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ation of the I/O portions of the ~200 System It lS intended ~B ~ 

The dvc~,.lp'.t3'r.t j.t:: not (1.1 speclfiea~·.~::)~~:, An.y' ~:,·r(::.c:f)c :t..rit;::;ny~?jtton ~Jn ccr:,,.,, 

f1.gurebilit:y" formats, enccdin9 \ etc ... sli(.)uld be GbLall1f$d f'ronl tJlt:~ 

appropriate functional apecitlc~~lt.ior.ds. 



'I'wo funda:nental elements of the 3200 S)I'f:ltem Ph~l.05;Jphy ~3re the 

creatlon of a dlvision between date and procedure and the mechal~1za· 

t.10n of multitasking. The 3200 I/O System, an l.nteqral p,a.r.·t. of. t';"u;, 

3200 System concept, has ffit1lde consistent use of the f,.lnd;"lme'nll.:al ~,L~.n;-··· 

ments 

The basis function of the 3200 Input/O~tput Subsystem is to allow 

several Independent peripheral processes to operate concurrently w:tth 

one or more centr'al processor operat.ions. FlJt"thE.~r, the shared ·.rJ.cceas 

co main memory by central processor(s) and I/O controller(s) 18 pro~ 

pC"H.~d ;35 t.he' .li:rn.tl.ng fact.or· in systEm~ throughput. Pr'act.ica.liy" the 

rneChi.H1J, :ams which J.ni tiate and termi:~la t.e IT'ul t. ip l.e ~cces~..; t~() n!~~ 1n Hvem-A 

ory ;~lso prove to be factors in sy~t.:!ro t,hrcuqhput HO\.Jever by p.C()~­

vld:Lng many lndependent. mechanisms t.o conduc·t the lnltldtlor; anc! teetH .. " 

inat.lon fun.ctions, the'omo1.lnt of dl.C8Ct central prc.)(,::eS5Gt" tn..,cd\?(~I!He;n.". . 

. tt'< per'ipherf.ll.!. t::~perations .Ii.S mif'!i.mlzed 

The .s20C Syst:.em conS.lsts ()f a mal.n mem.o.ry w.i.t.h ports to eac'h ,t)t 

one or more C'fH1t::ral pr{)CeHSOI"S ot" 1 npu~_/ot1tput., cqnt.rol iees (IOC)... 'Ifhf! 

purpos(f.> of the roc is to expand its sl,ngle p()rt t.o rr~lr. memory ~;o tnf.'oit,;. 

it may be emploYf.?d by sever'al periphe.ral device~3 simultaneou~.iY~ .ilidd, 

J, t loni..\lly 't because individual I/O data transfer ratt;~S are slo"" (mostl)l 

COilS .l..derably so) 1 but. collecti vely m.ay exceed the capec:i. ty of tht~ H~f.)!~·1-

\:)1:"1 1,G.rt, the I/O subsysterr. mu::;t J'l"'~~nage pr 1.011 tiet~ ()f each per.l,phe1;:~'~ 

acrp8~ to main memory 

The central processor inl.tiates and must be aware Qf all inpu.t,,' 

output activi tyo System design places r'esponsibl.ll ty upon the ce!'.tral 

process(J,t' t,;asks (programs) to issue tho$e :::.nstr·uctions WhlCh stfSlrt 

I/O act.~vityd If the init.iation satiBfies systen~s requirements in 

terms of availability of 9yste~ resources and security restrictions, 



.. 
::-c::ronsJ.bl.llty for cornpletlon of the I/O !-",rOCE?SS ts r.e1 ingutshed. to 

T 1(' nd ""'t 1 f 6 h "'OC ~I"'!'. 1 /r, 01l··0Cl .... ~!!iI.""1 ".. ... n· .. -: Cy· 1:' ("'t"" .an _, ..I F.r.~cgrani u. (~r cou're o. ,,: e ,1, • J.!tf': I v ~,.. "1,"Q~I, l_t"" ",;~",.", •. ,.' ... 

an drr"ay I,)f I/O cornrnands, t.he ctructure of wh::..ch beiE~!: no resembl~t)(;e 

t(:) t:hf~11: couriterpar t central pr."ocessor inst.r~,~ct.j,,(.),r).s u 

AI ter comp.ietic)n of Q.csta transfer 'or control c.perClt.i·~Jns, th'9 I/O 

camrrand array notl.iies end returns contrell to the c;entral proces~': ... " 

Needlesu to say, t'#lO I/O eommand arrays ope:o::ati.ng concurr(~A1t.J..:/ 'l'l,t::l \I;~ 

no means of mut,ual communication and must I"ely upo,n. tt:,e central 'px:'OC€:~.e" 

SOt'" foJ.:' control of any mutual activl.t.y (data tt'ar!~iC'ript ton) . 

self 

Two levels of I/O control exist with~n the central processor l' 

While ind.i v~.d'la 1 tasks may Lssue I/O l.nstructlcns ~ d syst*~n5 

m()nl. tor or supex'viscr (c,ollection of t.asKs) Im,j,st ()vers",~~,,:, the tl:9S~tq:n 

ment cf 1,/0 faci~i1~ies as well as assign pri.o!'itjE~5, assure S~~l:· .. ;.c: '-','1 

and mOllJ. tor 'cc)mplet.ion and i nt.erruption sj 9n3 1 s from th,e {re 1a t.1 -.n~d,Y''' 

free ;:'l..,lnru.ng I/O cOrt"lmand array programs. System elements suc'h &8 t.h,~~ 

deVlce sp€~cifl.catj.on table'll traffl.c regist.ers ~ simul t.a~1(~ltY' t.~:sb~h;l) ~ 

traF'ping mechanism and I/O start array pro-vide th~~ means tot: 13; SyA;lt~'fffU:t 

won i t.e,) 1" tv <.:a cry out .i ts respons~bi 1i t)/ 

'f'h~ device Sp~:1'c:tfj,catlon table m.al.ntdiru; inicrmatl.ot; rel<.~tivf: u . .:. 

e~,,( ry dev}.ce att13cr·.ed to the syst.enL, In add.1tion to tl'anfJrf.'.lr rat..~ 

and lnolv1dual logjcal status It contai.ns dl.rections f(jr t~rappinq (~,,:.r:.' 

reJect.ion of I/O inf:truct.ions based upon devi.ce status C)!: other i:h{~~·, 

tOllS The trafflC' registers and simultaneity table automatically ch~'c}' 

to s£~e the:d.: nt::ither trans·fer c<1pacity nor maX.lmum level of 61_mul~;.arl'" 

ei,t~t l.t;; exceeded f.H,lch time an I/O instructl.on is attempted The t:t"app-

~ng mechdnism and instruction rejection are used to f~rrei out in~ 

structj.ons whi,ch r('~present e.xceptions to normal cperat Lon. 

