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) BACKGROUND ART
10 Modern computers use special hardware to

automate interrupt processing and task switching.
Interrupts include such events as I/O transfers, clocks,
hardware faults, software interrupts and software faults
such as divide by zero. 8o that the interrupting program

15 does not alter the running program, all states of the
interrupted task must be saved. Then, all of the new
interrupting task states must be retrieved from memory
and the processing then continued with these new
interrupting task states. Once the interrupting task is

20 completed, a Return From Interrupt instruction is usually
executed causing the state save process to reverse itself
and restore the previous task.

Most modern computers achieve the task change

process using a hardware interrupt mechanism that first

25 disables additional interrupts and saves only the minimum
number of state registers before jumping to a special
interrupt service program. The special interrupt service
program then saves the rest of the task registers as may
be required. It then loads the register for the

30 interrupting tasks. This process is reversed for
returning from interrupts sc that the computer may then
return to its original task.

During the saving and restoring of the

registers, any further attempted interrupts must be

35 disabled’'to prevent corruption of the system’s existing
data. Thus, the computer is insensitive to interrupts
for these periods of time, known as interrupt latency.
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|nterrupt|f9 beginning each new interrupt task, in state-of-the-art
computers there is also the time spent switching between
tasks. This switching time is the interrupt and task
change processing overhead. It is the time used for
saving and restoring the registers, and thus is time
15 unavailable for use in processing. This interrupt and
task change processing overhead amounts to tens or
hundreds of cycles in many modern computers. Even at
multi-Megahertz clock rates, the combination of both the
latency delay and the time required with respect to
20 switching overhead results in computers that can only
process interrupts at tens or hundreds of Kilohertz.
Meanwhile, multimedia data transfers take place at tens
to hundreds of megahertz.
As a result of these modern computer time
25 limitations in interrupt and task change latency and
processing overhead, current computers cannot handle the
required data rates without the use of extensive storage
buffers and auxiliary specialized processors. The size
of these buffers causes multimedia systems to span dozens
30 of chips, each with its additional attendant cost. Even
as technological advances place more memory on each
integrated circuit, the large size and complexity of
current buffered data transfer methods continue to cause
excess manufacturing costs while decreasing computer
35 operational performances. Modern applications require an
ever greater number of interrupts which simply further
aggravates the problem.
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15 methods for tracing processor flow, including task
changes, without expensive hardware emulators and logic
analyzers. Meanwhile, conventional hardware emulators
cannot test computers under actual operational conditions
as they cannot run as fast as the computers that they are

20 testing.

Also, computers lack hardware based task
linking sequential execution systems and deadline
priority "impatience" counters to permit interrupts to

: automatically increase their priorities with the passage

25 of time.

Meanwhile, multicycle uninterruptable
instructions alsoc increase interrupt latency delays.
These latency delays can be hundreds or even thousands of
cycles long in modern complex computers.

30 Furthermore, current state-of-the-art CPU’'s
pipeline the processing of data and instructions in order
that more data and instructions can be processed in each
cycle. This has a number of disadvantages. Whenever an
interrupt comes in, the pipeline CPU must abandon

35 whatever is unfinished in the pipeline, and reset the
various counters to resume processing when it restarts.
This is called a pipeline "stall". When a branch
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expenditures and increased performances.

DISCLOSURE OF THE INVENTION

15 In light of the above described problems and
limitations with regard to the current structures and
methods of operating conventional computers, it is an
object of the present invention to provide a unique, zero
overhead interrupt and task change mechanism for use in

20 computer architectures for detecting interrupts in the
background then performing complete state saving and
restoring operations between one processor cycle and the
next without software intervention while limiting the
number of tasks only by the size of the task storage

25 memory system and while preserving the zero overhead
aspects of the mechanism regardless of the task memory
access time.

It is a further object of this invention to

prevent the loss of time by eliminating the need to

30 transfer the running task’s data to a separate task state
storage element at the instant of the interrupt and task
change event.

It is an additional object of the invention to

permit the use of part of the system’s task memory for

35 the effective tracing of processor flow for full speed,
real-time use in computer programming debugging.
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for extensive storage buffers and auxiliary specialized
processors with their associated costs and delays.

A further object of the invention is that it
allows the interruption of what were previously

15 considered to be uninterruptable instructions by
switching the entire state of the task, not just the
state of the CPU registers, to eliminate the latency
otherwise involved in long multicycle uninterruptable
instructions.

20 It is also an object of the invention to create
a deterministic computer architecture structure to
effectively eliminate latency unpredictability.

It is yet another object of the invention’s
interrupt and task changing mechanism to eliminate

25 portions of previously required CPU pipeline and branch-
prediction circuitries so as to better avoid computer
stalls and delays.

