherein at |east 0 readi ng subsystem operates in _synchronismwth

9
a second d ock, M?;@Eﬂéﬁd@@s data to s9idc resevres, Whersing Somsthssubsystem pf said st

cl ock, said net %ﬁ? | S] . -2.0f : .

gener at i nggdone \fhv e% u%frlllt#@a oﬁnessggﬁﬁg%ll W@térﬁ%@uggﬁ (saarhd fgac c}gck
said wit® quanbeing dasgpelesnnisi withasaid fiestrclodk and s#id ssecorls elock and asaitl fhird
resource nade by a respective said witing subsysfem geach said wite 15

quantity Tlor eatlockaWhersin saich fourthsupsysiam geads datachion, said feeotres  vehereinsaidi 6
said respgctive f |+ it : ggm- : :
generati ngzcone Féésg quigrﬁn?t@é/l gﬁga@%@%i rggg{ %%Zgggasﬁasl{ieﬁnﬁst glg:(%s or
sai d readijuant sdiy thirdrsabsysterm gntil previoaslyodrittern datads esxslefromosaihredouree by ce

19 mage b respective sajqd reading subsyste each said read
Shantity Tor 20%md sooond subsHEgRIors; $id Gt APOSTNES FOmpIFng, the
synchroni gm w fa,sgird _

16 generating a first quantity representing a number of write accesses

17 to said resource made by said first subsystem, said first quantity generated

18 in synchronism with said first clock;

19 generating a second quantity representing a number of read

20 accesses to said resource made by said second subsystem, said second

21 quantity generated in synchronism with said second clock;

22 synchronizing said first quantity with said second clock to generate

23 : a third quantity; _

24 synchronizing said second quantity with said first clock to generate

25 a fourth quantity; e
26 generating a fifth quantity representing a number of write accesses 4
27 to said resource made by said third subsystem, said fifth quantity *
28 generated in synchronism with said third clock; '
29 synchronizing said first quantity with said third clock to generate

30 a sixth quantity;

31 synchronizing said second quantity with said third clock to

32 generate a seventh quantity;

33 synchronizing said fifth quantity with said first clock to generate

34 an eighth quantity;

35 synchronizing said fifth quantity with said second clock to generate-

36 a ninth quantity;



g';l/hch\r oni zi ng eah R_\EPLAnﬁ‘ﬁE 7_ \ 'S?Ldséfgdingcigbysxm i ﬁﬂlun l“l“ I““ “I|I “ ‘“I
subsyst enms and saj deetocks O T€3dijng subsystens; 24 Lo st
synchroni zi ng eac ﬁdkﬂbﬁnﬁg y jwi tg gﬁlbgyglt g?rylés (2)1;5 witing 25

subsystenms and saldic
summing said with =geperate a total wite quantity, 27
by eabhb-said witing subsystem 28

said summ ng perf ’
and each sai d r eadi-peg=—sess sunmi ng said read

quantitiesw to generate a genenﬁtlngaabbnduqumtltwreps@mh@)anumbero read ageesseisng
per f or med |ndependen y each sal |t| geSubsys and 31

each sai 8 eadi ng sui%fé@e y said °fo , said”tenth quantity
-65- 324 enerated m%ﬁiﬂh?dmé]ﬁ mdalaqba&hwcke quantity and said
t ot al read quantity Fo 33 enerate a

resour ce-avai | abl e-f or - w synchrpnizing said firat quantityowith said\faprth slosk tg generate

for-witing signal bein ac |ve en said total wite quantity is equal to

35 4 sai d EBELEY mtity, said conparison perforned

i ndependegt |y by each synchromzmg said second quantity with said fourth clock to -
43 " generate a twelfth quantity;
44 synchronizing said fifth quantity with said fourth clock to generate
45 a thirteenth quantity;
46 synchronizing said tenth quantity with said first clock.to generate
47 a fourteenth quantity;
48 synchronizing said tenth quantity with said second clock to

" 49 generate a fifteenth quantity;

