CLOCK DELAY FOR A CENTRAL PROCESSI NG UNI T BACKGROUND o2 TH I\NTBNTI OV 1.
Field of the Invention: The present invention relates to performance

Qptim zation systens for central processing units, e.g. mcroprocessors and
preferably, to systens for inproving the efficiency of a mcroprocessor
coupfed to a plurality of data processing device$ on a bus. 2. Art
Background: 10 It is typigal in-qapy data processing systens to
couple a mcroprocessor to aplurality of data processing devices, such as
for exanple, printers, RAM pEiWI bRy FEgRCtENGREl PRS- nk heki ke, along a
system bus. As is well known, € A | s rgital circuitry
whi ch conpl etes | ogical operation C cl ock signals
provi ded by a cl ock generator. The clock generator nay conprise a crystal

based oscill ator Q[SQQ§ﬁg°§i£pegn9gnng.nicroprocessor chip itself, or
external to the chip. - fator provides cyclic repetitive
digital signals of a feBEesséqimealian Telrtesi to oer tareesty oppinization

M CT Opr 0Cessor 20 yRoemd FoneAtfalS pédusaniay tntkd Nel OI° nib ATk odelLet 8! OF
signals which are aBp|I d. qgthgug F1cr?§$qcessqr operations are

control l ed by the ¥PRRFEREPRr thEVebanek TS dneTaying Hbeqelfiicderayonfti e for
communi cati ng wit ke oi¢mprocassoprarupdad 1tg S@NucEN t9osmldath pRobtdedidf conmon
bus is a function Qf;thessregdsof the particular device. For exanple,

al t hough the m croprocessor may operate at maxi num speed (for exanple 33.3
MHz) as driven by _the clock, other devices, such as random access nenory
(RAM) general |y cinnditteBagkgraund: (pe

i 10
(o

It is typical in wany data pfocessing systems to couple a
microprocessor to a plurality of data processing devices, such as

for example, printers, RAM memories, magnetic disks and the like,

along a system bus. As is well known, the'microprocessor includes

digital eircuitry which completes logical operations in accordance

15 with clock signals provided by a clock generator. The clock
generator may comprise a crystal based oscillator disposed either
on the micioprocessot chip itself, or external to the chip. The
clock generator provides cyclic repetitive digital signals of a
fixed freguency to the microprocessor. All microprocessor

20 operations are synchronous with the clock generator signals which
are applied.

Although microprocessor operations are controlled by the
frequency of the clock signals, the acquisition time for
communicating with other data processing devices couﬁleé to the

25 common bus is a function of the speed of the particular device.
For example, although the microproéessor may operate at maximun
speed (for examﬁle 33,3 MHz) as driven by the clock, other devices,
such as random accesé memory (RAM) generally cannot operate at the
speed of the microprocessor. 1In the event the microprocessor

30 issues a read command to obtain data stored in a RAM coupled to the
bus, the processor must generally wait until valid datas is applied

to bus data lines by the RAM to permit the data transfer operation
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speed of the mcroprocessor. In the event the m croprocessor 3D issues a
read command, to obtain data stored in a RAM coupled to the bus, the
processor must generally wait .until valid date is applied to bus data |ines
by the RAMto permt the data transfer operation -2- to be conpleted. -}
During this wait period, the microprocessor nust interrupt its operationsws
during the clock cycles required foe-the RAMto apply valid data to the
bus. Ot her data processi ng devices, such as magneti c disks and the |ike,

o sPIFoBHFAE DM SNt i |
the data transh€@rrupt GREMRERLINS dddihg Dedericki HrAes Idagupreasesd thavention
provi des nethods and apparatus for increasing the performance of a
i cr opr ocessoRAE SOptRAYt RIEAWR? BAttRe R ScesiPAl e Rresessingodevifedt i onal
increment of gudl adeafdgnedid hBxdmaNa haeariked d1QoPAdduiifdlle@l Cl ock cycles, to
del ay subsequent cycles sufficiently long to permt a slower device to
conpl et e the PIRFPREPRFSBD Pl Y. PYRCEHP KW APe It brnss Yok ilspredatat he tine
savi ngs of the.fds2etiQnabndiges ement provided by the present invention is
significant conpared 15 to waiting the standard full_ clock cycle.
SUMVARY OF THE | NVEN® @ilAdeodeficagbedy thre ppesedninvienvian poavighere i s
provi ded

