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PArE! TAPE SUBSYSTEM 

'l'1J.e paPer tape subqstem col'lS~te of two meohanicall,..irnepement unit81 a 
,_han11Dl tor reading tape at a rate of 250 or 1QOO characters per second, and 

, &. ~ot.umism for punching tape at 110 oharaoters per second. The reader and. punch 
areaapable ot reacl1ne and. punohillg 5-, 6-, 1-, and S-ohannel tape • 

.. ..",. 8~bsy81emreoeiv..8 input from am provides output to thn central processor by 
~"'ns of' reading ·and punching peper tape on line under progr&r!l oontrol. Aooess to 
-.na from the central processor arn _in memory iA via the A and N registers as 

, for theoonsole typewriter, System: operations using the A and If registers must 
'stop during paper tape data transfer, but all other operations, including 
oot;1putat1on and,otb8r input/output peripheral operations can oontinue. 

, PAra TAPE ltEA~ .' 

''ftI8p.pGr tape reader OOl'lSists of a photoelectrio reading mechanism and the _ 
re~r oontrol logio. The reader control logio interprttts coamandstrom, the 
:oe.qt.ral prooessOr and confirole the reader mechanism,' ana handles pnri tl oheckind, 
c'o~e level Mleot1on,'epecial charaoter control, and leaCl$l' and trailer inhibit. 
Tape spectiflc8.tlons are listed under the headi~ of ftChnraoterietios at Paper Tape. n 

, . 
q~Lnt:,ta pedorraed when into:rmation is deteoted photoelectriC(l.lly as perforated 

pasa .. bEtt1reen rdne' photodiodeo a t'ld slight souros. ,The pbotodiodes are 
1I!,"~~~~f!t&JLV\A with the eight infcmuation ohanne1 positj.cns and the Rprocket position of 

.••.. ,tIJ,etape. 
";f'S 

'Thel etap8()t a. read operation aredssoribed under. the haad'ings of the applioable 
pr~am iastructiooeas tollows& " 

I • 

I 
I. 

t. Reader On (ROil-When Gxecuted RON turns 01'1' power to the reader, 
clears the N-register, romovea power from the paper tape punch aDd 

, ..\ 

typewriter, and disconneote all other N-register peripheral units. 
It places the N-regieter in a not-ready status. A delay of 200 me. 
must be programmed before 8ft RPT inntruction is given. 

20 Read Paper Tape (RPr)--This instruction causes the drive roller tc 
press tape against the rotating capstan, causing the, tape to mOTeo 
As soon as the light souroe passes throush a punched hole in the 
tape, the photodiodeo ro:ute the information to the »-register. Tapa 
oontinues to move and im?ormation contimes to be read until a Halt 
Paper Tape signal 1s reoe1v~Jt or until one of the tollowing conditions 
is encountered:· .' . 

a. The system is put if'to the manual mode during paper tape reading. 
b. There is a card reader alarm. 
o. T.bere is a card punch alarm. 
d. There is a parity error conneoted with e1 thaI' memory or the 

N-register when the STOP ON P;',RJTY' ALARM/NORM switoh on the 
oomputer console hns been set to STOP ON PARITY AJ.,Amt. 



o 

rfh'3 paper tape subsystem CQn3i!ate of t",IO uccbnnically-independent units: ",\ 
rrit';chanj.f:~m for r.'eading ·tape a.t G. rat8 of 250 ():<:' 1000 cna.l'D.cters per second, and 
-9. !pJ..?che.ni~!ll for p1.lr1chjng to.pe et '110 chal·3.(~·tt3;':'B par sN~ond~ 'l'ho read'ax' a.nd punoh 
,~r€: cspeble of rOll.(H.ng and puncb..i.!:lE; 5--: 6'~1 ;-~ and. 8-ch::mt1G1 tape. 

'llhs euosjistem receivos :1.i'1put frOL.l aiX. pr~Yids~; (mtlJut tc tnr' central ~:r(.lCaaeOl" b;:i 
illeans of read.i ng and punch inl?; p£'.rJCl~ '\;8.1;('" on ,i,:i. Dr:: uDder pro,::;:.'&:', o·~mt:.:ol, Access "tel 
,;'~l.d fro:~ th:] centTaJ. ~"J'ocel:3eO/:, and 1J18.in !f:'~l:DC/;.'? ~.i ViA. th;J Ii and N regieter8 ar~ 
:fo:r- too con.cole -GYP(:~~:!:iter., S~ls1;~:r.:l OP~~!~st~i.Ct:G t;:~~~in,g: '~r:v:~' .t.\ ancl F Tegistsl"S P.~.t19~:i 

stop ci::l::,~ti.'JG pap8r tape data, "tl'J.i:1S:('c::" bui; an otho:l: ore::.~atiom;, i.nclu(l.ing' 
GOl:r[.)\xj;[~i;).on o.r:d. other :j.np,~t/G,.~-t~·t:;~-t D0rip':::,,~::c;]1 oy.-erntiotl!:': can corrtinU8« 

.fAP8H TAPE m:ADER 

l'ho r.apor tapa re~der con::;irJ'c8 (IX ;~ !,)hotoolect:<.>:!.c readir.g mechaniem and. the 
j~0ad.sl' con~lirol logic. 1'ho :'.'(It:!,d~J: ,;0 ntX'ol J.og:L: 5.n:>::;rprets commando from the 
c~ntI'a1. prc()<esrsor a,no. (;on-t:rolo t':,B Z'0E,rJcr r1"8c~H):iisu, and handlee paJ,.'i ty cneckit1fi':l 
cod.E.l l(i~vf,l elclection, 6p2'ci~ ... 1 C!.J"::'3ct,·?:r corrt;:ro:: 8.nd 1~Ja1eI' and tl~&i1cr inhibit,. 
'l':"t'p.~ zpe(:ificf.t. ions ",1.'( 1 i.S·~G(1 \H:,:~ .. oc i;t:;z 1.,mH}:i.fl;:;- of ~IChn l'8.ctt~x':le-r, icc of PapoT. '!:"C;.pc.~: 

Hcrdiinc" i!;l p:.JrfOrf'10d whon in:.:'CJ:D?1ic,r: is 
'cape p::iSnE;:!. 'bet'i'lcon n:I.[!<:: pb.DtOd.5.( ," .:','" ~.~. ,;", 

,:(~t·::~~t;::C photc!3l.:Jctric!J.lly (':'0 porf()L,.,;:~J;G:J. 

':\ourcc. The photcciio(leo arc 
tJ11f;r~ca.. Y·l). tr~ 

i;b.D t~PG4 
. !"': .. '." ('!1'.~ GPd, tn., 2'p:roc:roi j poo11:i011 :/l: 

1.n I;!o:zd~r {;i.1 (ItC;li;)--Vn~~~n c~:·_::)c\ .. \;~:-~f~. r~Ct! t;X::7k')!.3 f)n P01FtOl'-' to ·tJ:.v~ J:'enclcr, 
oJ.G2.1'9 ';:00 H-l'eg::,r.ri:ol': l'C-;~!c·,,\-:<; ;<i.':.:~' ~?l'crll ti:;o papal" tape PiU1Ch ~mrJ. 
.. I.,... .,,:.1 .... /..") -. •• '",7 • -4- .,..... \. -, 
t,4:iP3Wl1..!.\,er~ is\UQ O .. j .. t:Jco~::r.J:·_~(f~:) :~::.~ :)":~.:,- ).~) J!'·-}:\:~!gJ.8 !.Ie:r~ r>el~:-!.Pl1\~~L1Ia.l un:t:vG" 
It pl~,cGS tile i:J"'·J:eg:} .. oto:t.:' i n ()~ i:~.G<;~~~~·CC.d~T p'G-atus.~ .:1. dele,y of 200 {Us ... 
mu,e'~'1 b8' P;~O{~I:,f,tl7JY.3J. b8l:'f(l~G ~-;.f.i R}:"~'t J .. n\~:'\;)~';u(;tion io gj.v6r~, 

~:", Rec,a. Fe.psT Tape (RPl')---This :;,ne~,:'j!~;i;;:~or! (;€\U80S th0 drive roller to 
pl~C'3G tape agah:.st 'tho !'0't?':;ille: CU]'}f~i;':?n, ollusipg the '~ape to mOV~2t.) 
As Goon as t.h,;; l.ighJij ClOil:r:-:':') l'i'J~(,::;r: thl'C.1.l-b'h ~?, )tmchei hole :in the 
tape, ·the pho+.odiod8::i XGut,;,; til", ~r:r1:'GrIr,a;t.j,oft to tha n"'1'egi6t()I'~ T2re 
continu~r:; 'GO :''';01"0 z;.nd. 5.n:!:'O:i"t"2':;i':;';'l co;:!t~>m'!.o8 to 1)(-) rea.0. untn a Halt 
?al}'3:-(; Ta.pe f3:i.g1 fl'J.l ).G 1"'e;::6~~.·."f> .. \'!. (r::.. .. ~,1~Tt~il one of th~~ :fol1o"{1il'~~ ccrl6.5~:l;:1-'~Jr.:s 

ie ennouotoX'o:l: 

u ~ 'I'1:>,9 HsstcrJ is '9i.:t. 1. r'to -tho ;0ant:t~1. 8o~10 duri 03 paper tap'3 r£,,~d.:LDg. 
t. ~l'b.e~!'o HZ ~ C~-~:.~;:~:.~ "'-:;-jd,c,:t~ ~-~J.:?~rj-:-~(,. 

?h.Gr.~o ::"'8 (~ l'){ll:~t::/ S::~·:~'1e',!.~ t~Q:;~-(':j~~';~~d \:;it.h eit'b.1.Ytt ~'3n:.c.r:r C1' 
-i\~,·. __ ;.'e,,£:;-,·,·:.r ... , .. ~,- , ..... '.;(1 i"-ll~~ "I ~ ~'I''''' "::('1':,"1';' lj"''fT p' -;:lTr1j"j'/ t T J. v-.'It"/l\·fQprF ~'r" •.• J'~,+J " ... 1,. ot·, a _~. , __ " .... I~ .... ,;~ ___ ... ",' ~ _ .... ~_ ,.' •• ""-_'" ",' •• ,J.I_ •• ,J.l •• \ 1'-t ~_~~ ... ' .- "" -!r. ole 

(;O~1n]t:~:"j!~ cot':!.~OJ.(; :~':~'f~ :)~~( [~ G;: .. ~:; Lo ;:3'.j~fCP ('IT 2.1}£(rii~{ /~lJ/\R1:~. 
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rrh'3 popel' tape subeystem Cljn8~a~,;e of t·,:jO n90banical1y-independent ullits: Z'. 

n\l';Ch2,n~.Rm fer :::'z!iding '~[-lpe ::J.t 8. rat8 of 250 (jA' 1000 characters per second, and 
a. mscllilnir!!lJ fol.' pUfu::hi ng i;v.pe t'!t '110 oh8,l'3,I.:rttj:':'t:; per sp.c~ond.. 'I'ho read-aX' a.nd. punch 
,~i::'0 c::;.peble of l'O!:.dl.n.s R.na. p:.mctl.' .. !l",; 5--! 6'''1 i-~ ano. 8-C!!~Hm81 ~iape. 

The !3U0syatem receh·o8 input froi': an:':. pr0\'id8~; <n.1'tpu.t tc th('~ central prOC8SflOl'" b;;; 
VJ8ans of reading and punc~line r£~rjcr tVlJ('\ on .i.:i.U::: under pro;S?'<-.l!:·' lK!nt.l'ol, ACC9S8 't:; 
;':l,'ltJ, fI'o:~ th:'J cerrt·~e.J. p:'OCEJ8ec:r:.' and. mcin tf:(:l:DO\';; ~ f'. \jA. thO) 11 and l~ reg:i.e.te:rs ar-" 
fo:.:· ';;00 concole ·i;.yI.l0·~~: ~ tel.', ~i~,'g1;~:':':1 0P;:'!';::';~:i C-l:~ tF: iog .~ ((.; .,\ and N resist-€lre i.\'ug~:; 

8+.01) c1:.l~:'ing pap(";r tape dato, t;!'d::lS:('fJI'7 :'i}i; a.:n Oth8): ore:"c.J~ion<l, i.ncluding 
1.:0r:r[:\;:ti~f;).cm c.nd. other :i.q.~~t/G;11;·;:'.2tJ"jrir.)~j12::c;:?1 OrOl·o.t~.N1C can continue. 

T'llo r..apor tap3 l:'e~der COl'l.c5.r.d;r:; (lJ: ;l ,!?hotoolect:;;o1.c X'eadi f.g mechanism and. the 
j?cad.sI' cOi.1~lirol logic. 'l'h~l )~oD.dc': (;() ntJ'ol lc.g:L; 5.n'>3rprets commando from too 
c~nt7.'a1. p:rO(~(I8no:r a.nd. controlG t>·.B Y:'\2.::,d,.:u: rfo~~ch .i~C!l.SL\, ani!. handlee pa:;"i ty CUElcki!'l[;'" 
cod.e lt1Vf,l selection, t-;r;O(~:i..ElJ. oh,!::'.:o,(?t,,?:r.' corxtro':: u.n.d loau:or C'.nd JG1'f:.i1e:;.~ inh:iJ:.it,. 
'I':l.fk;) spe6ii':i.cf.t. iena (;oX'e 1 iz·ts6: \.H::'~0:.· 'l;~~ LO".l6.:i.D:~ of ~q':;b.n ::".9..ct(':I':iErt. ieo of Paps!' !l\;.pe.~: 

t:=-tk-c pasna:3 '\yet'(1ocn !1:i.t.:C~ r;botod.ic ," c<' :: ~~~',;. 
c'r~{:.,::ct'3Cl. pi1otct.'31:)ct:eicully ~~~ POI-f\,)l:·.~.f;~0.. 

~:"~:~":; f:\(jIX!'CC:. The photodicd.o13 ar0 

r:.J.i~(f;ncS. ?.f).tb. o<~:l.Ac 43igtr{; :L rrt~Qr~:l~~::!;)..f.· ">' ::~ ',' ,~':: <, . . \).,,: .. ~',.;,~ ~'~.·~U.~ gpo. 'tn,s ~p:roo~r~i; posii..~i0n (~f 

(~L.s ot~p:0 {)? £:... :x.~i!~t:·!_d. 0vG1~lE,tiDll ':'=i,:Lll,~" '),,0; .(~:'l:~. ;?~.~:\ !:.P;~"::·:~~ t'~!.0 l·~\':;3.(1".~in&'N of the s,ppJ.:ic.21JlJlc 
:),.'o{;r~;;iH in7:t~,,·t:titionr1 e .. ~ J::,)11 C~'G~· 

1.11 I{of~(l"r t)n (HJ;l~;)--Wh~:~n c.:·~:~c~*\~'>·~~)~ }(jJ_:' -~;;J:~:r!:! C)fl p(rr~cr to '~J:~v~ j:'eno.er, 
oJ.e/.;;.I's ';;10 E-:('.8g::.0· j;er:. :!,.'(;;)C",',;,:; ',:".-" .;~. ?l'O:il 1;:;:.0 paper '!;e"pf': ;,Yclnch ~mll. 

t:iP3Wl1.i"tel"~ ::.>nd ~j .. i~lC.()~::r;l·::(fr;~~ ; .. ~~ -:. 0'~':' ~~.} 1~~~--:!:::~gt8-te:r'i pej}ipl1e~~'a.l uni·~8,·:· 
It 91G.oG8 th.e l'I~ .. :t·e{~:!.;:J't(;)=~~d :i n (). ~.·.c-~~~\'CL~r1sY~ ~:l'G~·tus ~ .:~ del;;?'J' (if 200 m~: ... 
mtH:r~', b8 P;:Of.I;~~!EJ~·3J. be:fo:t~c ~~:.ff f.~}? .~' J .. :'lf~'\;z:'12(rt io n 10 gj~v.st:> ~ 

2... Roc.a Par,'9!' Tape (RI"II)--This :;.nct:n.1.:.:ti"::h (;8U~0S thE) drive rolls:- to 
pj:'("SG tape agair.st 'tillG :r.'.::;t",·:;il1B CiJ.I:~J,i;::-"" :::ll~lSipg t.he ·~ape to t:lOV!,;;,> 

As Goon v.s thl;; l.ight. 8onx'::c') :yJ~;t"::c tb.l'c.uSh ~. ~)tU1ch0d hole in the 
tcq>e, 'i;he phot[)Q.).ode::.; :<:(;1'.'\;';') tbr ~.nJ:m:.'ms:t.:Lc;n to 'tha !hi.'egi6tor~ Tare 
ocm;it1~.lcr:; t;c ~'~OY'-O [~njJ. 5.D:L."):i"~:9"~.~·i::<1 CO~lt:~~nU.ID8 .. ~o 1)() :cea,Q. unt:tl a flul t 
?apal) Tape Ci~.gr1Z:1 ),r5 1\3C:GX?~"(;i:",! co:} ~}~:ti1 ~)nc of ·thE.~ :rolloVi:tl'~r ccrldit:l.OD~:; 

is ,'Jm::onntoX'o:l: 

