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'fhl s PdrH:r is ~1 Pr'Qf:'>)<S<d ot a , n"r ·Ji solutL·;r: to the data"'· 
hanrlllnp, problem .-:xisting within <• ··ulti.,.~Ho~rarr·l'1h1;, 1 multi"' 
processlnr. envlronmento The fdeas :·"esented here are an extension 
and modification of the basic phflL~ophy expressAd In CC-196, 
"A f-laster Olsk Control Routlne"o 

The current d t sk routine proce:~os,;; 4 nh.r·m<:di. i 01. n1 ,~ ;.Ji(;., ; ,;;. 'i 
manner wlthout regard for channel co·•tigur.\tlon.., The new UO 
s"stem proposed ln this paper wfU .lr•:>:rate ~~'11 a'lailabl~ channels 
in PiH'cdleL, The d?.tt;:J structure w ~1 -1ot itnJt t)H}' numh;~r of chtHlllP~s 
\'!hl;;h c~H~ b<! p;·oces~ing tnfonn<::\t\(n simultarpntJsly 'tot· on~:" or· 
ma~y usc~·so ~n other words~ tl,ls /0 ~yslem )rovl1es a nec~ssary 
!ntcrf.;;t:P f(H. d r:i•.llt~"Pr:.~~;rammoe·; ~upervisl:'lt·:;; ..::.:•·:.tem •. 

'the 1/0 svstf!m can ;;~ccor,,nd,~,L' ;my conftg:~~r.a·i:.Tc. nf I(O d'annrd 
and/or dev!c;3s.,. 1his n:.nH1ne \ 'li Provide r1 macbin~C indeoend~~r>iJ: 
and fl(D-,ib1r, means of (!.::.tu '''<:if i"i!_!;ntion through n s-tt·:v!ard \ntror·· 
face to all usersL 

The p:-oposed 1/0 syst·-:·n1 t:<i l;ms ., supervisor·y syst;?m tc; ·i!.;mp; 
~dh: u:~ 't'"l:';tdeve ln~t'H'llV!:don lrl ;.<n Incremental fashh.:·$)., r'rr.>,'~'( U"< 
~')1: tl·d:: fnc! \tty coul·.::l •?i tnilnate hLlk rfumptnP.., loading ;;rd e· H.inr, 
of 1 ::H·~··: :o;c--~or;dar>• sto~; i::'' areas-, 

1\ rot:~·r;t\'·~c·Uon !mpos.;d b•v H't' :;uz·nnt dis:.k touti'·;_f~ Is ti'i(: n· 
,abi'iit~f of mnny users lo tlcCf'~Ss ·'" it·fon"lat:1on fii;~ slniu\·~arH~ous\~ 
Th1s has produced a ne..::essitY fof a 1:omplmt intcl"locking ~·tstem, 
•d th~l"\ thP ,...t•!"'r'ent v~r:don of r.rss~ to allow the use of common 

·" "' , • ·to ~ .... r> j". y-. ... ,,. "' ... , : r 1..:· ~ ~ i ... ·- · , •1· I, '! ·,, '<,·_ : .. ··\". ,:~ ( , ""• ,>1 •. ·,•_ ,, .. ··".•' ·' ,._,-·\ -.>. •.. ,,. ·.,_·.·.· .<.·_, ,-_, ,rr f."'t , .. _,. c-,, r J ~: {~~ ,_. ~ 1-H.; -~~ 1 C'•l~ ... l~.l;~.!d ~"' : ·:·;· ~"k;·r: 'tl" • • 

l nfonm1 t ion files by m;,ny w•~~ t·~·.,. J nt r: r t oc kt~(" ~;n h when ilJ) •. 1 i, ·u· ·:;~L 
Is made to change a flleo 

Anotht:-r aspect of the 1/0 s ys tr;rn f s the modui a .. • t za t ion of an 
rqachine c!ep·:•ndent. sections, \;.' ,., >\acer:1f:Ot of Ct: .:,·!n !<\OflU~,,,, 
,. ~; .. ;;r.~·.·.- ~.i';_·.n··p.·t;t:.~_:t ~ ff~,.r !·-~:::(:·· ~1{--':·· 1/t) ~'~·~··/~'~---·----. :-,~ t_.~ 

···' •:• ·:· :i·~;:q·;.-;('d II. :\ffi.>:Ctl' 
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[\P>'':f f ic w&n have a unlqu·e nante vthich Is us'''·' o idf:iH:lfy 
f; e tc th.:;, u,:;er., An eiernf:nt tn ,,, fJ ie fs n:fe!.:::n.:-.ed by ::'·fH:cl fi 

l !5.:: 1 ,;:,n,:J the 1 inear· i rleJ<c For C>I.<Hr1P ••,, irn:: tdcmrmt nin rn 
n l:::; r ;·u(ed tr> as aU} F h..:s may he cn~ateri" ~:,.r:;eH fi t.d ·or de• 

b :r u r: ;, )/ t h r o u g h t h 10 ll!> e of t f I 0 s y s t f: n; .. 

