
With less than a handful of functional integrated circuits,

an engineer can use a general method to readily put together a logic

program controller to direct even the most involved operations

to index one st:lte (or step) at a time. or to jump for\\"ard
or backward to any predetermined state. or to choose
which input condition c-ut of many in the same ~t:lte is
to cause it to either index or jump.

In tact. the method is so ~as~. to learn and appl~. th:lt
an engineer using it for the first time wa~ able to dl:sign

by Charles L, Richards. Seaco Computer Displays Inc" Garland, Texas.

O When an electronics en2.ineer needs to desi2.n a com-

plicated program conlroll~r. he ma:' well experience a
sinkin2. feelin2.-it could mean a return to the te,xtbooks
to relearn the techniques of transfer tables. combina-
tional and sequential logic. and component min-
imization. But a new 2.eneral desi!!n method rl:lieves the
en2.ineer of these burdens and alll~\\.S him to confi2.ure~ ~
and protot:'pe even an extremely complex logic control-
ler w'ith a minimum of effort. time. and cost.

What's more. the g~neralized approach ~pplies not
only to straightfof\\'ard sequential controllers. but ~Iso
those that implt'm~nt nonsequential YES-NO and mul-

tiple-choice decisions. That is. a controller can be made

Closing the loop

1. Key logic eiements. The state counter. multiplexer. and decoder. in color. are the main devices needed to produce a sequential contro:!er

that indexes from one step to the next Adding secondary devices oermlts both nonsequential and rrIO'.'ry r:1:Y"trol ~r:!'~~S
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Readers wanting to discuss this technique further with
the author can call him on ~eb. 12, i 3. or 14 bet,...een
7 and 10 p.m. CST at (214) 272.9458.



Fig. 1. is an action that is started or stopped by the
transfer condition. As examples. the transf~r function
can 2at~ a di!:ital counter or start a motor. As sho\vn. a
YES ~transfer -condition initiates one transfer function
and a : 0 another transfer function.

Furth~rml."\re. dep~nding on the controllers ilppli-
cation. th~ transfer conditions can b~ ~ither ind~pen-
dent of or dependent on the transfer functions. In a de-

pendent C:1S~. for example. th~ transfer condition might
tri~2er a transfer function that starts a count of 1.000
e\"~nts. Th~ (\ccurr~nc~ of th~ I.OOOth count then s~r\.es
as the n~.xt transfer condition. In an ind~p~ndent case.
th~ n~xt transf~r condition might be an input from a

timer occurrin~ 500 milliseconds after th~ count starts,
whether or not-th~ count has reached 1.000.

~
~
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4. Sequence controller. In a step-by-step seQuence controller, which can be implemented with as few as three IC packages, the multl-

plexer's y -output enables the counter to increment the state address for the multiplexer and decoder to yield the reQuired function.

Assume the counter has been RESET to binar:' 000.
corresponding to STA TE O in the flo\v chart. This count
on the multipll.'xer's address input~ gates the 5t~tus of
CONDITIO:-.' A from the multiplexer's input to it~ I.:om-
plementary Y and w outpUtS. As long as CONOITIO~ A is

NO. the Y output is 10\\. and the w output is high. The
loW Y si2nal inhibits the counter's E:-'-ABLE.P I:-'-PL"T. so
the counter cannot increment even \\'hen :1 CLOCK pul~e
is present. The w outp~t connects to thl.' del.:odl.'r'~ mo~t-

~:::;;,,'!ifiC:l.nt-bit output (0) which. if high. inhibits the
'-;;;:.:~oder's 0 to 7 outputs. But \vhen multiplexer output
W goes 10\\" it enables the decodl.'r output :1ddressed b~'
the state counter.