H,· i'he 1]~,'stcrJ in "9~':t. il'to '~hG ;::ilU.:'.t1. God.a d.'.1ring p3.pel' tape r1j<.~d.ing. 
b. c\_~~:~~.~ .. :!·'-:,"~::~~I.1t::;:t' 1;~,\,~=i,rT:~" !"rhc.~ro ~~2 :l 

r,PhQ:t'e :~.r; t1 O~J.J.~,~ ::~:~"':~.~C}: ~1,lb,;:;l'L, 

~:11G:rO ::...s (), p,·ll:~ t ~~-' S:::;'::r::,~'l e(.}:; ~lj 0~;~jd. y;:t '~~2 f3). "Gt".::.:::t" W?Jf!~.cr~r c::- tb.({ 
l'7~-ref';:~~j·t~·';xi '.:rhL!:;' tL~ :·.::l~"\J~.' {)fT p:,rJIri!'1 ';~L'.:-I,R-·~.:/r·[O?J.~i. '2\l;:ttcll on ttte 
{!O~T)t.::~:")I~ cot.~!.~oJ.(. :~~:£~ '!)::~(. n L{. ~j ·~!o ;3IlCP C~}:T 2.!rHlil~1· hIJ.!\R1.1. 
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Hal t PUPSI' Tape (til'? )~Ii::.tia ~,!'st:r·tH::tl.::;,n t(~r,T:it'lc).tea res1iir€ ana. Btop~ 
'~ape m(Nemen·~. It doaf:' th'a by :C'Bhlo.8iq:~ the l:':i.nch rol12r a~d by 
e.ctivati.ng t.he 12rake;. ':Ihe~ l'sadir.,g· at ;l speed of 250 oharaoters pel' 
ascond, the tape stops on tho last t~h,SD."aci;.:;r re<1d. Wheu rccl,ding at 
a 8!>ead. of 1000 ci1arnct::lr!1 v~r c-;ecoti1 r '3.t J.·~u8t t .... !O ~)h[n'aci.;0rs PHSB 
the re3.d ,'!t;;;tJ.cn be for,,! t,~pe r;t;;:Qs" 

1]}i}l:;, p:o<!)or to.pc::: puncu (,;Qt1Si~;'8 C:::t.l,0 +;~\!,o ·;::\.aci";.t'"il'i:-:\!:oc;L~n;,E:{J\ and p'u~ch control 
l03ic which int€:rpru-[;o oO;'flr.l':.nJr j::rm:u t..r,(· <;~r;··:rd.l.. pJ'OCOSf.'l')Y' D.nd CClntrclo the 
,~>~~d'lch.ing op~~t':ltic.cv TlJ£~ :~H.1noh ~~~ CE;,p,?1:1~ C~:;.: ~,)nn(+':~r</-t )-~-;;:;h:~.nnel'!J OXf 6-,; 7- f and. 
d-,Ioclt:tt1Li,cl "C':).JXl at a. [Q,dT.i:;Ht~nl xc.1.C O~:' ", ~o (~>'··:,ie"~'~Gi~c:;1'·r. ~}~::~:~<J r-~\:~!;(iL::~.~ 1]:1:.(1 oproclrot i.h):~.(' 
,i-' .? .. \,::.,.; "'1 ) '" \ O~.f'l ".~!·1 1 "". 'v;' --. 'i~·.~ f"."~"'r-r, ~"j':':) ..... : (,_,/,,J.~ : ',' -'!)~. '·:i··,') ~.;, C "'"' ; ... i.'f'''''''~'-":'''' (""j to""" "~\''''n'' i """:'I r) ... _'~ . .I"" LO.I:o; i1 .... 1, .. ,e. c,L ... '. 0; t!k,_~~.,m,,, •• '.·1. ''-"'0',''( .",J .. ,!,.,.;.,J, .... ,., . ."".',1" ..... \d. h",,, t>'·I,;., .. · .:. 
·i'··'-'·;~'" ,.,.h·,,"'t,.-,,1·) "",,0 '1'" ',.'11[' ....... (·,r' ·j>".r'·"v,· O.,q{",~ .. '",'," f'.''';< ·'.·(' .. ··1· ", ,.t.) .. ··,.,,' .. ~ .. io"" :t'", 1''.-:-';; f"" .... m .•. '~,..l •• u~,? ....,U:.:..~I..s.;,· ...... ..J.. .... ',"".iI ~'>.;;,;; j~J .. ~vlj~:I,.~ (.~",.-_' .. _, , .. ",~.,-,;L, .• ,I.".,,\.'_ \1 I ~, ., ... _I...J':"~I •. _",'-' '.:J _,-,\,,1.. .;!. ..... _~ 

~,;·l.') 6-01 t H-r(;gi.8ter to t~\'3r1<[!{::.: ·· .. "Oii'::i:i.E::; ··',·,L'·!:\ 8t;:Tf~ c:f ~: puneh ope:;:-e.t:i.on al·e 
,.:·~'·~~''1·c~::1.b,~d. nn~:~~l" tl1~ h.'3~·:{J.~.t:igG 0:C" b.r .. ;~.\:/,.~'J:~.c'.).~~·,J.t< ~~:,:'(:;e,!\:;~:~ ~.C;':j·:;~:".)~~~; Ou;"', 8,0 f()llorj~~~: 

~i ,', PU.n-:.:;h. ?o"/f~)r Ok': (k<)J~')&n1"T~~~~'~~,~;n c··;~;:,:}t,~·/. t>J) c2nt:t'~11 p::·nce!:;Cl1:1.~, ~~Ln 
instruction CvlH'1;:,cte t.~:~, 'C·~.ro '::' ",' . r lJ',U;,';'. to 'f~hrj :~"l'(~g5.6t;,;T.· /,l.ud 
f.UI3COlW:,,)Ct13 all oth-:::: F-7:':~c;::;:,:,·.:;'::l':J!'Cll I.mE~> "\ dclt:.y (d' ~)OO -',r' 

Write Paper 'l'8.po (i'F:·?)-~'~')\.:': :L,,::;'~:"':'!:':C'n ... '~ t;:i.v(::n for :-hc.h ~he..r,~~'tm:'; 
to l;c pL\uchoJ. ~tJ0r~aJ . .:lB0 "~~~_:-c ;:i)n<;.-,':; '":'.1'> Ot:.::: ch&.:~.\:tc·C~~~,:: ?ilud ;Jalts., li~Jt. 
tnr<tl.'uCi;ion ~·8,UZf)(i ":.h0 :; .. ::::.,: t:1.. 
to -:;1':13 punch T&p!8ts" .;.>: 5,,1':·:\';,';<' ,. 
J~E?J for~;'t:~.XC~ nn3 r~t)8:tti(\~r,.~ 't.\',: ';j\~:' ,. 

··.~1::~~ -:";·-:~\:;g:t5t~::' -to b~1 oilann':;))>Dd. 
i!.., t;:),(~ti DUtK;iloo.. 8.nd.tLe t::,pe ~.~, 

':'~'n('~l<~ct ~~·l.c-le po::,iti()o,. 

2,· Inp'.l.t/OutP'J.t PCi:':::!' Off (~)'))? ;-,<>T"::',; L':.f .··;~C:;:j.l;r, ·ij,n~·:)f.'mcct.r.; ti't) PIJ .. )?C: 

t&'~')(:l pttnc.h f::,'OlD. 1;b~e l;-x·':-;{~·:~~"·:::~:::\, ~t:,~.1", .. r~~: '~iZf r.~" ,"C::: t~t 1J11r~ p~).nch.., ;2.nn 
~1(:\r!(}~ t.he }~--"~i'Bb~··.BtGl·' :!_ll ':. r.~";~:"'·· ;r,:.' ':··~,r~;.:,.:~.~~~::_,t::jn.# 

.;:~~P~3:t' ·;~.ai)0 mtlB·~ b.a"·\~ [.'1 l1arcl, 81110(';tl1! 15"211 -;;.t:: :118,\}., ~-:n(~. t>:1 utJ. i.~S,Y!1~:.'~gr)8t,~\.i·. ~~t 

:'~~hot11(3. 110 opaqutt) and an f'l~f:) f:4."orr1 0 :..:i;YG; r .. '?\: ~_.\~ ~.,rl/i UL·;·)'C.~,;, ~c n f;.:'hf.:]7C 6.'1 p~.)fj~J :L"t~'1C"" ~ 

l~l~:~ f01. 1 O'iJ:i.rl\\ ;.~~ ?. lifJt o:f th'n e:;,:~('t -I;,.p-:. ':;;.:' (;:../:i~c1.'d,.n~~n t 

i . 
. ', 

W ir.Hib. t 5~cha noel ~ 1 '1/ i.s ~ .. :1011. 
6-, 0]'" 'Iw-eh"li:::-:ol ~ "{Is :L C'~!J 
8-chFHl<l81. 1 iw:,;n (('l:-~··,.:.t:\·:. " "::':;0':::' :.":::';~ 
rjr 1-ch.::.n~lGJ.G) • 

FUf).{;hif)t?; cl€nB:i.ty~ 10 Ch~i:;"',J.ctm:"; ;:x'"' 11.f)-?>1' i.!J.(..:1 

Opt,~ c~l 

..~ (! J ".i-: 1.:'\ ~ . ~\ ". r . .. 



" \, 

~' J' 

o 

,..:bnrtr..n1.s in paper t;n.p;J 9.1.'6 tho 1.0i."lr.;':'tu::l.ir31 r:r,v[' ,,·l:,ore ho163 may be punch~d ('.:,l(lfl.:~ 

l;hs 10rJg~h of the tapa.. 'fh313:8 cD.'::i1neJs r~!'G u:::;uoTL? :r0i'",l'x'sd to 'lJy \:!.:.urll'c:l'~ ~\S .I.e; 
:i.ndi.e~\t;3cl ~:"CXOS6 thG top ()f th::c -(::lpCG if! j),igVT~lQ 1 3:1d ~< Inforil:·:.':~icr. if:; 
":')co:t'::\.:3d ::'11 oach chanl1![;ll 'by oith:';' ;:nwclu.ng fl!, l:.·:}l<? or LmvirJE~ '~ho pcs1.1;iorl 
l.H1p:mchGd,. Ec.ch hole in tb0 tJ.q:.e l'~rJl'G;::cnte &? 1-1:;:i.t '~s"t t(: or f~i.'Cill thr; (J-·:t··Ggi.~t(;.: 

of the ccnt:rc::l p:r'OCeB!'lOr dux'J.:t'!g' +"\1"0 Tcc:.dincr Of:' plU1chlngC'l\ GoeJ.;] cha.:re.cto:r 1(! 
1.'81~.~"l fro!Z1 lCle.oh fmme 1.0 the 'G:tpe. J; :i'::'r.~u,:",V:' 'r.hB c,.'mb5.1'::a'tion of h()J.H~~,!lJc :':lP:~(!CG 

in .;., t:r··fl.nBvorsG column of (d:10 (')1.: ![,ore oh:i.c'"'.:L1r 

Tn U.LHi;" caeea it i.El ~llffici0n:~ to i.iicntif;T -~::c,-ft X~~mIi8G bY' eriBcifyii?;,".; the lc>c~d:i,in 
,-,f pUCCh0d holes !,;O!TORpc:·ndinrrl'Q ::J'.,nrm::1 r':'i!;tJ:31'C~ R'C!;'/,3\r;;)Y't 1-ho iaJ~nt;_f1nC'.ti~)n 

,,)1' fn:r;ch8rl information i9 ofter.. fiv.::i.lj_t~;'.t"l0 1\:: .I't);1.d:i.n(~ 1;aI.tC i'X't"'IL;:;::tl In the o[:'~sl 

ia,toZ'IH'et!l.tion (:If the Funohed. bi r.:J.r'~r COC""I?..t<'r.:.':' :l::z:n1J1}:h.l~ a tICfl:r:?" pi.men repr~'?;Bclr!;~ 
i/n oe"te,l 1$\ a flJt"11'O'i pt·:.iJ.(;!;1 r-epl1oBcO':';S ;~;,r.' or-t-:'l 2, rir~d. 8-, t1on0~t~:i'(:i'O" !')u.nch 
::·>:;-'tf~~~.~[v:~ntB an octal 5-:. I.n ()-C}J.:i~-lr1:)1 c(J;e, ~·>'·_·J~·H·:: f):,0171 1··JF{S '1~ "2 t:"u.fl 3 {e!)c 
~~7~,.;:}xro 2) [G:0 Toad. in l'ir:L::r~l' 1jO O'(;r:i: .. j,n 1~~~.!.S, ~(··~t.".(~t c.l5,.f;11:tfio&lr~t G-tJt.,~l d..-;.gi"~;, .2.t'C! . 
. :'»l;;-:n f:C:·;'HH j.,"lQV./'?, 1;.; 5 ar~l () &. .. ~.'6 :i.~":'::~.\':" j.n L<: .. n.:: .. :~"::J ·~:Cl c~·)t';i.in th(~:· D.lOf-.;t r~:~~;~:~lftlce,nt 
<>~::';;C}1 Q.5.t~tt ~ *1'11$ fJP1~OC;::lfJt; tlolo :,::. ::·L;ri(:.1'.~:H~~ 

~~.11"'\:'-.J<~.;."'n,"tG8 "~!1"'~ 6-cl.iflr~.t/.o:. 2t"J~..t.Ji:·:ct (:,,~'~;:}5.:~')"" "':~~.''', 

