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Part U - I/O Operation8 S o h  GrUQith 

fa thio pert of the memorauadum we will, a o  promised in Part I, 
discurrr borne techniques that are applicable to mdtiplexiag Input/Qutput. 
It is armamad that tb4 reader ha8 read Part I of th$s mornlorandurn. 

The standard mmmph of I/O ir the w e  of tape, and the  exampla 
dliscumed first i r r  that of automatidsag the wual tape operation one 
level beyond that uauluy provided by the u r e  of control wbfdi. 

Erampfe 7, rhown in Figure 7, ir ruppored to rapr 
case of a computer with one taps unit for input, and we WUshow the 
application sf the method diocurrad to cwx.aplstcly automata the opqwation 
of the tapeo It 3, assumed that the conaptcr ured is equipped with tke 
control word methbod of controlling fnput/output, Au exanipla of what is 
meant here ir the STRETCH rnsrchiars'r corrtrol word, 

Notice that another register has been added to the sy~taxnurudly 
ueed in Part I, Thir register is corztxallcd by the computer a t h e  
tape unit, The operation of thir ragirter ir independent the operation 
of Counter X r  except for thoEsituotionr where the program in the 
computer maker the operation of the two dependent, Counter 2, In 
tbir example, i 8  caatrolihd by a bit h the instruction mu& a8 11181 the  
ease far Chmtex8 in Part I: of tu8 memorebadurn, EXowevqm, the bit 
which ccmtroh thh counter ir not the samer bit a8 the bit 
Part I ,  IA thio cam, the bit i i r  another bit rarorved fog t 
in addition, thir bit caumi Counter 2 t9 count up by one whenever the 
memory i8"rsad"byt8e inlrtruction in ~ U C Bit ir rituatado ~8 reon ar 
Counter 2 ha8 bean counted up by o m ,  the tape unit whi 
immediately rtartr up and a8 each word ir written into 
Counter 2 ir coun2ad down by one, Tb8 Control Word arrocli&ad with 
that tape specifhe the addrerroes and word courzti coxxc~rnlerdar ir the 
case in rnachbar thrt u m  control word# to control I/O, 

lit will immediately be ~ e e nthat thir operation aonuw4~1a very 
simplified form of oporatiun on the part of the program, 
program 8bozsld not Read Out the data 81 fast  a8 the tape writs8 it into 
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Counter 2 ir reduced tu ~ZCPO,tb tape d t  dirconpe 
i a  clPurrtrd up again, ut tbs dirrcoruasctab tape tkt531 

the drad af tba rrcord being read ia 5s reac 
it is imporribla to raturn to  the plaae where rea 
witbut B rather complicatsd procedure. 

I, 

Tbtsfors, a modification is needed, Actuallyn th 
Counter 2 i s  preferably that af IS ringle racolrd, er  at le 
hfwmatfcoa signified by t h o  next control ward. h tldr 
the program bad conswned one ch o f  data we& Ceunter E ba counted, 
ma thir would then start, up the a as& it wead write iate'memory 
th. numbor d woxdrr rpacificd By tha next coSltt.01 wordv tha contcl,rats 
of mare than coatrol word w ~ r amqded, than Counter 
C W t e d  Up by that mWlXk.t, that i s ,  a8 t&d a-bkr Of' C 

to pia ttxerciaedp 

UE the crituagien is one where tburr i~mat enoqah inforination to 
r e t  up control words in advance, then the method firrt dillbcnxrred murt 
be toaorted to, ~f a dynamic groa;ram murt be w e d  whlck wi l l  rhnulate 
the ryatam daecribed in uome equivalent mmwmro r 1 9 m oequivalent 
rnamer'' mesarr the the simulatard ryrtam i s  nothi OIC br lema than 
what is dma a$ present in aituatiaail U t  that deac 
i 6  that a Syrtsm of markers must be 8.t up r e  that &e 
to keep tr&ckaf its place QB it unrstrdr the preblam of 
tape ~8 when to etep the tape drive. Thrr cauter ryrt  
this when it tr kaown b dvane(rer whdxo to place the fir 