When CO:-.'DITIO~ A becomes YES. t\\"o things hap-
pen: the multip[exers Y output goes high and ~11,\\\"s thl.'
state counter to incrl:ml:nt on th~ nl:xt ClOCK rul,.~:
and the \\" output go~s 10\\" and I:nabl~s lhe d~coJ~r. ~d-

drl:ssed lo 000. to produce a 10\\' output on lin~ 0. thus
\"i~ldin2 a si!!nal to initiate Fl,':-.'CTIO~ A. ( Hl:rl:. a 10\\"-
\.Oltilg~-OUtput is d~tinc:d as a TRUE FL~\TIO~ A.I

\\,h~n lhl.' nl.'xt ClOCK rul,1.' o,-,cur lh..: ...tal..: Cl\Untl.'r
incrl.'mc:nt~ tv 00 I ( or STA TE I ). FL.~CTIO~ A !!l)I.'S nal.'k
hi!!h. and lhl:.multi!'l..:x~r.~ 00 I-addrl:s, th~n !!~tl:~ (.()~.
DITIO~ B lhrou~h thc: multirll.'xc:r. bUl FL:~CTiO~ B trl\m
thl: dl:c,)dl:r appl::lr~ onl~" \\"hl:n CO~DITIO~ B nl.'l:')ml.'s
YES and thr: I.'QUntl:r inl:rl.'mcnt~ iu lhc nl:xt st:ltl:. In lhls
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5. Decide and Jump. Controller executes steps In sequence unless a condition is NO. in which case-as shown in color-the controller inI-

tiates a secondary tunctlon and Jumps to a new state. Inputs to s:ate counter establish address for multiplexer and decoder.

6. Generating jumps. AddIng a secondary decoder (function generator) provides the outputs for the secondary conditions. shown in Fig. 5.

whiCh are also fed back to the state-counter's inputs through gates to produce the new lump address for the multiplexer and decoders.

where eight conditions must be performed in prescribed
order to insure safe and proper operation of a produc-
tion machine.

manner. the controller steps through to STATE 7 ( III ).
and \\,hen COSDITIOS H becomes YES. FUNCTIO:-.' H is

generated. the state counter steps to STATE o (000). and
the controller is read~. for the next c~.cle of operation.

Note in Fig. 4 that the address inputs for the state
counter are grounded. The reason is that in this appli-
cation the required state-b~.-state indexing is carried out
b~. a .CLOCK pulse each time a selected YES condition
drives the multiplexers Y output high to ENABLE the
counter. (In more complex controllers. the counters in-
puts are addressed according to program requirements.
as \\"ill shortl~. be explained. ) Simple as it is. ho\vever .
the sequence controller can prove useful. for example.

2. Designing a nonsequential

alternate-function controller

More complex. and certainly more realistic. is a pro-
gram controller that must trigger one transfer function
when a condition is YES and another function if the con-
dition is ~O. Also required is that the controller se-

f::..
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quence to the next stO1te if the condition is YES or jump

to a nonsequential state if~o.
Fi2ure 5 contains the fluw dia2ram for a controller

that ~can perform these YEs.:-.1O deci~ions and nonse-
quential jumps. Here. for example. when it is in STATE 1
and CO:-.1DIT1O~ B is YES. it will initiate Fl,'NCTION C: but
when CONDITIO~ B is NO. it \\"ill initiate FI.:NCTION B

and jump to STATE 4. The logic equations. developed
from inspection of the Ilo\\" diagram ( Fig. 5 ). are:

FUNCTIO:" i\ = (ST A TE 0) (CONDITION r\ I ~

FUNCTIO:" B=(STATE 1)(COND1Tl0:" BI-'JI-4
FUNCTION C = (ST ATE I) cCO:'.jDITION B) ~

FUNCTIO:-'; D= (STATE 2) (CO:'.jDITION C)~
FUNCTIO:-.' E=(STATE3)(CONDIIION D)-'JI-6
FUNCTIO:" F = (ST r\ TE 3) (CONDITION D) ~
FUNCT1O:" G = (ST A TE 4) (CO~DITION E) ~

FUNCTION H=(STATE5)(CO:"DITIO:-.' F)-'JI-6
FUNCTIO~ I = (STATE 5) (CONDITION F) ~

FUNCTION" J =(STATE 6) (CONDITION G) ~

FUNCTIO:-'; K=(STATE7)(CONDITION H)..\
FUNCTIO:-.; l = ISTA TE 71ICO:-;DIIIO:-. H I-'JI- 0

The horizontal arro\\"s in the equation point to the re-
quired jump state. as determined from the application

fiow dia2ram.
Herc:. the complc:ment ( FAlSE) of a function-denoted

by the ban over. tor example. ...L~CTIO~ A-must ;lC-
tually be interpreled ;IS the initiation of th~ rc:quired
function so as to bc: internallv con~istent \vith the volt-

age.level convention of the "devices in thi~ particular
controller. In thesc: devices. a TRL.E 10!!ic level means a
hi2h volta2e level: a FAlSE lo!!ic level me.lnS a 10\V volt-
a2~ lev~l. Thus. thc: ~uuatiun~ ;lbl)Ve are lo!!icallv con-
sistent \\"ith th~ir electrical circuit ( Fi2, 6).