1" 1\ ta.pe unaX' tul.l.St ~.b"raYfJ :':r.'T,"! ',,,'il::'C~,:. (,;(,b~ i" cH:',ed. i.n !'e('..ch n::r 01' pUlwhl.ne. 
f.t'hoJ'8 shc·uld tl6·"0l' he ,:U1,'/ ~1011;;.t '.~.:J(}~'~-:; ~;;.~l'O' 'r.o~Ht;!.n6:' ol u. p::il·'tiet:lc:;,r 
confj·tiUratio%l e:l"theT or: .~~ ".}y(.':t., .; ~', ~.~--:~ .. . ~-r-:.i:·f.:·;~,~·~~:.!.:"1.;Gt') ()I~ in GCJ1p~.'·d;f7J~~ L'~e:!!';):.~{·: 

~~~. l'apo cedes r1rJ,~r b.3."V"O to :4.~::;:t~'::;~21 ;:7~'~·Jj.C J"t,,~:S','~' O-:)l~.fiP t)x~~S\{:L :itl me:l~or.:i~. ~i~~m nic.;~:~":j 
Gorr::-r1on r~'?tnCtry coO.C) ~.n .J~}J~~ (~j. n.".~l';i~cc,d3r~ dt:~(~i n;),:~ (~~\c;}.)) Ch,S1.·~?\'ctS:r.i r.od{~· 
:~ .. t :3~3 oriJ..:1 nc~·c~:u~,ar;y i;h_J:~' (::;~)C nod£.f: ~.~lC (~i.':r~vn~;.·1·;'J(1 t') L1.g1"f.'{;3 ~~j.tb. (l'tJl:';:\'"' 

!.l..'S(E0X·Y oed-Go 1f ttlel"O ~c·· C::~:.L\~":) .jC<if~t ~J'~~~"J ~·~?cu .. 1.e of ~~i~e l~!?,fol"·:r.t.l~,tJ..Ot4, H.G 
~lha n th·e:~"G t:.l'(j G'iI cU.l~~ ~i ~~~ ~";~ n~.t e:.);'.~:~r:~zl~.~.~ ~-; ~G .~f' :l ~::?'o:-:r~~D. tiOll" 

ij.'ap·D CC(LOf:J U1E'r,:y" hs,'''e 1;0 ~.)(! con\~o:c-t\;::~. to rjt"2·:ttu~::r· ;,.~~t,:lG 1f ~cher.~c in ontl.:.,.l~ 
of p,:;per tar~r:} tni\~ll·r~).ti,c:.j t(.J i\ ~?~~.1Jt\:~r:.t1?;~ ;.\th~·~l~ ~~-hi~~.n tt~ pEq;~·3r tf~pO 

puncll.. }l'or- 0X!1,iJ."ir:J.C, ttte h.ig~l f~r.'·~~8d .. h· .. j~in.tur" ~:.r;,:f((er:!:;:tiorl in .i~'jt:el1J.:~j~ol'7: 

onl.ifi'lht~n it 5, :3 in FeD f:':;'·J··. 

:.·~)nv·cI'c:~c·rl of pt;:tper taps c·:)(lt;.i~~ {:;A:.l:~':~. ~~.~_g c:~·':;hr.;::? :.; .. f.':-~,t\~,1 or ()~~~·~_;·~)'!..'~t of ~~.n:(\ .. ;l"rr:·D:t:ion j.f.1 

:'··-::<~ .. ::;.~-~_~IE·ly' Ej,:·Jr.Jl~j~ rf)~,! t!'lC~t0 r:~l"'C f.l"t.·ll). ~~;~I l'c:x·~~:t ~.?_~:f; ';:0 ~>ti::·:~t'J::;.~: I~l!~) n9(1['f1i"~:3:.~;-{ 
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J 

c 
f·:O/.~O~~{) 'there aI'~ Hotr~ C(J~·it~('. ".,·~!t<.~,:'~. ':.- C. G··r:.;~. ~U:':'~-:J£,t t~, l.,t() ;i'':~':~_'(-: ()1~ lCi~~i t:1t:::11{1:::l>~~~ 

~:-!.:~~. (\~ .. , theG',~ coc~er~ 1f~ "'~.l~~; :{-'J.'''\:~'J t:.'~~_1.·.~ '.: .. "'("'.~ ;t.'.l":~ :'.~~·\€i;\ ~;_~~;':".' . .in ~_;1·1.:='; GU~,·;t!t'..1n:4..C!:ttj.()'1 

: if!. Id e",f(:r s:!, f100 th€ (;{)~:~.,.c: ~i:~,f'I' >. :;,":' -ol.~,~ ~.",::': . .'~r: jE!'~"C~ 

t - ,. r ~~ (~':-ch~~, LC',: r. .... ' ... 
• i, ~~, .:~ 

"li"'::;~ ~h',~ €'xcl?ption tt-.!it t.,.: •• :'<~".f-!. '~J. :.. .. jt: :.1,. n ~~ ~";I.',j~' ·J,;-:C·:? Te.'G\,·-T·~~ 

frh(~ '7- -;·,na 3~-Je~lol (::O(:~8f~', ;'·:"';},V~· l~l:~:. '''.·r_·~-:·'''''')~) ~'~.~ .i.:~, ... : f;:, '," t'l>r:=--; (-J:.l. .. o 

f:'-,j.O~~ c· 7'3 i'~(; '1'(; l.t~;j1. 

(:'>y~ (v:tel 10(;). 
):;Hl',~, :;} t) 'ILieIi 

,;!.·}"~U ~rG:';\./~~(l o:f 7- at:f. 8-J.~~>t--:~l (~'r:''''::l .. 1 •• 

S;~'I,tf~~ Ch(t.:·~::H.;"f~~:_;r8 rJlfj~.'!.:t to '~"3 t.x_:.,.r:._.}f·~. 

f&rit';f 10 gC:1~r·tltQd 2.!"bi ~l~t(;C~E;l~, o::~ 1.,. ... ;·~i.: ·r--,:-~.'t~~('_:~01 t.'::~:<~') 'bt:·'t, r,~ ... ~1; Oi'.\ :'- r1nd 
6 .... ·,,:~~c:.!!t;.el tftpel) t~:;lle·n inf'~')~Cill':ltir"l: :::,~.~r<.~.}~l.~,' ('(, ''(- or J·-ei."~·~,,t:n·~..:l p:~·;~iO.~ tttP(), lj,t, 

ud,j purll~y btt ia p1.Jnc~lcd i n .. )],_·~~tir.!,(;·~j, ~." a(~ n(,C;I..:,r::~0~<;.J? i.:.(; ·~i1.)(~3_1,4!.J~! ~~n cl·~3(~. 

~H)n:f'l.gt\I·~ti()t~ of 1-tr l tc j.G . .::~ f:r-,#if:>·.t:: ~/~!on l.l..;.-; ,' •. 5.0 ·t~)r,c: Ct~f .. ~;~ c :.c·i:iF::..~r·'::.t~1..0~ it"', 

r.her..~k·.(1d for "tZli3 :;n:"'cFe,:;: r~~:'tl.JG;/c t-~l.(; ::_;-i,::IJ :<~" b}'l:, ~'.i{_·,{~,',n r::~_"~·E!.?:'~'~:'i ~~:r;;(':J i'!Ot. GE't··~J:.~ i',",)::; 

h!"-:~·E'l€:::.t~r:'~"3r\ l.1tl'f~ t!:,~~j.: 0:J#;~c~c·:·lior. lc(~: .. (. r;~. tt'l-"-~ ; .. ' ~-~.-.~.~ ';-:;~:.}~ (jll~;:_~.J:~~~t~\:):.~;', ;-"'r·~nr.·(';r:; ·':t·h .. 8t}·~;.:,:r 
(1 p.,1r1ty bit 'J2lc~,lfl. (:<1' ,::,:.l'lUd lY'i" ; "r: ',~-::~ L." ; .. '~i;~~f.~ 1":''''.:;;[":::'''d:,('0, '.' 

'~}E·::jt~ '~;G t~~o (~~4r.:.':,·~e.1 :')"i:'Ot5C;.~:O~.~ ;':~~": .. ': 

:lrl 225 corrt.:L:'~, ~I";n;.;(~lfJ., C':d·)t:~·aJ "~l 

':-n d.~1:;t)c't:Lo:~ '::d:~ tj. "r;n:.:;::::~,t~i O:~:-]:fi')T ;. i" .., ,'" 
:-'O? (J~.1 P.~\RIj'Y .rt\,.LAqt·~t 0::- \.:i' t1';.{J iJ:''-~' 

~ '~', i'1 , l' 

. -'.~ _,»'H·:.-::f~': ;.~ f'"i.~r·p t.)t':, C':' :.:.·!.t~;- ;..~~ .. ~\1\,.; 
t)~;,he:rH'l:"~o~ t:l~ i::_i.:l:j.t~i e:r~~C-l' ",~":-J..i. ""'" I~.'-~I ~!_~_~ ..•. ~': t; .. t! c '~~'l'.: ~,' j !r ... ~·-~ :; -. -<:~n :':;f r!":;',~'~ x' t~. >;:~ 

r:;'::'I) I'; 

6, c. (i'-;_ 

.':::, -t;, '~.7:.;~ c,ct~.:~ .. J. 
~: :"~:JJ." t>.C· C:.::t:']t 

int\~J::'p!'c~ (;~.~.·t~ :J.()!: o1~~ 

sLfl~1J,~(i:J~·\rr:t. uct"}"l 

,," .-~.-,- .--.~. ,.--~-.-----~ 
i 

-r t;;. ~~.., S "?:< i 
! 

<il ~!HO(ll I 
'. "-'-r_' \"""v-' I L--. 5 . __ ._~~ 

F1G .. 3 ,_.,·\·._i~-:r",~\ 
--~~~--~-.-~ .. ~--~!.". - ...• ----... 

+npe... 

,. ~f~ ~l.:~l ate (;·.:;Q:·Z) (00 t~.11 '77) i G tJ.'?O("t i .. ~) '/:: ~~J 
;:y ')f ti.\;; C""TC. :L'!'0U; ';;~li!').:3 to t:J.G "f ... :-:: ··.·~,"1· 
l~"!,vc~l ta.p~:; ~ 

"'t'o;,~i Gt\<;ll' , 
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. .; ..... , ha ........ r' t"" ,·I ... ···n.-.i fi\'')~ .1.t""I .-:>.\ ....... r.~1"':.''''·1~ '··~·n'~·' ,'", h 1 8 (0 t ." ~I .... ·i'·'\·'.l " SP'3(:..\.Uo,L C Lac·"e.:Ln ~U'9 _,\,.,It,,,~.· v ... ·( .• '" .,~. c lA, .: ..... ~; ...... f)-.! ,.n _.! 0 .. 2. DI1E- (j fl ... ! .!·.I, 

rn:J.l'i: of courss, is fonr.d on!..v en e-C~"j::-m")l.~·>.!.:(,,, 'j'h!') fj~;:lunch :if:! t.38tleed by -th0 
r~I:f,(!;i.a~. churacter contY'ol 10€lC ,yi:' t.h,;: '>.p<:.C' tc~p8 clt.b::::/~~t.':!'''i, l;u1d C2Uf.l00 eix 1-1)i'~:', 

to 'bra eent to the n .... z·sgistor.. l,<:n':it~, :1.':' n.f'; :i.rr;,'pl'h:,fj'1 ~ir.;,Ge i;r~0 )2r:;. ty choclcins 
h)8~.O is dj.sah1ed., Onlyw1th f~-c~vr·r:;cjl -t."r::; (~:'n ;'.U OCL;CJ. 77 h0 fH.H'.t to the 
';::~l':':;iZ;;.::,tf3I· ], n ·tho nor-mal it!(.<l,,]: 

,;.-:' ~-, ~·:·S 
,. , 
~~~_Gn. C01VC: Ctnl;f LP1;C'C~:Gi; l:<rl'~~:"'" ';', "tr:L' 

':~',t,~ ~":(j." .~:~ pE~X·~.ty btt i~? p:cc:!~cr:.~;";; .j~'~ ,t' 

\: ~::.':"'~l XGd.d_l r::\~ of paper taF~ 1~··~ j.l 

(;·:)r'.~,;::~nni:1g flO\7 of i~rforC;(i-ti(;n Y~~' 

J,,::j t~;:c~tl~;u:d" 1its{1 e,:,:\ Oll ~t i~.·t-;:1 ~1 ~cs:'":~\~!c\ 

~: t"J.~; ior~,~ fJ..'ll6 ti [~inb' of tl1.G :':} GO:' 

:.,/)10 of the tat~3 ;3.0 fol1oWG: 

E~aoh tiUJ9\;h~ light SDl~~"r>,j of t;e 
a ~prc,ck:et ho101 j:t t:r·i~{";11':J "~"';" 
fl""s'lr.;-S 0;', the tape tr; 't:le '\T:.~Y.'''/:;;' 

t"'.··.; 
Io'·,,;, 

, ~~, ~};':"l n{~~ <. f "~:.1:i~ ~ 'CJiJr't i:) ~::-~ of t e~, 'Cr[. 

:~ :(:.'· .. ~;/;~c;!·,cr,·t.·:,'(~t ~:.-\ 7,...., 2f:.d [}· ... C-b~ .. Cl1Cl 

-~ ': l";:i:~· . -;:z';.'::"'\ (l~j:'i\.?::r~>i'J:·j_Y:.t·~e br:f~ {~:~.:.\'~ 

'!'1. :', :.:,.\.~::l,".·::-C1. r~;)~~~t::3 pC'1S'''J'S:'~ '~l:c~ :t'J; 
,'< c" :L.; (;::L·,,: .... .:..''(lecl b~r tJ".e f':proG:·_~::~,·j,; 

('\~:~.C·:~l· 'l.et(lc'ij2 the l('.)o,d.itli: edgG 
-''-~.i:.:'.:;_ ;l!-" ryt i,rl(x.er~tj~cn_ ·f;"'C.~i! ti1~1t 

of 

:':1~.;J,~~.8 t-~.~;.t "'G~e r:!'Cg:{,.,~!1j :i.l!.:St ~.-:>,~t ?"[.. .. 7.'Jn~iF:t~.-.,:r :inj:">J}\~ tJ~-0 ]. ::; !'J; d. ~"~ r~~~~' 

? 

o~ir3·r,: of: t~.(~ J,&~:C~~ B~j:t1c;ck,t~.: r~::: :.,1'::'; ~_:~ ,.t~ ~-.~~~l(;,t:.-.:(' 1:::? ~:L.7 :"\C~~·~\.107:t.,; 

c:~:;.ti«1 ir. 'tt;·1j(~ ... J. (:j::,:''."Y~?J"t~!'::-~' ~o" ~/(':~' ~-,''', t ,. 'j' +' II O'/"f<i.:\\}r·,:"j' 1..~;:-.. 

~.; ~~ ~::. n :~'1~::,:.D_:i n-t~~ 

:-":. ~"T.C::;t::C()I·,(: G 

~,-.;~<. lr"":.:'~~~:i~:-::<Jr ":'. ,~~ :>~; c\:r_:~::-: 

::~i: i:-:'.i~] :.,Y :,oP.'~1n':] ,-.~:J .:: [:'" 

. , 
• ,.,'''''',-j ... ' .. 

"" ,to., 

.-: .. t r'1 i" (} ~~i) 
~:r-cvl')'H; 

.' . .; ~ 

'------------------ ----



" 

(1 

t" 

~.~ r;), .• ol,ld 00 noted. that the c;pl"o<::k:;'c L::.~.~ "~.:, (:',.'~;<~~!: F... 1'6ulj' C~H·~~ .. :H·:!.t)n !:ld.i :.~ 

;·'3.U'O~; caU(le a. return of t.ho !{-1'C~r;.C·~3:- 'to .;! n(lt""'r-oa& cord:''t :iun" Ii Z(,i.i't H 
:.w.&. A Right (SHA) irlst:~'u(ltiotl ls i:eqtli!")i\. tr; ;;~the N-'ragietor 1.;0 oec():ne n~;1:. 
:::c~.o,y. Thi.e SNA inBtrlt~:tion chould be e:~v&n ·:~o £!Icon ;'3,,, the N-l'e~-;iatG!, becoclCs 
)~~';3l',,"<j 0 Wter! th:!.s 3.0 dorK~. tb,e!'G t::i.ll bo;' ['10 1~-r0eist.el' cve:rla~.. C(~.ro should 00 
~.,~;.i:C:1 after the eh:1.:ft '1.;0 ~. i~J) t ~,r;'J p}:,(.:OOflfl~ r:,: lcops (8lAch ae Che.l'&cter va1 io.i:ty. 
a.:ld pe.rity CIlGcks) to lcf.:.\~ +,bB.n ·:'l~ tl.ll0'1':.~:;.e 1. ).r;.e ir.t,:y!'vo.L The Ii?'!' ioot •. :-uct):;·,; 
;~;).81; be given to atop pf.pel' tI'j9f.>r:lCY8;'-<:O·;~. 

:,:;:-,:;.~iif~Y r)lt frc~~ tape 1.'c t;J.~ ~f-:\"\···<.:'~i~·· ~:tt:;"·~ 

i~i.f\!:::'.\; ... t'i. on i~ then t ::-:·J'ln.\n'!'f:o. :::.':;;) thi'~ 
i;~:' ?-r:-..r tn~tr:~"ctit.~.~ ~ .. I.1.2.t·i8.ton tt~.c :t·e.~j.6~.n.~::. 
;;-~~\:.:·{:::..,-~ .. d~~::r t:) tLi/;S .~l-;;~t~e;ts'tc::r. "by ?.~ f·,l:"'r 
~l ~ t (\ 1"~~J ~ .. !1jn..\1r~j.£~·!r pIS' t~",?9tl out n:r' i ~.n~~~'l"~~'!:: ~ 

~~:~h~ I~~-· to .. ~-!2rjift i~l £:(.:1; !::2:C(~;,""~,~' '1~.:--. r;I::.:J:! 7·e!.:".:~2.:~'::) !}.!.t r:OB1·tit)\1~ of "~~ Clif.l'·2..Ct~;)l" (:l~ 

~::: .. ::.;,(::,:,: tHP~ n:..e..o '.lnrs.l:-1.tl{sO~J. ,r .. ~{;n 4~.h.~ (~:':.,:. ·F.·;.C-~,~7.' .l.;::. ~.'~r .... (~ fl~c-;.n tupc t() t1"3 I:"'r~g:~ r:;t~:.~:"~ 

:··.r.'5. ~;t·.:t?ted in'to th,*, ,~·~-~·?'J::~iF:i~nt· .. '~';:.""\ in.f\:":"': ';;:;_:)n ',j,n tttt';) .:\-I\Dg:i.~-lt~(::;:e 113 :;'tc:L"eC!_ b2~ 

;;~:~ ~:rP.:~t in~tr~"tction. af.l~r::·t or::~j t';-l~", ~ ~':'. ~:.r.G·f~·~." ...... ~.~~~':~~' i ... ::\},-'le O!lL~.1."8.C~~1lT.;~' are t:r:J.n~fc:r!~{)(l 