The I/O start array is thie prime vehicle for communl.cat,lon from 

the P~H-i.p'heral devices to the central processor. It provides t'he 

centr{":l processcur lj~rith an integrat.ed hardware- software-controlled 

~~blll. ty to di stingt\1sh among a large variety of devi.ce-generated ~l.ig-
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naJ ~ The mechanism steere the central proce~sor to a task ~pecialized 
, 

tl:',l f,'.::ch sl.gnal, a tE~5k Whl.(:h (~an handle ''!ll :.~!~n:11s or on}' level be·· 

Each devl.ce can conceivabley del ... ver up to 

Tr:e mult iprogram (Vl~ ta~k s-wapping~ I/O start ar.r:ay) ~ mult~­

I_ro·::e!-~f (via concurrent process~ng of I/O command array prc;]rarPs) 

ar;I:~oacrl to I/O system design provldes muc!1 flex~bil~ty. The degree 

of fleXlbllity is governed in large part by system configurab~11ty 

Uoth 10 ha:-::-dlfatdre and software 

The basic hardwar~ configuration (.)f the system relalive to 1/0 

Gpera t l.(.t~'~ oLE depicted a 5 f 0110W5 : 

F'IGURE 1 BAS Ie HARDWARE CONJ?IGURATION 

T're 'input/out.put controller,\ peripheral processor and perl.pheral 

devl.cE" are these physical system facilitl.es 'whose sol.e purpose is to, 

ccnduct inp'i,lt./output. opera t.ions. The numbers of IOC' s., Periphera 1 P<ro­

cessor's and devices ","hich can be attached to the system or operated 

-·3-



~~ l!"rul.Lar~eollsly tf~ the subject of deta:i.led ~ystem specifi{'·'atl.ons.. Al-· 

th,,)\l(]h lOCO s are i'-lnct.ionally identical", per1.pheral proce!:.sors, and 

dev LC€:S '~lll dlffer accorcilnq t~o the media wi th which they deal, In­

fonrat.lon or. pri£Tlary and secondary busses also may be found in other 

8peclflCat~Ons Central processor faCl1ities such as dev~ce and sim­

ultaneity tables and traffic regist.ers w.l11 be available consi~t.\=:r;.t 

wi t.h actual I/O faci.li ties., 

Si..)£tware confl.guI'ability will be contJ.ngent upon the creation of 

tasks to perform all I/D functions with efficient use of main memory 
storage ;':~y w~ans of central processor task swapping and ta~a'k priori t.y 

r~'ecl:,~ .. ~nl.Frr.9.. it wi 11 be possible to use single tasks for many s:i.mi.l~d: 

devlcf:>.'~ in r::erl.,al fc1shion. thereby creating a many-to-OO'9 ratio of de- . 

v J.(~e:: to tasks, The flexl.bl1 i ty" however" enables the soi twnrl(;.' ~:(t 

configure itself as r~quired 

The main ~l.eITlF.~nt of 3200 protective philosophy is the fjlloc'3tio1"'~ 

of. ddtiJ Atorar;J€ b\/ means of structors. The struc:tor defines the loci!·,., 

.tl()n~ extent and eharacteI.'i~~tics ot d data t.:ield When instruction:;'] . 
are \J~eQ t.o acceSB Qt" Opet.3t~ on <:.ii-ita, t.hey reference tne 5-~:r:UC'~J:'.r.:;;: 

l"dthel~ t't'1;:H'l the locatic,ln of fields t.hems(~lves Provisi,on ()f strt;.c~,· 

tOl'S ('c.n-; .ue tiqhtly cont:r-olled by a management fncility t~uch as an 

Oppt:'dtl.ng syste,ffi. 

T'hlS concept is extended to t'h,e I/O systero by hav:i.ng 1/0 l.r~tgt,rtlC·" 

Lion:": reference structors just. as t11e non-I/O counterparts.. The 1/0 

oper.ar1ds are thereb:y' afforded the same degree of protectipn as d~lte 

which res,ld.es in r-1emca'y1 Hence, it is possible to draw an analo~4Y 

between the class,~"c move instruction which moves protected data from 

one area of mem9Jr'Y to anotl,er and the I/O inst:rictlor! wlli.ch moves a 

set of protect.ed peripheral conmlmands to another protected area, tb.e 

I/O subsY:~tern .. 

A more ~}xplicit form of protection comes from the use of 10<]ico81 

mask flnd lOt~i,c.a.i. status" 'l'hese form a part in eve:r;y' I/O in,struct.ion" 
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The lnt.eptlon of logical 'status is to allow speciflcatiofl, withtn the 

1. fl:5'crl.lCt.ion format, of a logical perl.pher·al elemerlt such as' a fi.le, a 

vo.i.tlIl1e. d remote terminal,) etc.. Alt.hough a proper physical path may 

be el?t .. :'tb1.ished t.o a device, compari.iiH.1n of lo~u.cal stat.us and log.teal 

mask restr.ict. use .~f t.he device for t.he specific purpose of referenc-· 

.~tng a known .loglcal element upon which the device 1,8 to operate. 

The lock and key mechan.i.sm is used to protect a device from un·~ 

authorized access . A control mechanism such as a mon! tor or operat .... 