This impl~mentation is sub~t.mliall:. simil.lr to that of
the simple sequenc~ contr()ller. except lor th~ addition
of the secondar: decoder to devell)p the non~equcntial
addressc:s tl)r thl)~e tran~fer functil)n~ !!enc:rated bv tht'
four ~o conditil)ns. Also required ar~ ~A~D ~:lt"c:s to
drive the state I:ountcr to .!le I:onect state .ldJrl.'s:; :lnd
an A:-.1D !!ate to lOAD that .lddrl.'~~ into the counter. If.
in Fig. 5.-all conditions go YES in ~l.'quence" thcn thc l)P-

eration is tbt: samc: as that lor the previou~ sequc:nce
controller,

Suppose. though. the controller has sequenced
throU!!h to STATE J. CO~DITIO~ D. \\'hil:h if YES initiates
f'L:-;c~rl():" f'. Hl)\V~v~r. ir CO~DITIO~ D i~ ~o. the 110\\"
diagram indicates th~ contrl.)ller shl)uld .jump to STATE 6,
CO:-;DITIO~ G. Refl:rrin2 to Fi!!. 6. all tran~fer conditions
are inputted thrl.)ugh the ~-t~)-1 multirle"-;~r. \\"ith the
particular conditil.)n gatl:d through the multirll."er
(transf~r-conditiun sell:ctor) depending on tht: .lddre~s
produced b:-" the ~tate countl.'r. AI~o. depending lm the
count~rs state addr~ss. th~ primar:' del:od~r \\ill rro-

duce one primar:" runction. or thl.' ~l.'condar:" dl.'l:odl.'r
one second:lr\ function. Hc:re. sc:condarv functil1n B oc-
curs at STATE I. E at STATE 3. H at ST,~TE 5. and l at
STATE 7. Thus. the controll~r u~~s thl.' secl.)ndar:" dl.'l:o-
der.s 1.3.5. and i outputs.

The prim~r:" and ~c:cl)nd.lr:. tran~fl:r runl:tions initiate
the dcsir~d extc:rnal action~ mandatc:d b~" thl.' partil:ular
applic~tion. A ).ES primar:. clmdition \\illl:au~~ thl.' cun-
troiler to index tl.) the 111:"-;t ~t.ltl.'. But thc: ~1.'.:l.)ndar:
functions ar~ fl.'d b~l:k as inputs to thl: statl: counter to

generate a jump address and to load the stale counter

with that address.

Connecting jump addresses

As shown in Fig. 5 and b~. the logic equations. the re-

quired address jumps are:
Function B -4: E- 6: H -6: L- 0
These state numbers are obtained b\. addressin2 the

state counters bina~.-\...eighted inputs. The Counters
hig:he~t-ordered input (D) is permanentl~' ~et to low
level. or binar\. 0. by 2roundin!!. sinc~ lhe A. B. and C in-
puts can yieldth~ req~ired ~ight state addresses.

In Fig. 6. th~s~ addr~sses are developed through two
NAND gates. FL:"CTIO:" B inputt~d to one :"A:"D gate
puts a high-Iev~1 signal t.)n th~ count~r.s C input and
2enerates the 100 which is the jump-lo-STATE 4 addr~ss
applied to the multipl~xer and d~coders. And t=L~l..
TIO:" E is fed throu!!h both ~A:"D !!:ltes to aclivate th~ B
and C inpuls to gen~rate 110. the S-TA TE tI addrt:ss. Tht' 0

jump address occur~ simpl~. \\.hen th~r~ are no input sig-
nals on lhe :"..\~D 2ales. ;...'ot~ that sinc~ only e\.~n-num-
bered jump adJre~se, ar~ us~d. the state cl~unler.s A in-

put is permanl:ntl~. groundl:d. In applicalil)ns rcquiring
odd-numbl:red addr~sses. lhe A input \\'I.)uid al~) hl: a\."-
cl:ssed throU!!h a :"f\:"D 2ate b\' lh~ odd-numberl:dfunctions. --.