methods and apparatus for increasing thé_periormance of a
microprocessor coupled to slower data processing deVicés. A
10 fractional increment of a predefined time may be added to
particular clock cycles, to delay subsequent cycles sufficiently L;J
long to permit a slower device to compleée the_requestea_ope:ation.
At present processor speeds, the time savingé of the fractional
increment provided.by the present invention is significant compared

16 to waiting the standard full clock cycle.
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an apparatus for |ncrea5|ng performance of a central processing unit (CPU)
enpl oyed in a dat a processi ng system coupled. to a plurality of data
processing devices, 5 conprising: clocking neans for generating a
first repetitive cycllc digital signhal of a predefined frequency; delay
medws coupl ed to said clocking nmeans and sai d CPU for generating a second
repetitive cyclic digital signal 10 havi ng a frequency which is a
predefined subnultiple of the frequency of said first cyclic digital signal
and for extending predeterm ned cyclesz of said second cyclic digital signal
by a predefined fractional increnment of said cycles, such that |ogical
operations performed in synchr SuiraRy wirt THA SINVENTI®AI d second cyclic digital
signal by digital circuitry in said CPU are held in abeyance while said
cycles are extended, said delay neans extendi ng said predeterm ned cycles
only during operati onsA¢aerging 49 Wiegpedsent amyahishotherpeiavpenvisged| east one
of said data processizpgartys 5o ﬂ'ﬂ;@e%’lr% gepllf;or%ce of‘ a ce tpger eby said

| ogi cal operations performed by, said rI)eyance for |ess
than a full one ofp%%ﬁaswcv@sf %@oe%@aj?@m&gatqs‘*tﬁrm‘oseﬁeatsmﬁ%nt|on
there is provided ¢dupdedaioda (H106€5YNEFr B¥Es PFocdddehy Heliced, Ccentral pro-
cessing unit (CPU) coupled to a plurality of data processing devices, a

nmet hod of |ncrea5|ﬁﬂ’6g?¥@rnance of said CPU, conprising the steps of -
generating a first repelacking megnd ifor diepetatingi @fatstorepetitéddefdynkit

frequency; generatjfigsa) SRR of WP RLbhdAiReS ¥SkhSerd| pi tal signal

delay means coupled to said clocking means and said

\ .
— CPU for generating a second repetitive cyclic digitezl signal

10 having a frequency which is a predefined submultiple of the
frequency of said first cyclic digital signal and for
extending predetermined cycles of said second cyclic digitzl
sigral by e predefined fractional increment of said cycles,
such that logical operations performed in synchronism with

15 seid second cyclic digital signal by digital circuitry in
said CPU are held in abeyance while said cycles are extended,
said delsy means extending said predetermined cycles only
during operations involving signal transmissions between =t
least one of said datas processing devices and said CPU;

20 whereby said logical operations performed by said CPU

&_/ may be held in abeyance for less than a full one of said cycles.

Also according to the present invention there is
provided in a data processing system, including a central pro-
cessing unit (CPU) coupled to a plurality of data processing
devices, a method of increasing performance of said CPU,
comprising the steps of:

generating a first repetitive cyclic digital signél of
a predefined frequency; _

generating a second repetitive cyclic digital signal
at a frequency which is a predefined submultiple of said
frequency of said first signal; _

extending predetermined cycles of said second cyclic
digital signal by a predefined fractional increment of said



at a frequency which is a predefined subnmultiple of said frequency of said
first signal; extending predeterm ned cycles of said second cyclic digital
signal by a predefined fractional increnent of said - 3A - cycles, such
that |ogical operations perforned in synchronismwith said second cyclic .-
digital signal by digital circuitry in said CPU are held in abeyance whil e,
said cycles are extended, said cycles being extended only during operations
5 i nvol ving signal transm ssions between ones of said data processing
devi ces and said CPU, providing said second cyclic digital signal to said
CPU; whereby said | ogical operatioﬁ§mpérforned by said CPU may be held in

