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 Thi=’ invention l;llltu gencrally to handling loss of pover
in » computariszed appstratus, and rslates uore particularly to tha
optinal handling of s condition of return of powver follpwing the
initiation of the handling of loss of power.

It is comannplace to use s procasser (rypically a
microprocessor) undax storsd progray control teo replace or
augment functions pravicusly performed by mschanical appiaratus or
by dedicatad cireuitry. The many internal s:au:: of the
proeuior. stored in processor registers, are lost if the
procassor loses power. Similarly the contents of a volatile RAM
chip are lost if power to the RAM chip is lost. In dany consumer
preducts using & procacsor there is no particular nsed to sava
the processcr statas or RAN contents, so that turning the producc
off cuts pouver to the procassor and the RAM, and as a rasult the
processor states and RAM contents ars lost. This is the case,
t.or sxanpls, vith wost personal computars dapanding on the
- application program being execuved. If ths user has entered data

into the RAM of the computer, to avoid losing the cata the usaer .
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sust cypically ea;vl'uluv invoke a routing for staring data to 2
nonvolatile memory (such 38 to a magnetic medium} before turning
Qff the computer. In other systems some ar all the RAM i3 nade
nenvolatila, typically by providing a backup battary that

prasarves the nemory contants.

The integrity of the storad data is threataned nor only by
the possibilicy of loms of povery to the menory devica itself, buc
also by thae pocsibility the CPU or data bus may during loss of
pover give rise to & conditisn that makss 3 -purio;m changs to
the stored data. For sxXample, during the nonzere tine interval
during vhich povar ta tha processor and addrass dacoder drops
froan nominal lsvels ($ VDC) to zexd, thare Is the possibility the
CPU may exscute an instruction that changes important data. This
could oceur if tha procassor vera to parform a “writa" .
transaction on the data bus to a harmleus lacation, with ﬂu
address deacodar (because of less~-than-npainal powar) incorrectly
dacsding tha address to some location cantsining crucial data,
The rasult would be a spurious changa in the value of the crucislk

daca.

In pany such systams the risks :uuiﬁq to possibla loss of
pover sre of little cencern since important’ information will have
bnn‘ backed up elsgwhera, or is capable of heing recanstructad
fxom other sourcys if necessary. Likewise tha prospect of
processor malfunction 'or dsta bus or address decoder malfunctien
that ovarwrites important information fis not psrticularly
daunting, again because it is usually quits straightforward and
workable ©o let tha user racanstruct iamportant dnl;:. if suspacted
of being incorrect, frolk a backup or other scurces.

ona typa of equipmsnt typicslly having information stored in
nopvolatile RAM is the plectronic postage metsy. In such postags
ustars the smount of postage avallable for printing is typically
stored In what i{s called the "descending register”. In postaga
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metars it {c {mportant that the descanding registar £s to be
-urcd in sueh 3 vay thut there is minieal likslihood of the uur
printinq postaga which nan not bun pajid for. For sxample, wvhen
the pacer is turnad off and later turned back on, the descending

registear is t©o have an unchanged value.

Refore the developmant of elactronic postaga metars it was
commenplace £o-usa mechanital méters, thac is, meters in vhich
the descending regicter {s s mechanical device. In a meter
enploying s machanical ragister with value stored in gear
positions, the requirement of ths descending regiscter remaining
upchanged is satisfisd by the simpla fact of the gears
meincaining pogitionm with or without extezual elactric power.
Such a meter mzintains the ragister concents both in tha face - of
a4 pormal termination of powar and in the face of an aceidental or

unintencional teramination of. power.

