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INTRODUCTION 

The b1Ilk of the 878t. da1',a now 1D 1',he MC ICC is prodded b7 1Dt.er
equi~ opera1',i_ be1;wc the 1',end.ul elm.s of t.he mc RCO and 
1',he central data proce •• inI aMi1lles (c..,...., ... , ,2].17 .ct1ll.ea UMl I/o 
JDlul_) .f 1',he data, processing set. These int.er-eq1d.pI8IIt (c~D17 
called 1nput/cnd;put, (I/O» opera1',ioD.,aN t.hoH 1D which opera1',icmal. 
data are 1',rauterrecl bet.wen the core -.r'1' JDlules of 1',he data pro-
cessiDg set and t.he toUowiD& 1',erm:l.Dal. deri.ces: ' 

a. JlUaage proce.sor JDClules 

'b. Di8plq/balk dram 8781',_ 

c. Bulk~ dr1a .,..t. 

el. Da1',a clisplq consoles 

e. Magnetic 1',ape recorder-reproducer set 

f. Punch card reader set 

g. Typewri1',er-punch-reader set 

h. Telepr1nt,er 

i. SbIIJla'tor group 

j. S1',a1',us diaplq console 

The data flow a/O )operations 'between the meJD017 modules of the data 
processing set and a'boTe equipaent8 are con1',rolled b7 the I/O JllDdules 
of the data proces.iD1 set. J>,p!l~,1;"~IM'_,.~~ MIl! M tour or the •• 
eq~1',S1llq ,'be perfo1"MCl COIl~!fl'l;J;r, on. operaticm 'being controlled 
by .CIiCil'""Uie tour Ift5 iiiid\iiis the data pr.Oce.sing .et. IT ManS 
of these inter-equipaen1', (I/O) operations, iBPut data aDd progr_ which 
are 1;0 'be proce.sed b7 the central clata processing module. are stored 
in the -r'7 JllDdules aad are thereb7 made aT&ila'ble to the cOllpUters 
and to the prograaa which control cRlpUter operation. S1."arq, pr0-

cessed clata stored in the -17 module. are transferred to the term1Dal 
equipaents for storage, di.p1a;r, printout, or trannd.ssion to other 
facilities .' 



DESCRIPTION OF INPUT-ouTPUT (I/O) HODULES 

The four I/O JllDdules of the data, e: are !&"h~ 
controlled input-output CODtrol.un1t I, capabl.e of rol.l1nc the 
tranefer of, data, between a peripheral ,equplll8l1t and the core 
JII8JII017 JllDdule. of the data proce •• ing set..IDput.-output oper&ticma in 
t.he dataproc ... 1Dg .et are de:tinec1and 1D1t.1at.ecl b7 collPU't.er action, 
but then proceed 1ndependentlT under the control. of the I/O sdule •• 
The oomputera can iJd.t1ate asm&D1' input or output operations to be 
perforMd conCUl"l"eJltl.7 with different peripheral. tend.nal dmce. as 
there are I/O JllDdules in the data processing set. Data are transferred 
between an I/O B)(iule and a peripheral teNiDal. dmce' as ncces.ive 
character tranetera of six data bits and one parity bit in parallel.. 
The I/O module provide. a butter for a hll., --17 word which it &8S..
bl... or dis&8.embl.es aa the character trausfer. are performed.. ~ 
full JII8JII017 words are transferred betveen the I/O DDdUl.es and tbe 'c:ore 
JIl8JDOl"7 .. \I1.e.. Manipulation of data within the I/O lIIOdule. thWl con
siats ~ ot tranet01'll1Dg the ~ lIOrds into the's1x-data 
characters applicabl.e to the peripheral te1"Jll1.nal. dftices and nce veraa. 
The I/OIlOdul.e. al.so ~ de.criptor ,words sent to th_ ad return 
the JD:iUied descriptors t.o & designated place, called the de.criptor 
liat, in the core -1"7 .a\l1..s 0 These de.criptors, which are t.hen 
examined b7 the camputer \UJdv program control, indicate the active, 
error and cClllpletion stat.us of the I/O operation. 