sheyance (o |28\ Bef b 08,20 PO et S
illustrating therith said sevordi ¢yedticrdigdtal ségmaleberdiginakrtiranitrd
o 200 1% a0 L4 AR SRR Bt e
cl ock cycle, thextepdethl agidrgycles being extended only during operations
5 involving signal transmissions between ones of said data
processing devices and said CPU; ' |
providing said second cyclic digital signal to said CPU;
whereby said logical operations performed by said
CPU may be_held.ih abeyance for less than a full one of
10  said cycles. . - t_)



*‘aqui sition of data until the follow ng cycle. 10 Figure 2(b) is a
timng diagramillustrating the use of the present invention to increase
the I ength of- predeterm ned clock cycles by fractional increments. - 5-
*DETAI LED DESCRI PTI ON OF THE | NVENTFON Appar atus and net hods for increasing
. thgfperfornance of a central processing unit' (CPU) enployed in a data
processi ng system coupled to a bus having a plurality of data processing
devi ces is disclosed. In the foll owi ng description for purposes of 5
expl anation, specific nunbers, cycle times, nmenory devices, CPUs, etc. are
set forth in order to provide a thorough understandi ng of the present.

i nvention. However, it will be apparent to one skilled in the art that the "
present invention may be practiced w thout these specific details. In
ot her instances, well known circuits 10 -and devices are shown in bl ock
diagramformin order not to obscure the present invention unnecessarily.
Referring to Figure 1, the present i-nwention is illustrated in a
general i zed bl ock di agram form A CPU 10 which may be a notorola 68020,
is coupled to a plurality of BRERFaDESQRIE . iDRAWINGG ( DP#A ... DP#N)
over a bus 12. The data processing deV|ces i ncl ude, for exanple RAM 14
(DP#A) as well as other devices such as disk drives, printers, and other
dat a processi ng resourigese JAigl DbkoSOdi &frahbgdreorllge sl Aiskepdhptitinee cyclic

di gital signal having a predeterm ned frequency, as is known in the art.
In the pr esent F§ch1te ture of the present invention.

i ] Figure 2{(a) is a timing diagram illustrating a typical
prior art system wherein data is provided to the CPU immediately
after the completion of a clock cycle, thereby delaying the

aquisition of data until the following cycle.

10 Figure 2(b) is a timing diagram illustrating the use of the
present invention to increase the length of predetermined clock

cycles by fractional increments.



20 preferred enbodi nent, clock generator 16 outputs digital signals having *
a frequency of 33.333 MHz, and is driven by a crystal oscillator. The

out put of clock source 16 i's coupled to a finite state machine 18 which, as
wi || be described, delays predeterm ned cycles of the system cl ock signal
(litne 20) to permt maximum 25 utilization of CPU processing tine. . P
Al though in the presently preferred enbodi nent, the functions of the

present invention are provided by a £inite state machi ne disposed in a
programuabl e array logic (PAL) device, it will be appreciated by one

skilled in the art that fiBgH HESCRIAG RO & VENVERIT conprise 30 a
variety of digital circuits which utilize various forns of hardware as well
as software. The Apperatusteatenathots foroingreesirgsthe pesformaystoéne cl ock

signal to CPU 10, avgf p%oéé@eh%g‘ &i'llQCl(CIﬂU)n@m@lgged 1’?\58'&41:‘&!5[5{0%5@91 dspuigncycl e

line 22 is provided betwee ermt feed
communi cati on bet4Reed tore bys hayingga plurplify pf E@tﬂ(ﬂréﬂeﬁerié’s ‘F%‘:éﬁb’édl ment

illustrated in &isguesech Irl ths ﬂﬁl&&ﬁﬁ@’r&éécﬁﬂbtidﬁn %@:r r;hnr@dyésl oft ustrates
t hose si gnal un| ue the sent jnven r ol