Ik recent yasrs mechanisms having msny moving parts bave
baen replsced vith simpler pecksnisme in wvhich many formerly
machanjcal functiocns are sccomplished by a processor under stored
Progras control. 1In such cases, pure mechanical rugistars sre
replaced with RAM mamory. This has been the case vith postags
metars and cheir descending regiscers, as in the adove-menticned
electronic postags meters. '

As in gthar alectronic squipment with nonvelatile memory,
with electronic postage matars thars is the nonzers probability
of loss of the information in the nonvolatile memory due to
énunor, addrass decocder, or dats bus malfunction. By
dafinition the anmount of postaga available for printing is a
ptrl:tculat stored valus that is assumed to ba correst. While the
nvui.llbiu:y Of & backup copy of data is satisfactory for, say, a
vord-procsssed documant it is not very satisfactory for a postage
pater dascending ragister. Ii\ a postags meter it should not be
within the discretion of the user to daternine unilaterally, for.
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exanple, that the dascending register contents in the nonvalatile
FAM are to b ignored and overwritten vith supposedly correct
backup datas from some source that is within the control of the
customer. Instead, if cusctomers and the poscal nl;thuritl'es are
to be satisfiad vith the metaxr the stored value must have an

excerdingly high level of confidance as to its correctness.

Similay zupcrn_:!.vu presant thsmselves in other electranic
equipment whire a storad valua must be correct to a high degree
of confidance and uﬁan ic is af little or no utilicy to consider
external backups and the like. These include gas pumps,
autpmated tellar machines, smart credit cards, and éuh

regiscars.

In an alectronic systen employing a processar and storing
ezucial data in RAM, it is necesmary to ensurs that the systen
maintain jits ecrucial data unchanged agter the pover is tnrned off
and back on, even in the midst of othar obc:atiens. The systen
€ypically has a pover supply vhich givas povar to the processor
snd other circuitry zor a tima interval aftar external power is
switchad off. The powsr providad during this intarval s
sonatines called "resarve™ pever. The systen dasign may have 3
pover-failure varning signal, gansrated by ths power supply
circuitry, which provides vhat might be termed an “sarly warning®
te the processor. The design of the stored progranm for the
system typically provides that arrival of tha powsr-failure
varning signal invokes 3 routine for storing data to nonvolatils
namory or updating information in the nonvolatile memory.

The routine of ths stored program that is responsive to the
pover-failure varming signal, as just mantioned, has ai one of

. ies girst tasks the updating of cruciasl data. The r--;tis Pover,
typically provided by a large electrolytic capacitor together
vith other circuitry, is designed so that the interval during

which reserve power is relisble excesds by a comfortable margin |
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the tine required for complection of the data-updacing routine.
In the particular case of a postage metar, for sxanpla, the
interval during which refaxve powver ls reliable exceeds the tine
sequired 'to update the descanding register as nud.ed. Tha
interval is also _:I.enql enough to peraitc the processor to fndicacte

by a particular sassage that powver wzg lost in the mpidst of &

. postage princing aperatian, {f such be the case. In tha latter

case, upon tha’ rastoration of pover to the mstar the processor

encountars the messtage and updates the descending register

sccordingly.

A dacision facing tha duigun- of an electronic systaa
containing crucial dats is vhat to have the processor do after ic
has finished its regquired tasks responsive to the receipt of the
pover-failure warning, That is, the raserve power will
presumably persist for some time after thae data-updating
activities heve basn completsd pursusmnt to the stored progras.
Vhean tha reserve pover runs out, the processor stops completaly.
But prior to that, it is desiraed thest the processor not causa any
hara te the crucial data such as the nonvolatile memory, =5 the
storsd progrsa vill typically put the processor finto a tight
leop, that is a loop which does nothing extarnally ochservable
othaz than to kesp the processor occupied. This leep, oftan
called a "pover=fail® loop, may be as siumpls as a fev null
instzuctions and a jump. One way that keaping tha processer in
such & loop minimizes risk to crucial data is that few
transactions taka place on the bus, and none of the transactions

are vrite transactions.