,ing system c~n assign (.It device (via settlng the lock) t.o a f:1pec1fic 

t.aks (to wh,ich it supplies a key) and thereby p;ceVt~nt its use by 

other nOl'l···pr()viledged tasks 

tj~he pertpheral processor cOlnplements the ceritral processor ~rid 

i.npl.~t/output contI'oller in condtl.ctint;~ input/c)ut.put operat~ons.. As 

t.rIa abilj.ty of cn~ I/O instruction to initiate processin.g of an '1'/0 

command array ~ so has the peripheral prc~cessor tnabilit.){ to assign nne 

.r"),:" se'v;F.H~.(Jl funct~,i(,)n.s t.o a sinQle I/O commartd.. 'fhe ~vail;:lbility Ctf up 

b.:J 256 indivi.dual device cOl11mands makes :it pos~ible to t:.ra~de periph--·, 

eral control b€rtW€:e'iU the I/O cc~mma.nd array and pe·ripheral device.. In 

all cases'! h.CI\"'/~1V'er, the cent.f:al' proCrl!SSClr exercises ultimate control 

uver all I/O operations, 

tJnder'Etsl.nd..i.n9 of the 3200 input./output sUbsystem rests i,ri, large 

I>~lrt en ·a familieJrl.t.:}o'" wit.h terminology describ:tng the syst.em t~lf~1f.~ent,s ~ 

.'Al t.hough few con'~pletely new tar-rns have bee·n in.troduced, ver"!t" expl.icit. 

new meaningz have been at.taci'1'P.)o. to famil:u:.lr terms" Table 1 si'.m.Tt".r!z9s, 

ce·rtain COflCf.:-pts tUld 'terms which appeared in the pl:'eceding secti.cn 

while de',elop.ing a consl.stent language for use in underst.,andlng the 

system operat.ion :fH3 described j.n the following section" 

Ot.her ts·rW$ have been used ¥'1i.thin the aocurnerlt for descrlptive 

P'lr.poses which 'may connote specl.fl.c operQlt:lons in t.he context of non­

:1200 syst.e~ns, : .. Such terms have been used lJbe,t'ally and no attempt at 

-.5-
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deflnttion will be made" lest it cause need for addltional terms or 

creat.e tl.ght definitions not really intended Such terms as facility, 

reEourc€"; element, operation, pOinter" interrupt'!' etc~. fall into 

t.hl.3 ca tegory .. 

TABLE 1 
DEFINITION OF TERMS 

I - --------------~ . .~-------------------------------------~ 
i 'frERM DESCRIPTION 
! -----------F';;.-----· .. - -=_::::: __ .. ===-:-..-:-=--==-==i======================t 
tsus 

I 

CONDITION CODE 

I 
I 
"DATA PATH 

I 
I 
I 

I 
i. 

i 

I~ physical col.lection of Wl.res dest.ined t.o 
carry signals between two points, normally 
refers to the connection between the l.OC and 
a peripheral processor) sometimes called the 
primary or I/O bus~ A secondary bus may con­
nect per,iphera 1 processors to per iphera 1 dC!!­
vices, 

An eight bit field in the Procedure Index of 
the Task Status Block containing status re­
lati.ve to the I/O instruction just completed .. 
'l~he condi t.iD n code should be checked follow .. · 
ing each I/O ins tr-'uc tir.H"l v 

,$-',. list o.f facil i ties (leC, I/O bus,. Pet"iph-· 
eral Proces sor., etc,,) t.O be used in. access-

I i.ng a particular device 0/ Depending upon the 
I c:onfigurat1on't either more than two devi.cee 
!~ have the same eight bit address, or multiple 
I paths are available to the same devicea In 
I both cases .. fUI·ther (~rualificat:u.')n is q~\'e'n I by the data path. ~ 

i 
IDEV!CE SPECIFlCA'rION 
TAP-L£ 

~ r. 
A table i.n main, memory containing inforl'l\!!tior.l: 

J 
I 
FLAG 

about each peripheral device connected "t.O 
the system, See Systems Operation, Device' 
Specification Th.e ;entry is used during each 
I/O in c truct:ton , 

A field within each entry in the device spec­
i.fication table giv.tng the central.processor 

, explicit directions to follow (trap, rejec-
- tlon, etc.) if certain conditions exist (de- J 

~ ____ .. ______ ~ ______ :~~_~u~~~~0. :par~son of l~ica_l ~~ 8n~ 
(Continued). 
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1r\HtE 1 (Cont. ) 

\'-- "'-- ._"_.------
TERM 

---1 -- =~----~--'-. "~O<_"'-""'~~IPTI'O;----'-"-~-~" _. 

1=-=··'-.. ~.: __ _ .... ; ~ ...... _ . __ -~ - ...... _--=--=:.~ .... .......-..-. ... ---:::::: ... ~ ..... ~....,....-=_=~=t=:t.=_=..:.::=====f 
A structol: which contains ,1.nformation dl.rect-, 
log a device to carry out a single operation. 

~I/O CONTROLLER 

I/O INIT!ATED START 

:1/0 INSTRUCTION 
I 

1 , 

1/0 SUBSYSTEM 

I LOCK'-KEY 

i 

The structor is meaningful only t.o the ICC .. 
When several I/O commands are grouped to­
gether, they form an I/O con~nd array which 
itself is a prograro executable by the IOC and 
"peripheral processor. 

The physi.cal unit permittlng several per,1ph­
eral processors simultaneous access to main 
memory The IOC contains facilities (se­
quencers) necessary for simultaneity execut­
ing several I/O command array programs. 