r c
si gnal s and 283 lci i"H'B%ersad%Pfcg st’r"]eﬁeéneﬁ'ﬁﬂy tq%gg‘l’efﬁ{ee'gﬁse not
shown for si rrpl etn.t gre Aﬂethb:ugh iroordess doi fusovide 4 lhoroeb i drideas tamdindefe
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in the art that the present invention may be practiced u1thout
these specific details. In other instances, well known circuits _
10 and devices are shown in block diagram form in order not to obscure L_J
the present invention unnecessarily. :
Referring to Figure 1, the present invention is illustrated in
a generalized block diagram form. A CPU 10, which .may be a
motorola 68020, is coupled to a'plurality of data processing devices
15 (DP#A...DP#N) over a bus 12. The data processing devices include,
for example RAM 14 (DP#A) as well as other dev1ces such as disk
drives, prlnters, and other data processing resources. A clock
source 16 provides a repetitive cyclic digital signel having =
predetermined frequency, as is known in the art. 1In the presently
20 preferred embodiment, clock generator 16 outputs digital signals
having a frequency of 33.333 MHz, and is driven by a crystel
oscillator. The output of clock source 16 is coupled to a finite -
state machine 18 which, as will be described, delays predetermined </
cycles of the system clock signal (line 20) to permit maximum
25 utilization of CPU processing time. Although in the presently
preferred embodiment, the functions of the present invention
are provided by a finite state machine disposec in a programmable
array logic (PAL) device, it will be appreciated by one skilled
in the art that finite state machine (FSM) 18 msy comprise
30 a variety of digital circuits which utilize various forms of

harduware as well as software. The finite state machine outputs
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present invention Will be descri bed. As previously discussed, clock
source 16 outputs a digital clock signal of a predefined frequency that
quves finite state machi ne 18. When CPU 10 is. 15- executing | ogi cal
operations which do not involve data transfers along bus 12, CPU 10
opesates at its maxi mum frequency. The maxi mum frequency cl ock is suppl i ed
by FSM 18 via clock line 20. In the presently described enbodi nent, the
system cl ock signal has a frequency of one-half of the output of cl ock
source 16, 20 or approximately 16.67 MHz. As i's well known,

m cr oprocessors perform | ogi cal oper? lons in accordance with full clock
cycl es, such that each sequence of Tdgical operations perfornmed internally
occur in accordance with full. clock cycles such as those illustrated in
Figure 2(a). Ini PoEHS e o 5 a £5si pg devi ces
coupl ed to bus 12@,(3% ) i rg%%log %t\?\ll’c? Fos%g ’5% nég%tn ?Pcfc oslened Vi ces
operate at di ffer@ﬁtiﬂyéétﬁateﬂh@ bubatycde kine 22 asmmmmmmtueenmﬂu eganpl e,

in the event CPU JanIFfSI"Il m@ttruusaﬁqttpesrdsa& @amurasgf%q %ﬂ: OA lpgy CPU
i ssues a read co u pon recelp ]f wel |
30 as valid addr H&PMO*‘-F&AWE *a@c@wsmewtaﬁlwfaw o Fzggre

menory and ap|5I [ es iﬂ@lﬂ@iénﬂxaﬂﬁaﬂ i® fédhA entiNENuePrdtes thése é’i?nﬁl%m que

required for M1d §Q ﬁg %m ata a re on§1to éﬂrﬁ gosm;%[rjld of

CPU 10 is gener aI Iy tic PReH Y he i RPN ERYTEE 3igpel

m croprocessor. lma,ngumfh@swa‘ba Rmdslzlacﬁﬁess lies and the like are not

~ shoun for simplicity. Although not described in the specification
L_) these other lines, signals and the like will be apparent tc one

10 skilled in the art.