:~~:::-::-4~ ~l tc A, d£jr')l'1~li.~1.:~; l.A;)011 .1~~:~'.::: .'=-'ic .... (·::.\~";~~1~~r·4( .. r-·j,<~<i .. ~l) o,~ r~~~aFl('rd'" h'G.r~J_ :t'CI'fif~.:t., If 
';";:" .. .) ~:r~.j l~jG :fro';::J ·~;.::.o !~-:f~;~Si':;:i:(~r" tr' ) ..... '.; j\--:",~~'.?': ',"q; .;~~~. !'.tr·(! ~l::-C::tfOr:E'3d. i.~~ ~;.i~,:. no:r-Cl·:i.}. ~i"l(;:lf 

en th~ceo ollcceecivt) i..l.:1pe~7 ":~r""Vfl (~;.l::':~"··::::: :~o:~··~; >;',' '.~.t;"~~ "l ~ f;IL~ 6, a.t.l~l 3NA ,s'=, Qr s.n ~:,11J~ ~ 
~:~.:."t:"vi.:!C !; j~ulsa fo llo'ified 11J ' an S11t. 1 ~ J ... "t~; \/r:;.>' ~. "'Ii' '-:.:' rl"O:~;:l 6-, 7--, or e ... (;!~U [,[if)!. '{~npc 
\'C uld be thE: follm'liOJ' 

S 1 2-----·)7 8----··+1.} ~.1--·---)·i9 

'l.AlfCj~'l·~ion oarmot b:! t:;:·:u),~f"'l'r~a. ~ (:tr,;r the m gn. p'O::~i t7.0n of the !:.-l'eGiater by Ut'O 

':i:( :~r. ::;NA instr.lc·Gici11,· U.r.lc8f.J 'tr.~ },.···~ ... "·i~h~.: .... :r· vi.::e clet:l,z\3c1 bofo:r'/S itn uae, the sign 
~:"~:)1·.j.r.\r; unchnngc{l fl:'Oj\j :)-1;0 pr~:;vlC'~;'~ iJ~a.. '~:jL,An t~u~oe pal')e~~ tgpe chD.~fi.cters a.re 
pt,:,,:U,; iOfi:1d Hl 1.(2-'19) ~o i 11 m:j'~r';d;e'-~~~ :~!. lC'~'L'(" <"lV.t;(::ic;:t:i c:,tl.ly ent(:1'e 'tn:~; pOGl. tion 1 
,-·t tho time c.f thEl l~d::d; r::;u.ft. '!'hc '.f'o7:t:c;'; of ~! "i.,:t'r] v-i;ier. h:'l.G onl.,v one po:p.;;:r t{X?O 

c;:,::'t:...--acto.[~ io 1:lOr);' c.ft;r,fJ ·::;,l folIo':;';;: (1:;':'1 :::;:<u:;;~':;.;,;;:;., ";;llr,) n ·t:l ti::'i3 A :'O{i;'lf;ltor in ti!.:~s 
~~:':.SQ ~s SW! 19)" 

S 1 13 14 '19 
r--;-----·-·-·-----.. ···,-lJ.la:-.16 I x 10 __________ 0 L~har;cter 

'·~)nce j.t'rfoI'mat.icn t:re.alf~Z' frol.:ll 
t~;·~} r.~o.1e level used, eoo:1. tspc 
.' ,.,... "~.-'\~' -. t~, l~ n t .1 f, .,~(.",\~". :"'J ~,-,.J. S C \.'~1 ..... jl.~ J. cf!. .a.a..- ·Cv. "\ ,., /I •.•.• ,;; '.,J 

P~'llr.:r. tal,)0 -::(, tba N-rcgistel' di ffe:rr:; ~.~cord:Lng to 
fO·ZIT!.: .. t is (?,":7(':('1-ix:{, ,'1i."..d. illu:,~t::"<'ttHa £:cd it~ !3p.::r:i",;l 
-"'('''' ~.-',-"" . .,,' , ...... "··'~·l·!r.';"", "S8"'··"b",il <:I"",..,.,!.r·/-'·l'·) .... J,J. ~ J"\d ....... I.. ." \,'.:,., \w~¥ J.. .'_.10 .,..~") V~;'~.l..J.. ,L. \;,: ... '-,<Jt'" . .:.. .•• ~...., ~,~; ,.; (J 
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( . 
c:\v';m in Pigil:te l ~ 

2.: 'l·h~.H'a 8.:1"e no 111(ae~,J. c,.od(~ G;_~"[bj iY: ':~:. ':::"'(', 

~'" Six zeros aI'S ra·~,l J .. nt.o t".'·~0. ~J-'\.;~~~',:r:; n"~,:~~i" ':,:~'i(:n ~. p:~_~tvi)~:·.:rt L(:l-~-.: ni' ~ 
1eadc:r or tr!;l. il"n' tfl :;;€rJ::;r~il. 

if, '!'hcro i.~ nT· l,.sri1.y c.."I~;I!')::'~~ 
). Ther<:) 1~ rio GG19te Cf;;,:;.,,, •. 

6 t· ~r.b.r; highe~r~; r:nmU:31" 1.-('t~1~ cr.s c'~.!~~;. 

r··-·.---------------- --'1 
I 
I 
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I 
! 
1 
! 
j 
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I 
! 

l)~~1!or 

1':398 "l 
I 
\, 
! , 
i 
I 

) I 
j 

I 
~ $,'~.- f:() ,; j 

t 'i."; '-::.,;. "', ': ,~ 

,. " __ .' .. , ___ .. J. -C .K:;j:,'!l.;;; '1.: ':.!: "'~-,i 
F' ~~ {;u,:rc !.. -. 

--., --.. '--~.-.. ~ .. ,,-~ .... -- ..... -------.. ,--~--... -,,-,- ....... --------..-..... ~-.-
I{n:~i,{~_i ~"',:.' z:r· .. i._.·.~\·-·",l t'·F-'·~t?::,.· ~.:.;~!.~.:.:: 

1· In T~~,O._l[}.:g 7-1 Et'vel CO~J: ~ t', t~:.\O i' :':'X';'" ~<t ·,'~}~~(~.fl ~ ;·:J~~,::;.nr~(_: t f},"i'~ of tii(~~ p~lpC'r 
t~t ~~:.c j.G fl01i l:(-ji~i.d 1 n~;;() tj:tU l1-:::0~~_~:, =' -«:\~".. I:h!:~ r·T'JGDnr.:e c':~ ;:,\.1~·r:;~r- (':~~ (;1."" tho 
pa!-:~~-t3 fJ:1."t (p) :L!:) G·\~~Ge8, t;;·;- ·(~11'J c:nrr~'I'·'::l JO['~:i.fi ~r'.~:~-i~::::.cut /~cqtj.:1.l'\ini?; tl:~ 
itrrGr:aLti'J!! :f::'~·Jr;l (~ht~L1.U;~:.} ;; ~n t:'· ».\.;-::r)~·:c::"i:,:!:;~-~:I·, In:C·':.·:r. ... i·~ . .... ,,'LC,C ~rJ..o-J :f,'·.l.'Ct-:~ 
pe-:~~'3:r:' tapa ~~0 tI"1E: s;~:z: p'.~\~' ~:,:1 r)[,".: 

Fj,gm'c )0 

~\:"''':r>:;.~~),s t-:]A" b (:~ J.lll ~,~:r, .. )C 

i~. -. T~'/1:::3r1. ;:';,i,l ~";OV€~f\ (~b;: r;~.;.:.~J I? ~',~::", r,t',n(~'<~:':~ t' .. f~:v~:!:1(' 0.'. ~~ .. ,.~. "');::::':' tft:>:-:' v t\~:~ 
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H, 

)- rr'i:.l;.. h;.gfLeat numbeI't"/hicb. can be rea..'!, in the nomoJ. mode in octal '76'0 
E. Fio?;uro 5 illust:r'6.tea the m?I1C('.r il1 ,::rl.;ich il1foruation :is :::-ead from 

p.'l per tc.pe i ntcl th.e 11-~l'E;g:lRt<'Jr ,:111(~, 8o.iftorl fl'Ol~l th~: l~-r€'E'iatf-)j~ to the 
ll-raglster·, 

Paper 
'l'a.pe 

l 
j 

l 

1., \,iith :('c',': o},:cGptione~ 8-lc'Ysl ,~,,:/,(' ,~ '~'~~l,O, :'.U the !::\e~e 'fie.,'" 't-h2,t 7-1(',V('"1 

2, 

'" J ..... 

(;(\1:113 ie re2.rl.. Chc~nnsl 5 >t~. '.'-!. I:.:: ;} .• ~ n~ t~··(~) p:.i.ri·t~T ;~i.t. 1.'hc ·t~"f.'t~·(=;:f~z· 

of' i!:.fol't1!ltiMl j,n the nCJ:",:\b~!, ,f :':,",: 'r,': L:;: c("rr.l) ",0 j.;,> ;1) ,~C't'!';:d;ccJ in 
Fi,S',:o.!'e 5 1r~li '!in one e~:c;;;;:t :,"';:. 1.';,,:,~ :,' ,;:::,yl.j on >,8 t.he r1paei61 chr.:.,l'~~ct\"l!' 

ocontrol whinh O~:djCeS a halo i.:::'~:-:'!i·';(!':"jLl ) ~1 d:.;wrz:l e:,nd call~Hm cix 
1~bit.e to 'bo ploc~d in t;~,C' N~2'S'T;'~:".,:~:··. '£i'::?'),I',~ 6 illi.lnt]~2.~ectln~ 
~:lacial chn:"'~cter t:t.'~nG:!.',):;:·. 
CMract9!'. 
11.11 cod,c comb:i 01J,ti0t1fl wh:;.cv. c:c%'.t:~:.,n <:~!. c-:lh9,nnf'1 ~"'1Jndl plcl1 ;:':,1'1;;' ot.hcj' 
011.9.n001 p\~ln.ch aI'13 Ci)r.'ts:t~~~(·:,\:.8. ir~\ ... ~.:.1 ~~ .. J"'I :[r~1!~;.I:ltt o QC .. :1L· ftl"~ ~~o;; ·t'l"Ht;ir::::J:l .. f::~,~r:·(. 
-c c) tho l'!-r egi r:; t 51' ., 

'£h") pap.:'lr tfl.~)e ~~ead'Ln: i3'~~:O~"2'C; t'::n J.e!:~de!' ~\:l'i h'<;.il2,:i:' ond!?'; of tbn 1.;;''113'" 

.Ii f:r..~!nt? of par:.e~? ta~3 ba~~ .. ~'~r~, c:-nlJ ;1 :.)·~: . .i:~!.t~l -J~·}t:.nclt :tc! re~d itlijt'; ·t,}·i.O 
N-::,'eg:ist~l' 1:10 all Z0ro~" 
'l'inon 011 SoE;V'sn oAaLH1el::;::.!·c :')-..a;,e: .. ,j ~i,. a frs.ms of !Ji.:i't'::r.- ~'.:;.)r~: no 
i f'l'toma ti c' w. i-::. B-3 n.t t 0 tt!~:; 1\I-- .. ·:::~):·~;'~ -:J ::C:"::'" \..It''xi ng ':;r!C n\~:rl1.!.t"',1 ;:~~:,Ic of· 11(:::.:~(J:£. tJ~;, 

Thie; a11-1"r; cOl'l.fi[:lU'c,tic'n on ~;n)C, :V3 u.s('!(l .':',s e. deJ..3':~ c·xl~, 

'.£Ih'3 i~ighget r.u:J'ber",hiciJ nan b:' :C:~~'i.~, t~~ :.tie 1~.m.'~E'-2 mo(ie is C(ltlll T(' 

.i.\~r~.r!g a p;?fCr t"i.;?0 pUf)ohir(~ ope:O:·('-ct:!.':',n, chc:ruci;':3:t'B rmtrrt, firfjt. be pO:Jii:ii;;f:;.)Q iii 
~!.:c A-1'fJgiete:;."J ~ Or!,~ o.t1ay'l.~,otor f~t ::l ti~l)C i~~, ':;j}t". tl?:f~~<t·l'<!e" :f:'''lj.t:i tbc i\-'f,_-egi ntt.:;II '-L () 
t'l;) :; .... l'Og:tf3to;c· 1~,J' 1'11',; ~1AiI j.,nr:<1.;r'lci'i,ot: 2,t}:1 fz::r: (l'iS lr··;rcg:bte:l.' to P'-1.P'~:'" i.£l'l'-S 1;;/ ~~ 

~IJ:·i.~ ~ .. l:;~'t!'uet j~CtJ ~ '.'1i t1·t. erf .. /:=J (:.1)-:(:.f):~,t~,·:.:' !): "~:}!i' TO) ~:;. t:L ~/e bl't ')G\-?i tt('~l~ of !:: cha~~~e';;e,r 
', ..• '1 +)',~":", .~,-r~.r,,~,,',',", "',,' ~', :,'.'~"," ,~..." ',',','''.,', ',,', ~,~(.,l,'. ?". ',1, \_::(.",(,.~, "",'~,I,,;, ,':, ", .. ,,', :."',1 ,-.• .',',' ',,', ,-', "(,',:.. .-,-;'f:!" •• J,.-., ~ .. ' .~.' ,·'r'·' "", .. , -- rl ..," "",-_, ,J t.....·, " ~ -~ ~~ ~~ - - - ~ . - ..,. I. ... r ' • _ '<I'. ':.' ! .. ~ ..... ;...~.:..~.... • . .!. .•• };"" ( • ..:1!:~ ,H -·~:'G~i\ ~:"~. ,r:.l' 
.. 
" 
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. '"t.. )p~;Jicn is t.h.!l- t . r:1 ~:'a~'~:i"tl,"'~ 1;],1, 'tr; :~':i5.i-.!1 ;~lr_~ n',,:c.:;v;r.::s.:ey t{) CL.~U5e (-~r. Gt:O l··EJ.~t'\('::l" of 
;"i,(:j"'W '11b.3n infonilEd·j :.;r.. :c:cb.'.:; t'c:Arre<J .t':t.r·n~::t; :l"··:cef~LJ~.:€lj.' i,n 7- r.:rJl v-level 

:.Pb.o ~i6r. bl t if'! the 11.-regist<9r <ic'?;s not. 2r.ift .. E:<i dose not. ohangG 2.S oharc.cto:::rJ 
:. .. ;:.\~ !:,ld.i'ted ou.t of 1\. V':'ioa,~.;ed. pO['i tioEB ii, li ~:.":'(: fiU-s.(l w:i.-th O-bits if the sj;:,·. 
:(.0 pOGitlve and 1:t'Hh i-bits il' th,; e:i.gn i~j u~~;Gti"·",. If' the A-r€e;i<lter cont;).i.m.; 
UJ:C00 cha.racters right-ju.sti1'lC(!.," nC1!'~,nl :':lo::ie ~~~ •. c.L~!'(,:r tG i.he N-l'1·:g:i,.otor i8 HI 

th.G follow1r.g orders 

;'~'l1Juming that the dgn ia POi-IJ.'tl'le 2id 1;1,.) ·0i./; :-.n pOBi'~iol'l 1 ~.~ un::r.o';it1} the 
~~-rogiAte1' ehcrr't"o above \~~oulci conta.ii'~ the fol~~c'f\'iri~ cOl1 .. fig-!..1I'c:t.:ion a.fter an 5;3.:-; 6 
:i,l'l;;tl'LlCt1on.z 

S 1 ., -. ". ~ 
.1 "I •• : j9 

Yotil.1o that the 'bit orizir..all~l in }.:'(;9i;:;i·)c 1 :;~'c';),~ir.z unc,llacA,':;cd 3G itj shifts. 
Since in.f'o:mwUof.i transfer d:.ff8i's [.oco1'6i n,.:; t:. the code If}v~l UG c:l:i , eacl! 'ii:~rX) 
to:t:'t:l.::d: is dcscl':i.bed and illl'.n;,},:,,?-.ted S0~)~;J';:-;,~~~Li: (;:;xc!":pi; f:)~ )-le'101 code, whier. 

::.r; d 6(3 crt oed oep£l!'8 tcly) ~ 

Iii 6-1evel oode pv.nohitit~~ 

2, The pap~r tape punch i's31s tare t(~ c:~c'o~'.i:;e a leadoI' or g trailer 
(s!,)rocket hole only) v;hen t.ile, !:'-rDgiGtal' c.cnta it;n 111111., 

3, Thsl'e if! no parity Ch0Ck. 