l'U o.pera:tiop. of the I/O !IOdJlea in the data ""o·s·'», set. 1. 'p1tA_ 
ated and completeb' control] eel V d··m pt;or lIQrda which are sent from 
the "17 Jiiid\1lesto all I/O 1IDd.1Ile. of an I/O bu. Descriptor woNs 
are speciall, .. f@rma.t,ted ---'t'7 words coded to denae a particular 
operation or funcT,l.OJl that is to be performed 'b7' all I/O module., or 
one specific I/O EClule, of the I/O bus. Vb .. an I/o operation or con
trol' .f\mction, is to be performed, tbe cOBJp11ter program in control. of 
one of the computers forma &Il appropriate descriptor word for det1ning 
the operation .. stores the descriptor in the --17 JllDdules. The 
coDIputer then 8Dcutes a transmit-to-I/O (no) instruction in the pr0-
gram. The no instruction, 'b7 spec1f7ing the descriptor vord address 
and identif)ing the I/O bus, causes the applicable -17 module to 

'aPPlT the descriptor ,word thru the data lines to the I/O mociules and 
to signal all I/O JlDdules on the bus to receive aDd interpret the des
criptor 0 An entire I/O data transfer operation aa defined 'b7 the cod
ing of the descriptor word nov proceeds independent17 under the control 
of an I/O modul.e.. Thus, the cODlpUter is .tree to continue with other 
taak processing .functions of the computer prograa whil.e the I/O JDiule 
performs the tr8ll8fer of input or output data betwen the core .-orT 
modules and peripheral terminal equipment. 



Then are three d.1tterent tJPes ot descriptor 1ft)rds sent to the I/O 
JDDClul.es trom the ---1'7 modules (prograagenerated descriptors), and. 
two d1tterent t;ypes of descriptor words are returned to the ...-rt 
mOdules tromthe I/O modules (hard'ware-generated descriptors). The 
program-.... ated. descriptor words are. S8tUJ?, Release and Csmprw 
Descriptors.. The Setup and. Release Descripters are 1i8id to establish 
init.ial CODd1tions iii the· I/O modules so t.hat th.,.. can properq recei.,.e 
and eXecute the Comand Descriptors sent to t.hem. The contents of each 
Comand Descriptor define &R 110 data transter operation to be pertorm
ed.. with a Sp8citic terminal device. The. hardware-generated descriptor 
words are In-progreas and Result Descriptors, 1hich are stored. b7 t.he 
I/O modules in the .'.m"7 PDduleJl-for 1upect.1on by the cOlllpllt~ pro
graa in operation. AD In-process Descriptor is sent b7 an I/O metal8 
to a predesipateci locat.ion in the -.01'7 sdulea atter one ot t.he 
progr .... generat4Nl descriptor words is received. at the I/O BMlule. ~e 
In-proC8SS Descriptor, 1Ihich is 8ssent a co 0 I" 

o . 8S er t.h.· 0 control tanction or 
u'ta'tran8.ter operation was 1n1tiat propR... or is 
sent by' an I/O module to a pred_1pat.ec1 J.ocat.ion in the a.II)17 BKlu1es 
vb_ever an. I/O data transfer operation in progress is t.erDd.nated. tor 
sO_ reasODo 'lbe . Renlt De.crl.ptor is an updated MW ot tIM Q II net 
Descri~Ol" tor the operatiOn. and. ~cate. the extent of o!!!?let1OD of 
the . 17. opeJDi~!~!'-!t!.fA t/ifliitiiittid. Th8 ReSUi'E Descriptor also specifi8S 
th .. ··reaion~ti. operation _s tiriififat.co The I/O JIIOcbu.. generate. an 
1ntftT'Upt sigDal -Ntl1,ch ia sent to t.he cOlllpllters to indicat. when an I/O 
operat.ion haa ended.. 