50 | synchronizing said tenth quantity with said third clock to generate
51 a sixteenth quantity;
52 generating a first resource-available signal by comparing said sum
63 of said first quantity and said eighth quantity to a sum of said fourth
54 quantity and said fourteenth quantity, said resource-available signal active
55 when said sum of said first quantity and said eighth quantity is equal to¥"
56 said sum of said fourth quantity and said fourteenth quantity, said first 1
57 resource-available signal generated in synchronism with said first clock; v
58 generating a second resource-available signal by comparing sal;d .
59 sum of said third quantity and said ninth quantity to a sum of said second
60 quantity and said fifteenth quantity, said second resource-available signal
61 active when said sum of said third quantity and said ninth 'quantity is
62 different than said sum of said second quantity and said fifteenth quantity,
63 said second resource-available signal generated in synchronism with said
64 second clock;
65 generating a third resource-available signal by comparing said sum -
66 of said fifth quantity and said sixth quantity to a sum of said seventh

67 quantity and said sixteenth quantity, said third resource-available signal



36 sai ' n to generate respecti\1m|““|
résour ce- avai | abl e-{f &EP | witing-signals; and II" "I" "Ill" ||I|
conparing said totad frte quantity .gnd saird total read quantity t& 39 s *
generate a resourcg- avaj Ip@bﬂ-%@g-,r eddi ng signal, said resource-avail abl e-

nal -

40 f or}- rleadi ng " sSi bgi ng active when said total wite
quantity is differgnti—4+ fromsaid total read quantity, said
conpari son perforngd i ndependent|y 43 -62- by each said reading
subsystemto generale res 7 Source-avai l abl e- 43

for-readi9g si gnal s. agtive when said sumpf said fifhequantinoandsaidisixthhquantity islequah 6,
wherein said wite quantkties . and sai.d read . .quantities represent. a
val ue of €ither zeroyoo?al%ﬁ‘él,lméf“g Wéﬂvqganahtyan ﬁﬁlﬂ&uﬁ il gRanity, or

from zerost 0 one whefesblifceVRINALES sighP g éricfatéd irfl syhchronisni W sald tHifl elégkl i t Y
IS generated by exclusive-ORing said wite quantities, wherein 5 sai d
total reald quantity P%dgenerat ed by exclusive-ORing said read quantities, 6

wherein aid resource-aya] e- PR S | t ed by
7 o usi ve- OR ng. s ab A s il Fesblef avei b Bt By (IR § o
quantity,zawherein 8 of saidséleventle s@uaitity- Mdasdid thietebsith - gMantitynt &ishfinlof isid
gener ated i ndependently by each said_ 9 wrjting, subsystem wherein
sai d resol¥rce-avail afﬂnéﬂ fayAntity ;andn spid i tyiglth quanfity,epaid dgurtly resourcepgvailable

excl usi ve; ORI ng sai dg %ﬁ%i&ﬁn%%déﬁ%f% aéa‘; tg#@hgf gﬁ‘g%@%%@ and .

11 wher ei n sai d Pesour ce-ava or-readin
i ndependesst | y by 12 quantitgdsequal ¢ saiddii USHd e quadtity and said twelfth

A nethod for determning the status of a resource of a digital 2 .
system wHerein a fifdau b@;%f@mlbmmﬂgmlwl%ymhkm@%wnnmhrmw
clock 3 .4 makes pihdmiyy magﬁ('to_ sai d resource, wherein a second
subsystem operating 4 I n synchronismw th a second cl ock nmakes
secondary accesses tQ saiqd reso e, ,5 .. sgid second clock being., .
asynchrondus with reg'pec_t : H‘@%ﬂ%%?ri ¢§?Wk,8‘°v\ﬁ%‘?"%iq} %“_"mms‘é%@r digital;r ce
i's not avgi | abl gystepi, RHeketri QNrst SbsPstBin' BPeritin & Sifthroniinh 'with 32fifdt clock

o

3 writes data to said resource, wherein a second subsystem operating in

4 synchronism with a second clock reads data from said resource, said second clock

5 being asynchronous with respect to said first clock, wherein a third subsystem of

6 said digital sjrstem operates in synchronism with a third clock, said third clock

7 being asynchronous with said first clock and said second clock, wherein said -

8 third subsystem reads data from said resource, said resource being unavailable foi'w'

9 writing additional data from said first subsystem until préviously written data is '
10 read from said resource by said second subsystem or by said third subsygtem, F
1 said method comprising the steps of:

12 generating a first quantity representing a number of write accesses
13 to said resource made by said first subsystem, said first quantity generated
14 in synchronism with said first clock;

15 generating a second quantity representing a number of read
16 accesses to said resource made by said second subsystem, said second
17 quantity generated in synchronism with said second clock;