Putting tha processgor into a tiﬁht loop prior to the
eventual loss of raservs pover can give riss to an anomalous
result, from the user's paint of view, if sxternal pover is
raturnad during the tizme that ths processor .ils using the reserva
power. That anomalous result is lockup of the egquipment. The
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p'roeuslbr rapalns ln the tight loop, and does not respond to user
kayboarad ipputs, even though thare is no apparent powver loss '
causing this resuit. One vay this lockup might come about Is a
rapid svitching of the egquipasnt off and beck on. ' Anothar way
this mignt come about is a mementary loss of extarnal AC 'pouur.
The lockup can happen in either of twve vays ~~ (i) return of
externil powar after ths power-failure warning arrived and before
the processor has sntered the tight loop (i.e. during the roucine
that saves data to the M!W‘Olltil.. senory), or (ii) return of
external power aftar tha processor has sntered the tight loop and
before Loss of raserve power (i.a. during t-.lu exacution of the
tight loep). In eguipment having such a design, tha only way to
froe tha maeter from the lackup iz to turn.it off, leave it off
long enough for the resarva pover ta be exhaustes, snd turn it
back en. But tha uger may not knov this, or may be unavare af
the causa and se only percaive a malfunction. An example of such
a loop may ba gean in the postage metar of U.S. Pat. No.
4,875,841 at col. 14, lina 59. In that system, "[t]he main
program can only be ra-antared through a complata powar-up

cycle®,

In elactronic systems having crucial data, then, it is
desirable to minimize risk to the data during the puriod of loss
of powar, and yet to avoid tha problem of system lockup if the

loss of powsr is brnt.

The prasent invention lx defined in the sccompanying claims
to which refersnce should nov be mads.
In the squipment -eeonupg to the invention, the lackup dus

to momencary powvar loss iz avoided by use of a combinatian of
storsd program and hardvars, A test performed in the tight loop
checks rapeatedly to sae wvhather the povar-failure conpdition
comes no longer to be prasent, and if that ila the cass tha storsd
PEOgram causes the equipment to return to normal function.'{Fref

e
repested test foan-td 3 decernination vhether a pover-failure
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warning signal ls ne longer prasent. AS a consequence, =omentary
pover losses and éthu' brisf interruptions, whether dus to user
manipulation of the powar switch or otherwise, are much lass

likely ce result ln undaosired lockup of the Kgrar.

The present iavention can be put into practice in varjous
ways one of which wili now be described by vay cf mxample with

refarence :0 the accompanying drawings in which:

Fig. 1 is a functional black diagram of a computer sys=am in
accordance vi.r.tﬂt!u invantion:

Fig. 2 is a functional blogck diagram showing the power
supply for the systen of the examplary embodiments

Fig. 3 ix s flowvchart {llustrating s fragment of a typical
prior art stored program including a tight leep: and

Fig. 4 is a flovchart illustrating & fragment of s stored
program corzesponding to that of Fig. 3, but differing in its
inclusion of tuting and varm starting sccording tevthu

invention.

Throughout the figures, like elemants have been indicatad
vhara possible with like referance mmarals.

Referring to Figure 1, an exemplary postage meter system
centars on A parallael address, contrel, and data bus 20. A
central processing unit (CPU) or processor 21 executaes a stored
progras from HOM 27 by means of the usual process, initiared by
pover-up or by hardvare resat, vhereby instructions ars fetchad
and exacuted starting at s pradeternined starting address. In
the exaapliry eabedinent the péccnsor is a conventional Intsl
8031 procassor, and execution initializes at 0000 (hex); the
addrass space of the processor is laid out so that address 0000K

®' foy, Cw Lo elivment of -7 -
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) . f falls vighin the ROM. The exemplary 8051 processor has built-in
RAN and AOM, buct tha stored program i{s of such complexity thac
far mors RAM shd ROM lrn.rtqult!d. ROM 27 and RAY 29 are maanc
to indicate both the internal and extarnsl ROM snd RAM.

Although sost of tbd'syste-. including the bus 20, is
concealed from the user, iene parts are designed spacifically for
user interaction. 7These include s keyboard 22, = digplay 23, and
zome parts of 8 postage printing spparatus 25, The lattar is
controlled by the processor 21 through an I/0 interface 28, which
connects to the postaga prianting apparztus 25 by maans of a large
nunbar of discrete wirsg, indicaced schamatically by the six
disczete =zignals 26. Also dasigned for user interaction ara a
povar switch, not shown in rtg. 1, torming ﬁazt ef & powver
supply, alse not zhown in Fig. 1.