Each I/O mcdule shares an acoess bus into the core JIIaOl'7 with one other 
I/O module. 1blu18S I/O 1 and. I/O 2 share I/O bus A, aDd modules I/o 3 
and I/o 4 share I/O bus B. ~ one ot the I/O _(bues assigned to an 
1/0 bus can use the bus at a 1:;_0 EaCh I/o iOdiiie cont.atri8 PPlOli'tl,- • 
c<mru.ct cIrCii!t1'7 that resol.,..s ©onf11cta for De of the I/O bus on the 
basis of the I/O lIIOClule n1Jllibct and. t.he priorit7 ot 'the operat.ion beiDg 
perfol"Dl8Cl.An I/O operation is assigned a hisher priorit7 (priority A) 
by the sett.:lng of a priority- bit. in the coaaand d8scriptor 0 The I/o 
modules connect.ed on different I/o buses (A and B) operate 1ndepeDdent~ 
of one anot.her 0 The . I/O module~ cOJIDOn to an I/O bus also operate iDde
pendent~ e.x»ept that. they' shaN a COIllllOD data transter bus into the core 
-17 modules. Since onl1' one I/O module can use the I/O bus at aD7 one r 
tu-Aan I/O JIIDCll1l-~ have t.o wait for bus acc_ss when it desires to ;Y\ e,;$"~e-.f 
tranSfer a word to or trom. the DmI01'7 moduleso In adc:l1tioa, the I/O bus T,~ e. I'V 
JIIB.7 be delqed in gaining access to the desired. JlllBllDl"T modllleo The tiMNt)""v" 
del.a7a . aperienced, however, are UBuaJ.l1' insignificant because of the S~~.i 
relat.ively slow operating speeds of more of the BUIC NCC t.erminal equip-
gents 0 These time delqa, however, can bec .. significant when operations 
are performad with term1nal devices whose data t.ransfer rates approach 
the 1Di:x:hmm capabilit7 ot the I/O module (500,000 characters per second). 
In t.he BUIC RCC, the three magnetic drum 87*t- of the data processing 
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.et po •• ess dat.a transfer rat.e. of a auf'ficieat.q high Talue t.o pr0-
hibit. the operat.ion of UI1'.other t. ..... na1 .. u1}B81lts on th .... I/O 
bu when a drma transfer operation is being pertol"MCl. 

Data waufers Det.wen the I/o JDDdlll.s 8RCi t.h. core JlBmI7 aMtlllea 
are pertONed one word at a t.iM. Data tranatera wit.h the tem1.Dal 
eq1l1p18Dt.. are perfOl"lDlCl a.· n.cce •• iTe character t.ran.ters of .ix dat.a 
bits aDd one parit.7 bit in parallel. 

The Dad .. I/o cbaDnel capab1l1t.7 of each I/O sdule 18 64 s1qle 
(on~) oll_ela (32 input. and 32 output). Thus, arJT COJIb1Dation 
of s1Dlple (o~) or compla (t.~) t.end.Dal elmoe. t.ot.a.1.1Dg 32 
1Dput. aDd 32 output chaJmela can be co_ecteet to _ch I/o "ul.e. In 
t.he BUIC ICC, ho ...... , onlT 36 chann.ls (26 input. aDd 10 output) are 
wired for use 8RCi onl7 ,0 charmela (21 input and 9 eutput.) are actualJ.y 
usecl. Each I/O adllle prorlde. s1ngle-threacl operation; that is, cml7 . 
one cham1el for one tel"ll1Dal dmce can be operat.ed. at a tu.. Each 
I/O .clllle haa a unit iclentitication nUllber or address (0001 tbra 0100) 
which 1s plQ'aicaJ.q wired 1nte t.he hudvare. Each I/O JDDdule also con
t.ain. a control panel and t.eat. c1rcuit.1"7 which enable JIIIID1J8J. operatiolUJ 
to be pertorll8d tor (1) 1n1t1atiDg 1np1It-olltput. operations wit.h the 
peripheral t.8l"JId..Dal equ1}111tllt8, (2) perfo1"Jld.ng -.1nteaance, 8RCi (3) 
debugging programs. Operat.1on. which are .electable at the I/O modul. 
control panel are: on l1ne, sub878t_ teat., channel te.t, amdule t.est, 
and JII8IID17 t.est.. 