18 synchronizing said first quantity with said second clock to generate

19 a third quantity;



for saia T s ge ere n ee e A B!ﬂ‘lllll’@llﬂ

secondary &ccesses i mary access occurs, said pfinh 5

accesses 9 alternating in tlne with said secondary accesses sa|d

- method conprising {he 09JU eps| of: 11 : generating

a first quantity repfesenting a nupber of said primary 12 .

accesses to said résource made by sajd f r§3st subsystem said flrst quantity

13 geng¢rated in syncheem smw th.said first _cloc

gener at eng a second quanwndyonupme@yhswngdauﬁﬁﬁbaﬂﬂeﬁﬂkﬁﬁﬁdoi uagmmmue

secondary accesses tg@ sai ource made by said second subsyste said 16
dla A Forfl iy 30 1 ock; |

second § ntlty ge nchronismw th said second cl ock; 17
synchrogszing said fir stg@uﬁﬁhgtwﬁﬂhqhmﬂydemmudg almukbdr@fgeaﬂea@eses 18
athird quantity; 19 ynch on 2|n salg ond uantlty
with saisl first cl doksaid mspwcet madedy said’ ubsystegity s3dg tyo1
comparing said first duan i&é&&&&&hﬁ&:&%&‘uﬁ%@fo&ﬁy o generat e a

25 synchromzmg said first quantity with said third clock to generate

26 "~ a sixth quantity;

27 synchronizing said second quantity with said third clock to

28 generate a seventh quantity;

20 synchronizing said fifth quantity with said first clock to generate

30 an eighth quantity;

31 synchronizing said fifth quantity with said second clock to generate

32 a ninth quantity;

33 generating a first resource-available signal by comparing said first

34 quantity to a sum of said fourth quantity and said eighth quantity, said

35 first resource-available signal being active when said first quantity is equal

36 to said sum of said fourth quantity and said eighth ‘quantity, said first

37 resource-available signal generated in synchronism with said first clock;

38 generating a second resource-available signal by comparing said#-

39 third quantity to a sum of said second quantity and said ninth quantity, y

40 said second resource-available signal being active when said third quantit_y ¥

41 is different from and said sum of said second quantity and said mnth |

42 quantity, said second resource-available signal generated in synchronism

43 with said second clock; and

44 | generating a third resource-available signal by comparing said fifth

45 quantity to a sum of said sixth quantity and said seventh quantity, said

a6 third resource-available signal being active when said fifth quantity is

a7 equal to said sum of said sixth quantity and said seventh quantity, said

48 third resource-available signal generated in synchronism with said third :

49 clock.



22 ) _ first resource-available signal for said fir
gaid first resourcg- R?SLACEI""!"TC? 7 fvailable signal being Emnnmmgﬁm&lau l“l
:EE f sal

first quantity is ¢q sai ourth quantttys

first resource-avaifl abl e signal peperated in 25 synchroni sm
with said first cl¢ch; @AJUN 1998 conparing said second
quantity and said fhilrd quantity tp generated 27 a second

resource-avail abl e{ signal for said peconggsubsystem said second 28
resour ce-avai | abl elsighal—being-actlve when said second quantity is 29

different, fromsaidgthirc Ghandd e d e staiS OF & Gesdande éb|aedi‘gitﬂﬂa|
30 generat ed 1n synchronismw th said second cl ock.

9. An zappar systemyvwihetein cit deast e wnanstabwtem writes slata @ sasdh@qseme,z

ending 3 - VR A R rerdiag e s e YRR R, JORGReT oid

writing subsyst&Bufte beingORBavHiRBle! Tof waﬁﬁﬁg) nidditiondi t dat# froms tsaidl eAfiting
wherein said readi ng subsystem

-67- 5 5  opubsystemsiumtid previously writtemidatn isiread fromisaid seseurce hyconecafonid
clock bei 6ng reading subsystems, wherein each writing subsystem and each reading subsystem

7 operate in synchronism with respective clocks, wherein at least one writing

8 subsystem operates in synchronism with a first clock, wherein at least one

9 reading subsystem operates in synchronism with a second clock, said second

10 clock being asynchronous with said first clock, said method comprising the steps

1 of:

12 generating one write quantity for each said wntlng subsystem each

13 said write quantity representing a number of write accesses to said
14 resource made by a respective said writing subsystem, each said write

16 quantity for each said writing subsystem generated in synchronism with

16 said respective clock of said writing subsystem;