The system of the exemplary embodiment is intanded for use
as a socphisticatad and raliable postags metar. As mentionad
sbove it is necessary to stora crucial information such as tha
amount of postage remaining to bs printsd == the descending
register. Tha systam 10 allovs such crucisl infarmation to be
stored ip eithar or both of two nonvolatila memories: a CMOS
scatic RAM 29 ﬁavinq a dadicated lithium battary so as to
praserve information in the absence of power axtearnal ta the
syscen, and sn nlcetztsnliy eragable progrimmgble read-only
namory (EEPROM) 30. Conventionsl chip~select linss 32 and 37
activate ons or anothar of RAM 29 and EEPROM 30 as contzolled by
_address decoder 31. (The othar residents in the address space of
the processor 21 receive chip-select and other address decoding
-1q531- fzrom other addrass ﬁlcuding eirculczy omitted from Fig. 1
for clarity, snd the address decoding eircuitry is of known
design.)

- Turning now to Fig. 2, there is shown in functional block
disgram form the paver supply for the system 10. AC pover i¢

- . -
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providad to the systam AL & pover cord 40. If a povar svizeh 41
is closad (cpnductinq) than a Erlnltcrn-£7bt£dqe rectifiar 41

* supplies rectified AC to’a ragulater 43, The regulator 43
provides a +14V 5C lovel at & first slectralytic cnpaciﬁar 48.
"The AC power cord 40, switch &), ractifiar 42 and regulator 4)J
constitute a typical interruptibles sourcs of paver for a computar
system. A sacond slactrolycic capacitar 47 carries a somevhat
lover voltage dur to the vaoltage drap of diode 45, A second
regulazor 49 drops the +24V te high quality +5V at a line a4.

In many simple computarized systems a singlc elsctrelytic
capacitor provides filtering in gombination with regulator
circuitry like that of ragulstor $3. In the supply of Fig. 1,
hovever, the two slectrolytic capacitorm 46 and 47 aze prﬁvzded,
dispozed as shown in Fig. 2, acting as r£irst and second powar
supplies rn;pcativcly during significant fluctuations in ths AcC
povar suppliad to the system.

' The "downscrean” second capacitor 47 is chesen to be quits

r lazge in value, large enough to powar the procassor and relatad
circuictry for several hundred millissconds afcar loss of AC pover
at tha povaer cord 40. In the evcnt'ot loss O0f AC powar at the
pover cord 40, tha capacitor 46 discharges vith 3 tima constanc
dstermined by the gize of the capacitor 46 and the impedanca eof
the surrounding eircuitry, shown qcnaricazly as a resistor 48.
The time comstant is selectad to be very short, so that the
capacitor 46 discharges far faster than the capacitor 47. &
raduced voltags lavel on the capacitar copstitutes z first signal
indicativa of tha loss of powver. A comparator 50 constantly
compares voltages that depand on the relative conditions of the
two cspacitors, so that a signal PF at a lina S1 out of the

comparstor givés several hundred millizsconds of advance warning

of imminant povar failuza.
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It is, of course, known in the prior asrt to have a povar
failure signal vhich gives advanpce varning to s procassor of =
pending power fallure. TAs systam of the present invention has
the furcher advantage that the svent of povar rc:ﬁruing after the
power=fail signa)l has boan generated is also annunciated to the
processor. Tha nrranqemeﬁ: of rig. 2 provides such snnunciacion
of return of powver. .I‘ AC powver is restored at 3 tize vhen the
capacitor 47 has not yet been discharged (l.s. the processor 21
is still funcrioning) then the capacitor 46 is again fully
charged, its rescoration te full charge provides a sacond signal

indicative af the restoration of power.

| Contemporanesusly thorewith the capacitor 47 is likewise
racturned to a state of full charga through the diede 45.
'Responding to ‘the increased valtage on the capacitor 46, the
coaparator 30 changas to its othar output value, and the
processor, not shown in Fig. 2, is able to take sccount of chis

transition in the value of the PF signal.