A signal generated by the I/O device or IOC 
to.r the central. processor. The signal ca.n 
cause steering to a partl,cular task associ ... 
ated with the cause and nature' (.If t,.he st.art 
signal An I/O start array c()ntain(~d in mair! 
memory pOints to a 11 the t'8sks ass(}ciatea I 
with I/O ()per'titions.. The I/O star't ::Jlg;:~81 
resembles a peripheral interrupt under cer·~ .. 
tain circumstances 

An instruction in the 'central processor re­
pertoire used t.O inl.tiate a peripheral opet:'l\-
tion The 1/0 instruction may ult,imately 
cause the execut:il:)n ;:\1 an I/O cornmand array 
prograru in the I/O subsystems.. However,. t.he 
I/O in.structi ~\n h~,s explicit nie6ning only t(.) 

the central proces~or" 

Irhe collection of all physical and loqical 
facil~ties and resources necessary to carry' 
out peripheral 1/0 8ct1~1ty. 

A logical protection mechanism which allows 
the perl.pheral processor (or device) t~o re­
quire a posl.'tive comparison before allowing 
a peripheral operation to proceed, The lock 
151 preloaded into the peripheral processor 
whi~e ~he key is referenced in all .1/0 ino;o JI 
struct..lons 

~,..............-.--..-........... -~- ... *~....-..: 

(Continued) 
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TABLE 1 (Cont ) 

r" -------~~---~---.~-.~--.. --~-------.----- ,--.,-~-----------
, TERM , 
f:::-..:-..;;:,:-:::_- ':::."::..:.=.' =="--
ILQ(;rCAL MASK-STATUS 

I 

I 

J PERIPHERAL DEVICE 

PERIPHERAIA PROCESSOR 
OR CONTROL UNT'r 

'SIMULTANEITY (level, 
table) 

I 
! 
I 
I 
I 
I 
iTASK 

TRANSFER :RATE 

TRAP 

\ 

DE:t"ImTION 
: == ===r= W til ............ ...,., ........ ~ .. ""'_ ........ -:;:::;::::IiI: ::=:::=::: : ... 

A log1.cal selection mechanism l11hi.ch a 110W5 
the central processor to sel.ctively access 
a peripheral ~nt.lt,)r such as a file or volume, 
norma ill' excep;ding the address obtained vl . .e 
dt~vice nu.mber or data path" The ~voqic:.:1 I 
status is preloaded into the devicd specl£i­
cation table and t~he mask is refererlced dur­
ing the execution of the I/O .instruction .. 

Single addressable data source ox data sink. 
It may be a unl t prod,11C1J'''J physica" media 
such as a disK- or t~l.H::: dri ve O.f" ar:. electro(\·~ 
ic media such as ;::, cornmunication channel .. 

This uni. t. intert.aces the 10C' and one OJ( more 
periphera 1 devicfJs.. (Its responsl.bl.l i ty in .... 
cludes in.terpretation of device cf.)mtnands, 
maintenance, update and reporting of deviL~ 
sta tus, ,(~ Lc , 

~he halting of an I/O instruction for various 
reasons (busy .. overflow of traffic registers, 
etc ,.) before responsibil i ty is turned over 
to the IOf':" Reject.ion causes the central 
processor t.O secpJenc:f:' t~) 'th~ nr:;xt (~erit~~'al 

pr.t\::;(~lf~B130r i rH:d,!"\.1c:~tlcn i:Hh! . .st,Qce:s i:h.(~ reaso.r~ 
{or rojection in the cdndition code field of 
the Procedure Index. in the tresk Statlls Block. 

) 

I 
i 
I 
I The ability to conduct a data transfer between, 

main memory and a device. Implies that sev·... f; 

eral such transfers are being concurrently , 
executed through a single facility (bus, IOC). I~ 
The simultaneity table is maintained in the 
c(:;n tral proc:essor: _ to protect total systen sim-
ultaneity capacity from ove.r:,'accesses. ~ 

A list of instructions which form a logical 
sequence of operations. A task may be con­
sidered a program designed for a very limited 
purpose" 

An i.ndication relative to the amount of I/O 
bus capac:i ty required by a particular device .. 
A dynamic check of the availability of bus cap­
acit.y is kept b}T a traffic I'egister~ Overflow 
causes rejection of the instruction, 

~ 

~ 

An' a'utomatic control transfer within a task 
which results from a 'hardware detected excep­
t.ion condl.tion ---.-.-- ..... ,"""~--.-...-... ..... -g~-""'. _____ I"..~-~~~~ 

~ .. 8-



T't'Lt£: t~ect .. ion PI"OV1<leS d def;cript1on of t.'he rio Systern cp(~r~tl.cn 

'~b .. ile "lv()i.ding the It:~vel of deta.il fH),t""lilally found in a spf:~clfl.,::atj.(jn. 

'(we r.~f~\thod.s are used t,e achie\"e tr"is end:. 1) bit lev'al descrlpti(~n 

of .registers or fi,aIds is avo.1.deu t~htn:'ever possible, and 2) exc~rp--" 

,";-:i.c:.n Ca3f3S artt eit'ner: 1e1:(, " .. HAt (.)r ccvered in a cl.JJ.::.B"-::'.tS" r.~':l.r4tH2:":«; ~1';'ltH'~ 

covere ... 1 e>:ce:pt',J..c1n (:"I:1ses ~r'p releqated LO \,.he end of the sect.,!,I.:I:'; ... '" 

avoid dest.royinq t.he coneJ.nuity 01. gene:r:al des(~ript.ivf! maceria,t. 