17 generating one read quantity for each said reading subsysteni, each

18 said read quantity representing a number of read accesses to said resource

19 made by a respective said reading subsystem, each said read quantity for#
20 each said reading subsystem generated in synchronism with said g
21 respective clock of said reading subsystem; - %
22 synchronizing each write quantity with said clocks of wntmg '
23 subsystems and said clocks of reading subsystems;

24 synchronizing each read quantity with said clocks of writing
25 subsystems and said clocks of reading subsystems;

26 summing said write quantities to generate a total write quantity,

27 said summing performed independently by each said writing subsystem

28 and each said reading subsystem;

29 summing said read quantities to generate a total read quantity, said-
30 summing performed independently by each said writing subsystem and

31 each said reading subsystem;
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having a first lo |(RE§tA{fe -afndSHEedond | ogic state, said rrs csemap ose
el enment responsivel tpsaid wite ji nal to change the | ogi c state of said
10 first{iu t alj ijn synchronism wth said first clock
each tinme said 11 Q]df‘JﬁNSW\?walti g subsystemwites data to said
resource; 12 a—second séfaphore el enent whi ch generates
a second update 13 _ signal] having a first logic state and a

second | ggi c state] gléaid total write quantignamhsaid tahbrmdtquamcmsi ve
to said read signal to change the logic state, 15 Salfj fecond
updat e siagnal in syngmememmﬁ&mlbbh%e@w@goé%éﬁldf@mmam ab

time said readin r
a first saﬁnchron?zzgfim‘éﬁ@re@amggﬁ%gg@%eg g%:s%gsﬁgg%ﬁfqrugn%p}gate 1
signal wiggh said Secmdt&hmkdqwsaﬂwnmmmpeﬁgnmﬂnn@maMbMQchg

signal; 20 second synchroni zati,pn el ement whi

synchr oni3ges sai d se8aihdwpting S“bSYStem to gsagrale %ﬁ%vev\n"?sﬁu@ﬁ'aﬁmll lﬁg—fc ¢l ock
to genergte a second 3%19 update signal; 23

~a first tgst el enent gh %ﬁ%érat es a first test output si gnal havi ng 24
Gener ati ma e d 11 st oot ot pa e L ade. St atepihon

: ut si |
Said 26 % et ssbiroePRble rsiiine igndh st vl

- synchronléed update g(i]ﬂ%%%lg{g i 6nali1ve when sai 'tBﬁl F}Jgﬁéguﬁ{tﬁﬁé‘ﬁlﬂ’erent

- generating.said fi rs at sal seco
- logic stape when sai ﬁ'ofn said totatl asad quaynq#, sail comparisemtpetfoomed independently 29
ZYQﬁQL?”Lé?Sh”SSﬁ‘L?aﬁzg”a' il Bzt e eoppigrespgefive Rsomce afalable- o o
first logj,c state ang,ge Qrg gic state, said second test elenment 32
. generating said secon test put signal at said first logic state when
' said 1 7. The method as defined in Claim 6, wherein said write quantities
; 2 and said read quantities represent a value of either zero or one, said value
3 changing from one to zero or from zero to one when incremented, wherein said
4 total write quantity is generated by exclusive-ORing said write quantities, wherein
5 said total read quantity is generated by exclusive-ORing said read quantities,
6 wherein said resource-available-for-writing signal is generated by
7 exclusive-ORing said total write quantity and said total read quantity, wherein-#"
8 said resource-available-for-writing signal is generated independently by each said y
8 writing subsystem, wherein said resource-available-for-reading signal is generate:d __ u
10 by exclusive-ORing said total write quantity and said total read quantity, and '
11 wherein said resource-available-for-reading signal is generated independently by
12 each said reading subsystem.
1 8. A method for determining the status of a resource of a digital
2 system, wherein a first subsystem operating in synchronism with a first clock
3 makes primary accesses to said resource, wherein a second subsystem operating
4 in synchronism with a second clock makes secondary accesses to said resource,
5 said second clock being asynchronous with respect to said first clock, wherein -
6 said resource is not available for additional said primary accesses until a said

7 secondary access occurs, and wherein said resource is not available for said



33 ‘ first_synchronized impdate signal is equal to

update signal, sai %"‘!MEMENT SHEETS cond test el ement generFﬂ'lm lilHﬁﬁ"ll””"l
second test output ki gral-—at

-68- 35 second o% 8
signal is di fferent| 3b JUN 19 rlom said second update signal. 1