With reference nouw to Figures 1 and 2, the operation of the
present invention will be described. As previcusly discussed,
clock source 16 outputs & digital clock signal of a predefined
frequency that drives finite stete machine 18. When CPU 1C is

15 executing logical operations which do not involve data transfers
along bus 12, CPU 10 operates at its maximum frequency. The
maximum frequency clock is supplied by FSM 18 via clock line 20.
In the presently described embodiment, the system clock signzl

| has a frequency .of one-half pf the output of clock source 16,

20 or approximately 16.67 MHz. As ié well known, microprocessors
perform logical operations in accordance with full clock cycles,
such that each sequence of logical operations performed internally
occur in accordance with full clock cycles such as those
illustrated in Figure 2(a). ‘In instances where CPU 10 accesses

25 data processing devices coupled to bus 12 (e.qg. in s read or write
mode), -many of those devices operate at different speeds than
that of the microprocessor. For example, in the event CPU 10
is instructed to read date stored in RAMN 14, the CPU issues &
‘read command over bus 12. Upon. receipt of this commanc as well

30 &s valid address information, RAM 14 accesses thet portion of its
memory and applies the valid data to data lines on bus 12. The
time required for RAM 14 to access the data and respond to the
read command of CPU 10 is generally much slower than the
operating speed of the microprocessor. During the time RAM 14

35



is conpleting the read operation, CPU 10 would, in prior art systens, be
mai ntained in a wait state for an .integer nunber of clock cyclés until
valid data'is applied to the data |ines of bus 12. For exanple, if a read
request is issued by CPU 10 in clock 5 statee 0, and valid data is ‘applied,
j-ust after clock state 7, CPU 10 could not access such valid data until thes
next full clock cycle, since the m croprocessor is incapable of waiting
fractions of clock periods (se2 "Figure 2(a)). Wth reference now to Figure
2(b), the opercdrpdet ok tthae&@d preseyibn} OPENtd @tulds inlprsér ared. I n the
event CPU 10 |ts reqw red ! rmunl ca %e wi t h_dat a processi r})g devi ces

coupl ed to BYS °F5e % Bas" aﬂcfe Pndi*CAt 0T 25P iPAl 21 PERIRT BEES Bus cycl e
line 22 and cueoelcyerbsbynFﬁlVba&d bacd he 4ppesantoerdeodi e nindsShE IRisdel ays t he

fourth clock_state fromthe be%i nni n% of the bus access _cycle of 15 the
system a prédet@F nti881 €13 55aF HeARTEndAtissred bE ERICMR 1N ALK n the

present ersb@dsmmt, arfaSMallid dstd @bCdppSied REs{ QUEL P cBbOCKkeStaBE ¥yt Mo n the
bus access cycl e 100% as illustrated. best .in Figure 2 The stretching

of the fourtf“H 6‘8}; aeaPR SYEP afpd 19 92tp it hahe b?j‘itcé‘l‘lloﬁi‘?cé‘i FTE-0f the

m Cr opr ocess@hcd Qhe HicaBlidceosH 120Rabdb161 o wEYEING: £rablitisns 8ktdigugh CPU 10
i's unable to function based on fractions of clock periods, the effect of

t he present PRRiRASt feae Fiour§ &)y al |l internal operations of the

mi croprocessor for yih 26glideh@@owStd @i &itePelH 1Q0e i oLt bn TeOWRS devi ces
such as RAM 14, to conplete the requested dat a operation and provide valid

data on 230pgsser® byveptberk 1§t BilasyratedominheiepeyepePy V& bf remyjred, it
recei ves vald,degghai dd ngtfaed%t gréae@%gotie@l%sl@oue&eé e Ganpheti on of the w

si xth clock state, t hereby obvi ates the need for CPU 10 to be
mai nt ai ned ibnsa=m¢tin§t1aqt@rf pigniaht iggeapl igd| 4 phesyste tlige 22 and