The ability to invoke I/O resources is managed by three f8Cl1i~ 
t.ies, on(~ sott.'Weu::'e and tWCf hardw;,~re ccntr(jlled. A soft\;1Qr"e moni.tor 

9vs~em ~By manaae the acces5ibiiicy at peripher31 devices via ent!ie~ 

:in the d~vice .speci.1:iJ"ati{)n t.l:4bl!? (-""~A F,'.iqure ::.) ~ Altr'o'Y1b h~rd~r·~" 

~~cttlally ~:tl1(.!w~; or p,(-event'.s 1/0 dct.:.ivity, t..b(.-! device ape<:::Lfit::,;! .'~;""I.:., 

{::.:.~" ::\~~~".; \''''c!~~ l.n nlmosr. alJ cases. made by '!:;ott'W'are4 The t.ra.t:fic r:;'eg 

Th~ mandqement tee-tiL t:~ ~}?, hO\JI.:~vet, only .rep.r-eser~t p.hysn cal r~ 

~::ct.lr(;eS \ti1.t.bin the tiystam.. The ablllt,Y of the pet'l.pheral device, perl'·,·· 

!.,ph(;;l.'al proc~sso!' er input/<.)utpl ... 't~ eontrol..le.t' tc f:€'.£'i· ... "l .. "f. ::':.&e l/~.) l"t'''"~ 

r:;trul.:t"ion act:ua 1.1 y governs $ucces~~fuJ cperat j 0t:, Th~ I/O lnstr·uct.l.on 

f'>,P ll.,.::~i ~ .. "".l ~:.rld ·;~InP1.l..C.A :::.':.y specl f: iss t.hcs~ resources Whlc'h J. t~ -j.esi,r-flt~ 

t. 0 ' .. LSt.-:! Lhrouqh ~~nt: .. r:t.ea in the A dna d operands 0.1:: ~':he i115 :'.r~ .. :', 'vt <:'n" 

1'hf~ B ()pl!~rand speci t i.e's ctevice n\'L~lber arv:i dat.e path laih.! ,\"l t.he type fJ·t:. 

lnSt:ructj(}r~ dete:t'mi.nes usage of a level. of sl.multaneity'~ ~rotectlcln 

of dev.1.ct~S bY' k~~y anti resources by a ,u~)ql.cal l'~$k p.cevenc,,; I,.ulliuthor:t~\~d 

'...~::~I'~;: (>~,' 'k~i tIH;,-,t" the device or: bu.s t .. ransfer capac'!. t,y ~ 

-,q-
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FIGURE 2. ENTRY IN DEVICE SPECIFICATION TABLE 

Device Specification 

The device specification table entry contains those·fields which 
govern the initiation of the I/O instruction. The flag. field 18 loaded 
by software to cause unconditional trapping or conditional trapping, 

• 
rejection or acceptance based upon such factors as device busy, mal-
function or comparison of logical mesk. and status. The flag field 
busy bit is automatically -set when an instruction 1s successfully 
issued to a device. 

Transfer Ra~.! 

The transf,r rate 1s used by the traffic registers to detect 
system or resource overrun. OVerrun and peak transfer rate causes 
instruction rejection .• 

Simultaneity 

The simultaneity table is incremented following all other checks 
befol,"e execut.ion i8 initiated in the device or peripheral proceasor. 
If all levels of simultaneity available to the resource or the entire 
system are exhausted, the instruction is rejected. 

ggno.;tion COS' 
During the extraction of the I/O instruction, the device specifi­

cation table is c~eck8d for busy or device malfunetiOfte The presence 
of either condition will cause rejection and corresponding reporting 
via the condition code. A failure to compare logical mask and status 
will have the samet result. Rejection is noted by a bit indicating the 

instruct.ion was sati-afac::torally initiated. An instruction which checks 

.1;,h., ·condition code ahollld always be placed after an X/O instruct.ion to 
detect.failure to execute. 

-10-
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It contalns the key and loglcal mask ard 

1:id~ .. "A.lg()f t.~J1.n..§. 

Before issuing an I/O in~tr~ction, the I/O start array (f1qure 
4) w(.)uld have been loaded 'Wi th poin tars to prE:rset. sof tware .(tqot':'.i th.rnm 

t.C) accommodate any eventualit.y whi.ch could result frc~m the exaclilion 

of t.he I/O :lnstructiol'L, Norm.al and abnormal ter·mlna.t.:i.~Jn8 (al(Jn~1 ~fit.h 

indexed var tat.ions thereof 1f t'he number and .frequency of termi.r:!aJt1on 

'causes Just.ifY separet.e hardware steer.i.ng), attention s.1gnal~~,> t~t·'" 

si.dua indicatlons and progrt!tmmable interrupt ent.r:les in t~e I/O Bt..ar.t 

arr~"y' reference tasks programmed to react uniquely to each. 

·-11--
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,-, 

The 'tasks l.nd,exed by the I/O st,art array could instead be mer'ged 

into Qfle or more software tasks with varying accompanying levels of 
software steering.. In any case, the steering capabilities of t.he 1/0-

i.nitiated starts requ.1re preassignment of tas'ks to take advantage of 

the information w,'hich \the I/l) dl.rects to t'he cent.x:al p~:vcess{.Jr '" 

'!'h~ d.Lagr'sm of the mechanism WhiCh steere through the I/O start. 

array has been.' oversimplified for clarl ty·. Entries in any of the array 
elements point eithe.t" t,o e rfask. Stat.us Block (!thown as IS task), f.U1.\ 

al.~.r'ay indexed by the status o,{ t.he I/O device (device number, irlter­

.t"dpt cod(-~, quelif1.er), a ialFO array (not 'Shown), or a NULL Entry which 

~,gnorE".s th(:~ si9tlal. A more deta,'l.1ed descr:tptj,on of t.he mecMnism 1& 

given in the 3200 System De8cr.ip~; 1:',1\";', 

If independent star·ts are expected to init.iate the same task, a 

Fl.'f!'10 array must be employed to avoid potential loss of some .1/0 :st.art~I,~ 

This could occur. because of independent st,;eu:ts from th~~ ~aP"le device or 

ax"ray auton'~tic811y stacks the starts in the order in which they .rrlve~ 

~rhc rIo :tnstruct1on is the language elemeat which e Central Pro-.. 
cessor USf.:"'S to .1,ni,LtatiltS (),tle or 8 $eq\;u.,.~,ce ()'f :per"ip'heral operations .. 