One skilled in the art vill apprecista that whils the
azrrangement of Fig. 2 uses a single line to convey ta tha
processor both the imminent lass of powver and the restoration of
power, the systes would also offer the banafits described herein
iz separate lines carried the two types of information. For
example, one comparator or eguivalent cireuit cculd provide tha
interrupt to the processor indicative of imninent loss of power,
vhile a separate circuit, implemsntsd with s comparator or
similar circuitry, could provide a discrete signal indicative of
restoration of pawlr; The latter signal eoula ke an interrupt or
wvould preferably be polled by the processor. Ona skilled in the
art will also appreciats that for the benefrits described harein
it i3 not neceksary that the tve siﬁnlxs change state
simultansously. To minimize component count aﬁd simplity design,
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hovever, tha prcterrnd arrangemenct is thac :noun in Fig. 2, with
a single line Pmld.lnq both iterms of lntorsn:un.

The foregoing discuszion covers the socquence of events in
the case of loss of pover 4t the pover cord «0, and the posasible
latar raturn of powear. Thae Same Sequance of evants occurs in the
event of tha user turnznq off the pover switeh 41, and the
possible later return at povar due to tha usar's Euzning the

pover switch 41 back on,

Turning now to Fig. 1, thare is shown in flowchart farm a
fxagment of a typical prior art storsd prograp of the type 'vhich
might appear in a prior art systam programmed to respond te
imxinent loss of pover. 1In the fragment shovn, the entry peint
fu' assunas that & PF signal, lika that fumthe comparsteor 50 of
Fig. 2, bas changad from its normal state to the stats indicative
of imminanc loss of pover. This signal change, in many prior art
systams, is a hardware-level interrupt to the processor 21. (Of
courss, in other prior art systams the entry paint §0 respresants
the event of the CPU polling the PF signsl snd hranching to the
entry point. Whether the branch is polled or interrupt~driven is
©of no importance to the discussion that follevs, snd for clarity
oniy the interrupt-driven case is detajiled.)

In prior—srt corputerizsd systezms the next stup undartakan
by the processor 21 is to update and/or store any crucial data,
shovn by block &1. In systams vhers there is intaraction with a
controlled nchnniellz process, black 61 slso includes steps
intanded to brihq tha mechanical precens to an orderly halt. ror
axample, wvhers tha system is 3 postage mater, the printing of
postage is brought to an ordarly csnclusion, or interruptad along
its routine, ﬁmqn appropriats outputs to ¥/0 interface 24 of

rig. 1.

- ll -
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:oﬁ:imtné the discussion aof p.ﬂ.or art Fig. J, tha procassor
21 does nothing in bBlock 62. Control passes from that block via
flewehart arrov €3 back o block 63, forming wnat is sometimes
called a tight loop or pover~fail lopp. In the cage vhere loss
of AC powar is final (e.g. parsiscs for some time) then the tight
loop continues to be executed until the procassor 21 ceases

functioning due to inadegquate +5V powar,

The pracise stored program giving risa ta the flowchart of
ﬂq. 3 -ny' be in any of sevaral forns depanding on the
programaing taols usad ta geperacte the code storad in the ROM 27.
In 2 language with GOTO commands, sucsh as BASIC or FTORTRAN, the
construct iz typically a lins such as 1000 GOTO 1000. 1In a
structured language asuch as € or Pascal tha sourca cods construct
&2n ba a 0O=-WHILE loop vhera the condition for continuasd
exacutien of the loop {s an axpression evaluating te T (true).

In zssaubly language the programnar may use a no-ap opcoda,
folloved by a 5uup back to the mamory location containing the
no~-op. Or the progragmax may use a jump instzuction that may do
ne mgora than jusp to itsalf. Finally, the prpogrammer may choase
to bhave instruction flow lead to a halt inserzuction ir available
in the instruction ser of the parcicular processor in uss; this
cholce diffars from the praviocus choicas in thar the processar is
no longer in a loop at all.