All seclmda~.-dl:\."odl:r .iump output~ ser\'e as inputs
lO an A:"D ~atl: that in turn clJnnl.'cts 10 lhe ~latl.' l'l)Unll:r
LOAD inpu-l. BI.'\."au~1: I.)f tht: \'oitagl.:-II.',1.:1 \."on,l:nti,ln,
the A:"D gatt: a\."luall~. pl:rt-l.)rms an OR ll)~i\." fun\."lll)n.
Therl:tl)rl:. \\"hl.:nl.:,l:r an~ .iump fun\."ti\m appl.::lr.. al Ihl.:
A~D gall.: inputs. Ih.: c()untl.:r.s ,\. B. t.)r (. input~ LO:\l>
the countl.:r tl) sl.:l Up Ihl.' .jump addrl.:ss al ils ,)UtpUl.

A few olhl.:r I:ll:\."tri1:al l."1.mnc\."lil'n~ are rl:l.juirl:d. The

muilipil.:xc:r mu~t t'nahie thl.' primar~ fun\."tion ~l:nl.:ral,)r
tur prima~ ('1'ESI ,",1.:\."i~i,lns or thl.: ~1.:\."l)nJ:lr~.tun\."li,m
!!l:neralOr Il)r ~'-'\."lmdar, ( ~O) dl.:\."i~ilms. Thi~ i, a\."\."l)m-
plishl.'d b~. \."lmnl.:l."ling thl.: mulliril.:~l.:r.~ 'I-OUIrul Il) thl.:
D ( inhihillll:rminall)t.lhe ~l:l"1.ml.I:lr\ dl.:\."oJl:r :lnd tl11: \\
OUlrUllo till: !) Il.'rmil1al ,)f prima~: dl.:l."odl:r. Thl: 'I' oUI-

put al~l.) \."lmnl.:l."I" 10 lhl: \."l)Unl~r~ 1~:",\BLl:.P tl.'rmin:ll.
Assuml: thl.' \."t.'ntrl)lll.:r statl: l."l)Unll.'r has hl.:l:n Rl:Sl:T

to STATE u. .0\~ !I'Il~ :IS (-O~OITIO~ -\ i~ ~(). ll11: ...1:\."llnd.
a~'-fun\."lilJn ~l.:nl:r~ll'r.S O l)UlrUl i~ 10\, -hul Il1i.. ,)Ulrut
is nol used. \\.h~n (.O~OITIO" ,\ hl.:l."l)ml:~ 'I'[S. lhl.: rri-
mar\'.fUnl."lil'll ~l.'nl.:r;.ll,)r." O-,)ut pul ~l'I.:S !I)\\" 1,) ~,~nl:r:lll:
fL :-.;l rlo~ A. .-\t 1111.: ~amt: timl.: Ihl.: mullipil.:~l.:r." 'I' I.)Ul-
put goCS ili~h to dri,e the statl: \."l)Ulltl.:r.s l::",\BLE.P in-
put and. OIl thl: nl:xt CLO<.-K pul~,-,. thl.' l."1.)untl:r inl:i~-
menls to ST,\TE I. Hl.:r~. as Sho\\"n in Fi~~. 5 and 6. if
CO:"DITIO:" B is 'l'ES: thl: prim;lr~-tunl.'lil;n ~l.'nl.:r:lll)r i~
~nahled. hl:l."au...e \\ IS 10\\". It.) prl)JUl.'l.' I. L t ( I()~ l, ;lnd.
h~causl.: y is hi!!h. 1111: stat~ \."l'Unll.'r inl."rl.:ml.:nl~ 1,) ST,\TE
~ on th~ nl.'xt (-LOCK. HI.'\'~'l.:r. if (.0:"OITIO~ B i~ "0