It supplJ.i=:ts some explicit informat.$..t.:a:, (tbout t',he nature of the opel"a·­

tion (within t:he op-code, but lMl,nly r.efe·r'~nce additional ltl{OI:'mDt:1on 

(;~)'pe.r~,;nda) .necessary fOl execulicii·-~.. l'he simp'lest i.nst.ructlon'jl a Halt 

Device Operation 11 references a ,Ot.,vice Identifier Struct.Ot' ~:lnly f\' 1'be 

most. complex I/O ,instructions, in additiun -co ',he Device Ident.1fl.fU: 

Struct.I..)l:, may reference an array containing uJ? to l56 ind.~ V.i.Qual de­

vice commands.. The .individual device comm.ands, in turn'\' normrd.l;t 

r~.~f erenc~' fields iil"l U10a i.n m~r:l(n' :1'\ ;, ',,'1 ,t:,.1!;1 l,;fh.;'Jd 1: c"' au.b!3eq:uen.t t" ansfar of 

data. 

'rhe Initiate Device Operatioll (100) inatruction is used for nloat 

peripheral activity. There are three ve,rieties of 100 eac'h causing 

different demanos \,n the I/O fac.l.11ties" Th.f.~ flO~.l dat.a tranaf8i7 

specil i.es a devi"ce, a level of fU.multanei ty ar.d a portion of oua ll."an.8/l-

-13-
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,. 
f'er capaci ty.· A second type, used for: control, may be capable of 
execution. without requiring 8 level of simultaneity" An example of 
such an instruct.ion would be a rewl.nd order to a magnetic tape dri.ve,. 

., 
The third typf!' of 100, an Al tet" Operati.on, would be !Jtilized to t.emp­

c,rt\rl.ly int.lE.~rr:'~!I~'.'t: tli}teC:'i,t:tO~l c;·f ~~l?'). i2·xitrtl.n9 1£10 in order t.o insert 

,JPt:'1I,~;~",~2 ... lniormat:.1on, eit.her cont.rol or dat~., iU''l.d then resume the 

'interrUl)ted j,'!lfitru(:t1on.. "rhl.s instruction is of va.L\,.\e ill a daC8 cata­

municat.ione env1rortment. ..i1.1t.hough 't.he iaatl'ucticlO may t'equit'. a.'N, 

ec~dl t10nal level of 8imultane1ty, it can use t'.:.he same ctev.ice number 

~ft the interrupted IOO. 

,~ I ~ .. _ 

-14-
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The 100 instruct.ionls A operand delivers a locator ,of either e 

sinqle I/O cormland ot" an array of I/O cOttl\'\8nds. When en array is 
addressed, the Locator Structor contains a·field denotin9 the extent 

~f the art'ay. The B op$rand, is the Device ldenti fier Structor, used 

In conyunct.1on wi th the d.evice specification t""ole ~.s li;;xplained. under 

~~ctioJ! 

Successful extraction of the Device Ident1f1er and Locator Struc­

tors rests uporl. the evailab111 ty of resources'j successful compcarison 

of mask and logical status, end. no rejection or trap. Successful, 

ext.raction results in the delivEu.:·y of ~n I/O operand to the I/O con­

trollal:., ini tiat.1ng execution of the operation herein., 'The I/O oper- · 

tll!n.d c()t~tet!~~ i~ tl information requited by the pe:X:'ipheral proceseot' 

and I/O cont.x·oller in order to independently ~)f"S\ll"f) contt'ol of t.he 

perl. 'phel'-;;'~ .1. 

F 1<;;1\1I'8 6 .... 

"t. • .. 'J!' -.1 

Successful extraction also causes st.orage of the location it1 

the device specification table as well as the setting of the busy bit 

in i.ta flag field.. At thts pOint, the central processox' is free to 

.init'iate a new instruction whi.le peripheral proceasin9 indepenaently 

proceeds" 

Unsuccessful extraction., i.e., j:-ejection or trap, v.ill serve to 

terml.nate the ,inst .. l-U.ction and allow the cent.ral processor to init18t~. 

a new instruction.. Reports on the I'eason for termination are wnad~ 

through the condition code or the trapping mechanism (see 3200 Systems 

Descript:.:i.on for information on trapping), The condition code shou14 

be checked in the instruction following the I/O lr.t'struction .. 

-15·-
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.. 
!DE-} t/9.~~l;.;. C~qvn9 nd~. 

The I/O convnand is us ed t.o cause '8 functiona 1 opera tj.on in 8 

peripheral dev1ce1f "" single coUl't'tand or an array of u.p t{l 256 com· .. 

mands mav be t-he resul t; of O!'lEl I/O :tnstX"uct.it.:Hl i,ssued. bv the centrel .,k. ..... ~. 

proceSS01~" '1~he cOl'l1l'll4nd contains inforroa lion or;. the type of operat.i(;n~ 't 

>;3 tarting loca tion of information to bt~ transferred '} amount. of inf'Jf:-n ..... 

Lion to 'be transferred 81Jd II tt'q,lnsier variant.. which ·j.tz,~~t..ru~:·!t:: s t~'~~;) 1,,,/0 

oontroller 'how to control the operation and se:q.uencing through t. he 

command aI'ray'. Althou,gh '1:/0 cotm\snds genet'al~y' iail i,nto the cate­

gories of data transfer 1 contr'ol or st.atu8 inq,ui.ry operr8tions, tl',. 
differentii.iti,on between therH is a function of p~r'J}JheX:·lel. processo:r 

assignmenL ut tlevice cOtt'l'nand codes .. 

The I/O conunano array ls actually 8 ato::'''ed pr09ra~. and t.he ex­

ecut:ion processor and I/O contrcller share t"espcnsi.bl1ity in i,ta 

processing .. Processirlq wi'thln anyone I/O C()lt'iltW:1l1d.. ar,t,: ay 1.5 p,er.fo~ed 

seri;;;ll'Y' although signals such 8S p;cogramraa'ble sign.els ~ f1evice act1 .... 

vdtad attent10n 8ignals and residue signals Cdn in~tl~te pe~a~:~~ 

.:.::~ntral pr.ocessor activit.~J'" 

fAf.~-N.p€-·"~l-·-W-- \~Ot:;:;;;;;-·---~--·--"-TI,.. £;;~"----'----'-------~r----""""-'''l 
In'. /Ie ! '> 'lH)t ~j 1~4 ... ~ ~~''';.t i.'I,!{~ &:t'_' ___ ~_-""".~~IJ""~""'~.~~_~~"""""""~~~"" ~~ . ~~ 

\~_~_#lN.,~-J ~f~"""""""~ 

, t ! 