Further, it is an object of the invention that
the system be designed to be simple and compact enough in

30 its circuitry so as to accomplish its objects within the
confines of a single, small, integrated circuit capable
of being implemented within a CPU within the limits of
conventional fabrication processes so as to reduce the
energy and cooling requirements of the invention’s

35 circuitry while enhancing computer processing speeds.

A benefit of the present invention is that it
allows computers to process both interrupts and task
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system s task menory for The present invention avoids the wiring and
capacitance delays associated with large register banks.
It uses a relatively small register set which is
15 electrically decoupled from the computer‘s background
process for saving and restoring the register states from
a large memory store. This is of substantial benefit due
to the much higher density of memory stores in comparison
to register banks. In addition, at an expense in
20 latency, external memory stores can be used for storing
register states. This substantially increases the
capacity of the system for additional available zero
overhead tasks.
The interrupt and task change mechanism
25 accomplishes its purpose by using two or more task
latches per task register bit. Each such latch may be
alternately connected to the large task memory store or
the CPU. Thus, while the CPU is using one latch, data in
another latch may be saved and further task data may be
30 simultaneously loaded. A small state machine controls
the sequencing of the task changes.
The interrupt and task change mechanism’s
architecture adds less than 2 gate delays over and above
a simple register. The access time of the task storage
35 random access memory (RAM) does not add to the interrupt
and task change overhead. Current integrated circuit
processes allow the task RAM to operate within one cycle,
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10 is one of two cycles of latency, and is thus far more
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A further benefit of this invention is that
systems are much easier to design, test and debug using

deterministic interrupt structures.

15 Yet another benefit of this invention is that
it is fault tolerant, it can place itself or be placed in
a mode which permits individual step by step debugging.

An additional benefit is that less processing

power and less buffering is required to be kept in

20 reserve when using a deterministic as opposed to a
non-deterministic architecture resulting in less costly
processor configurations.

A further benefit is that because it is
deterministic, the invention facilitates new potential

25 interrupt application opportunities.

Since this invention’s interrupt and task
change mechanism uses one of the task latches as the
register connected to the CPU, no data transfer is
required to a separate task state storage element as in

30 other methods. The result is yet a further benefit in
that time is saved during the course of the process.

An additional benefit of this interrupt and
task change system is the ability to create a trace
memory out of a portion of the task memory, thus allowing

35 full speed, real-time debugging of computers based on
this system.
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Usually the CPU will find time to serve the lower
priority tasks, as anytime before the next sample period
is fine. Sometimes, however, the CPU has many high
priority tasks. In such cases, this invention’s task

15 deadline priority counter system gradually increases the
priority of the lower priority tasks as their deadlines
approach.

A further benefit of the invention is that
computer systems designed with this interrupt and task

20 change mechanism can handle multimedia data rates without
significant buffering and its attendant control circuits.
This allows greater I/0 functionality with much less
circuitry.

Yet another significant benefit of the

25 invention is that it allows the interruption of what were
previously considered to be uninterruptable instructions
by switching the entire state of the task, not just the
state of the CPU registers, to eliminate the latency
otherwise involved in long multicycle interruptable

30 instructions.

An additional benefit of this invention’s
interrupt and task switching system is its ability to
replace pipelines and branch prediction functions in the
CPU. The proposed invention solves the current problems

35 which exist with pipelined CPUs. It accomplishes this
without pipelines or branch prediction circuitry by
simply switching tagks. No branch prediction is



5 detecting ts in the background then perform ng
state savi ng%@"{'g@tori ng operations between one processor C)??%gsand

the next wi thout software intervention while limting the nunber of
tasks only by the size of the task storage nenory system and mhile 10

preserving the %%éﬁl?%ﬁrhe%ﬂeOEPﬁhﬁ$ﬁEQQ§EbSB}5ﬁgﬁr9%§§§uctlo%€f %

nMenory access ti esent | nVentT on avo |ng
and . capaci PERYE- deﬂ§y§h§sbﬁénéheénﬁFFﬁCtaPQer¢@@45Q%rd%bmK@Ot 1n It

uses a relativekneSTBlhlr ﬁﬁim%&:?f g8k B@hﬁt}hhﬁ 1Pagk! 614w ddbed £OF

fromthe conputer'ss background process fOr saving %?éestorlng t he
regi ster states"Bi§iRg task RRAGRrREABFING: 6PRLIMEES. | s of subst anti al

benefit dues to the nuclubtgber bdaasitY off tHEgDivaéﬂ@iﬁ id ©paPpagd son
to register banks. .In_.addition, at an expense in | af ency, external

menory stores caf B&TREI2RGr COFBRAFRgSnOU r§8|§?e?°§ﬁ%¥%%t 4§ s

substantial ly i piaeamentt bpon a siagdeit gmalli héntegtered asiBsigig i onal
avai |l abl e zero e interrupt, and task