The particular programning techaique used to put the
processor in a tight loop, als® called a powar-falil loop, is not
satarial to the discussion that follovs. What is Important is to
consjider vhat happens if pover is restored to the computerized
system 4t a time when the processor 1l is exscuting tha block 61

. 0 the flowchart portions 62 and 63. Staced plainly, the system

appears to the usar to ba broken, The systam doss not do any of
the things it is supposed to do, because Lt is either stuck in

-~ 12 =
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the tight loap of &1 or 61, or swon will be becmuse it is nov in

block 61.

’
The consaguences of the processor being stuck fn the tight

loop vary depanding on the use ©o which tha computerired system
iz put and the nsture of the user interaction. A fav exanples
will suffice o shav the importance of the problem.

Conzider the case vherxe the computerized system is a postage
matar. Tha ugser has psrhaps recently loaded saveral .chau.sund
dollars worth of available postaga into the metezr, and is
accustomed to deing able ta preis a key sequence at the keyboard
22 to summon up.a report of the stored postage on the display 23.
This key seguence may be invoked as often as dasired to provids a
level of confidence that the stored postage hax not been lost dus
ta, say, malfunction of the memory device containing the digital
rapresentation of the anount of postage.

In ths cass Whare pover ie restorad while ths pracecssr iz
in bBlock 61 or portions 62 nnd_ €3, the mnater is unrasponsiva.
Nothing prasied at the keyboard 21 makes snything change at the
display 23, Most disconcertingly, tha display 23 may bes locked
into shoving some previous contants, which contents do riot change

no matter which kays are prassed.

The only way the user is able to restore the matar to nozmal
function is te cut pover for scme time, sither by unplugging the
setar or by lesvang the povar switch 41 off, By doing this, the
user brings aboutr the condition of sapacitor ¢7 discharging so
far that the processor 21 no longar has s meaningful internal
state, and is no longer exscuting the storaed program,

For sipmplieity it 'u assumed that this nesns capacitor 47 is
completaly discharged, and that processor 21 is sismply unpowered.
In reality processor 21 csases having a meaningful internal
state, and stops fatching and executing instructions, long bafore
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the pover supplied to itg +SV power pin drops to zere. Tha level
at vhich the procassor does thic varies tée- one aodel of
procassor ta the naxe, lﬂh the precise lavel is not i=pprrant o

the later discussion.

‘hers is shown in Fig. ¢4, In flovchart form, a fragnant of a
storsd program corrssponding to :hir. of Fig. 3, but diffaring
according to the tsachings ef the invention. In tha examplary
smbodiment this fragment forms a partion of the stored program in -
ROM 27. Refersnce designations of riq.'i ars asgignad to
corregspond, to0 tha sxtant pessible, to thoze of Fig. 1.

As with Fig. 2, the entry peint 60 sgsumas that the Pr
signal hzs changed from its normal state :n the state Indicative
of imminent loss of pover. In the exemplary embodiment the snery
point is a hardml;n interzupt to tha procassor 21.

As in rig. 3 tha next step undartaken by the processor 21 is
to store any crucial data and to bring sechanicasl processas to an
ordarly halt, shown by block 61. Also ma in Pig. 3, the
processor 21 does nothing in block €2. Significancly, and

' differing from prior mrt Fig. 3, in the systam of Fig. 4 control
then passes to A dacision block 64, where the condicion of the
pover-fail signal is tasted. In the cass vhers pover loss
continues to be imminent, control passas from that Block via
flovchart arrow &3 back to bleck 62, forming a lecp coxresponding
to the abova-nentioned tight loop or powver-fail loop. In the
case vhera loss of AC power is final (e.g. persists for soma
ting) then the tight loop continues to bs exscutsd until the
processor 21 ceases functioning due to inadegquate +5V powar.
Hovever, if povar has besn restored during tha activicies of
block 61, or during the time that the tight loop or pover-fail
loop of 62, 44, and &3 is baing exacuted, than the test of block
64 vill causs control to be passed to exit paint 65. Exit point

- 14 -
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65 leads to § s0~called "Warm mExrt" routina, in which the syscex

rTeturns to normal function,

A "varm start" roucine is $o named vo discinguish from a
"eold start” routine, Tha "cald start” routing assumes .that the
system vas unpowered just prior to tha exscution of the routing.
All computerized systeas by dafinition have a “eold starc"
routine, whather or not it is so hamed. It is the routine that
the processer sxscutes upon application of powver. Most
processors, at powar-up, sStart with a program copncer (also
called instruction pointer) initialized to zarc, and so the
coid-geart routine is placed starting st address 00008 in the
processor's addzess space. The system of the examplazy
erbodimant daes precisaly that, as described above, with the ROM
27 scarting at QOCOH ;.n the address space.