'11 ~ NSf ~ Vi\ll/\Nf.....J i 
\')(VH.\! (~'t4A6"CC C<H:.t " ___ J 

FIGUF.E 1.. INDIVIDUAl. I/O COM!J.ANO 

~~_~~ ..... t1d 4>~J&~ 

Up to 256 device c~nmand codes may be specified for. e~c.h t~pe 

of perl.phe.ral device.. arbe I/O command may be used t.o transfer {H,t.,a, 

, ... 16 ... ~ 
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initlate control opa~ations with or without. accorripanying control 

parameters, or extrect ~tatus. 

The termination of an I/O command is controlled by the per1ph­
er.r:t 1 device y Hc,we'trer ~ the pel~ipher81 device may use 't.he information 

that the data butter in nWl,n memory has been exhausted or may use 

p~r t ieu 1t.1:C d.ata· cc;des to cause tet'minati(>,n" In the cours~ of t'erm1n­

ation, the pe"iphe.cal processor' {nay tnitiate a branch t(.~ other. thlln 

the. next command in sequence, if. t.'he t.ransfer variant. 'had previously 

allowed such act1·on. The locat.1otl to which t.he sequencer tJL'f!lnches. 

may he pre,,'pxclgt'ammed o.r opt1.onall.y controlled by the peripheral 

processor its"lf_ 

'1.'he, b:~:'anch1ng process may be u.sed a~ in the following example: 

Havi,ng previously been issued. a write dat~ c~nd, the 

;peripheral. processor, upon term1ru~tlon, may ind1catne 

either' normal sequencinq or br&nc.hinq to Or'4~ ,),!' .tn()tt;­

err.()!" or 81ternati".,'e activities.. The first type of 

the orig:tnal COOllillU'J.(}<Il Another type of et·ror, unl'S-; 

crJvel'able :tn rug t~.i'te, could cause t.he in t:e:t.'" rog a t10n 

()t~ (1{:~~J:i(;~k !!1t .. ~:t,\1,£.l in order to analyze ~ ttl·e erX~()t~~ bet'ore 

report.:inq to t.h~ central processor., One or more alt,...~ 

ernati.;Je next ,:';::J,r.i:rrtcA.rJd $(;.lutltW1S migr'd::: be possible de,· 

pending upon v:5ri,Qus types of (rlonM-error-indlcat..\,r].\~) 

outcomes oi l.he peripneral p:r'oc~a6:~c '. 

trh~ branch1ng capabili.i:.y, then gives the I/O Subsystean. a la.t'"9~ 

degree of indeperadent. deci"sion making capability'" 

It:. must 'be notet'i tl'l;~t. misuse jjf. the bran.ching capability c~uld 

resul t in the execution of an endlesss loop (pf I/O conm.v.u'lds It Thls 

so ca lled nSilent d.ata U can be detect.ed Ollly' i~"l t.he central proces­

sor 'by means of • timeout.. A cormnon encounter.." w1t:h this proble~1. 

could result. from the repeated retry of a peripheral. cOlmulna 'which 

'fa i l:t:rd to, 5uccess!::uly t:en~ina i.e beC'~n15e of en .rrot.' cond:i 'i,:ion f~bad 

-11- ' 
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communications line, dirt. Oll magnetic tape, etc .. ).. ·The peripheral .. 
processol':' must maintain a retry counter if such a procedure i,5 to be 
consldered.\ Consul~ individual peripheral processor functior'lal char­

acteristl.cs to ve.t"l..f~l ~he presence of the retry counting capability .. 

The transfer variant contains control bits which can monitor 

residue, unconditionally C8use interrupt, allow peripheral or condi­
tional branching, signal end of array, and give information on loca-· 

tiun of branche8~ 

LENGT:ti, LOCATION 

The length field will specify the number of bytes to be trans",· 
" 

ferred and the location field; their starting location .. 

~" .. I.i.:'he fol.lowinq command array might be used i.n a data communice­

t..tOl'~S envir-onml'(!nt where a station ;1.9 dial.ed, a message trans­

m.lt.ted~ an ~~k.flOwledgement checked, an :end of transrni:?s1on mes­

sage sent and. the line di8cofi~n~~c·ted¥ 

Device Command 

t.ransm1t 

~ransm1t 

disconnect 

read status 

disconnect 

Buffer 

message 

end of Trans­
mission mes­
sage 

error buffer 

Termination .. 
Indicator 

X 
-18-
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E.xamples of' Typical 
Branching Condl tion.s 

Retry 1£ no answer up to 
3 times;branah to +5 if no 
answer 3 times;go to nexr~ 
command if answer. 

retry if negative acknowl­
edgement received up to ~ 
times;branch to +4 if re­
ceive 3 negative aclenawl",,· 
edgement~ go to next cam-· 
mend if positive eeknQwl­
edgemetkt ~ 



",. 

0.. In the course of access.1ng a' recQrd .on a disk file, it is nec-

essary·'to position t,he. head and t'hen st?arch through the heBders 

and . keys on a track l.1,ntil t.he desired key and its associat.ed 

data are 'located. At f.PJch ti.me, the dat.a m.ay be read. In e 

(3equential file ItrUc,~ture, t"'e<.::ords are stored i.n ascending order 

rl1:d"I;d:-ed t.l') theilt:' key~.. 1.1 t.r.H;~J\lgb, t.he: 'k.e'!t' codes fJeed not. l),:j 

contiguous (811 codes not present),~ they l.\re ar:.""enged in order.". 