change nechanisﬁ??ga%ggég %%tFaﬁggSF%ggp6?85§8a5§°ﬁé?¥ﬁf?%% PRr M &t ask
| at ches per taskeseditst encrgy. rEquiirsmehtbafon the detual ciatdwitay eye

connected 49 th%ekﬁﬁga t ﬁgsqgﬁgrﬁeéhgrE?%rco?l%m%m%a gﬁ§&@“GﬁtﬂW“|e the

CPU i s using one tch, ta saved and further
task data may b@oacomstﬁnttxngaugﬁyenbadéqr extsaaﬁlestei@almmﬂwlmngontroIs

the sequencing @hetBe Ltk e4RBRYCSeduced or elimlnaggg | & Ptegipd task
change nechani sni s architecture adds_ |l ess _than gate delays, over and

above a S|nﬁP@eﬂeﬁﬁsPEPce?ﬁénacé§s§nPPﬁEe€fthEh?a§%d%ﬁ¥#%Enﬂn he
size and complexity of the circuitry and the reduction

15 thereby in the
system’s number of chips and chip interconnections.

The foregoing and other objectives, features,
and advantages of the invention will be more readily
understood upon consideration of the following detailed

20 description of the invention, taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a circuit diagram of an embodiment of
25 a bit slice of a task register in accordance with the
present invention.

FIG. 2 is a flow chart illustrating task
switching.

FIG. 3 is a block diagram of an interrupt and

30 task change processing circuit.

FIG. 4 is a circuit diagram of an alternate
implementation of the interrupt and task change system
using three latches instead of two.

FIG. 5 is a circuit diagram of a task register

35 with additional trace circuitry. _

FIG. 6 is a block diagram of an implementation

of the trace control system.
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10 connected to latch 3 and latch 4 (never to the same
latch). For discussion purposes we will start with latch
3 connected to the CPU and latch 4 connected to SRAM 2.
In this configuration, the CPU is rumning the task stored
in latch 3. While the CPU 1 is running a program using

15 task latch 3, the hardware processes interrupts in the
background.

FIG. 3 schematically illustrates the interrupt

processing circuitry. The Hardware interrupts 90
contains all of the possible hardware sources for

20 interrupts including external pins, and internal
peripheral devices, and exception generators. In the
preferred implementation, each of the major interrupt
sources is assigned a fixed hardware task number.
Alternatively, a flexible mapping between hardware and

25 sources and tasks is possible. When the Time-out Counter
Registers 91 reach their end count, they output an
interrupt, just like any hardware interrupt 90 source.
The task controlled by a time-out counter register 91
will run after the time-out counter register 91 finishes,

30 and when running will automatically transfer the new
time-out value from it’s time-out counter register 91.
The possible sources of interrupt, time-out counter
registers 91, and hardware interrupts 90 combine in OR
gate 99 and go to the Interrupt Enable Control 96.

35 - The Interrupt Enable Control switch 96 is
controlled by the task link system. The task link system
uses a Link Register 81 of the running task to toggle the
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a determ ni st opposed to a non-determni stic architecture
resulting in | ess costly processor confjgurations. A
further benefit is that because it is termnistic, the invention

facilitates new ppi@Rl hak Aog3 LB &' LUBE ap{?éisﬁatél’i’é‘o&%%]ééﬁ@iéé@éder 82
Since this invention s i nterrupt and fask thange chanrsm uses one of
the task |atchedngsANRegate 1P8gi sWoitinantet thetbinhRePlsten Shtalso

transfer 1S — qisaBiesCneOraskeapealeibask abele SO BHAED OBy dtad N 30
other methods. _The result is zet a further benefit In that tine Is
saved during t hPSEBuFEE oMbeRethRoPESEequisite task rungagaim (itriatll

benefit of Bhi srenbaablpt thedtas]gc spaékfgaang§ %étmi%éﬁfs@@r'lehiy to
Create a trace nor ut of .aq, rtion of the tas nmepory, .thus

al | owi ng 35 fEPPnSEE&dF%ﬁBaﬁPFFa&g@ba@ai FgRof %ﬁ%&ﬁ #3d (RS dehen

this system LINKEDOtaSk4raahing, it will disable its own interrupt
PCT/ US99/ 02575 ' a

e s 8 Yet
further benefit SBRPHR $35G0eAYi &F 55 INKED 1akgh| $3,0va8 3%k T H | ous
tasks to be |inkegksdechder 102t hay ANBt gakecl0® =wdudmtgaté y1odhi Asaves

time over 35  1ogic diagram for this circuit is shown in the FIG 3A.
Thus, this circuit will guarantee that the linked task
and the prerequisite task alternate running and that the
LINKED task always runs after the prerequigite task and
not before. Long chains of linked tasks are possible.