A “warm start” routine, on the other hand, iz vritten hy the
programmer to covar the condition of the processoar rastarting st
a time vhan at lesst some of the system iz assumed to have basn
satisfacrorily powared prior to the axecution of the routipe.

{In some systems, the same routine may serve both the "waim
Start” and “cold start® eventualities.) Depending pn system
dectatls, the "warm start” :'out.tm. nay omit certain power-on
formalities much as chacksunz and systam nelf~tests that would de
- disconcerting to the user or would impose undua delsy. The “warm
start” routine may also omit initialirxaticn of other systam
states (8.g. position of mechanical elaments or contents of
£f1ip~£flops) whera thosa states can be agsumed to be good dun- to
the Fact that pover vas hot reslly lost. The precise Programuing
dacisions udl.in vriting such a Pvarm start® rxoutine ax '
distinguished from a “cold start® routine are not i{mportant to
tha invention and will be readily spparant ta the proqra.--r
utilizing the ifnvention in a particular computerized system.
Naost, if not all, of the banefits of the invention's teachings
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are available even if tha test of block 8¢ of Fig. 4 leads to the

ssme routine as lsg exscutad upon pousr-up.

In the system lccﬂrélnq to the examplary smbadinent a
wvatchdog sircult 72, shown in Fig. S, msonitors the processor’s
continved funccien. The stored program of the processer 21 is
such that from tiase to time the prucessor 2) sends a signsl to
the watchdog 72 via line 71, shown in both Figs. 1 and 5 if
this signal fails to be raceived by the vatchdog 72 at least as
aften as 8 predeterninad fraquancy, then tha wactchdag 72 takes
action to minimize permsnant hara. In tha exanplary embodimant
in this avent the vatchdog ganeratas s reset signal coxmunicated
to the procassor 21 by lina 70, shown in both Figs. 2 and S. The
vatchdog preferably counts To a pradetermined total that
generatez the interrypt, but tha counter is clsarad upon raceipt
of the sigral of line 71 at 3 clear input of tha wactchdeg 72.
Because of tha praesence of such s watchdog 72 in tha syscea, the
"do nothing” block 62 of Fig. 4 thus must contain an inseruction
to sand thc sighal of line 7% to the watchdog 72.

Cna skilled In the art will appraciste thac whila the
taaching of thae invention has bsen illustrated in the particular
case of a computer system vhic. acts as & postage mater, the
invantion properly construed offers its banafits €0 any
computerizad systeam whers important data or systam states are to
ba storsd to avoid their loss. 6uah computerized systams include
automatad teller machinas, banking terminals of all types,
vending machines, gambling machines, and voting machines. One
mkilled in the art will also sppreciate that whils tha teaching
of the invantion Nhss baen f{llustrated in the context of a
p:céc-sct axecuting s storsd progzam, tha invention offars its
benefits as vell in tha case of systeams constructed of randem
logic eircuitry whers important data OZIIYItﬂl states are to be
stored. Thus, although a specific preferred smbodiment of the
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invi
n -ntten has been describad, this should not pe construed as

l;ni
tlnq the scope of invention, derinse in the appended clalzs

r-_‘h\‘,‘
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CLAIME: .

l. A computer system (10) having a processor (21),
and program-containing nonvolatile memory (27), a first
tenmporary power supply (46) and a second temporary
powver supply (47), the first power supply baeing powered
by an interruptable source, the sacond powar supply
providing powver for a time interval following
intarruption of the said source and loss of power in
the first powver supply, signalling means (50) for
providing a first signal indicative of loss of power