received by FSM 18. 1In the present embodiment FSM 18 delays the
fourth clock state from the beginning of the bus access cycle of
15 the system, a predetermined fractional increment of the cycle time.
In the present embodiment, FSM 18 “stretches" the fourth clock
state within the bus access cycle by 100% as illustrated best in
Figure 2(b). The stretching of the fourth clock state delays all
internal loéicai oﬁerations of the microprocessor for an edditional
2uhaif of a cycle. Thus, although CPﬁ 10 is unable to fuﬁction based
on fractions of clock periods, the effect'of the present invention
is to delay all internal operations of the mlcroprocessor for an
add1t1ona1 stretch per1od to permit slower dev1ces such as RAM 14, W/
to complete the requested data operation and prov1de valzd_data on
25 bus 12 by clock state 7. E‘ron{ the perspective of Cl?u.'lo..- it
receives valid data from the data lines of bus 12 at the completion
of the sixth clock state, and thereby obviates the need for CPU 10
to be maintained in a wait state for integral multiplés of the
clock cycle. For example, in the operations illustrated in Figure
sp 2{a), absent the present invention, CPU 10 would be unable to read

valid data until the completion of state 8 (beginning of state 9).



s clock cycle. For exanple, in the operations illustrated in Figure 30 2(a),
i nvention,. CPU 10 woul d be unable to read valid data
t'he -conpl etion of state 8 (beginning of state 9).

absent the. present

unti |

susi.ng the present invention's delay system valid data is read by CPU
t_Q_/ef‘?corrpI etion of clock state six in the bus cycle. It will be appreci
that al though the present invention LE illustrated and described with
reference to particular clock 5 states to be stretched" and with regard to
particul ar dat opéREsSsy N9iMe he G e SOHP L REbnk QoPUSahay {)1bn! NG E G5ENT
invention may be utilized in any of a nunber of ways in order to increase
t he perfor mancésofea@rey £6U Hppt eshenptwpletixinngt tceclprsesensik rinebitd drscl ock

states may be s{efd.ched JyY; any aPJ:%Q?iJeG?dtrgﬁlrt?alc%ﬁkg&‘%{ t%‘? S%ESJn‘%”?menQioJ

gi ven cycl e,

and that any conbination or

states nay

ext ended as redai Fedsbyatefeandadescribed wappliretatenon tanparsystlem clock

configuration. Ui
by elimnating waste

over

shown in Fi gur esosa)naridv2{ds) codpled tiarbus avi ngat uhengrdsiket pimesetion
I nventi on may

full
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be asured as, the di.fference in clock cycles to conplete
bus cycl e.“‘”r% E g PeE o %
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he
be

ag he p%%%gg%#,%l%\%mresyr%t e RerfonmBnge,i s increased

ondrtion ¢l ¢k cycles. As

a
h the

CPU 10 transmi tperform3Aédosi CPUAlo pr For eixamgirdi v nt hobpifesayie! imvehpion sensi ng
t he DSACK 20 si qna\%j gwhi ch m.ést oceur op a negative edge), .the CPU 10
expects any valS8oUSTA 5 bE Pfr BFEREIUh O 1RY| P88t it LIStk Wcl e I ater.
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increment of the given cycle, and that any combination or multiple
of clock states may be extended as required by the particular
application and system configuration.

Using the present invention, system performance is
increased by eliminating wasted overhead in CPU “wait condition®
clock cycles. As shown in Figures 2(a) and 2(b}), the time savings
using the present invention may be measured as the difference in
clock cycles to complete a full bus cycle. In the present
embodiment, a device communicating with the CPU 10 transmits a
DSACK signal prior to ending the bus cycle. Upon sensing the DSACK
signal (which must occur on a negative edge), the CPU 10 expects
any valid data to be present on the lines one clock cycle later.
As shown in the Figures, the present invention permits the
completion of the bus cycle sooner, and therefore maximizes system
performance.