15 Interrupt signals that make it through the
Interrupt Enable Control 96 then go to their task
Priority counter register 95. This register is loaded
from the task wvia the CPU BUS, whenever it runs with the
starting priority of the task. The Deadline rate latch

20 94 is also loaded when the task runs, and then this is
loaded into the Task Deadline Priority Counter 93.
Interrupts that get through the Interrupt Enable Control
96 start the Task Deadline Priority Counter 93. The Task
Deadline Priority Counter 93 counts until done, then

25 outputs a signal to the Task Priority counter 95 to
increase the task priority by 1. This same signal is used
to reload the Deadline Rate Latch 94 into the Task
Deadline Priority Counter 93. In this fashion, the task
can be set to increase its priority after it has

30 interrupted as its deadline approaches.

Each task feeds its priority from the task
priority counter register 95 to the Priority selector 19.
This circuit picks the highest priority task and passes
the task number and priority to the Task switch

35 controller 20. Since tasks can spend time waiting to run
in one of the latches 4 or 3 (FIG. 1), the task priority
Deadline Priority Counter 93 for the waiting task is



sof tware net h%sgfﬁ’é{%‘ The invention provides an ad%:’cg}q%g%sﬁ

benefit in Its task deadline priority counter syste
tasks that have signal ed a hardware interrug&_to automatical ly
increase their priority with the passage of time. This is particularly

appropriate for | d audi o tasks, .which can art _off at
alowpriority. p%é)é‘%g u%ﬁ@?%%é%ﬁﬁ Lﬁ}%é‘ﬁﬁ%%&%&&g&%g‘ai&ggﬁﬁ.
priority tasks, s s fashidnrthe Hmaslexomamillerpeoi adn keeps fi ne.
Soneti mes, howev. ; g@%y- ' QLLLY Kk L ch
cases, this i nve%tﬁcf%%\%%g—kﬁ%? ) elaéty %;r;fe tglﬁ g{aii?' ;h‘%o&%? %r ﬁ?&é‘?e?ng
gradual |y incred®%2eeds the priority of the tunndngptreki apdt tbks as their
deadlines 5 appiDefdce a task swap. A further benefit of the invention

is that conputer systens designed with this interrupt and_task 20
change nechani sm can handl ¥? ntl¢ i $fita thata & plagaditioef equalspyheritunt

buffering and i ttsagks cne@ s im@It drlodd INE Hriehented tdhtRedplo¥pigyeater 1/ 0
functionality wt ch | ess circuitry. . Yet anot her
si gni fi cant beneﬁeltjte% oF 9 pothe ipRASHRth Selactar 1P YifdvdetpEmine the
interruption of puixdritey eand selleti ailsd \tamkisisdeiredtrialhg. unThéetagpt abl e
state of e o P (PRI A A HFRadebete’ BagpABRUFE e nvol ved
in long nulticyciequencs rihe didsk 3®ntraidterudtisons. accomplish a taskn
addi ti onal benefdys iy I hisrd NVLUHAIE S £1ow LG gﬁglﬂflﬁﬁgslﬂaé"‘%égﬁé ng
systemis its ability to repl ace pipelines an ranc redrc
functions in théerformed by the task switch controller 20 to accomplish
a task switch.
15 At time zero, in FIG. 1, the circuit is set as
follows: the CPU 1 is connected to latch 3; the task
control bus A/B signal line is set to B; the latch 3 Q
output goes through the multiplexer (MUX) 17 to CPU 1
input; the CPU 1 output goes through MUX 14 to latch 3
20 input D; the latch 4 outputs go through MUX 13 to SRAM 2
input; and, the SRAM 2 output goes through MUX 15 to
latch 4 input D.
The first step in switching tasks is to read
the task from SRAM 2 into a latch not being used by the
25 CPU 1, in this case latch 4. This is accomplished by
placing the interrupting task address on the task control
bus TASK TO READ address bus. CLOCK B signal then stores
that state into latch 4. (Since our example is from a
cold start, there is no tasgk in latch 4. Normally there
30 will be a task there. This task can be written back into
the SRAM 2 at the same time the new interrupt task is
read out of SRAM 2, by asserting the TASK TO WRITE task
destination addresses and then asserting the CLOCK SRAM
line.) The new task is loaded into latch 4 at time T2
35 (FIG. 2). On the same clock edge or a fraction of a
cycle later, the A/B control signal is changed to B,
causing latch 4 to output and take input from CPU 1, and
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pi pelined CPUs. It acconplishes this W t hout pipelines or branch
prediction circuitry by sinply switchingstasks. No branch prediction is
WD 99/ 41661 PCT/ US99/ 02575