A peripheral processor :f0l:' mass memory hav'ing t.he capa'bili ty to 

compare header ad.dresses ani keys to stored counterparts need 

not cause interaction wi th cEmtral processor until a r'ead and~, 
pe:t"hapa, a ns'w t.I:ack 0l: head aeek (lJ,~e :1,nltlated>~ 

J 
Device Command Transfer ·/aCl8.n:l Buffer Remarks 

--::~a;':)'-.. 'l.--H--e-a-d-'e-.r-""""'-p-r-a""'n-c""t-l ~~nl~';~;~~ heeder ( ~::~~;:. f~~··~;:-: 
cotnparison ~ ~ ;fi¢ 

Search Key branch * u.ntil 
2: comparison 

~;C're y termina­
tion 

!D.R'~ ~L'OU .. ~J2~ t;, I!'l!.t.!' te:fL.~t;~t;§. 

~ 
)desired keV(! Search for keyl K 

.Data Buffer 

New Track 

~ 
~ 

Posi tion to ~'lev 
track in ant1cl.pG-

~ ~. $ i"":'!",\ nf ""'&-'II&.~ 11"-.~fP>A ~ ~ ••. i!, I"t .. 'l.... \A'C'...i.Ai..\..:. ltv. ~·~VA..."\A 

f. tc;, bp, ~~C'f~HH3ediil 
t Terminate A,rra'~~ 

The I/O controller is capable of providing siaveral types of I/O 

st~arts '" ~rhe8e starts can cause hardware directed. steering through 

the I/O start array to fUl entry reprEl:senti.n9 a 8.pecif ic device!t. :g 

spec.lfic 't~iPe of start (termination, resi(lue, .at.tent.ion, etc$) end. 

a 1.~V'el of indexing qualifying the type of atart~ Each I/O start 

\tti 11 cau.se t.ransfer of an I/O stat.us W'ord(t !t will c.ont~ln the Of.:),"'" 

\ric~ address and signal cod.e (indlcClting tY);)t! ;~)f If.n::art) i!il.:t ~~el1 at!! 0 

tllf: quali~ier. 
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NORMAL TBRMINATION 

NO.rmal termi.natiofl of the I/O instruction will occur when an 

I/O' command is reached whict, contf!tins indication that it is the last 

command in the array_ An I/O initiat.ed start signifying normal de· ... 

vice t.ermination will occur accor-d:tn~~~.ly '" l;\b.e 1/0 stpatu8 w()r~ will 

cont.ain 8t.~tus {i.e." cause of ternlination, etc.} t.:-n:1.J;:'C1if':(} t~;~,.,. t}1i0 

p;i:lripheral procesBoL' ,eta wt;:':;'l as data path. 

ABNORMAL TBRMlNAT!ON 

Abnortl\81 terminations indicate t.hat the ~rray of operations 
could not be completed or was completed with. an error' or exception 

PROG~~LE SIGNAL 

It. Programmable signal w.ill result from the setting of the apl:>ro­
priate. bit it .. the tr~nsfer variant and can occur at any time during 

exet.:;ut.ion of an array .:..d': 1/0 cummands. the 1/0 statuB 'W·ord. will de-

RESIDUE SIGNAl, 

Itesiaue stor~~ge signals are an indicat10fl that ~ differenctt ex-
/ 

,1St:; between the length f.:leld. of an 1/0 coo'InBnd and the corresponding 

,,'ihY$ical record w'hi c'h was transferred so far" Tht~ I/O statu*-", wv')rd 

will deliver 'the residue (posit.ive for unCierflo'w ... Zf:U;O for ove:cflc.'wT} 

and the array se<tuenCe locatio!)" 1"he transfer' variant. or the periph­

eral processor st:etua must have indicated. an lntention to register 
residue CQunts in order for the signal to OCCULv 

ATTENTION SIGNAL , 

Attention signals may be used when the d~vice is not prese,ntly' 

e)(scuting an I/O (,)peration or' for spec.tal condit.l()ns ~10t requir1n.q 

termirustion.. The I/O status delj.vers cause of i.nte!'rupt. 
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AS N01N1 Al r£'.R f'11111t "'ON 

i'lGURE e» SUMMARY OF I/O STATUS 'WCRtl6 

!ti~~9.1'!._ of.. 1'0 !.n!.S.if; ~ed. S t,~rt;! 

The central processor receiving the I/O initiated start. wlll " 

sense t.he l/'O stat.us wo.t"d f{)Jr th(,~ CaUfiE: of the at,art.. 4I'ermi,nati,on,s 

will cause the rele~ae of t,re.nsfer r.ate from the traffic registers 

(!,nd the b'llSY ccndi. tion from the device epecificatiort table f1.ZH~ '" 

'rerml.na tions and. other. siQna is 'lli 1.1 then cause t~he cef.itt't\l processor 

to attempc itldt~x.ing of th€i I,l\) scart at'ray' unt..il ~ a polnter to a t.rij~lt 

Control Block i,s reached.. That t.ask wi,ll be check.ed fCl' p.,ciorit.y ,uta 
executed if .1 t: mef~ts l;:.he pri,ori ty cri t.et:' ia CI 

~w§d!.W2.rlltL:t:qQ F9 pll~ !;.~L.i.QA., §!..qg,~!t _gpJ!nmndp. 

An. liN 1nstt"uction may specify c)nly a single canm.fuld.. Such in·,.., 

struct~ions may be used for tl'lEl purpose of: sen,ding control. inform.e­

tion or inquiring of peripheral pl"OCeaaor. stat.us.. ,;.r:he 1& operand, tie­

viet' 1dent,if1e.t' stt'uet.cir, lletfld no,t. specify an ext.eElt {which wOi.lld 

'n()1."'mal1y indi.cate t::.he size of the I/O command arrey}" Further., MI.ly 

release of facil:1,t1es such as transfer rate and lev¥lJl of simul,tane1ty 

can b€1 ,ac'hieved<4 'l''he ,reSllltant I/O operand carries such informat.ion 

to the Ilo controller$ 
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, ,Ada! ti ories 1 'Inat:r"lct!ons 

The Halt:. Device Operat.ion Instruction is an unconditional halt 
" ... 

order to a devie e.' Because no data is associated with this instruc-

tion~ only the device identifier structor operand is required. 
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