SWITCHING IRTERLOCK 

The computers and I/O EClul.e. ot the data proce •• ing .et are 81ec
tl'ODi~ intercoanectecl with the --17 JDDd1ile. b7 :Man. ot the 
SWITCHIRG IRTERLOCK. The SWITCHDIG IRTERLOCK consist. ot logic cir
cuit17 in each ot the.e Jll)dule. that provide. control of intermcdul.e 
co.um.cation. IntertllDClule ccmmunication consist. ot data transters 
between the ccaputers and the --17 module. aDd betwen the I/O JIDd
ule. and the -17 JIOd1iles 0 This co..m.eation is accomplished by 
use ot tour data transter BUSES (2 computer buse. and 2 I/O bues). 
A computer or I/O module initiates cOJlllllD1.cation b.r request1Dg acce •• 
to a specific -17 JDDdule through the SWI'1'CHIRG Ilf1'ERLOCK. The 
function ot the SWITCHIRG INTERLOCK is to co_at the data transfer 
!US of the requesting cOJaputer 01" I/OEdule to the --17 8)dule to 
.wh1ch acce88 i. reque.ted. 

certain conflicts w:Ul ari.e it DlDre than one coaputer or I/O bus 
sillllltan~ request access to the ._ --17 aocbU.eo I e 
function ot the SWITCBIHG INTERLOCK to resolve the e .0 It 
t1ft) or lIIOre s aneoe 88 the s_ --17 module, the 
SWITCHING INTERLOCK automaticall1' resolve. the cOllf'lict by ordering 
the requests based on a given priority sch... The priority i. pre
empti ve in that a higher priority request pre-empts a lower priority 
request. The priority sch.. is as tollovs (from higheat priority 
to lowest priorit7): 

a. I/O bus A 

b. I/O bus B 

Co Computer 2 (C2) bus 

do Computer 1 (Cl) bus 
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SWI'ICHING 
INTERIDCK 

\ 

Ml M2 M3 M4 M5 M6 

.. .. 

C2 BUS 

... 

I/O 4 ~ 

I/O M. P. 
BUS B 

... ~ 

I/O .3 ~ 

M. P. I/O 
Exchar 

.. 
r/o 

I I/O 2 f4-+. BUS A 

L I/O 1 ~ ~ .. 

Cl = Computer One 
! C2 = Computer Two 

M.P.= Message Processor 

Figure 1 , SWITCHING INTERLOCK 
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DPUT/OU'l'PUT EXCIWfGE 

The I/O exchange pem1ts tw-w&7 data tlov between an I/O a)d.1Ile and. 
8ZJ7 of the terDliDal device. connected to it. During I/O operations, 
selected I/O device. are aut_tical.l.7 cODDected nth specific I/o 
JIIOd.ules by ... of the I/O exchange. The I/O exchaD&e consists pl'Q's
ic~ of 10£1.c c1rcuitZ7 in the term:lDal equipi8Dt and. in the I/O 
mdules that controls the transfer of data bet __ a tera1Dal device 
and an I/O lDiul.e. 1foral.l1', all I/O Bld1lle. 1dll be able to co.an
icate nth all the tend.Dal. device •• 

J/o 
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I/O 4 
... ... I/O EXCHANGE 

M.P. 
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I/O 
BUS B 

I/O 3 
~ ... 

M.P. 

OIl ... 
I/O ~ I/0·2 

BUS A I/O I OIl ... 
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, 

1 t ! 
M.P. = Message Processor 

I/ = Input Only I-WAY 2-WAY I-WAY 
I/O = Input and Output I/ I/O /0 
/0 = Output Only I 

~---'-/' 
Peripheral Terminal Equipment 

Figure 2, INPUT/OUTPUT EXCHANGE 
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