( .. ~ TheI'fj is no delete cC.ido" 

;' Tn:;) highost rmr,,'bc'l' v.ibich c:J.n be p:ulch(:ld is cC',ial 76, 
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, I f_. _____ ,_. __ ~. ____ ,_. ___ . _______ . _____ ._._._. __ . __ . __ ... ____ ..... ______ .... __ ... ___ 1 

FiSl1.r~; 6 - :P·En(-::~.\:i.!·\.~ 6-·L~,.:\.··:·<1. t).s..:;:~·!~" 't!t·.i':;~ 

~'f Th3 nor:rr:~l lno~:'c of punctit!& e:l',},!)C':;:' !.l P,::1.·'i1;.~1' puncll t{· b·(1 flddcd in 
chn'1nel 5 (.net> iiiID3 a Fdi .. :Lt;'f C};OC:' .. r;;·I.(~V!S that tho :n-re~;ist<;:c cor.ti\.L;~l 
cn 9v·€·n tlD.cbaX' of 'J-bitG. ~:·~·l.if~ ~·~-:~.'\~":8 th.e totD,l ntUnbe1' (:i'." h.\)len i~.l a 
;)~lper t~:l~e f!·c:.f':1c od(l·.. 't::G t:~~::':1 "~.~i n}·,.')nu.~l :5 f'or p~.l:r:it.y i:).T·':··'!.7c=:rr{·,s ito 
P.f:,a for d;3.--t;l~ ed:u~i n2: c::,.t~ r1n:;I ( <. \\ ,x"t;(!:)i"\I-a ·~l.:~:ta fr{'j~r~ 1~? ::.tad Gi'!.b.n rt21 'I 

~:.1.~ ri;'~~) ~l,af1.3,t~.r.kai;:;~cn of 1"'1!'11~ 'i{:. t;:.t:':' ;,'~~*:-·,=·.g':l.::rt~.:)·.C' n:,~J.t:)~~"Jtl 0 1~:,D.d':.·.I~ ~)J.~ r 

'i.::"':l:i.13X' (~p:'(~d,_ct hoh; :'"';1;::;) ~.(' ',:)." ",LInr;c,'Gl.' .. 

5~· F'igo.ro 1 illustra.t8~ tl"J.:' 7n~;:.nnt?~ J.f1 ~Jh:;..ch :~~~f'O!\·ilD.ti.on if] ehit·t~jd. f.rcc~ 
17·1'1a ,,~.-~:r egic~ tel'" to tlJ~) 1~"~'r·.:3i;i~rt.;;:;:r.' :., r.~c1 DI,ll:Cl' .• ec1 j. n P;~}.~"'r8r t~l~?;:.~ 

1* WHh f~w; exceptio"",;, E'-:i..!]',r·:-l v;!3c .iF! pu{.ch,,·ct in the '-'IiH:'!8 way t,}nt 
i' ...... l~vo: cod.o :i.r: ~)",tr.·.C}~"'::t1.. ;}}~~·.I;? r·:~:J")'\t;." 'hi'~' i!~l r~.lr"~~b:':d. irl tl~,:'"tclnel 5" 
~rran(lf6'r 0~:' ~~~:.':i:'(L,:'"':~,,, .. ~ ~ . .:~ ~)rl. ~ t"~ ... ·~L(,· L(".;::: t:,·.~:_.1. i".!c;,-i:) ~.8 t !'h':' :"1(-,: .j~ ,;.+6 ic } J 1'~!"d:~c: .. '.ttH.~ 
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cODaistinz of 1-bi ts (i 1 ~ 111) sen'i; to the N-ragister is punched as 
a Qhs.oi.101 8 punoh orJ.y. Figure 8 illustrates this spe!:::i.al oharacter 
i;:r~nsfer. Ho pr-'lrity 1::i t. i6 involued in the tra.nsfer, 

2" A zero is punched 111 the normal mode aa a parity punch only. 

3~ The higheAt number wh:i ch can be punched in the normal modo is a 
£lingle punch in channel 8 which ~g octal 100" 

4., It is not pO!'lsible t.o program tbe putl(:h:i.~ of e lee.dar or a. trailer 
(sprocket hole only). 

A-Reg. 

- I 'transferred I 
IE- Chara(.r~sr-~ 

S 1 (: 345 678 910111213141516171819 

& Ix I" I x [ ddilil x L:iliiliJ."l,,-O 10 10 11 LiID] 
I ---~-.-- . - -

I 123456 L..r 1 [El§l1 Q Jj] 

I ~fugi.".r lIl\li 
l I: Q o,Q Q @ I 

Paper il~-' 6 5 45?> Z. I 1 
Tape 

1l'ranSlerreClI 
k-Ch;Aracter4j 

5 12 3 4 5 6 18 9 10.'11213-;41516171819 

SAN 6 

l 
~WPr 
I 
) J 

0!Ix§xl" [~J"]~1iIi1il!~~'111~ i , 
.--_______ ' ____ -_____ "- - >SA1~ 

N-Ragietel" 

Papar Tape S 7 

! 
) 

1 wn 

J 
1--------__ ----.------------+- ______________ ~. __________ ~ 

Figure 8 - Sp0cial Cb.a:ract'3x' PUi:lchi~'g 3-Ll'JVol Code 
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is ')-c.h.:,I,~ir,sl. pa.p~n· tt:· p~ co-1o is;;1~8 £h'J,~'~;st~'~' (If the !;Ia.pe!' tr:.~):~ codes ooc!luee 
:"',:.~" ~lnc!~.!"..:d. c!un.'~ lt~~~.l1.";3ti~-;fl ;~-i~;~;" 11::(V'':: -t.,,'/f) (,i~··~~~J).'(~'!'t·li mt3Gr~::..n.~·~·p, d';;::Jor,dtng llPOfl 

.... ··· .. ·r\.~,~· 1~'1t::, Inbr:~:t;j n€~ h~:s t'~~en eL:L::t(":d irr~:; ~.:.):_":oEr ca.n~ or lrrNf:):~~ case ()y a 
'.~:~~i (~~" C,,;C~(,: rx\~ d.{::~-1~~S~:.:!· ~,>~ t~~!pE;l~ r)"j 1(.,~;t:'<,.) C:."~~CG t,r. :.~. r,J~·Cf.:;ran!~ tho ;.>ro:~Tarr:J.1Cr 

';, '. "~:' ~i~~:~> r,"'i,~~\~~'!'( ~;~~~;'r; j~ri'~;~ (:~~:~~'~~n::~~ ~,:~,,~:~,:;~;;~~~~~:~,:,~ ~~~~r2~s:~hl~'~;e the 
,.<~ C'-' 'A f ' (l~·. tif~(r:Q.·) "~r-r, o. :-1:1.ift: .. ~.:; i)::: ;::8.:- --,~·~·:r·,~ ·-~".r~<~ n\-~ t,~"j.:3·:; e're::·.j' chal'~n{~te:r. 

·Il':.}\.:-~··Li~. t:_~{~ ~,l;ifi: it:. ':~';:)':::l' Ccl~C: n.r.-::~.l ~:: }\ . .-,.:?:';~ (:[;~e0 nbl.l't i.8 i~·:ivon I,il-"\~·~1j~~;(:;:. 

.:~\t~'i~lr; :'{i,)J..ltl';·;:tLi5 .lv;:··~-::_ .. r)a~?Jc; 8k~~:'..<-'..i.· :.~_. ·~_'···i(;) .. t c;:;,e':~ Li.a~i..l til~ UPP(!l- case ~h:tf'~~ 

~ .. ': v~ .-. . f'i:ai 1. J.r\~~· t (: -i~t(.) th,~ shifte ~":; .. t i~; .. c ";:-j: OPPl1J t:;'r·~ C'~:.'.ur:S13 er!~0:Cf1 in t.h.c 
,.:"I'-,,~; '" .:::4:.~,~,;n of -thE' d::;.+'·"{ :}\!rl;:.~be6.. 07: !"'2?~~_ 

'e',:("le ",' :19E)(~, h,~' t::,,('\ UnivG:.·£i~;~r ;).1:' '~L1sc'r.r;J.·:·nd, Comprt'?!' C-s:rrc,re is shQwn i,n 
'! 'cL'c'i) 1\11 the nj,git;;"; u.nd 'i::,( ';:::::;d ,;} d;2,::,~cter'n +~ - Qnd. " ha ..... 0 an odd. 

,L";,.:)(;o: (;, on~-bit6 jn the !>::'9:t"O<:-0!'lt",tj'JO]r! :;";';;::'1' to <;l.id. CllCckil'1g by PJ.'og:-'c'!!l 
:1' nll.'n:':'l.C (date) ~npnt, 'H::rr0 l::' U0 pr:"j:;;,; c>'~o~r:u1,~ I)n 5-ci:c:>;;{j'i:d to.pO. 

,:',,:;:o:tj'.l:"·~iou j.n ;(l'S'{':Gl'~'i in ·c·:;'; i]U:-:,\'" 5-("']';'i11D:::l tnpo in tli,S 5-chv.!30·,,1 
C(iJ,. 't};:::re liJu,nt 0'3 a c~d.>t'l (::)I1'ra.rs>;ll, }':.s;l.1:n·:t) ci)t';,i:?j,rl~ tLo output nod.s ';;hic:h 

',';',3;]("",(3 in oct8,l tbe ir.rf'O:rm~it;i()r, ;:~;jnh ~!.:1_'8·( le in t!:e 1+-:co?gi8tsl" :.r, bine.x':i GO 
·~:.n(:h t!'1C Gp\>oif'isd o!J:e~x·.J.~t.Br. :\~.j:{) 5~oJ.J.(J=.:>"ir:\c: {_:· ... <z~:;·qlo illt~8tr;!.t,c3 tl1C uec Gf too 

,;"l.1'T '10" 

.J.; ,(.1),1; i en; 

If ti1e nun::eral .3 in ':;0 11(;' ptU1C!lSd on 5-ch9.tmel tape, what 
configuratton !!:ust b,:! r,,:"c'::; tt) tho lJ-J:'2:isister to !:lunch th-J 

ThG i'il'et colt1l,~~ f01 ]:)'.';r:2' C' .... l,'"e cod.e!" in :fi!5'i':;:c 10 cont,-,ins 
-Ghe E1V)l1i)GX' 3'i- ,Jpj:.I:.."s::.to ':~:i.r.-. 3 .it~ ttl.s r~:3::.::t '.:'.011)1[0 t~· '1;}:.0 !'i(:b"'~ 

is the octal X'eprGfsi:;tl't2.-I,;::.':in lor t,l"!e :JCD €wmory (:oae for 3, 
Thia in 03~ which 7·epl·E:8e;'~i.J ~:.1Jil1ary 000011 in m8il~or<v,; In 
thE, Zl::,xt wlumn to tb"., :d.{-s';.,~: i.::; the oc-l;al I'Gpros09r.btlon ~'or 
the 5··19'-'01 cod(:> ',PhiCl COOG is 23, which l'ep1'I3Setlts 1001'i i. [, 
the N-rcgiote:::-. It ini..!Et, 'be !'omcmbel'cd '~hRt ol"_ly li2 tiu~on€h j:5 
:;:r~e uso::;d. In Ql'd~J' ·~o ~mr.(h 03 f t1;e ;~:2mo:c,j' confibU!'ation 
000011 tL\.10t 'be c~t1"er't~a tCl 1CU~1 p.'ior 1;0 ::h3!:dill.€:. it to thrs 
lI-J."ct:~ir;t~n', i:lr/i ':'b'~ :rc,:?,v:i.cu::; ~)!::lft clwl'act0r maRt hc:\ve beef) 
;:, figlU'D t;hif'i;, ~;~'\iF c<: r;\'v,x'si.c;n :is Ilorrr~s.lly J.ooob~" the 
:c()~),t i r:c "Jpr. 
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Ii' inXol.TIl3.ti(Jrj :CrotH 5-c:1.!i'Hmel tcipe is to DE: ur;ed in fil0mOr;:l along viith othar 
t.::.~o:r.y infol'mation (inf{.;r;mid;ior. not road. from paper ta.pe), '!;ap? inf'ol'ma:tion 
mmt be converted -t,,) tl:e configu:?.';J,tio!'l of meL'lo::,,~y BCD charactel'!i1~ Likewise, if 
inf'ol'!fM:t Uon frum 5-c:nanr,~jl t."lpe i~~ to be useu in scrr..e c~.iher form of' output, 
for e:mmple &8 pri nt'3d cutput, it ,uust :::.160 be in t;:10 Gonfiguratlon of msmory 
BCD cht::.ractel'~< F;~.gul'B 10 list!" ~t.e code!:.! up"d ':lhen l'endirl£{ tape~ 

Prob10JU i'ihen tho la·tt:,;;:' S 1:'1 1'0~d f"('0m p.;;pc!' ta.p.:: jrrto "i:emo:rh. ,';-lll'!.t 
r',ust th8 (1;(;;[,,0)::')1 c~::fi(.;l~:';;:',t'LOYI t~ to t?.rir~t the let,tE'!' S or. 
the ::.l~J.:-~·t'oed ~;Y·~ofJ·te:t.·:? 

Solution< It b 'n,rat Geer Z7'()1" F:c~:~.F~· 10 tiha. t 'the let~;er S i;~ in the 
Hl'Cli:;te:;:' (~}:·!.fi;:1 !':,:J,t ~l'i' (:!tr-, -0;,)':).8 and ;uust hav'J b09n pl'Gceded 

i.W 11 lettc:i' nit:';. r'~, '.:h~,:tJ.d)T _ 'rho fOU.Tth column of the table 
{:<bo;,19 tb~t:1t i;:-lr~ c~.:.·>.:,~~J .~'q::t):r"):!~}:,!(:.:·."b:LQn o.f tho ls'ttE;1' .3 (oppcsit.o 
S 5[1 the fb.'f;·t, (:..)',','fH;) ~.c;: 23, (flue iueans th&t 10011 is SEl/it 

1;0 tt.E1 j[-;;e5iB~j(:t" :·'j,~;n t;.\ij l'fJi:tar 2t is li1pc,d. from pn per '~a pe» 
The th.i::d coltU!'r. '.' )'!'.::. ~":i:Jl inrL1.c(.',tcs tbat or.::·;'&l 62 
repl~:;~G'8nt8 -the 6·>:,:~ 1:::~r:""'" Cfl'l;: roqllit'oCl. in memory to rep:':'0nC!~t 
·too :etteI- s. ir·-·, ':.''-'''.')1','' ,:::.:i',~i .. ~tL':'8.tion for the Chj),L'3.ctE~r' mUf3t 
the:rcfOl'EI b8 'I i~;J1U to F'i. t.t the lett~1r EL, Thi~~ convex'sion i8 

(' ~'V' J 1 .. r1 '\ ..... ". .. .... J ~;.', .,., '.f "<:J,'!, 1'~ f~" n.J_It!:J.. ::, • .i. ,ie: ~'" ",._, 1.. •. ( J. ..j .' .• 

DATA fPRMilSF~~H-PUNCUINJ. 