9 requir edausihg GRYIN @ce%seakar apglti aslr et bﬁegueStéhsuAM 2, At

occur. |If the nch i.nstry U|re data not in | oca
menory, the br a%é'ﬂ'l 1&[ §%§p &d9inal; kask intgrryuphs FS@knathe
processi ng contanE§4n651s toggled agAihutbhewibenetakksfwibhsutnvention is
that it I nd CQIRA 0O as to permt its

pl acenment upon 5% ﬁiﬁasﬂnfﬁ %%F %§g§d§C|rcuit conpatible with

exi sting faﬁrlcatlon procé&&esbo&s axampleresuthe shargyupeqaseenents for

(e aetual o1 ety Lo GRURRd, RIBSEDLS ReRdnyfdaiconlipg s pren

W th concomt rements rcal "co énergy
are either redudderor gawiimesdupsingomes ¢AU Thussptbe walplngeSashg i's
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and the reduction 15 t here emsn
chi p i nt er conne@mbgsiment, the WaltlngTﬁéSkoﬂégélwgyanauﬁtﬁ@? abj edstes,

features, 10 one cycle while the new interrupt task is fetched from
the SRAM 2 and the previous running task is saved to SRAM
2. In sequence, when latch 3 is connected to the CPU I
and running a task, and while latch 4 is holding the next
task scheduled to be run, if a new interrupt of egual or
15 higher priority is detected by the priority selector 19
(FIG. 3), then at T1 (FIG. 2) the A/B line is toggled to
B, causing the task data in latch 4 to become attached to
the CPU 1, while latch 3 is now connected to the SRAM 2.
The new interrupt task address is then put on the TASK TO
20 READ task control bus, and the previous running task
address is put on the TASK TO WRITE lines. At T2
(FIG. 2), the previous interrupt task data is clocked
into the SRAM 2, the new interrupt task data is clocked
, into ‘latch 3 and the CPU I will have clocked any data (if
25 it was programmed to) into latch 4. The A/B line is then
toggled again to A to run the new interrupt task out of
latch 3.
Alternate implementations of the invention are
possible. FIG. 4 shows a register bit implemented with 3
30 latches instead of 2. Here 3-ipput MUXs 40 & 41 replace
the 2-input MUXs in the 2 latch design (FIG. 1). An
additional MUX 42 is added to select SRAM 2 or CPU 1. The
extra latch allows 3 tasks to have latencies of just I
cycle. However, the circuit is larger per bit and
35 somewhat slower because of the extra wiring and
capacitance. There are also additional gate delays
through MUXs 40 & 41 compared to the simpler MUXs 13 & 17



and advantaga&ogguhg? invention will be nore readily : und§§§#ﬁ@§%#ﬂgg,

consideration of the followi'ng detailed 20 description of -t

taken in conjunction with t he acconpan&hng dr awi ngs. _ _

BRI EF DESCRI PTI ON OF THE DRAWNGS _ " FIG.gl is acircuit

di agram of an enppoxt ment | of pd optd it d K8 Hatrd oh? reg in
accordance with the presen‘%pinventcl'%on.%ma"c}'og’l ' & bi%%ﬁ 2is a flow

chart i1 ustrati?RP}HEAE1on depgndsiary the specific charfrtersstica bfock
di agram of an irﬁhﬁriﬁﬁeéfﬁhéﬁ)ciﬁdﬁit‘HEEH%%CE%QE?%EF?SCE%ECﬂbéd and, the

FIG 4 is a circyit, di agram of_ an alternate enmentation o
interrupt and t PLACH LR tEHing depands -t hree | at ches instead of two.

FIG 5 is a®%ircuit diagra@uef 5 dass e0iisiAemddtatibl 880thiopahchr ace
o e ace cofREEIGR, o adbi g bt Rbh ol RUEIELCE' "
PCT/ US99/ 02575 described above and shown in FIG. 1) MUX 50 and tri-state
switch 51 have been added. Trace SRAM 2a is used as
either task switching SRAM 2 or as trace SRAM 2a by
10 changing the addressing and trace/task control line to
MUX 50. When CPU I stores into latch 3 or 4, if tracing,
MUX 50 will pass data to trace SRAM 2a. FIG. 6 shows a
block diagram of the trace controller. Various test
points are selected by MUX 60 to logical testing by test
15 logic 61. If the test logic indicates the situation
matches a user test set point, the trace controller 62
begins tracing. The trace controller 62 in it’s simplest
use, outputs sequential trace write addresses while
asserting the trace signal. The trace controller can
20 also be designed to trace continuously until an event
occurs, then stop tracing, or trace for a few more steps,
before stopping. Readout of the trace data is
accomplished by asserting the pass control on tri-state
51 (FIG. 5) for each bit to be connected to the trace
25 read bit. This data can be read out a bit at a time,
since trace readout is not a time critical task, or it
can be grouped together for register output by using a
wider bus.
While various embodiments of the present
30 invention have been described above, it should be
understood that they have been presented by way of
example, and not limitation. Thus the breadth and scope
of the present invention should not be limited by any of
the above described exemplary embodiments, but should be
35 defined only in accordance with the following claims and
" their equivalents. It will be understood by those
skilled in the art that various changes in form and