aornt, xf endugh 4s n@tb o w a  to make the marks (BDt 
then the 4pamic method (the prarcnt day method) m 
routhe muat ditcide when to m&es '"artof+ wUch 4 
procctdrr te the r+Mion of the tape preblern, In any caie ,  'dthio i a  
Turing% groat centdbutiaa to ~ u runldsrrtrndhg, *oft 
t e  necareuy to make axtraaeour m a t h  to guide tha ao 
problem, curt¶ if method of mafdxrl(r mark8 and arari 
w*rked out, the problem may not bs rdorble uadarr any c~rcumrtancea, 

1I 

Th4 obdour w&tion Qn the m a t m  presented-hare4i k  that 0f 
bitwing the pragrunmar to spraciiy exactly w h t  tha C Q io ~COYPter 2 
rigaflirrr, Fer itrotaace, rulplpere that the count in Co 
COWof rac#~& that the countblmkr; thirr w d d  -ply 
on rrwnathfni othr  than the ttReadtt~refsrracato me 
ir ta specif'y what t b  r n s d n g  rpf the eorrtentr d Go 
that ir negereary io  that the cauat b+ made on tha b 
rtructlon, whathsr er n0t it has mytlring to do with 
memozy, The firat ea68 was preroatad far tha, r r k a  o 
the -riatien being d~ocuoradhere i s ,  h a  thir p t ) f s~# ' s  
practical P~TIIIO~R~ , 
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N O W ,  i$ tha contents of countcrrs i a p d f y  the numb@?'ai biwfrl, 
. far instaxlea, that tihe tape lag6 behind thu operating progr&, -;cr 

4 0  program the job wkthoui; worrying a b u t  
d p e unit at certain tlmqs ia order to keep it gbiag, In 

addition@tha multiplering of BeVera units e m  be wmoinpifrbsd
' 

in arz eewriigx farhion, for if each is ed with a ceunblc such ad i8  
da8cribcbd b r c ,  it i 8  no problem to the mechanical priority with 
the prierity eotabliebed by tho program, Siace no tape 
ahead of the requirements af the pr*grru#, it l a  only ne 
p r a g r m  to lac ids what came# next, whkh i e  squivalent to 'kr.igning 
a priarity to the various unit8 thal may be corznactad at any'given dma, 

~ 

At: thir paint, we may BU) wall di~cuc iathe problem Q cornputerr 
whicb are  procerahq knfarntatilaa from the # m e  t3pe witr Thir i n  prac-
d e a l  in thoats cersr whwo the tape may contain rccordr lie bath low ac-
tivity andt ~ e hactivity ratios, ~ h i l ethe low activity pazt df tho file i s  
being pekrsa$, Computer 1 can easily hao$.le the work, W h b n  a high 
activity part tag the f i le  prssante i t a d f ,  Computer 1 camat handle the 
b&d,  and there xdu be danger of: tape dfIrcomucta, fn tbf 
we need a modfficration sf C~unfsr2 s u ~ hthrt if it i r s  cow$d down tu 
ltero, ths tape cannsction h rnada to Computer 2, caurfng C h a t  aystbm 
to rtkjrt up, via a Trap M d 8 ,  and praceer the record8 tkdt'are corning 
off tape at the t h e ,  TU8 is iUuotrated in Figure 8: 

I 
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This example is like the prnvime m e ,  except th 
output blocks do A U ~have to be the ~a5at3leaqth nor do they p v e  t o  be 
the same in nuonbosrr, Since each tlajpe? surrlt must n+vqei t x  aya t&h of csntrsl 
wordr~starad ip mcmdsry, the utw cptf tw 

ys, i a  uqceerary t o  prevhk 
actilean cilf the twe t a p  

a greater degree of independexice bstwcrca i 
and la fact, it prsvtdss for the greatcrst a m  
can be urad, At  this point, the twe tape 
e p e d f i c  to@cal  functions at d1 and oaer 
Tape A and Tape I3 without rpscifi 
p r p ~ e s ,hawever,,we wieh t o  Re 
Therefore, when WFPssltllct Tape A wit 
will be couated uplaad when tha black 
2 will be counted dovvn,#cn T a p  B f 
Counter 3 wit1 be coutrsd uplandwhs 
Countex 3 will be cmmted down, PI 
ir the munct in either operation, T 