The first step in puc~hing pc:per ts [03 is '10 }<.xdi;,j.Ol1 charac'cerf1 in tho f..-reg:l,ctar~ 
The following Hlu13t:-..'a+'sc the A-'1:'t~{~i:Ji;01'1 ,,~;:i.c:h 112.0 tru'ee charactsl'O rieht~ 
;jn.ntified and labeled ill the Ol'c.e·l~ ic,!;tit:h thD cl~oruct81'~ Inll be punched" 

~'{otico that bit positions 2, 8, t·Jl.6, 1<1 c..;o .. r~s:"n ~ierQI3~ Cba.r<:lctcre are kept In 
G-l:i'b ccr;i'iguration toQ facil:ltll1~B .. ;()rr .... e·i.F; r;~:;) to .BCD memory code or oth;:,r COc1i;G 

\1ttich r8qtlil"G 60i ts per eharo.ete)·. JI_(!tncHy, no ~onfua ion v;-,)uld regul t ~f' 
l-1ii'(;n 'Si':l:ce j_n pon1tioaG 2, 8: und '14 of the J.-x'egil:1tGl'. Information f::.:'oro t~<9SB 
1)':,)~:j.t.ic~u trans t'e:C8 from tho .tl-··regi.c"h~:,· tc th:.: :;:;C"':fcgis'ter -Dut a,oes not tI'<'lr:efer 
:~:r.\)r.J }\l to p".!.per te~" 'i'he 5:i..gn bi~; 'tfi tt,:; ;.-J'o{:iotG1' d()6S !lot !;hift and C,00(~ 
::0''; I.'h~,nge ae oharacte:.ra ~I'O shifiiCd. 0;:;; Gf 1" V2l-catec. pCGl.tione j,u 11 ore fJ.l'lt1<l 
'_,~i.~;h G-b:~te :l.f t}:.$ 8ign i(; ;:oflit:~vc, ~~rt5, with 1~bltO 1.f the oign is nog.'ltivc, Tht"l 

~ ·:\<:.lo,-jjli€ is "ha1i the .!\-:-:'0{!i stt;<::c j:.,~s'~ -j lJtAGtr::-,t~d ;';0111,:1 COrAtl1ir. a:f'teX' the eX':l(;t.r!iioll 
" ) ~ -"-<: {. ::-:. E.L~\:t~ 6 iilst~tH!'C2_[Jn~ pro~,,'~i(~it1;~\; ~·l~~,:' (11(~n C"l'" !~. ':.rao (]e~t:~.r(-:: ~ 
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S 1 2 7 _3-,.:..9--::---__ '13_· r-1,.;.4.',.. _1 ;;.,5 ___ 1...,9 

11J 1 1: ,,1 __ 1~, ~_,1- ~I,; 0 'l.'1l1!'C!, 0' oecond 1 ~t~ 1'1;;.::0:1 I Ch!1ractezl 

:'(': ':;it which "vf'tO \)rigir:Lll1,Y :d:' >()s~"~;i(:"! 1 I's"".Iin;::'l~t:::he;.::,:'"d ",0 it; nhiftB. If 
:'\"0 ;·-l'Ge:i,:", .. ~cr ha:1 be/'m el'3C3.:red ~:c 'l(-!.r;;c.:Jf.-.::_~q ChtC(\:·,c'k:l'£; .!TIre ",hif·ted in'lie it, 

?~,·_:.t ;::~Ej:i;jGll 1 '\7'ould. C{H:tt&.ic. /?. ~~t.xc !-.·'.·:·.:"·\..~:i.)(: t':l'!": ':·"i:ecLt.tot~ of S!;,,),"} C. ~::"r;cl 'biJc pooiti!H'! 
; ·t;'·ut~;.,:: b.c~\f'-8 a zal"C ~£·tG:::' t~~:':, 0··'"(~c· .... ':~.c~·~ "J->\ f1A.~:· ~~". 1J.'l!1~: i;!~;::'('8?e'r of :Ln!"'o1.~I-v!ticn 
;j.':'!:~ ';.;}:~; A-l"Ol:.~iGtel' t~o p\;~t)f~' ~~[i.~Jit1 ~_.'-j.u ::.!';':~ =r..,.~t~~){~li!t€;l" (l:1.l.~lt;.{~ pttt:cttit:,;! 1.3 
UJ,<,"i?';;::::d:ocl in 'l:ii{3'ure i'l. T!.IC -~,j:·.:;Ii'li':-.:.," i;r)c,:):z. l'~-::,~~giot)X' ~,(J :":£Hio ';)3' [~ S:d,ft l~ 

',~.,:,:,t~ }<' ~:'{igl~t 'ir~trur;tior:. ~,:1\~rl.r4t(f£- ···;'t~., ~~,~-,-; .~I;""·~:·e;~~inc:;:,~ -GO p3.rFj:i_l 'tE'.~~~ ie !!:.8,l10 h;~' 

" !';:~':..t(; .Pe.pel' fl'Hp9 :inr.r~l'U(!'r.i.(ln. 
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'rh~ foll<r.(lDS list sum:nm:,izos information which applies especialJ.y to punc-.hiL\<1 
:;-leve1 ra per tape code t 

1. The paper tape punch purr-haa only sprocket holes to oreate a leads!" 
or a trailer when the ~regieter oontaica 000000 at the time WPT i6 
executed. 

2. No parity bit is on paper tape and no parity oheck is made" 

3. Afl3 confi€;uration in N2 - N6 is punched by execution ,of WPl' (there 
are no i nval id codes). 

4. 'rlhe highest nu..~be:r whioh <'<"i.n b9 punchGd is octal 37 .. 

5. A lettef! shift 01' f'igU!'G shift node IT:l.lot be used to different iate 
betw~en upper and lo~er C8Ge oodesv 

DA'11A TRANSJf'ER-READlm 

When five bits of information arc tr~nsferred into the N-regieter from a paper 
tape character, a zero automatically fills the first position of the register. 
Three tape oharaoters oan then be pIa oed in the .~-reg1Bter in the fol1o~ing 
configuration by use of the BUOMOalVG s..'1ift instruotions SNA 7, sm 6, and 
Sl'l.~ 6" Eaoh time, all six bits inclu.dirl(s the zero shift from N.. This n configurd.tion facilitates convel'elOn of 5-blt tape o.odes to 6-bit :BCD oharaotE';rs .. 

n , -' 

The SNA instruction does not shift information irlto the sign POBltion of the 
A-rC3gieter. Unless" the A-register ~:a8 clo!ll'ed to zero before its used, ·the 
sign remains unchanged from' its previous u~o. Tha fo~mat of e. word which hae 
only om paper tepe oharacter plaoed in the A-register by an S!~ 19 instruction 
is as follows: 

S 1 ------ ,---,-;.- 13 14.. .. 19 

A-RfJgieter E[ 0 .. • 0 I 0 IC~~:terl 
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The u.a.fer of informat10n from papar tape to the A-regieter via the N-register 
dur1. t~ :readina ot 5-1evel tape code is illustrated in Figure 12. Transte1" to 
the Jr-resiriel' 18 initiated by a Read Paper Tape instruction. 'l'raanfer trcm the 
I-register to the A-register is made b,Y a Shift N am A Right instruotion. 

/ 

Paper 'tape 

SNA 6 

I 
A-Reg. 

':;'1110 following list stuntP.ariZ0E1 info:!'mation which a.pplies especially to roadiog 
5-level paper tape, 

1.. The reader sends 000000 to the l':'-register \'rl'len only c sprocket hele 
(as 1n the leader or trailer) is eensodq 

2g· No parity check is made and no p,,"ri'ty bit is on tapec 

3. Every configuration on paper tape is considered valid and j,G 

transferred to the N-regis ter. 

4. The h1gheat number rrhich can be rec.d is ootfl.l 31 \) 

5~ A let-ter eh.ift or figure ohUt r'ltl::r1; be used to dif'fnl'entiate bet'l:oon 
upper and. lo\~('3r co.ee c00ee. 
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B.C.D • 
... <IIt 

(OCTAL) 

00 
01 • 03 
04 
05 
06 
07 
10 
11 

21 
22 
23 
24 
25 
26 
27 
30. 
31 

; 41 
; 4~:t) 

43'; ~ . 
44" 
45 
46 
41 
50 
51 

62 
63 
64 
65 
66 
67 
'fO 
7~ 

. ( 1· ~ 

.~~, .. '" "-'-
20 
01 
Q8 
23 
O¢ 
25 
26 
07 
'10 
31 

01 
02 
03 
C4 
05 
06 
07 
10 
11 

12 
13 
14 
15 
16 
11 
20 
21 
22 

23 
24 
25 
26 
27 
30 
31 
32 
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§PECIAL CHARACTERS: B.e.D. PAPilR TAPE 5-ClIAlIIIEL ~ 
ME~ORY FIC'AJRE SHIFT, IImTER SHIFT 
(OCTAL) -

SPACE 60 34 34 - 40 13 
... 20 32 
/ 61 27 

\. '" 
\~,-
\ ~ ,:tIf'K. 

* 54 03 I .. 33 I 15 I 
73 I 17 I , .. 13 12 

( 74 I 05 
, 

) 34- I 06 ,......, I 15 I 21 , 

-# ' I 16 I 11 
£ I 53 I 22 

I ! 14 

I 
24 I 

D 16 I c::::J 30 
6- I 14 j I @ I 14 I 10 1'[ 

1 

I I 

CONTROL CHARA01'ERS: • . 
I FIGURES 33 I 33 

LErrERS 36 36 I I 

C.R./L.F. 37 I 35 35 
BLANic/DELA Y 77 00 00 
ERASE 37 31 
PRINl' RED I 72 
PRINr BLACK 75 
TAB '{6 
C.R8 37 

.- - - __ ...l-~~ 
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PAn~R 'rAPE SUBSYSIJ.'EM 
•• . ~_. :c::=--:..~~-~ 

<',. , ,-
4,; ~.~: f' ~~, .... ~ ••• ,/ 

The paper tape subsystem oona~ste of two meohanically-independent units: a. 
mechanism for reading 'tape at a rate of. 250 or 1000 characters per second, and 

, a msohan1am for punching tape at 110 oharacters per second. The reader and punoh 
are c.apable of reading and punching 5-, 6'~t 7-, and 8-ohannel tape. 

The Bubsyatem reoeives input from and provides outpu't to thn central processor by 
means of reading and punching paper ta,pe on :tina under progran controL Access ,to 
a.nd from the central processor and min memor~;r if! via the II and N registers as 
for tbs console typewl'i tar, Systeo opere.tiona mling the A and N registel·s must 
atop during papal' tape data transfer, but all other operations, including 
computation and other input/output peripheral operations can continue • 

PAPr.R TAPE READER 

The paper tapa reader consiata of a photoolectrio readi~ mechanism and the 
reader control logic. The roader control logic interprets commands trom the 
oentral proOGS30r and oontrols the reader mechauism,and handles pnrity checking', 
code level sGlection, epecial chClracter contl"o11 a.nd. lsaclex' and trailer inhibit .. 
Tape ope6itice.tlona are listed \111de1' the headi~ of nChnra.ctl~r:l,stice of Paper Tape. !I 

Readinr is performed w110n infcxmation io dGtccted photoelectrically as perforated 
tape passes betweon nina photodid.oc a r;;i Q, U,'Sbt souroe. ·The photocUodea are 
tl.lignod. with the eight info~:d;:lon d;:)~mc} ?usitJ.ons and 'fihe sprooket position of' 
the tape. 

Tlw atepa of a. read operation are d0r~cri'bed under the head'1nge of the applicable 
program inat~uction9 aa followa: 

1... Reader 01.'1 (RON)-Wher1 C~(;,cU";\!:t1, ROt: turtls on power to the reader, 
clears the N-reg:i.ater: ronHJ"Je:J pO("if:!' i!'om the paper tape punch and 
typswriter, and disconn\30ts all othl):;:' IT-register peripheral units,;." 
It places the !I-regiater in e. £lot-ree.dy B·~atue. A delay of 200 mEl .. 
must be progrellI!l!3d befol'o ah RPl' :l nntruction ie given, 

2" Reed pa.p~r Tape (RPr)--Thia tnatruction causes the drive roller to 
preDs tape agair.et the rcts/(;ing ca.pstan, oauaing the tape to move" 
As Goon as the light source pHBses thl.·ough a l)unched hole in the 
tape, the photodiodeo rout9 the information to the N-regieter~ Tape 
oontinues to mOVEl and infol"rrle.ti.on continues to be read, until a. Ha.l t 
Papal' Tape ai,gnal :i.a recei·.ro!l, or until one of the followir..g conditions 
is aneouateI'm!: 

fl... The system is pnt ir.to the !JaQual mode during paper ta.pe reading. 
b.. ThEn'a is a card reader l:.larnlo 
o. Ther~ ie e. caro. punch ala.rm. 
d. There is a parity C7.'!'C!' conr.ootsd with ei tr.er memory or the 

N-register when tho S'lIO:t) ON Pi,RlTY' ALARt.{/IfOPlh switch on the 
computl)l' console h..'lS been f10t to s'rop ON PARITY lILAP.M. 



30 Halt Paper Tape (HPl')--'I'hia inatl'uction terminates reading and stopa 
tape movement. It doee this by releasing the pinch roller and by 
aotivating t.he brake.. ;,~he!l reading at a speed of 250 charaoters per 
seoond, the tape stops on the last character read. When reading at 
a speed of 1000 oharaoters pel' cecoD,}, at least two charac1~ers pass 
the read station before tape stOPAo 

PAPER TAPE PUNCH 

The paper tape punch conaists of the tape punohing mechanism and punch control 
logio which interprets ooroma.nds from the- central procesaor and controls the 
punching operationo The punch is capCl.ble of punchi!"..g 5~che.nnel~ or 6-, 7-s and 
8-channel tape at a maximum rate of 110 ch~r8cter8 P£ll" s~~coriL The sprocket hole 
(feed hole) oharmel and a ma:rlmum of eight lnfol'mati.on channele (or seven plus n 
p'1.rity channel) can be punched und.er progrllw. cot.t.ro1" Information is fed from 
the 6-bit N-ragiater to tbe punc}h mechar.df~!l1" 'jj1e steps of a punch operation are 
described. under the heatlinga of t.he ap-;:,licabl(; program insJ;iructiol1s as follows: 

1", Punch Power On (PON)-When exeout,!:C!. 1~y ·the central processor, the 
instruction connects t.hs papal' tf\(1)~~ punch to the N··1"egistor a.nd 
disconnscta all other N-re g:t::rt 0:;'> pod.pr,rdl'al units" A delay of 500 mc·, 
must be programmed before iosu:i.ng a. :~I"i,1 commcrldn 

2" Write Paper Tape (WPT)--'('tit irt3t:;:,uct.:i.cn ie given for ea.ch ~har~wter, 
I 

to be punched because thfJ punch ;"ur:d:I.'8c one cha:,:'scriieI' and haltsl) Th6 
instruction causae the 5.n:f·cr~;;:,tL:·n ~n the l~registeI' to be ohanneled 
to the punch magnete~ 'l'h," iafo~m.::Jt,:\.on i8 then punched and the tape i!:1 

fed forward one position, -jiO +.h.r.? m,xt ;3p:~'ocket hole position. 

3< Input/Output Power Off (03i'F}-Th:L'2 inetmctiorl dloconnects too pa.per 
ta.pe punch from the N-rogister, tU:l.'/'ltJ off' pO',;rer to the punch, end 
placG9 the N-regieter :tn ~~ tl\.,t,-:i:s3dy conc.:tt:i.on~ 

·r.f~PE SPECIFICATIONS 

P!:~per tape must have a hard, smooth, dull fini3h, ancl be oil impregootelL It 
should be opaque and as free from extraneous and. unoos,ten fibers as ponsible> 
The following is a list of the e7.ac't tape ep cificationrH 

1. Width, 5-channel, 11/16 inch 
6-, or 7-channel, 1/8 "inch 
8-channel, 1 inch (oQa-in·:J~ tapa U!11Y also be used, for 6-~ 
or 7-channsls) • 

2~ Punching denai ty: 10 charaotern pel' linear inch 
3,.. Spacing aol'OSS tape widths 00 1 ~_noh from hole center to hole center 
4. C~le holes O~072 inoh di8~tel' 
5. Sprockat holel 0.,046 inch diamete:t.' 
6. Thicknesen O~OO40 (:!:O.OO{)}) inch 
7~ Opticsl transmittance: 40% maximvm 
13. Col'.)lU': black, 'blw) ~ g:r'eE',n~ er:q, or ·;-ink .. 
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PAPER TAPE CODES AND CODE CONVERSIOJI 

Channels in paper tape are the longitudiml raNS where holes may be punohsd 61008 
the letJgth of the tape. These channels are ueually rei'erred to by number, as i9 
indicated across the top of the tapes in Figures 1 and 2.. Informaticn is 
recorded in each channel by either punohi~ a hole or leaving the position 
unpuncheda Eaoh hole in the tape represents a 1-bit sent to or from the l~rogistGr 
of the central processor during tape readiDg or punchingo A coda charact0r io 
read from each frame in the t!lpe. A frame is the combination of holes and spaces 
in a transverse oolumn of ODe or more ohanrlelae 

In many cases it is suffioient to identify tape frames by epecif1ing the location 
of punched holes corresponding to channel numbers. H09Bver, the identification 
of punched infol'mation is often fac:i.li te.ted by reading tape frames in the octal 
interpretation of the punched binarY code.li'or example., a "one" punch repreeonta 
an octal 1, a "two" punch represents an octal 2, and a "one,. three" punch 
represents an octal 5. In 6-channe1 code, holse from rowe 1, 2 and 3 (sae 
Figure 2) are read in binary to obt~d.n the loaat significant octal digit, and 
hebe from rowe 41 5 and 6 8.1'e r~ad. in 'b:i.nary to ob1~ain the most signifioa.nt 
octal digit" The sprocket hole ic ignored. in !'3ading ta.pe .. , Tr..e following framo 
Hlustratee the 6-channol pUlloh,0d ccnf:i.gura·aOf1 of an octal 25(, 

There are a few basic coflBiderqtiol'l9 regarding tape codes.. These area 

1 Q A tape uoer must' a1"ways kcow whioh code is used in readi ng or pUllohi.11go 
There should never be any doubt about the mea.ning of a particular 
configuration either on tape, in tho If-register, or in computer memo17 0 

2" Tape codes may have to agl-se w:i.th othel" codes used in memoryo Too moet 
common memory oode is too oimry"'coded. decimal (BCD) chsrac·ter codGo 
It is only necessary thst tape cod.ee be oonverted to agree with otoor 
memory codes if there 16 some joint uss made of the information, as 
when there are o131culationa or comparisons of info1.'lllation~ 

3Q Tape codee may have to be oonverted to allotMr coda if thera 11" output 
of paper tape infomsatio:l to a 2'.1bsystem other than the paper tape 
punch.. For example, the high cpeed printer information is intelligible 
only when it is in BCD fON,. 