Accordingly, apparatus and methoés for increasing the
performance of a central processing unit employed in the data
processing system coupled on a bus to a plurality of data

processing devices is disclosed. As the speed of processors

increase, it will be appreciated that the advantages of the presént_

invention become more pronounced. While the present invention has

been particularly described with reference to the embodiment



As. shown in the Figures, the present invention pernits the conpletion of

t he- bus cycl e sooner, and therefore nmaxi m zes system performance. 25

Accordi ngly, apparatus and nethods for increasing the performance of a
central processing unit enployed in the data processi ng system coupl ed on a
bus to a plurality of data processing devices is disclosed. As the speed Gf_&

processors increase, it wll be appreciated that the advantages of the
present 30 invention becone nore pronounced. Wile the present invention
has been particularly described with reference to the enbodi nent -9 -

illustrated in Figures 1 and 2, it is contenplated that many nodifications
and materials, cycle tines, and architectures could be made by one of
ordinary skill in the art w thout departing from .the scope of the
invention. 5 10 15 20 25 30 - 2-10 -

illustrated in Figures 1 and 2, it is contemplated that many
modifications and materials, cycle times, and architectures
could bs made by one of ordinary skill in the art without
departing from the scope of the invention.

5
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30
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'CLAI VB 1. An apparatus for increasing performnce of a central
processing unit (CPU) enpl oyed-in_a data processing-systemcoupled to a
pIurallty of data processing devices, conprising: 5 a cl ocki ng
heans for generating a fIrStLu c digital signal of a
predefined frequency; del ay ﬂmmmummﬂmsa' d clocking means and said
CPU f or generating a second répefithve cycl*c digital signal having a
“frequency which is a predefined submultiple of the 10 frequency of said
first cyclic digital signal and fcfgextending predeterm ned cycles of said
second cyclic digital signal by a predefined fractional increnent of said
cycles, such that |ogical operati8adM8erformed in synchronismw th said
second cyclic digital signal by digital circuitry in said 15 CPU are

hel d in abeyance while ﬁ@'a‘apgb'éﬂu@ssf‘&r enérda i der AR AL LAY, 'P%ﬁ@lsale)(t endi ng
sai d predeterm ned cycl es onl n operations invol ving signa '

transni ssi ons bet REY¥TFSSLNY é’&é%/ (SRE cﬁ"“p}s%)fed’ H&@a%ﬁ%é‘é@%ﬁ*@”%éﬁé@t and said
CPU; whereby sai dcbqgisato @pplutalons opeddtar pritebyirkatiel 16BY, 20 may be
hel d in abeyance for |.ess than a full one of said cycles. 2. The
appar at us of cl ai iTIPT ‘&Hein said first cyclic digital signal has a
frequency of 5apprOX| maeetdpcRBEng meklzs 25 geneBating a fihet appetidtive mficlit ai m
1, wherein said The appar at us of
claim1l, wherei ncggéﬁggpgic@lsgng y?él%dghgnnet@go F'ié}%yés 1/2 of a cycle of said
second Cyc||(; 30 dIQ?%QM mgggﬁqugpled to said clocking means and said

CPUfor generating a second repetitive cyclic digital signal

having a frequency which is 2 predefined submultiple of the
10 frequency of said first cyclic digital signal and fcr
extending predetermihed cycles of said second cyclic digital
signal by a predefined fractional increment of said cycles,
such that logical operations performed in synchronism with
said second cyclic digital signal by digitai circuiﬁry in said
15 CPU are held in abeyance while said cycles are extended,
said delay means e*tending said predetermined cycles only
'during'0perations involving signal transmissions betueen
at least one of said data processing devices and said CPU;
whereby said logical operations performed by said CPU

20 may be held in abeyance for less than a full one of said cycles.

— 2. The apparatus of claim 1, wherein ssid first cyclic
digital signal has a frequency of approximately 33.3 MHz.

25 3. The épparatué of claim 1, Qherein said CPU comprises
a Motorola 68020.

4. The apparatus of cleim 1, wherein said fracticnal
increment comprises 1/2 of & cycle of said second cyclic

30 digitel signal.

5. The epparatus of claim 4, wherein at leesst one of said

data processing devices comprises a digital memory.