;:, t.h f; 
f' t r -~ 

A f!1e appears to the user to ben block of contiguous storage 
'•iihic:h ll1ilit' ce l'eferenced through normal seque11ttal addressrng con· 
'<~"..:rl'l:~,)ns, However, the ph~'sical ~·tructur·e of the file fs ind(!pendcnr 
0f th0 I glca1 structure which the user oxperlencesn The user may 
refer !o a file only through the symbolic file name and should have 
no notion of \llhere or how the flle is stored., The number of elernents 

i'la up a flte ls arbitrary.!/' [)tid tn fact a ffle may exist 
rt~f th fi(i (~ l r.!r.Jen,tse. 

ere are four basic oper~tlons for Manipulating elements within 
fnes ThE.:se are, oRerdn&,., t!lostn~:)' readfng and_.wdUng., To lrdtfate 
a ~ead 0nd/o wrlt~operatlon. the flle must first be opened for 
"'ead! ne: i}_n<UQ! Nd t t ngc; by the user., To term! nate the reading 
and/or wr!tlng of a file, the file must he closed~ 

.. ~ ch:H'<H.:t~o,ristic of all files is the mode, nwrh~ of a 
Ft!e Is defined as the Inclusive or of the following propertl~s. 
lhest pr·opertles and their octal values are listeil below, 

OOlo TEMPORARY- The file is ~utomatically rlestroyed as It 
,s being read., 

0 0£: '· ;,:; f: CONDARY ~. lh Is Pl"OP!'.': t. t y de fl ne s til~! s ''ih t ch trJa )I be 
teted by storage coliection mnchanlsms In prefer~nce 

to otth::r fl ie:Sr, 

HFJ\D~ONI..Y= The fih~ can onhr n::ad., An ;ntempt to 
w Jte Into a file of this property will cause an error 
cc,nd I t.1 (;;n: 

U10. WR TE-ONLY- The file can on1~ be written~ An attempt 
to read from a ft1e with this property wl'' cause an 
orrur condition .. ' 

7 

OHt. PR IV E- The f n e can ofd y be r·efer·e·nu:.·d b}' the AUTHOH ~ .1~ ' 
!oac H,. user who cre~~t~d (·,r L:~st 1110difled tnis file,, ~v-

0~~~ t_HlrJ\f> · 'fht: f h: ,r:·c;v ~'""" re re~<ced !~ o~t,e·- w;<:'tS, 
t:~B:L--~,-~:g t~fc: t!Se the ~ ,,.;;: fac f l i! 

!11. f ~ l t.:C l'id ';/ 
f\ n / :...:.;. -~ f·~\·vjp t. 

~~ ~' I t<::· 
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The t/0 system presents a standard nachlne independent Interface 
to ail users .. All calls to the flO system are dil"'ected to the basic 
contn-:d moduie of the system cai led the Fi 1e toordinator,. The FJ le 
C:oordloi.~tot v.Jtn then request service from particular Strategy 
Modliles. A Strategy Module I& concerned only with a certain class 
of information storage, The Strategy l\1odule may tn turn request 
service from an 1/0 Adapter~ The 1/0 Adapter ts a module whlch 
processes Input and output requests for specific 1/0 devlcesa All 
calls to the 1/0 system requesting Input or output must follow 
this path of control, the File ~oordlnator- the Strategy Module­
the 1/0 Adaptera See Figure 1 for the basic structureD 

TH£:. r 6 i .. E COORDINATOR 

1lt!2: m.:dn. function of the File r.oordinator fs to keep track of 
aal lnforr-taUon files of all users., Thi~ 'ncluctes kf:aptng the 
fiie mode~~ the storage devices where flles reside and the STATUS 
ot files. The STATUS of a file nay tak~ on four values~ These 
~alues a~ep (1) inactlveb C2) open for reading* {3l open for 
writing and (~) open for reading and wrftlng~ In addltton the 
File Coordinator wtll determine the validity of all calls to 
the l/0 s1stemc In conjunction with the Strategy Modules the 
File Coordinator wi11 determine the number of words (elements) 
u~al,able to any user on all secondary storage devices. All 
r·eq\H!'sts for service are made by the user directly to the Ftle 
Coordinator. Upon completion of a request, the user will be 
notified by the File Coordinator on m• intcn~upt basts .. \"/hen 
the user r:1akes a valtd •·equest of t'he File r.oordinator which 
,·~·.q<.d res send ce from a seconda1·y storage dev l ce., the File 
t:oc:rdirw.tor ~-Jill call upon the Strategy i·1odule assigned to that . " oevlc:e., 