Conversion of paper tape codes during e1 ther :i.nput or output of information is 
relatively eimple, tor thera are utility routines to perform the neoeeaar,y 
oonversions. 
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E.!Y..~1:rvIi."'L CqD!. Alt.hough there t'..s:.;' ~)8 gl'8tit flexiblli +'.1 in uae of paper tape 
COMe, there aT'! Borre codae t''lhiol'l arc cc,nslc:orod to be more or leos standard. 
One of these codes 113 the 5-=lcY(tl cC;:Jo ",;)j.ch n1..\O boen U89ct in the comrnunica.tton 
f~ld ever since the cod€! Vfa~ int:f'odnced in 1870 .. 

SE;vT£N- AND EIGIll'-LEVEL CODE. '1'he tHPf~S fo1' 7- ard 8-ohannel codea cere id.entical 
~~ith the ~:xeeptior'that e-cll!:lrlliOl ·tarl('l hdfl a. carrj,age return code (o .. ;ta1100L 
The 7- and a.,.·level COMEl p,2.ve an ~::t'l'n:r-ohedang feature (the p81'i ty 1;i t) which 
~rmita detecting parity errore .,u;j!:(\ng dm"'i:r' input 80:1. output, Anoth9T 
advantage of 7- am 8-1ev~1 code CVl~l' 5~1:-!v-G! corle if.'! that no figure or letter 
shift characters need to "08 tm8(L. 

,!:a,r.!tl Gegel'ation a£1i.Er~or De:t~~~ 

Pari ty is generated and dotected on '7- and :}-.-cbannel tape, but not on 5- and 
6-charmel tape.. When information :i.o puncb\1d. on 7- or 8-channel paper tapa, a.n 
odd pal'i ty bit is punched in ohanne:i. 5 ag nt'CN!f'\8.ry to produce an odd 
oonfiguration of 1-bi te in a framec 'fthon (1;::1;", is read, each c(mfieuration i6 
checked for the propsr p9.rityc The VOI.rj,t;;y btt:. wr.lcn present,. does not enter th.e. 
N-regietert but too detection lOec;ic of the p~J~l:-'lGr ta.pe subsystem r,iCI'1F.1sn \'!hethe:t' 
a parity bit should. or ~:iliotild not l!.2,vO bCf.'!l &(,l;(·~cted or ger.slY.ltedc 

When a pnrity error io detected 0.11J'ing tIl": ;,o?\di.t1S of paper tape, B t;ignal is 
aent to the central prOCi36S01.' which] lr;htr .~ '10 }'lJLII'Y alaI'ITl i.ndicator on the 
GE 225 oontrol aOfiRola.,< C~r.!tral ~):!:OC()neor' !Jl,1 ';::01"01' ts:;:<e reaa.'3r op£'!rations halt 
on detection of a parity l)rror :if the- SW,> {)j'; ;'."iU'I'Y .AL,~FJir/NOP.M ~witoh \'las Get 'co 
[i'rOp ON F.L1RITY ALARM or 'l.f the proC"af}j:':,~'" h:.~s p~'ol:.>;rar!2rne0. a stop on pal'i ty ~.lar .. n< 
Otherwise, the padty error will heve no O:rf8('~; (,in 'the c:outinuati.on of paper ta.pa 
operatiomlo 

Eecause channel 5 is reserved for th(3 pari '\:;,' ::'i t, the octal interpretation of 
\tape cbaraotera muot take channels 4, 6, aa~! 7 :;:'01' the most sign:i.:ficant octal 
d.igit, cUI lEI illuetrc.tqd in Figure ), 

r-- --, 
7 65-;;;2 j I 
O. otIJ· 0 '---v--' -...-

Li-~_ 5 

f'--'~ 
7654S3?.11 

l ~~~I 
5 ~ 

FIG ._3 ___ I,,--_t_·:._h_(~. ~:2'e l2~~ 

The delete coda (octal 71) is used to void iniormation on ·the tape by prGventtn.g 
any of the data. from going to the N-r€gister" It can be I .. wed with oither 7- or 
B·-level tape. If:her.>, this octal n code iG ='~08.d, no information is sent to the 
N-.register .. 
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§.~~ Character Control 

A epecial character in the nonnal mode is too single .punch in ohannel 8 (octal 100). 
This, of couree, is found only on 8-channel 1~p6" ~"1he 8-punch is sensed by the 
special character control logic of tl:e repel' tape subsystem, and ca.usas six 1-bita 
to be Bent to the N-register. Parity is not tnvolved, flia.:e ·the Pciri ty checking 
logic is disabled a Only with 8-channal t<".P\3 can an oc·tal 77 bs sent to the 
1~rag1ater in the normal mode.: 

me LeaSeI' a lXl Trailer Inh1bU 

I'ho leader alld trailer pox-tiona 0:;" tapG bave sprocket holeo but have no other 
pu.ncooe representing data.. In 7- and 8-1e..vel tapa, the -paper taps :reader detects 
"the presence of eprocket h.olot:: wi .. ..;hout a..."'.to. pt1n.che8~ When it doee this, it 
prevents the N-registsr from becoming r-e!:H'I.y antt ther0by prevents ini'oI'lllation f1~om 
boing shifted into N. The net effoct le ~n ignoring of the portionB of tape 
which have only 6procket holes.. When fl. 7,)1~; i.e I'epresent .• ?d on 1- and 8 .... ohennel 
t{il.pe~ a parity bit is pret$ent" It j8 the:: ~?:i:'it:/ bit '!lhich d.ifferentiates betvmon 
: .. frame on the leader 01' troiloI' ,; ~1\1 ::. Zf:':r'. 

TIMING CONSIDERATIONS 

When read! ng of paper tapa is inl tia t:!cl D;': ;;." RJ?lr inf.3tl'uction, there is G. 
continuing flow of irlforn:ation fl~c'.l ~X~;)8r t~;',PI:' -:;1) t.he n-register. Informatiorl 
is transmitted eaoh time a fl's,llf.) "f'"l.th~~m<:; ("'I.' :.:,.':"0 PU;!Cb:.1d holea paseee the I'g,.,;'i 

station. Ths timing of the flow,:;:\:' t nfol'c". t:iCl~ 1.13 contl'olled by the flprocki:d; 
hole of the tape as follows: 

Each tim the light source of the read.er detects the leading edge of 
a sprocket hole, it triggdra "the slJndir,,3' of information f:rom tb.:'lt 
frame on the tape to the. N-rQl~1.F~<[O:r'. Tho information goes te l~ 
whether N is ready or nct, ami v'}icthor N ie full 01' empty, This 
means that the progr-v.m n"Ju~t3mpt:;' the !.\~regieter before tho leadlr-f; 
edse of too next sprocket hole W detected by th<'l reader. If N is not 
emptied in time~ a character moved into N v,ill overlay the Pl'CV:l.Ol.lD 

character, and the overlaXd d·!~:ri'.o1~er 'NUl te lost, Pari t~· ox'rore 
also occur 38 irfol'tp,·ti.cn 1'?- ;:N";:":"l~).ifJ.,, 'rna t1.me interval 'tet""'S6p. 

. sprocket holeo, during v,hj.ch i,he N-:J:(Jg-j.r:r!;;cr [m.mt 'te Crupti(;lr1 'bafera UV! 
nS1>.1; oharacter from po-per tape ('nr,sr.'a the regi.ster', :i.s 2 mHlisf:lccmdH 
when reading is at the r.:rLB of 250 Ch.<'.:r8,cters per second.. It ~.r; 500 
in;tc:rosecol1d.G whe CI reEdi n~~ i 8 o:t 1 000 c!w,r~.ctere r..er eeeD ml ~ 

2" The detection of the traD. ing edge of' th9 spl"0ck~')t hole h;::} is ·t;tt) 
tranefar of that frame of :i.nformation to tho X-register, 

;'0 Too datect:'.on of thG tr£;.i?-, .. 03 edgE' of too o!)J.'ookct hole alRO cauoee 
tho N-regist'3r to becol1lE\ £.Q.~.!1t:.<, The z·eady cor.dition ir.dicaios th.'?;t ~J. 
12 fully 10a~lod I),no. Ot'l.1) i'Y.'c.tms ~u,o been X'f,a.a from p3.per ta pEl" Thil" 
co rrli t1ot\ can be t.:e~tcd b,Y "I;ho P2'Oi'Te.m ~md. cc.n h-) S00l'l on the co nsole 
of too cent;r;Jl r.:roC:',GC':QX' "!'hf;W l:I }':~:C Bl'.:AJ)Y 8'10>/9 erO(H.!., 
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1'~ should be noted that the sprockst hole r,:,Stl create a ready condition but it 
cannot oause a return of the N-regieter to s Qot-~eaSl comitioQo A shift If 
and A Right (SM) instructiotl is required to cause the N-regieter to become not 
ready. Thla SNA instruction should be given us soon an the N-register becomes 
ready.. When this 10 done~ there wi.ll be no N-register overlay.. Care should be 
taken after the shift to ltmit a~ proceesi~ loops (such as character validity. 
a.nd parity checks) to less than the allowable time interval" The HPT iDStruction 
muat be given to stop paper tape movement. 

DATA TRANSFER DUllIlG READING 

During a paper tape reading operation, ir.i'ol'lll8tion is tranaferred without a. 
parity bit from tape to the N-reeie:t.er. ' An RPI' instruction initiatos the :reu.d.itlg, 
Infol~tion is then transferred from the ~ragiGter to the A-ragtster by an SI~ 
inotrolotlon, If information raad into N i!3 to bl3 immdiately typed out or punchec., 
the N- to A-eh1ft is not !'.eceee,;u'J" The rela.tive bit positions of a character cn 
patJGr tape are unchanged when the cha raoter is !'ead from tape to 'the N-regiater~ 
<:\01 shifted into the "'-register. 'rhe infol'ffiti.tion in the A-regis-tar is stol"'ed bj 
1~t1 ST! instruotion after one: two, or. thl'ee p;~yer tape churactera a:re trsrl.9ferrcd 
from N to A, depeniing upon th:a p.!.'O:~:rrMLunera~ caclce of rr.emorY word format. If 
the ahifts from the l1-regi!3ter to the J\-re:?izt::ll' are performed in tho normal mode 
en three successive paper tape che!'aci;ere "ti;1 SJ~A 7, SNA 6, and. SNA 6', or an SllA 6 
three times followed by an SN.~ 1, tho wora :{C!y/rat from 6-, 7-, or 8-channel tape 
\\'Ould be the following 

5 1 2-"'--~7 8--~'13 14·--~>19 

x 0 3rd Tape 2nd Tapa 1st Tape 
Character Character Character 

Information cannot be tran~ferred into the sign pOsition of the A-register by use 
of an sm instructiono Unless the A-registsr W&S cleared before ita uBe, the sign 
romaino unchanged from its preV1.cus w.s.. When three paper tape characters are 
positioned in A(2-19) ss"illuBtrateat a zero automatically enters bit position 1 
a.t the time of the last shift.. Tho fo:rmat of a trord which has only one pa~r tape -

} C'.haracter is mOflt often Sf! follows (tho shift fI'o:n the N to the A register in this 
~ case is SNA 19)0 

5 1 13 14 19 

A Register 1 Tape I o Character 

Stnce information tramfer from paper. tape to the :N-register differs according to 
the code level used, each tape format i6d~acribed and illU8tl~ted and its special 
characteristics listed (exoept for 5-1evel ::;('110, which is described separately)" 
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1.. All siz information channa1e frotH paper tBPO enter the N-r.~)gistcr c:s 
shown in Figure 4<> 

2; There are no illegal oode cornbinationg~ 
3" Six zeros are reed into the ll-reej.atcr when a. Bprccket hole of s 

leader or trailer is sEnsed. 
4~ There is DO lISri'ty ~d.t" 
5.. There is no delete code~ 
6" Too highest number which c;.~u o.':J l'<3r:.d. is oct.al 77. 

Paper 
Tape 

') 

l\,,-Regi otel~ J 

trhe reading of ?-level code may be cu.mmarized as fo110\'19: 

1 0 In rea.ding '7-level code in tl'1e norrcsl mode, channel fi va of the paper 
tape is not read into the N-regist~r. The presence or abs90ce of tho 
parity bit (?) is sensed by the control logic without requiring the 
information from chanw?ll 5 to be i;1"Hnafel'l'ed, In:fol'lnstl.OO flow from 
paper tape to the six pooi tiOf1€' of the N~~('egi8ter 1s illuetrated in 

" .::~ 

3~ 

4~ '. 

Figure 5Q 
The paper tape reader ignoree tho 1s8,der a.nd trailer ends of the tape 
(when only sprockot hole~ pass th9 read station)~ No informntion 1B 
transferred to the N-rsgiaterc 
A fre.ma of paper tape having only a p:>.ri·ty punch is read into the 
N-reg1ater as all zeros·" 
When all eeven chR.rmele Hr0 pun<:hod in a frame of paper tapo, the 
llOrUltll t'!cde of TOf.',ding send.s 110 j.nfo~~ation '1;0 the l!-reg:i.ste:I'~ irhit'! 
all-1 'Ie configt'Tation on tape is tlf:l('{l so I? do10to oode,· 
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50 The highest number ~hich can be read in the normal mode is octal 760 
60 Figure 5 illustrates the manner in which information is read from 

paper tape into the N-regiElter and. shifted from the N-regieter to the 
A-register. 

Paper 
Tape 

lJ-Hegieter 

A-Reg. 

Figure 5 - Reading 'j~lA:)vel Paper Tape 

Sumna.;:y of 8-Level Code Reaqi9S 

The reading of f3....1evel code may be S171m::al'is€)cI 2',5 follows: 

1 ~ With few oxceptione, 8-1ev~1 coe.c j.t:: read in the same way that 7-10ve1 
code is read. Channel 5 Otl ':aps not!·:::~'.i'.'ls the pari'l;y bit" Tho tl"e,nefer 
of irrformation in the no::'yaaJ. U\O(l!"J :;.13 the Game e.s is illustrated. in 
Figu.X'e 5 with one e:::::c0pti.on. Tho oxcoption is the epacia.l charactor 

ccontrol which aeness a hole ~;".neh~~d orily in channal 8 £~nd causee six 
1=bite to be placed in t1-~ N-l'egj.f;:i.,er~ Figure 6 illuatre:tea this 
special chal'aoter trqrus:f3r. Ne p:::'['i ty "bit. io j.rNo]Yed in the e~cia.l 
character" 

20 All coda cOlllbi nations whiah contain un 8-ohannel punoh plus any other 
channel punoh are consid,ored inval :Iii" Invalid codoG a.re not trallsr.li tted. 
to the N-regiatere 

3. The paper tape reader igl.'lOreS th9 leader al1d trailer ends of the tf.!.pe·, 
4. A frame of paper tape hmyirB only a parity punch ia read into tho 

N-regieter aa all zerof3~ 
5<> When all BElVen channele6r& punched in a fram of puper ";ape, no 

information is sent to the l~roi3isi;EI;;:' during the nome,l mode of l'eaditlg" 
This all-1'a ccnfir,urntion on tapa is used as a delete code" 

6~ The highest number which can be read in the normal mode is octal n" 
W.r.PA 'l'RAl~SFER DURIm rUIDHIID 

l"'Jrit".g a papor tape punchi~ ope:ttttion, characters must first be positioned in 
the A-register,. One character at a tim::: is transferrec from the A-register to 
the N-regiater by an SAN instruction ani from '~he n-register to papal' tape by So o ~1Prt1~:a:ruct~i~~. With o~ excdep~:i.cn't\..the hrolattiVe ~it hP.OrRitiooe of a character 

- loU 'u:.:J i\-reg •. Br,er ara uw:mange wncm ,Lia C .n:r.ac er 19 S 1. 't0d from the A-register 
.;-:) tho !{-regietf)!' e.u~, trarjsfaT.'~~e(l fl'()~ll -!;bf:' :'i-'!'r2'e'::'t:tl3J:' tc ;?:9.~)er t,;>.pr.L, The 
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exception is that' a parity bit is added ae mC8esary to cause an odd, l'lUUlber of 
')JtUlch!1B when infOlIllation is transferred from the N-regiater in 7- and 8-1eval 
codas. 

The sign bit in the A-register Qoes not shift and dose not change as oharaoters 
sre shifted out of A. Vaos.ted pOsitions ill 1\ are filled with Q-bits if the sign 
i9 positive and with 1-bits if the sign is r~gative. It the A-regiater oontainD 
three characters right-justified, a normal mode transfer to the N-I~giater is in 
the follow1~ arderr 

S 1 2 7 8 13 14 19 

A-lI3giater Ix Ix I C~ot.r I :ha~~oter .I c;:!acterJ 

Assuming that the sign ia positive and the bi~ in position 1 is unknown, the 
A-regiatsl' shown above would contain the follcwing configuration after an SAli 6 
instruction. 