lhe 10\\" y si~nal on lh~ SI:Cllnd;lr\-funl."lil)n 2I.'rll.:r:ltt)r.s
D lcrmina\ ;nahll.'s Ihat dl."l.'t'dcr il) ,i\.,ld t l ~~l IIO~ 8.
And 1111.' Cl'Unll:r mu~l jump 1,) S r\ TE ~. Th~rt:tl)rl:.
t'L~lllt) II ~.:t.. 1l."1.1 III lhl.: .;t'untl.:r.~ (. inpul lilroU=11
tl1.; " \"0 ~;IIl.". ;Ind 10 th\., LO\I) inplll thr"u~11 lh~ \:"1)
gall.'. Thu~. lht: nl.'Xl l'LOCK pui~1.: i\.)ads lh~ l."l)unl~r t\.l a

COUnll)r 100. I.lr ST..\ TE ~.
In this m;lnl1~r. lil~ l."l'ntr\.,II.;r \,illl."ilh~r illdl:~ I,' lh~

nl.'.\l slale .c.Jr jump l\.) a pr.;~l.'rih\.'d ...tall.:. ..\~ ,l1t\\\n in
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7. Priority control. Flow diagram indicates controller must gIVe first priOrity. at any state. to primary conditions. at lett. but it a primary condi-

tIOn IS NO and seconoary COndItiOn-ln color-ls YES. then controller initiates secondary function and jumps.
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8. Dual decision. Adding a secondary multiplexer. upper right, provides gating of secondary. or low-priorlty. inputs. with the primary multi-
plexer's enable and inhibIt outputs choosing whether to give priorIty to primary or secondary transfer conditions.

Fig. 5. initiation of Fl,'~CTIO:-.; L \\"ill bypass fU:-.;CTIO:-.; K next function. Thus. the controller must follow a set of
and reset the controller to STATE 0. but if CO~DITIO~ H priority rules. This controller is slightly more complex.
is YES. the controller will first initiate FU:-1CTION K and electricall~.. than the previous two examples. but is still
then increment to STATE 0. easily put together with standard ICs.

In STATE O of Fi2.. 7. for instance CO:-.;DITION A could
represent a thermostat switch \\"hich. if closed (YES) ini-
tiate~ FUr.;CTION A and indexes the controller to STATE I.
But if the thermostat is open (r.;o). then CO~DITION B
should be implemented. Here cO:-.;DrTIO~ B could be a
timer input. In STATE o the controller is to give first pri-
orit~. to the temperature input. but if the temperature
does not close the thermostat. then after some elapsed
time the controller will operate through CO;-.'DITIO:-1 B

.:.:.:.:-:-.:
Consider now any application in ~.hich. at one or more
states. two input conditions exist and the progr:1m \.'on-
troller has to choose \vhich condition \vill initiate the
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and jump to 5T A TE 2. And if the temperature and time
are both YES. then the controller is to obev the move
dictated by the priority assignment. CO~DIiIO~ A. Fig-
ure 7 includes eight high-priority conditions-A. C. D, F,
G. H. I. and K-and three low-priority conditions-B. E.
and J-at STATE 0. 2. and 6 with jumps to. respectively,
STATES 2. 4. and 0. Also a jump is needed to STATE 6
when CONDITIO:--; G. at STATE 4. is :-,rO.

Inspection of the fio\v diagram (Fig. 7) leads to the
follo-wing logic equations. which indicate the connec-
tions between the de\'ices making up the controller ( Fig.

8). ~ain the delta means index to next state. and the
horizOntal arrow means jump to the indicated state.

FUNCTIO;.,,' A=(STATEO)(CONDITION A)~
FUNCTIO;.,,' B=

(STATEO)ico;.,,'DITIO~ A) (CONDITION B).. 2
FUNCTIO~ C =(ST A TE II (CONDITION C) ~
FUNCTIO;.,,' D= (STATE 2) (CONDITION D)~
FUNCTIO;.,,' E =

(STATE 2)ico="DITIO;.,,' Dl (CONDITON E).. 4
FU~CTION F=(STATE3) (CO~DITION F)~
FUI:'CTIO"' G = /ST A TE 4) (CO~DITIO~ G) ~

FU1"CTIO;.,,' H =ISTATE4) (CO;.,,'DIT1Oi" (j).. 6
FU~CT1O' I =ISTATE 5) (CO~DITION H) ~
FUNCTIO;.,,' J =(STATE 6) (CONDITION l)~
FlJNCT1O;.,,' K =

(STATE61ICO="DITIO'IJfCO:-'-DITIONJ)..O
FUNCTIO;.,,' L=ISTATE7)ICONDITIO\,,; K)~

Here again the logic e4u~[ions shl.)\\. th~t the rc4uired
function results \\-hen the corresponding del:oder output
goes low. to be consistent \\Oith de\'il:e electrical levels.