10. The appar at'usy ab defl ned in I m9, wherein: 2

said first semaphorp conprises a first exck66ive-OR gate and a first 3
_Dflip-flbp, said fl ate having a first output, said first
4 8 Olsbébﬂdaﬁpraa@&ﬁ@duﬂm 83aidn priinaiy) abcesfiocdolirs, 8did Drithary- Adcesbes
said first Dfli fl op havi ng a second, out put, said _second
out put conhecte t&maangulnpt!meuwb said secondary accesses, (said msthad, somprising cthe

te when said first synchronl zed update

gat e; and1 S sai d second senaphore conprises a second
excl usi ve- gat «5"1’ a second D flip-flop, said second
excl usi ve4R gat e havi ng agenbratiflg i fifsti iquartity representing a ﬁmn‘dertdiﬂ said ity
connected as an input into said second D flip-flaq sai d
second D f2ip-flop heAgreR§esater said Fosouiee suad °%$9dd %ﬁﬂbﬁé@ﬂb@@%ﬁﬁhﬂ@@@ﬂyas
13 generated in synchronism with said first clock;
14 generating a second quantity representing a number of said
15 secondary accesses to said resource made by said second subsystem, said
16 ' second quantity generated in synchronism with said second clock;
17 synchronizing said first quantity with said second clock to generate
- a third quantity; |
18 synchronizing said second quantity with said first clock to generate
20 a fourth quanﬁty;
21 comparing said first quantity to said fourth quantity to generate a
22 first resource-available signal for said first subsystem, said first resource-
23 available signal being active when said first quantity is equal to said
24 fourth quantity, said first resource-available signal generated in
25 synchronism with said first clock; and
26 comparing said second quantity and said third quantity to generate®:
27 a second resource-available- signal for said second subsystem, said second
28 resource-available signal being active when said second quantify is ,&-;.
29 different from said third quantity, said second resource-available s1gna1 '.
30 generated in synchronism with said second clock. ¥
1 9. An apparatus which determines the status of a resource, wherein
2 a writing subsystem sends a write signal to said resource, wherein a reading
3 subsystem sends a read signal to said resource, wherein said writing subsystem
4 operates in synchronism with a first clock, wherein said reading subsystem



11 ' an input _into.said nd excl usi ve-OR gate.
11+ The appar at us lagradefimeT fHERETailm 9, wherein said fi 'IH!I'H "II"I I” "III " l"l
synchroni zati on el eneng—eoenprises | atched D flip-flops, anrd wheceim s =
said 3 second slynchroni éﬁt{(ﬁg | gnent conprises.two | atched D
flip-flops. 1 01 dYUN 9%nd qpparatus as defined in Claimo,
-wherein said first tpsg_elenent 2 1 | conprises an exclusive-OR gate, and
wherei n said second fest elenment conprf ses-&-° ~ an exclusive-OR gate. 1
13. An apparatus f =~ status of a resource of a digital 2
system whgr ei n gpefdtésStinS gipschedrish ORdthAta ngcdnd ookl r suid ssecond helack i beihg
clock 3  wites data to said resource, wherein a second subsystem
operating $n 4 asynchsgnous terfaishfivgt clpck, said spparatus QOmMPEISME: data from sai d

resource, said second cloc [N | t id
first cl oci, sai d resourceé(éftnsgmglpﬂglle aﬁﬁl%{;%‘&ng%%wgi ?ﬁ?\%ﬁg%}?iiét?ﬁal
data fromsaid first lavigyatfist logic ktater and ausstond/logic statey isailefirstl semaplmore ead
fromsaid resource by said second subsystem said apparatus, 8, ]
conmprising? 9 element responsivggigrsgid yirite, gigaal,to e fhe logic, state; of gaid
representing a nunber : : s et 0, ' g

made by sé[lsld first su%tgggg’g%e sg | d]?is s% Thﬁ Wit Mtqﬂgﬂé ?’?{/}Pgenegﬁ?ed
in synchrani smwith swiiting isulstystemowkites data to said resource;

12 a second semaphore element which generates a second update

13 " signal having a first logic state and a second logic state, said second

14 semaphore element responsive to said read signal to change the logic state

15 of said second update signal in synchronism with said second clock eéch

16 time said reading subsystem reads data from said resource;

17 a first synchronization element which synchronizes said first update'

18 signal with said second clock to generate a first synchronized update

19 signal;