FIG 7 is a tgoapesi adramillustrating the control sequpgﬁsérgﬁhs-,s

sanpl e task sw tching. BEST MODES FOR CARRYI NG E
| NVENTION 5 FIG 1 schenatical ¥ shows one bit slice of a
task register for a conputer 1. Thirty two Such slices are used for

each 32 bit regigek@il h4R ¢l made? i - rality 32 bit
registers. CPU 1 a,ngl,' statn?éc ra%g%?gcgéggahgn?)?ga%%&%%b%atﬁﬂé
alternately be FPITitoRRé: &P Afatde dnyeatianech 4 (never to the sanme

latch). For discussion purmesesrie Wnd e%%%ébs%ﬁ@ wBiER have Beé&@nnected
to the CPU and | at h4cqnn§§ée%to SRAM 2. . In,this configuration, the
CPU i s running SPicysd 30, oregoing, spRCAfigptien: ke (used theredming

a program us ng akb terimdslofl deerdptiba Aaddnateop’ DERSELSIbN] CandPElgetd t he
backgr ound. . FIG 3 S¢ emat i call éﬁéy tt__Jst rates.the interrupt
[

processing circdit AP PSR ard EREeHEEHPE eI ®adns all of the
possi bl e har dwarexpsrewsiensf,onf2@xcludiagr eguivabehtidi 0f €xé efeatupesns, and

i nt I i i i t . th

pref erred i mpl oerebe rad BN Ihedly BRRERNATCHEREOE 12 neifly 0%
assigned a fixederoodized that thebecope of pheeinvenvidy, ism défimed eand
mappi ng betjween 1aE ¢y %ﬂgfg%gtgfsgg_ggﬁét @:ﬂ.dicﬁaféflbﬁ. possi bl e. \Wen the

Ti me- out Count er Regl reac hei'r 'end count, they output an
interrupt, just |ike any hardware interrupt 90 source. The task
controlled by a tinme-out counter register 91 will run after the

ti me-out counter register 91 finishes,



30 and whe will automatically transfer the new | B
val ue fromi '?wg)u)?l i"wout counter register 91. The possi bFS&}é%E%/‘%? of

i nterrupt, tine-out counter registers 91, and hardware interrupts 90
conbine in OR gate 99 and go to the Intlérrupt Enabl e Control 96. 35
The Interrupt Engfgqontrol switch 96 is controlled by the task |ink
system The task |1 nk system uses a Link Register 81 of the running
task to toggle the MD 99/ 41661

PCT/ US99/ 02515 Ll atch 83 of
a stored task, task decoder ugfrocomgu&eil\é; atd ?LOBM%? h?\ Yo the

Li nk Regi ster 81° |1‘§le o4 St anenselesk ivedyi muémpbéxed the LI NKED
latch has 5 besfmaaiicateRedt)e PP dng Taer[egiggéynée@gﬁérﬁo# %\H‘ o
st e tas

re- enablethetakspemﬂ in_the Link Regi. k
speci fied can I‘lfﬁ: “@'ﬂ(flé’fhtclgr&Y of rppgiREBTt aeksrandibeing tdual |

disable its CNW]adﬂEESSHﬂ for reaadhbea|§hiﬁt9}egisté§ ééﬁmgihﬁfﬁﬁﬁb A#@
set, through t%ﬁ ecoder 102 AND gate gate 104. 10
|sc

Ioglc dlagran1for |H3§uﬁ SeE° %ﬁgFﬁt FesFFc;%¢F said T¥R@isker s
circuit wll guseintdesigmatechdor peedoraikg a task( iﬂileltﬁﬁls;%%r&t t@qt ask

al ternate rqni %ﬁﬁ%ttﬂ@ ttﬂéerapld ijl\lgEBl as Eegw u]gs aéélé t he

prerequisite task
improvement comprising:

a first and a second latch assembly for each
bit in said register set, each said latch assembly
including:

15 a latch;

a first multiplexer having an output connected
to the input of said latch, a first input connected to an
output of said CPU and a second input connected to an
output of said register set memory;

20 a second multiplexer having an input connected
to the output of said latch; a first output connected to
an input of said CPU and a second output connected to an
input of said register set memory, whereby a first
register set processed by said CPU may be written into

25 said first Iatch sets in the same clock cycle as a second
register set is read from said register set memory and
stored in said second latch sets, and a third register
set is read from said second latch sets and written into
said register set memory.