Generating priorities

In Fig. 8. the high-priorit~o conditions ~re the same as
the primar:-° condition~ u~ed in the previous examples.
and the.~ are gate-d thruugh the. multipl~xer g~ner~ting
the high-priorit~- tran~fer conditil.)n. Another multi.

ple.\:er g~n~rates the lo\\.-priorit~o transl~r conditiunso
Agail' two d~codt:r~ are used. one to output the high-

priorit~o functions. the othr:r the lu\\o.priorit~. funl:tiuns.
Since this application also requires nonse-quential
jumps. the jump addre~ses ar~ obtaine-d b~' the same .
procedure of f~edin~ back ;lppropriale se<:ondar~o lor

lo\v-priorit~O) output function..; throu~h ':\:-.-D g;ltes to
the state counter. And th~ prese-nce 1.)1 :1n~o one of these.

jump functions and the A="D gate (oper:1ting in an OR
mode) loads th~ address into th~ stat~ counter. As in the
pr~ceding ~xample.. the addresses developed b~- the
state counter dri\.e the multipll:xers and decoders.

ot- particular intt:rl:st in thi~ example is how the de-
vices are connected so that the~' properl~o assess the re-

quired priorit~- (if an~') in :1 given state. and enable or
inhibit the associatt:d integrated circuits. The y output
of the primar:-. rnultiple-\:er connects to the s.ate
counters E:-.-ABLE.P terminal to provide sequential in-

dex.ing when needed. This y output also goes to the
STROBE terminal of the lo\V-priorit~' multipll:xer. \\.hich
inhibits the lo\\.-priorit~o transfer-function selector (mul-

tiplexer) an~' timt: th~ ~c=Ject;d high-priorit~o tr~n~ler
condition is TRL-E. As in the prel:eding examplc:. \vhen a
multiplexers \\' output. the complement of I, is low. it
inhibits th~ function output olthl: rel;ltl:J d~coder,

Consider now some of the alternative actions pro-

E lectronlcs/ February , , '973
113

vided by this program controller that choose and imple-
ment a function depending on the prioritic:s il~si~ned to
two conditions at a 2iven state. Assumc: the controll~r
has been RESET to ST:~ TE 0, Here. the high-priorit~' ( pri-
mar)') multiplexer is addressed to select CO~DITIO~ ,~
and the lo\\-priorit~' (secondilr)') multiplc:xc:~ to select
CONDITIO~ B.

If CO~DITIO~ ,~ is YES (or TRUE). three things hap-
pen: the Y output of th~ primar~. multiplexer E~ABLES
the state counter to index to the next step. the \\' output
0!- the same multiplexer removes the inhibit on th~ D
terminal of the prim:lr~. decoder and thus gener:ltes the
addressed fl~CTIO~A: the Y output. connected to the
STROBE terminal of thc: secondar)' multiplexc:r. inhib-
its- through that multiplexers \V output-the seconJar."'
transfer-function gc:nerator ( decoder), As requir~d. the
controller gen~ratc:s rL~<.;Tlu~ A ;1nd steps to STATE I,

Ho\\'e\'er. suppo..;e the controll~r is in ST~ TE 0 and
that CO:-.'DITIO~ A is ~O and CO:-.'DITI9:-: B is YES. As
sho\\n in Fi2, 7. the controll~r in lhis situation is lu ini-
tiate fL~CTTo~ B and jump to ST,~TE ;., Sincc: CO~DI-
TIO!11 A is ~O. the lo\\-priorit~. transfl:r-function ~l.'nl:r-
ator is enabled. resulting in t-L~1.. rlu.' tI appl:aring on
output line 0. as rc:quired, Furthl:rmurl:. this functi~)n is