t SlOATEGY MODULES 

t:·;-'ch Stra·u~gy Module win be responsib.H;; for a particular 
''~.(;.r·agr: device,. Thts rnodtde will determfn<~ the stratE:gy to he 
~se~ 1n dealing with this storage device and its associated 1/0 

te'~". ~n addJt:ion the Strategy Hodtde must he responsible for 
inr tt··:Jck of the number of ,9vai llbie t.mi ts of secondary stonq:;e 

fnr t .k.·;.dce t1.:. v,;htch It L~ <b:;JgnerL Requests are rn,?Jde to the 
~·,t<;:•;t":'fry H dcilE-s only throv~;h the F!h~ r:oordlnato!"'" The Stn~tt'::gy 
i'\~~:c:,\),,.5. ,,,;; 11 int(:·rrupt thf: Fl 1n C.:.H~ iPi'ltor up(m completion of 

;~ ,. 
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trategy 11odu1es upon ;:ompietfon of preJlou::: reqt,,;:~~;t~~;, 
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OF THE F!LE COOROIN/dnr< 

e !- 1 CGor•ll nat(W may :>- s fn:mi a f! .xed nurniHH 
ot ac.tl'h" use!·s~ Requests f¥·orn ;c: Sln~cl;:ic •.::er are in the form 
<_;{!)* to rfd:en~nce the eleMent ';$ 11 In the user's f!le 11 a 11 .. The 
Flh: Coordinator however.:t manipulates information by use of an 
!mpHdt address of the form c(h(a(i)))., Thfs address references 
Uu~ e!en1ent nin in the ffle~ ua", which is specified by the file 
llbH 6 Hhich tn turn Is specified by the flh! "cu._ ThE~ file 11 cu 
in this case is(a)speclflc Master Ffle Oirectory ann the file 
"bn is a speclft-C User Ffle: lllrectory. The user \rllll specify 
11 c~' and 11 b 11 with one ca11 to the 1/0 system., Ench successive 
call for a(l) wl11 then be interpreted by the !/0 system as 
c(b(a\1))), until another call fs etven speciffnll: a nPw "c" 
and 1lbu file. palro By treatfng the user file dtrectorfes anrl 
the m<;;;stel"' file directories, as normal Information ft tes., mul ttple 
usage of Elng1e files can be accomplished In a general manner. 
Ffgure 2 Is a dtagram of the file structurea 

Figure 3 Is a diagram of the proposed format for Information 
wtthln the master file directory and the user ft!e directoryc for 
hnp lt.::mentat I on on the current 11 ne of l BM ~~qu t pment and the n<"=~~~ 
GE machine" tn word 31 a 36-blt date and tirne spectfy the tlrne 
the nle 'liaS created or 1ast modified<, \ion! 4 contains an 
18-blt date which specifies the date the ff1e was last referred 
to m1d an l8-bit "AUTI--!ORn .. The AUTHOR of a filets defined as the 
prog:ranwnet' nurnber of the user who created or last modified the 
file" ~n wo1·d 5, "t-.10DE" is an 8"'·bit quantity spectfylng the 
properties of the file,_, uFu Is a 3-bft integer which spedffes 
the secondary storage device where the file residese This Integer 
I~ used by the File Coordinator to determine the Strategy Module 
n::~fYJns!bie for this devtceo 11NORF.CS" is a l'S-btt Integer whtch 
speclfJes the number of physical records contalned In the fflea 
The function of the lO ... bft quantity HJtOCK" ls fully described 
be 1 c_,w" 

''RGOUN'f~' is a 15-bft integer which specifies the number of 
e~ement.s contufned in a physical record of the file" The 15,..blt 
:ntE":ge~- 11 LCDUr·nn specifies the numbel'" of elements contained tn 
the last physical record of the fllea The highest element address 
In a file may be defined as (NORECS-l)•RCOUNT+LCOUNTo All in­
formation storage is assigned on an element [machine word) haslsn 
l'he 3"'bit !nteger Hpn Js the number of oddltional information 
wcrds wh!ch are pertinent only to the Strategy f1odule specified 
by F. and are Ignored by the File roordfnatore 

lLOCK Is used to aliow multiple users to access the same file 
~dmtd'c~mcoushfo If a file Is tn read status .. !LOCK also contalns 
a f;Ol_mt of tht! number of U:'H:rs ctn·rent!y readfng from that fi te" 
If a request Is made to modify a file$ the high order bit of !LOCK 
Is set to 1.~ When the number of se~s reading from the file drops 