R 0 R L



not before. |wogystssi ns of |inked tasks are possible. 15 PCT/US99/02575
Interrupt signals that nake it through the I nterrupt Enable Control 96
then go to their task Priority counter register 95. This register is
| oaded fromthe task via the CPU B whenever it runs with the
starting priority of the task. The Deadline rate latch 20 94 is al so

| oaded when the task runs, and then this is | oaded into the Task
Deadl ine Priority Counter 93. Interrupts that get through the

I nterrupt Enabl e Control 96 start the Task Deadline Priority Counter
93. The Task Deadline Priority Counter 93 counts until done, then 25
outputs a signal to the Task Priority counter 95 to i ncrease the task
priority by 1. This same signal is used to reload the Deadline Rate
Latch 94 into the Task Deadline Priority Counter 93. In this fashion,
t he task can be set to increase its priority after it has 30
interrupted as its deadline approaches. Each task feeds its
priority fromthe task prioritly coung@k regi tof tAsk Priority
sel ector 19. This circuit picHs the iy a§R“ﬁﬁﬂ passes

the task nunber and priQrity to tHe T 20. Since
tasks can spend ti i\ting to rQ r 3 (FIG
1), the task priority | ine iting
task is WO 99/ 41641 IO REAY
PCT/ US99/ 02575 TASK
TASK TO WRITE
CONTROL | .
BUS CLOCK SR/
CLOCKA ||
CLOCK B
A/B
————C
CcrPy

FIG. 1
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12 passge dRjiyoh MIX 92 to the Task switch Controller
this fashion the tasE controller 20 can keep i ncreasi ng ?%5’08?%&#5?

of the waiting task until it exceeds the priority of the running task
and then 5 initiate a task swap. In the event that a
plurality of equal priority tasks a¥d si mul t aneously presented to the
priority selector 19, the priority selector 19 will determ ne the
priority and select_the tasks sequentially. The task 10 switch controller
20 uses a small st

acconpl i sh a task swilnteuptEl G 2 sh

e

st eps perfornmed by thsccussk sw tch a
task switch. 15 At tine zZer o A&t as
follows: the CPU 1 B

signal line is set to B; thelatch3Q lhroughthe
mul tiplexer (MJX) 17 to Cp[fljua‘il i nput; the . goes through MJX
14 to latch 3 20 i nput elatch4outpg rReadlh MUX 13 to SRAM 2

i nput; and, the SRAM 2 out es t hr ough 5 : | atch 4 input D.
The first step in swtchintf*tasks is to read |Task the from SRAM 2 into

a |l atch not being u,?_ed bythe 25 CPU 1, in this 4. This is
acconplished by pract g the luLclluprlug task—gddress—omthe—task
contr ol bus TAS TO RRAM address bus. OE{EBsﬂaﬂé] t hen stores
New
Task
3
Fig 2
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that state i ng® dodigsh 4- (Since our exanple is froma colpraisdvbasts
there is no task in latch 4. Nornally there 30 will be a task there. This

task can be witten back into the SRAM 2 at the sane tinme the new
interrupt task is read out of SRAM 2. by asserting the TASK TO WRI TE
t ask “destination addresses and then3/a?sserti ng the CLOCK SRAM

line.) The newtask is |loaded into latch 4 at tine T2 35 (FIG 2). On
the same clock edge or a fraction of a cycle later, the A/B control
signal is changed to B, causi ng | at 4 to output and take input from
CPU 1, and WD 99/ 41661
PCT/ US99/ 02575 e 13 causing latch 3 to
take input and to output to SRAM 2. At =<£J:i$_pai-m—,jif the original task
interrupts again, the A/ B line is®&Pggled again toswtch tasks w thout
requiring a read fromSRAM 2. 5 =225 The gbove lexanple is the
start-up case. «Normal |y, once stalaE&qf=there ijs a tlaskswaiting to run,
when a new interrugt conmes in. Thus, t#&elhaiting tas toul d be
"flushed" (thrown 3@way). But, in the pfgéerred [l ¢ ent, the waiting
task is always ragngfor at least 10 onpEgylcl e white v i nterrupt task
is fetched from¥ t he SRAM 2 and—+hetaien Ek—s saved to
SRAM
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2. In sequencwogm%hl atch 3 is connected to the CPU I - agg,r;[%;ggégg% a
t un,

task, and while latch 4 is holding the next task schedul

if a newinterrupt of equal or 15 higher priority is detected by the
priority selector 19 (FIG 3), thegnat T1 (FIG 2) the AABline is
toggled to B, causing the task dat&‘in latch 4 to becone attached to
the CPU 1, while latch 3 is now connected to the SRAM 2. The new
interrupt task address is then put on the TASK TO 20 READ task contr ol