, fed back to the ~t;1te cuunter.s ~~~D 2:1tl: \\.hich I:nahll:s

input-terminal B to ;1 100 ;1ddrc:ss~sv the controlll:r
jumps to ST~TE.;. ilS rl:quirl:d,

For thc: cas<= wh<=re CO~DITIO~ .~ and B ilre hl)th YES.
the controlll:r is to gi\.e priorit~ tu. ;lnJ rl:;ll.:t t~). (.0~()I-
TIO~ ,~ onl\., Thi~ ;1ction is thl: rl:..;ult ~)f thl: hi~h 'I. lJlit-
put of thr: prim:.1~ multirll:\l:r inhit'liting thl: '~I.:..JnJ~r~.
multiplr:,l:r O1nJ lhu~ prl:\clliill~ CU:,\i)iliO., j) 1'r.ili1
bein!: 2;1t1:J throu2h t~) thl: dl:l.:odl:r, Thl:rr:li.Jrc:. the c\m-
troller~i=n~)rl:..; CO'DITIO~ B ;\nJ thl: prim;\~ 'I. ~Jutrut
c:n;1bles the St;1tl: countl:r to InCrl:ml:nl t..) ST,\TE 1, Of
course. if CO~DITIL~S A :lnd B are bL)th ~O. thr: contr.)I-
Ic:r StilV..; in ST.~ TE 0,

In ~~)me ..;t;1tc:~. ;1S f~)r I:,xampll: ST.~TE ~. thl: 1.:\)ntr~)!ler
is rl:quirr:d to ..;tl.'r to STATE .; ~)nl~' \vhl:n ;1 I.:.)ndili.m
( herc: CO~()IT1O~ FI bl.'l.:omes Yi:.S. Bl.'cau~1: thl: ~I.'C(1nJ.

a~. multiplexc:r and decoder ;\re inhibitl.'d. Ihl.' -:~mtr..)I.
ler indexe..; in the ~:lme m;1nner ;1S in thl.' sl.'qul:!1-:1: I.:L)n-
trollc:r in thl: lir~t 1:\;1mple.

E\'cn \\.ithvut h~ving to m;\k~ a rriorit~. d~ci~ivn. thi~
controll~r I.:Jn ;\l~o r~rfurm 'I.ES-~O nlm~..:4uenti;11
jumps. ;1S i~ r~quir~d ;\1 ST~TE .:. Hr:rl:. thl: c~)ntrolll:r is

, J .
to gen~ratc: rL~I..IIU~ (j ;1n :'ll:p tu ST.~TE ~ II CO~DI-
TIO~ G is 'I'ES. or 2C:ner:lt~ t-l ~I.. 11U~ H if CO~DITIO~ G
is ~O. In th~ YES. L)r prim;1r~. cl)ndition. th~ rrimJ~.

multipl~x~r. inhibits th~ seconJ;l~. multirl~x~r. so the
controllc:r slmpl~' g~nl:rJtes I-l ~<.;TIO~ (j ;lnJ gue..; to
ST.~TE ~. If CO~DITIO~ G i~ ~o. thc: controll~r must ini-
tiate FL"~CTIU~ H ilnd jump to STATE 6. To ;lc..-umplish
this. a YES -:vnJitiun i~ p~rmJnc!1tl~. ..-unn~~t;.,d to input
4 of the s~cond;1r\. controlll:r. ~ho\\.n ;1~ th~ lo~ic one

connection in Fi2..S. Bein2 in ST.~ TE ~. \\'ith thr: ;econd-
d~' multiplexc:r enablr:d through its STROBE connection
and th~ sl.'conJ;1~' dl:coJer ~n:lbll:d throu~h it~ D input.
thc: cvntr..Jli~r I.:~n thl."n ..!!ail:.. thi~ I1l:rm;ln..:nt 'I ES cun-
dition throu~h the multipll:\er JnJ 'Jl:l.:uJer tu =c.:nl:r;!t~
rL~l rlo~ H. :.IS rc:quired, Furthl:rmQre. thi, l'UtPUt i~
fed to the B and C ~A~D gates to produce the 110 corre-

sponding to the required jum p address of 6. O