S 1 19 

A-Register 
(j o '0' 0 '0 0 0 "X - ., 

3:rd 21lQ. I 
Character Character 

Notioe that the bit originally in poeiti'.)[l 1 remains unchanged as it shifts., 
Since infomatioll transfer diffe:a.'s aocording to too oode level used, each tape 
format is described and illustrated sep~)ratel'y (except for 5-1evel code, which. 
ia described aeparatelY)$ 

§ummarl of 6-Level Code Punohi96 

'til 6-1evel code punching, ,..: •.• c- ( ...• _ ."'~." .', • 

1.. Six channels are punched in paper tape aa is shown in Figure 6~ 

2Q The paper tape punoh feeds tape to create a leader or a trailer 
(sprocket hole only) when the N-ragiater oontains 111111. 

3Q There is llO parity check. 

4., There is no delete code~ 

5. The highest number whioh can be punched is oo'l;al 76 .. 
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SAN 6 

N-Regietar 

Paper Tape 

6 5 4-S ~ 2. I 

Figure 6 - P.nnchi.ns 6~Lcvel 'Papal' T&pe 

§~t:¥try of 1-Level Code .. Punch1!2$ 

rrhe punching of 7-1evel code may be ounlW~.:r·izoc S,R followa: 

1. The normal mode of punch ing CfiU.3CS a parity punch to be a.dded in 
ohannel 5 each time a parity check shows that the N-rep;istsr contains 
Hn even number of 1-bi tao Phi!:! m.flkea the total number' of holes in a 
paper tape frame odd" T:1e UBO of obannel 5 for par:i.ty proWlOt.S ita 
llF.e for data, cauaine chBnn31 6 to :c(~ceivG data from N2 and channel '1 
to receive data from N1. Thio l~ 11lustrated in F1gur~ 7. 

24 The configuration of 111'\11 in the lv..·register causes a lead~,r Qr a. 
trailer (sprocket hole only) tc be punchedfl 

3~ A zero in the normal mode i8 p~Dched BS a parity punch only. 

4. 'rhe higheot numl)er which can b$ punched in too nort'lal' mode is oC'l;al 76,. 

5.. Figure 7 illustrates the manner in whioh it'l..formation is shifted from 
the A-regieter to the N-ragis·tar e.nd punohed j.n paper tape .. 

.fu!;lfllury of a-Level Code Punohipg 

The punching of B-level code may be auwmarizod as followe~ 

1. With few exceptions, 8-level code is punched in the sa.me way tba t 
7-1ev01 code is punched. 1J~he parity bit 1s punched. in channel 5. 
Transfer of i!1fol'm!1 t5_on in ~he r .. orool mod0 is the Bamn &6 ie illuf'ltra.ted 
in F:i.gure 7 wit', Cd .... \€ e:(c~l!)tj::Hl. The '3xccp1;ion :is ~he~ a c{>...3ra.c~f):r 
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conB1sti~ of 1-bits (111111) sent to the N-regieter is punched as 
a qnannel 8 punoh or~y. Figure 8 illustrates this speoial oharaoter 
t~nsfer. No parity bit is involved in the transter~ 

20 A zero 1s punohed in the normal mode as a parity punoh only. 

3.. The highest number which can be punched in the normal mode 1s a 
s1~le punch in channel 8 which is octal 1000 

40 It 1s not po~s1ble to program the punching of a leeder or a trailer 
(sprooket hole only). 

A-Reg. 

N-Regiater 

Paper 
Tape 

A-Reg .. 

N-Register 

., 0 .0 0 0 

7 6 5 4S3 Z. I 

Figure 7 - Punching 7-Level Paper Tape 

Pa_ Tape S 7 6 5 ... s.~ 
Figure 8 - S~oial Charac·ter Punoh1rl8 8-Level Code 

SAN 6 

SAN 

VlPT 



" 
,.. 

'3:0.9 5-ciu4nnel papar tape code is the shortest of the paper tape codes because 
9£.oh punched conflguration may have two different meaningA, depending upon 
wbBthol' the machine has 'been shifted into upper caee or lower case by a 
pl"",cediag COo.o* To dGBig~~te uppel' or lO?lCZ' case in C\ program, the programmer 
,:.r:Uf.',t, Ut.,s the !llet i jer shift" cedu (octal 36) to der:ip,nate upper case, and the 
"ngu.:ce sbift." code (oo'lial ,33) to desip,n:':rte low'or C3.90. Just aa with the 
·~'r.rlet;>'f~A 01' type'."1ri t!"r, a shift to upper 02f'f9 '!!eane that every character 
followl r>g the shift is upper case until e. Itt;ver cllse shift is giver!, Likewise~ 

:,':s:rythiw.; f\JllO\":iog a 10W81' oase shift :i.o l('mer case until the upper caee shift 
1.:,,: e-iven, Failing to givo the shifte at the proper time ce.u~eB errors in the 
) pt'~:;:'p'f;!jation of the data nunched or ree..d", 

'I.'he code Ell" used by the University of Q,ueensland Computer Centre is shown in 
F).~ure 10~ All the digits and the sp3ci-.. l charaoters +, - and .. have an odd 
(lumber ()f one-bits in the reprosenta.tion j,n order to aid checking by program 
for rrutnerio (data.) input" There is no p!':ri ty checking on 5-ohannel tapeo 

C G£!Y.ersM>_n of BCD to 2-Channel Tnw-9'.lt.E.':!.1 

o E l}:"'.D informstiou in memory is to 1:)$ purchC:H.:~ on 5-channel tape in the 5-channel 
code, there must be a oode conversion.. :l!-::i.gUl.'S 10 contains the output code which 
Y'apreaerlts in octal the informa.tion ;<:hich !i.lUst ('e in the If-register ~.n binary to 
PLU1Ch the speoified oharacter. The f'ollo1l1ng exa.-nple illustrates the usa of the 
ii':.,gure 10" 

r!'oblema 

;:;olutiona 

o 

If the numeral 3 is to be punched on 5-channel tape, what 
configuration must be Rent to the N-reglster to punch the 3? 

The first colutUn for lower case oodes in Figure 10 contains 
the number 3.. Opposite th~ 3 in the next column to the right 
is the octal repreeentetj."n for tbe BCD emmory oode for 3. 
This is 03, whioh represents u binary 000011 in memorSQ In 
the next column to the right is the octal representat10n for 
the 5-1evel oode". ThiA code is 23, which represents 10011 in 
the N-regiotero It must be remembered '~hat only N2 through N~ 
are used. In order to punch 03, the memory configuration 
000011 must be oonverted to 10011 prior to sending it to the 
N-regiater, and 'iiha previous shift charaoter mUFlt have been 
a figuro shift., This conversion is normally doce by the 
routine wpr. 
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cmiVERSION OF 5-CiL\J:WJ% TAPE INPU'l' TO BCD 

If in:t'ol1Ilation from 5-ohannel tapa is to be uRed in memory along with other 
memory information (information not read from paper tape), taIS information 
must be converted to the configuration of memory BCD characters. Likewise, if 
inf'orm tion from 5-channel tape is to be used in Bome other form of output, 
for example as printed output, it must also be iR the oonfiguration of memory 
BCD characters. Figure 10 liets the codes ul"ed when reading tape .. 

An e%aiDple of the use of the table followB3 

Problems When the letter S 19 read frt'm paper tape into memor'y, what 
. must the memory configurCl.tion be .to print the letter S on 
the high-speed printer? . 0< .... ••••• 

Solutionl It is first seen from Figure 10 that the letter S if.' in the 
"letter shift" half of thE'? tahle and must have been preceded 
by a letter shift chal'!lnter. The fourth column of the table 
shows tba.t the octal repr~eentation of the letter S (opposite 
S in the first column) is 23e Thie means that 10011 is sent 
to the N-registl31' when the letter S is rf'ad from p.-'l per ·tapeo 
The third column of ths tR1)le indic8.tes that ocJc;al 62 
represente the 6-1:Ii t bire.j:.'Y code requirod in memory to represent 
the letter S. Tile n.emory ocmfigura·tioD for the charaoter muat 
therefore be 110010 to pri ut the letter So This cOrW'ez'sion is 
normally done by the .HPT sIR. 

DATA 'l'RANSFER-PUNCHIID 

The first step in punohi~ paper tape is to position character~ in the A-register. 
The followi~ 1l1uatratee the A-register, which has three characters right
justified and labeled in the order in which the characters will be punahedl) 

S 1 2 3 +-(--'l)7 a 9~--?f3 14 15~A9 

A-Register 1. S 
:z: x 0 Character 0 Coo.racter 0 Character 

Notice that bit positions ·2, 8, am 14 contain zeros.. Characters are kept in 
G-bit configuration to facilitate COrNel'S1.0na to BCD maltJory code or other codes 
which require 6 bits per character. Actua.lly, no co nfue ion would reaul t if 
1-bits were in pOSitions 2, 8, and 14 of the A-register. Information from these 
positions transfers from ·th3 A-regiater to the N-l"egister but does not trallsfer 
from N1 to paper tape. The sign bit in the A-register does not shift and does 
no·t ohange aa oharaetel'B are shifted out of A. Va.cated positions in A are filled 
\Yith 0-bits if the sign is positive and with 1-bits if the sign is negativeQ The 
following is what the .A-register just illustrated would contain aftar the execution 
of Ein SKN 6 instruction, providing the sign of A was negative" 
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512 789 13 14' 15 19 

A-Register 1 1 1 'I 1 1 1 xO Third 0 Second J 
~baractol' Ch9ractell 

Tho bit whioh was originally in position 1 remains unchal~ed ae it Ahifte. If 
the A-regi~tor had been cleared to ?oro befvre characters vrere shifted into it, 
b1t position 1 would oontain & zero b0~~0!'e tl10 execution of SAl'J 6 and. bit position 
7 would have a zero after tbs execl..,tic,n of SAJi 6.. The transfer of information 
from ·the A-resiatel' to paper tape 'lie ·the !T-register duri tJg punching 1a 
illustrated 1n Figure 11. The tl'aosfer 'GO the !~regiater is made ·oy n. Shift A 
and xI Right inatruotion~ Transfer- from thn N-regista:r to pap6I' tape is wade by 
a Wz'1 te Paper Tape ;.natruc::tion. 

SAN 6 

N-Reglster 

Paper Tape roJJg 
I 5 4-53 2. • 

Figure 11 - Punchi~~ 5-Levcl Paper Tape 
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The following list summariz~s information which applies especially to punchiqg 
5-1evel paper tape codes 

1. The paper tape puooh puoohee only sprocket holes to oreate a leader 
or a trailer when the N-register oontains 000000 at the time WPl' ill 
exeouted. 

2. Bo parity bit is on paper tape and no parity check ie made .. 

3. Arl3 confi8urat10n in JI2 - 56 is puDOhed by execution 'ot WPI' (there 
are no i nval id codes). 

4. The highest number which can be punohed ie octal 37. 

5. A lettet shift 01' figure shift codE) must be used to different iate 
betwp.en upper and lower cass oodes~ 

DATA TRANSI!"ER-READIlG 

When five bits of information arc transferred into the N-register from a paper 
tape charaoter, a zero automatically fills the first position ot the register. 
Three tape oharaoters oan then be placed in the A-regieter in the tollowing 
oonfigumt1on by use of the suocessive shift inetructiollS SHA 7, SNA 6, and 
SNA 6,. Each time, all six bits includicg the zero shift from N. This 

() configuration facilitates oonvsl'sion of 5-bit tape o,odes to 6-bit :BCD charaoters. 

o 

S 1 2 3"" '·1 8 9~13~ 14 15. ~1C~ 
A-RE'gieter x 0 o It'd Tape 

iCharacter 0 2nd Tape 0 11Bt Tape 
Icb~:racter C:b.aracte • 

I 

The SNA instruction does not shift information into the sign position of the 
A-register~ Unless,the A-Tegister wae cleared to zero before its used, the 
sign remaios unchanged from' its previous usa. The format of a word which hae 
only om paper tape oharaoter placed in tM A-regieter by an SNA: 19 instruction 
is as follows. 

8 1 -... ..--------;JIP- 13 14- ... 19 

A-Register 
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I 

I i,C 
I 

,.' . 
I • 

t 
........ '.,. ',I"~ ",. \,H' 

't":.t' ,,",." 

16. 

'!'be UaMm of lafamatiol'l rr. paper tape to tbe A-reg1eter v1a tlMt Jr-rest. .. 
clur1rw ' ... na41ac ot 5-1evel tape code is illustrated in ripre 12. 'l'ranet. to 
tbe IJ-ftcin. 1_ initiated b3 a Bead Paper Tape lnat:ructloft. 'hast.1" baa the I-rect-,- to tbe '-register 18 _de bit' a Shift li am .A Right iaat:ruotloft. 

( 

S 453 2 I 

(I GO • 

RPT 

8NA 6 

A-Beg. 

~errerl I Character I 

The f'011ow1ag 118t summarizes infcrmation whioh applies especially to readiag 
5-level paper tape. 

1. 

2 •. 

3. 

4. 

,. 

The reader sends 000000 to the N-register when only a sprocket hole 
(as 1ft tbe leader or trailer) is sensed. 

110 par1ty check is made and no parity bit is on tapeo 

Ev .. , ooDt18uration Oft paper tape 1s considered valid and :I.s 
tral'l8terred to the ll-regis ter. 

The h~hest number ~hich can be read is ootal 370 

A letter shift or figure shift must be used to differentiate between 
upper and lower caee codee. 



o 

o 

__ ·_ .... t_, __ 

r--'---
Octal 

<D 6..t~ a21 
000'01)0 

0 

• 
0 0 1 • 
II 

• 2 
0 0 
0 

f-
lO 

II 00 3 • • • 4 ·0 
• c , 5 
"''I Q .. 
• • QI t) 11 .' e 

, ! 
t 13 ()t 00 
• .. 
• 24 

"'" 
Of!), 

" • 
q 35 

Q~tQ c 
0< 
0 

• 0 ~CI 50 
L~~ • 

Paper Tape Characters 
Read in Octal 

....... _---------------.---.-----.-------------, 

PUNCHES 

5-Channel 

..-...~--
6 4S"& 2. • 

00·000 

7-Chaunel 

r,,"S+S32' 
0000.000 

Figure 2. J'aper Tape FOl"lDats 

8-Cbannel 
-
s,c..~""S'2' I 

00000.000 

-
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Lettersl 

A 
B 
C 
]) 

E 
11' 
G 
H 
I 

~ ,. \ ... ~', -::. : 

J 
K ;; 
L " 
II ~. 

N " 
o ' 
P 
Q 
R 

S 
T 
U 
V 
W 
X 
Y 
Z 

B.C.]) • .... 
(cmAL) 

( , "'\ \ . 
\. , " ) 

21 
22 
23 
24 
25 
26 
21 .J;I 
)0 ", 

, . 3-1,~' ',',", ".' 

41 I ti'\. 
l4~ , 4:91 ' 

. 44'Y' 
45' 
46 
47 
50 
51 

62 
63 
64 
65 
66 
67 
70 
71 

ao 
01 • 13 
at 
25 
26 
07 
10 
31 

... -- ............ - . 

20 

,., 1 

......... 

01 
02 
03 
C4 
05 
06 
07 
10 
11 

12 
13 
14 
15 
16 
17 
20 
21, 
22 

23 
24 
25 
26 
27 
30 
31 
32 

, .. ", , 



SPECIAL CHABA~: B.C.}). PAPER TAPE ~CHABBEL 
IEZ-fORY FIGURE SHIFl'· [LEl'J:1!i1l SHIFT 
(OCTAL) 

SPACE 60 34 34 - 40 13 
+ 20 32 
I 61 27 
* 54 03 
• 33 15 , 73 17 
• 13 12 
( 74 05 
) 34 06 

,....", 15 21 
-II- 16 . 

11 
t 53 22 
t 14 24 
a 16 

,~ 
;~:f" 

Ot-i<~.""'~'. <," ]0 

. . , 

'l" .. ! ,;;(.-

c::::J 30 
6. 14 
• 14 
~ 1'f 

, 

4 
i 

CO:tll'BOL CllABAOl'EBS I 
FIGURES 33 33 
LTm'ERS 36 36 
c.R·/t.,. 37 35 35 
BLAH/DEL! Y 77 00 00 
ERASE 37 31 
PHINr RED 72 
PRINl' BLACK 75 
TAB 76 
C.i. 37 

'. 