(A) from the f£irst power supply(iﬂdl a second signali4¥ 4;; <
indicative of restoration of power from tha first power f-'é:‘ Yy

supply, the processor and program comprising
power~fail-control means inecluding :

first power fail responsive meaans responsive to
the first signal indicative of loss of power from the
first power supply for causing the processor to entar a
pover-down routine including steps in which the
processor makes no further raference to-tha nonvolatile
nemory and remains in the gaid steps until loss of
power frem the sacond powaer supply}_nndl p characieriged
oy @ anel ta Fhat the proes a il miqenar Sorfles jnelv feg

cecond restoration responsive means operative when
the procaessor is in the powar-down routine and
responsive to the second signal indicative of
restoration of power in the first power supply, for
causing the processor to exit thea powar~down routine.
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2. A computar system as claimed in claim 1,. wherein
the interruptable source ,includes means (40,41,42,43})
for connection to a public power supply.

3. A computer as claimed in claim 1 or 2, wherein the
intexrruptable sourcae is interruptable by a power switch
{4l) actuatable by a user.

4. A computer system as claimed in claim 1, 2 or 3,
wharein the first powar supply comprisas a first
~ electrolytic capacitor (46) and/or thea sacond power
supply comprises .a second electrolytic capacitor (47)
of sufficient capacity to power the system during an
ordarly shutdown.

5. A computer system as claimed in claim 4, wharein
the first capacitor has a time constant shorter than
that of the second capacitor.

6. A computar system as claimed in any of claims 1 to
5, vherein the signalling means comprise a comparator
(50) with a first input and a second input, the first
input receiving a signal related to tha praesence of
pover from tha first pover supply, and the sacond input
recaiving a voltage depandent on the second power
supply, the output of the comparator prov.td:l.nq' an
output =ignal) (PF), one state of which is indicative of
loss of power in the first power supply, and ‘another
atate of which is indicative of rxestoration of power in
tha first power supply.

Islliifltliliilfmllleﬁm




< [ RECEIVED ! /1; @1:10 1996 AT 5354864 PAEE sv(ﬁln)la%misp e I;?E]EJIST. 1: 14/N0. 3561588300 P §7/ax

FRON B GD
z0 ) R |II|

7. A computar systam 2s claimed in any of claims 1 to
6, wheréin the power-down roiutine includes steps
causing tha processor to updats data in the nonvnlatile
wWamory.

8. An electronic postage meter including a computer
system as claimed in any of claims 1 to 7, wheraein the
system further comprises a descending register in the

' Co nonvolatile memory, a keyboard (22), and postage
printing means (25), the processor baing operable to
axacute a stored program whereby postage is printed at
the postage printing means if an amount regquested by a
user by Iinputs to the keyboard is available in the
descending registar.

- 9. A power down -~ power up method for use in a
computer system (10) having a processor (21) and a
nonvolatile memory (27) containing a program including:
providing a first powaer supply (46), and a second power
supply (47) capable of providing power for a time
interval following loss of input power to the system;
povaring thae first and sacond powaer supplies by an
interruptable source? produ'cing a first signal
indicativa of loss of power in the first powar supply,
and a second signal indicative of restoration of power
in the first power supply; zesponding to tha first
signal indicative of loss of power in the first power
supply by interrupting program exscution; causing the
processor to entar a power-down routine in which the
procassor makes no furthar refarence to the nonvolatilae
memory and remains in said routine until loss of power
from the second power supply if the systam continuas to
ba provided with insufficient power from thea
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interruptable source: and responding to continued
presence of power from the second power supply, and to
the second signal indicative of restoration of pover in
tha first power supply, by causing the processor to
2xit the power-down loop and to resume program
aexecution. '

10. A .method as clajmed in claim 9 in which the step
of responding to the first signal indicative of loss of
power in the first power supply by interrupting program
sXecution further comprises updating data in the
nonvplatile memoxy.

11. A method as claimed in claim 9 or 10 :I.n which the
step of responding to the continuaed p::uance' of power
from the second povar supply and to tha second signal
indicative of restoration comprises a ‘warm start
routinea.
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