5. The apparatus of claim4, wherein at | east one of said data
processi ng devices conprises a digital, nenory. - - 11.- 6. " The
apparatus of claimb5, wherein sard CPU and said data processing device are

coupled to a bus, and a bus nmpri sing eight clock stat esyﬁ,.__,_
5 7. . In a data proce M$ﬂ‘IEBINMII 'moudi ng a central procesing 4 i
unit (CPU) coupled to a plura et'as processing devices, a nethod - ;

of i ncreasi ng performance of said CPU, conprising the steps of - generati-ng a

first repetitive cyclic digital si gnal of 10 a predefined frequency;

generating a second repetitive cyclic &I gital 5| gnal at. a frequenCy whi ch

is a predefineg subml'iﬁdé %%x%ftu(é)?dfdcidﬁgeégkn ?Qﬂjf%hraﬁ'@ §é-_g{l? 1 gnal by

ext endi ng predefern ne sal

a predefined fPret§sshBs deMisegEntcogpledite %%‘Fesands@n'hvst%lel ogi cal
operations per GehrdiRd 1y eompPLdl ggr@fgmv&mksgﬁﬁegecond cyclic digital signal
by digital circuitry 1n said U are held in abeyance while said cycles are
extended said cycles being extended only during operations involving signal
20  transhi ssi7jons beDneedatd @socdssing Gydasm, mnohﬁi rgceestates and said

og! cal “oper at FORRSSBET SRR (Y Cogpfls™s Alaftey' 8 WA bkt bV oo @

devices, a method of :increasmg_ performance of sald CpU,

comprlsmg ‘the steps of: .
_ generatmg a first repetltlve cycllc d1g1ta1 signal of
10 =a predefmed frequency; _ |
generating a second repetltlve cycllc dlgltal 31gnal
at a frequency which is a predefmed submult1ple of said
frequency of said first signal;
extendmg predetermined cycles of said second cyclic
15 dlglbal signal by a predefined fractional mcrement of said cycles,
such that logical operations performed in synchronlsm with said
secord cyclic digital signal by d1g1ta1 circuitry in sa1d CPU
‘are held_ in abeyance while said cycles are extended, said
cycles being ekte_nded only during operations .inv_.olving ‘signal
20  transmissions between ones of said daie proceseing devices
" and said CPU; -
providing said second cyclic dlgltal 31gna1 to sald CPL,
whereby said logical operations performed by said CPU ' \J _
may be held in abeyance for less than a full one of said cyveles.
25 -
8. The method of claim 7, wherein said second cyclic cigital
signal has a frequency of approximately 16. 67 Miz.

9. The method of claim 7 wherein said CPU comprises a
~ 30  Motorola 68020.

10. The method of claim 7, wherein said fractional increment
comprises 1/2 of a cycle of said second cyclic digital signal.

3B 11, The method of claim 10, wherein at leas‘r one of said
data processing devices comprises a digital memory.



‘may be held in abeyance for less than a full one of said cycles. 25 8.

The nmethod of claim?7, wherein said second cycl | c digital signal has a
frequency of approxi mat el y 16. met hod of claim 7 wherein
said CPU corrprl ses a 30 Mot or ol a *'68020. 1 The nmet hod of claim7,

whgrein said fractional | ncr er‘rﬁ““mﬂmﬂuﬂﬂﬂ m\ of a cycle of said second
cyclic digital signal. d of claim 10, wherein at

| east one of said data proceSS| ng devi ces conprises a digital nenory. -
12 - 12. The met hod of claim 11, wherein said CPU and said data

processi ng devices are coupled to a busz a bus cycle generally conprising
eight clock states. 5 13. An apparatus for increasing the
performance of a central processing unit (CPU substantially as

her ei nbef ore descri bed. w trhe r@&ﬁa@meciﬁmthe @ﬁgﬁmaga&mgpwraaw QQ% 14. A
met hod of i ncreasi nggggrfor man ubst ant| a

her ei nbef ore describ ?Mpfﬁcﬁ ecI‘?(‘,’éc?soafﬁecuéfEFcﬂr% rﬁj’§le 15

generally cumprlslng eight clock states

5 13. An apparatus for increasing the performance of a
central processing unit (CPU) substantially as hereinbefore

described with reference to the accompanying drawings.

! 14, A method of increasing performance of a CPU
10 substantially as hereinbefore described with reference
to the accompanying drawings.

15 i