20 a second. synchronization element which synchronizes said second

21 update signal with said first clock to generate a second synchronized

22 update signal; -

23 a first test element which generates a first test output signal .having-s"-'-‘-
24 a first logic state and a second logic state, said first test element ?
2 generating said first test output signal at said first logic state when-said  +
26 first update signal is equal to said second synchronized update signal, sai;i ’
27 first test element generating said first test output signal at said second

28 logic state when said first update signal is different from said second

29 synchronized update signal; and

30 a second test element which generates a second test output signal

31 having a first logic state and a second logic state, said second test element

32 generating said second test output signal at said first logic state when said
33 first synchronized update signal is equal to said second update signal, said -

34 second test element generating said second test oufput signal at said



-69- '12 o eferating a second q

representl ng a nunber o ’?E LIXEEMEN'* S"”“'gTr ad accesses to Sa”mnmmﬂ (!‘HHHI
by sai d second subsystem |said T4 T second quantity generamedsi ns
synchronismw th said sgcpn@ ?UW means for
.synchroni zing said firsf guantity W|th S |d second cl ock 16

‘generate a third quantify; I7 means for synchroni zi ng
'said second quantity w sai d first cI ogk -68- to generate a
fourth quantity; 19 —means for conparing said first
quantity tss said fouridcoﬂmaaglcts;até whef) said first synchronizgé ngxiateesignall iis different

resour ce-avail abl e signal for said first subsystem said first 21
resour ce- &fai | abl e S|§'ﬁm sgid seepnd undapte sigral said first quantity is equal to

9%
o

22 said fourth quantity, said first resource-avail abl e signal
generated iin 23 10. Thesppmhmemsiwfmdmm%Mhmemt ock; and 24
means for conparing said sec uantl and .sai d.t

to generaté a second resou?%@rﬁ%f% §P@H§F sfaotr‘irsg @@‘@5@#@%5’%‘}@%
26 3 sai d peApDflop, SRRt Fitf-kéRiivelOR Sitd Ratinp @ fit dafpuY, sl Thst
sai d second 27 I(;:luantlty 'S dlffere%ttafromg said t &’W’ ®

quantity, ¢aid secondoutpubmrmscted&s an input into said firsti Dafllipeflop, gmﬂ ﬁg;eﬁ.)gﬂap-ed

| In synchrogismwth Sﬁ';‘? S%ﬁg%%e%n% otitput, said second output connected as an input into

6 . said first exclusive-OR gate; and

7 ' said second semaphore comprises a second exclusive-OR gate and
8 a second D flip-flop, said second exclusive-OR gate having a third output,
9 said third output connected as an input into said second D flip-flop, said
10 second D flip-flop having a fourth output, said fourth output connected as
11 an input into said second exclusive-OR gate.

1 11. The apparatus as defined in Claim 9, wherein said first
2 synchronization element comprises two latched D flip-flops, and wherein said
3 second synchronization element comprises two latched D flip-flops.

1 12.  The apparatus as defined in Claim 9, wherein said first test element
2 comprises an exclusive-OR gate, and wherein said second test element comprises #-
3 an exclusive-OR gate.

1 13.  An apparatus for determining the status of a resource of a digital *
2 system, wherein a first subsystem operating in synchronism with a first clock
3 writes data to said resource, wherein a second subsystem 'operating. in
4 synchronism with a second clock reads data from said resource, said second clock
5 being asynchronous with respect to said first clock, said resource being
6 unavailable for writing additional data from said first subsystem until previously
7 written data is read from said resource by said second subsystem, said apparatus
8 comprising:

9 means for generating a first quantity representing a number of
10 write accesses to said resource made by said first subsystem, said first

11 quantity generated in synchronism with said first clock;
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means for generating a second quantity representing a number of
read accesses to said resource made by said second subsystem, said
second quantity generated in synchronism with said second clock;

means for synchronizing said first quantity with said second clock
to generate a third quantity;

means for synchronizing said second quantity with said first clock
to generate a fourth quantity;

means for comparing said first quantity to said fourth quantity to
generate a first resource-available signal for said first subsystem, said first
resource-available signal being active when said first quantity is equal to
said fourth quantity, said first resource-available signal generated in
synchronism with said first clock; and o

means for comparing said second quantity and said third quantity
to generate a second resource-available signal for said second subsystem,
said second resource-available signal being active when said second
quantity is different from said third quantity, said second resource-

available signal generated in synchronism with said second clock.
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