I I 
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'"911*J Tbir example inchdaa two more tape units with araachte  
The point Qfthis example is to illuatrale a further vsriati 
Qf couatazy in I/o dtuationo, &t UI fdtlpporre th&tTaper A and A '  are 
=&et@? f i l e  t a p @ ,T a p e  B and El' ore output report tap
and D are $atdl  ox other r o p r t  taper, The problem br 
f8  that of preparing a new repert on the barf8 of matc 
taperr c and D apinot a aster file reCOrd8, It ir  probably kors  can-
venfdnt t* urn@ar courrtr in tha variow cwnters bllecka of +ta from 
the mxioue t q p a ,  Netice tlttat the b h c h  do not have to 
OXI all tspea, 'for the c o w t e r ~ ~  n inrtant , themerely reprerant, at any 
number of blacks that rornsln to be read #nOT written Q 
m y  given tape to catch up to the procerrring program, 
proceeds fsrt enough, all tapeto wfU be kept r o l h g  conzinlrourly. X f  MY 
of the countera rewh aero, tu8 w u l  can;u$sthe computarr to: trap and art 
tu8 am6 the rugarvi8ory routing can rcxamfxle the atatus of the x/O unit 
indicated in l~rdcrto decide what to do, It may bs that the p r o c ~ ~ i n gr p e d  
i o  too slow or toa fart. In arny ewe, tba superviooxy ro 
tima make a daciolon 86 to what to do, Xn cbiet the^ tape 
becaure of at brrrd a p t ,  necerritating a +e-read a d  bad 
the other witr might come to a halt, But thi8 fact w i l l  
rugawlwry routins and the Trap can be ignored, if it pertbins to the 
ather tape d t m .  1x1order to reatart the whole o p t a t h a ,  it f a  only 
neceorwy for the rtapakvisorg. rautine to rartart tbk tape y i t e  and pro-
ceed as urual, 

It fr parrible, but not included in thh example, to c l d lfa another 
computer tu help aut, aa illuitrattd in example 8; thio wQiifd be one u0e 
of the Trap Mode on reaching zero in certain of the count 
eaies, if more procC$di?$ speed i o  needed, the superb 
be able tq dectdcs that ruch i a  the cam, a r p e c i d y  in the cs8c of bredemin 
by Coutptcbs 2, @om@ of the records may be shunted ta the tcostd computer , 
under CQntrOf.Of aJ3QtherCOUnter,  a8 rho- Exwpple 8 ,  tbi8 
complicatftm leads to a diocuarrfon bart left to the F'eader T& figure out 
for hirnrdf, and thuo we will  happily leave thir exampla with the reminder 
that we kava introduced "u'rqqdngon sera counta for oupesrvirory control 
purposes. Clearly, thir ia a aught vaxGiionon the Trap introduced in 
Example 8, but a very necesbaxy variation, ntvemthelarsr 

At  thie poiat, cve now remind the reader that we pro+ieed in the 
lart paragraph of Part 1 to ray more about problernn w b s e  rslutiona 
cannot be broklpn hta  a sequence of operations. \Khat tva naant there, 
wa8 problems ruch a8 rndtiplexd 110 operations, whose arrafution i8 not 
hown advance, 'fhb memorandum h4s taken rrevtrd &am@cr of 
f/O oplsrationr and rrhown the appreach that might be used ta d v c  the 
problem8 when counters arc ervailetbis. There are other eblaums whose 
rolution camat be prsrcribad in advrnce and r e d  time p lama are the 
most common exa#lple~. Since I/O oprationr are notun 
relatively rimgle examples of real time problome, we w i l l  say little 
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and we shall'T*l 
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