bus, and the previous running task address is put on the TASK TO WRI TE
lines. At T2 (FIG 2), the previous interrupt task data is cl ocked

into the SRAM 2, the new interrupt t@sSK_dart ciocked T ‘?A% tch 3
and the CPU I w Il have cl ocked any d-aﬁ—a—(—v—wﬁ%—w was p ({5&@
into latch 4. The AAB line is then togg?e agai nSRAMA|t o run the new

interrupt task out of terna
i npl enent ati ons of
bit inplenmented with 3 30 ijnst 4a
repl ace t he 2-input 2 | 3
additional MJX 42 is added\t ect} }SRA
all ows 3 tasks Rve | at jusp
is larger per bi ﬁé 4| ojve
capaci tance. Th lso addi ti ondl rpat
41 conpared to BiSsinpler MPEIGK SRA
CLOCKA i
- CLOCK 8
% o
CLOCKC
CPU/ 1
CPU/RAM RAM
—-_—D A
D Q
MUX
B ><Z0 LATCH
CLOCK
A I 43
|
CPU =
+oq
FIG. 4
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14 (FIG 1). The optinum configuration for a given application

depends on the specific characteristics of the integrated circuit

manuf acturi ng process used and the é application's timng denands. 5
ce

FIG 5 shows an inplenentation of the tr

function. In addition to

the task switching function descri bed above and shown in FIG 1, MJX
50 and-tri-state switch 51 have been added Tr ace SRAM 2a is used as

either task switching SRAM 2 or as
addressing and trace/task control |
into latch 3 or 4, if tracing, .
FIG 6 shows a bl ock di agram of

poi nts are sel ected by

the test logic indicates the situatj )

g the

Ufl stores

T 4ce SRAM 2a.
LQUS.t est
Difirage 61. | f
sRead poi nt,

MJX 60 to | o

the trace controller 62 beqgind greectng—fFre—trace——control | ¢BU82 in
it's sinplest use, outputs ise entasal trfage wite ap@aKsse$ while

asserting the trace signal. The
to trace continuously,until

an s, t £l ng, or

u

trdce CORADOI[l ¢rpmani 20 TAM&BEbe desi gned
t
T

trace for a few out of the¢ trace data
is acconpl i shed by a [ e D : Fontrl-shige 51
(FIG 5) for each bit tio ‘ pace & [ Thi s
data can be read out a
TASK LATCH
CONTROL | — | CLOCK
BUS CLOCK S i
clockA |11 14
MUX D Q
CLOCK B B 5 LATCH
A/B CLOCK 17
44
CPU |
13
FIG. 5
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since trace RfGePnef S NOt a time critical task, or it - c&nr,agpgﬂjl's%lped

together for register output by using a w der bus.
Whi | e various enbodi nents of the present 30 i nventi on have been descri bed
above, it should be understood that they have been presented by way of
exanple, and not limtation. Thus the bf&hdt h and scope of the present
i nvention should not be limted by any of t he above descri bed
exenpl ary enbodi nents, but should be 35 defined only in accordance with
the follow ng clainms and their equivalents. It will be understood by
t hose skilled in the art that various changes in form and WO
99/ 41661 PCT/ US99/ 02575
15 detail may be nade therein w thout departing fromthe spirit
and scope of the invention. The terns and expressions which
have been enpl oyed in the foregoing specification are used therein 5
as terns of description and not of limtation, and there is no
intention, in the use of such terns and expressi ons, of excluding
equi val ents of the features shown and descri bed or pogtions thereof,
it being recogni zed that the scope of the invention i A& i ned and
i read
tegtger test test frace
.. — | point [ logic 1} controlierf— task/trace
point MUX
. —>
| g > trace
60 ‘g1 62 .
write

FIG. 6
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10 1imtedyapbelgys t he clains which foll ow VO 99/ 41p61/us99/02575
M5

PCT/ US99/ 02575 : 16 CLAI

1. In a mcroconputer having a multiplicity of registers that are
selectively multiplexed to 5  conmuni c?te with a CPU, and a register set
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The invention constitutes a unique hardware zero overhead interrupt and task change system for the rednction or elimination of
interrupt latency as task change processing overhead delays in computer architectures. Without loss of time, the system performs complete
task state saving and restoration between one cycle and the next without software intervention. For each Central Processing Unit (1) the
invention uses one or more auxiliary latches (3, 4) wherein one latch (4) is used as the "running” latch and one of the auxiliary latches
is attached to task storage memory. The invention swaps connections between alternate "running” registers and anxiliary registers while
transferring other tasks to and from task storage memory (2). The invention provides a task linking system to allow the linking of tasks for
rmandatory sequential execution of the linked tasks. Further, the invention includes a priority “impatience” counter system to increase the
relative priorities of various tasks as they approach their task deadlines.