OH'i 

to ;l':i~l't\7 any ;;ser who wishes to rnoJI c. 1~:: td 1 i be ai 10~t'Jed to 
ptroc ~ Dud g the time that !LOCK fndi<::LL Ul.:;t a mo(Hfic;:~tion 
to~ ft~e Is en request or In pro~ress. no users will be 
ai )o•,.;~:d tn r<:i'e~· e that f'! ·~e., 
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tJSer':!; t:tlE: <ifrectory (user ngu~. h~~' .(~,~~:~: :-·cor\pltstt this hy rt~eans 
tlf' .~ r,'UNVfowr file, A liNKED ; . ·.. ., . ·d ln a us~:H.ts ft ie 
din~ctotv :::as·o file with a devic;e sp~..:clfir;;Jt~on of zero {FaO). 
Wh·cn use!' 0 1\n references a file ... ,hfch is I inked to user nan., 
the IIODE of the corresponding file dircctor·y ·~ntr·y for user "B" 
must conta~n the LINKABLE property~ 

ff a file Jn a user's file directory is a L~NKED ffle (F•O), 
MODE~ RCOUNT, NORECS and ILOCK are ignored. In thls case P will 
be two an<1 \<lords 7 and 8 of the ffle entry wl11 contatn the 
problem and the programmer number of thn user to which the iink 
fs madea A file may he linked in this manner through the file 

. d l rectod es of sever a 1 users •. The 1 ast entry rnus t be a norma 1 
ftle dfrectory entry whfch defines the ffle ln a normal manner. 
Once thls linking operation Is completed, the ftle wl11 be 
treated as a normal file. This operation Nill be repeat:£ every 
time a user attempts to open a I.HtKEO file .. ~. kl-1.~~it~~ 

The user may refer to his file directory as a file of the 
narne nu.F<>O .. ·(FILE)1 which Is defined In his ffle directory as 
a normal file in READ-ONLY mode., The l4nstet File Dfrectory fs 
defined as a User File Directory hy the name nMc.F.,O., FILF. 11 in 
the Master File Olrectorya This ffle ts also referred to as 
uu,_FoD., fitE" wtthln the fv1aster File Directory., The 1/0 system 
wi11 never allow the Master File Dfrectory to be deleted~ regardless 
of which name Is used to reference Ito 
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USER I NTERF.ACE TO THE 1/0 SYSlTn 

The fo11owlng calls form the interface ~etween the user and 
k/0 system~ Some calls are of a control nature and as such may 
only be available to the supervisory system (marked hy •> or a 
sma11 class of privileged users (marked by •>-

The following call Is provided to rleclare a file open for 
subsequent reading and/or writlngo 

STATUS specifies which subsequent operation Is to be performed 
on the file A.,Bc R lndtcates readfngb \1 Indicates writing and 
RW indicates that the file may be read or wrltteno Elements in 
a file of temporary mode~ which Js tn read status, are deleted as 
they are read or skipped over., If a user wishes to ramdomly 
addr·ess elements In a temporary file., the flle should be opened 
for reading and writing or placed tn permanent moden If STATUS 
Is W (Indicating the file Is to be written only) and the ftle 
AbB does not already exist, a new file wtth the name A,B wtll 
be createdo Only when a new file ts betng created are MODE and 
DEVICE pertinento MODE is an Integer Cl-7) speclflng the morle 
of the file to be created6 as previously descrlbedo If MODE ts 
ze~o or not specified# a permanent f11e wfll be createdo OEVICF. 
Is an Integer which specifies on whtch storage medium the file 
A6 B ts to be wrltteno The following is a list of the available 
storage devices and thetr Integer equivalents. 

L, Core Storage 
2o High-speed Drum 
3o low-speed nrum 
4o Disk 
So Tape 

~f DEVICE ls zero or not specified, the 1/0 system will assfgn 
a device for the usere 

The following call Is provtded for readlng Information from 
a ftle which has been opened for reading (R or RW). 

RDFilEL($A$6$B$,L.E(I)~ooE(J),EOF~EOFCT) 

lids call 11dli r·ead Into the array E(I).,..,.,E(J)* starting from 
the relative location L, from the ftle A#B~ if L fs zero reading 
wl11 begin at the word following the last word read from the ftleo 
if l is zero on the first call to RDFILE~ reading wt11 begin at 
the ffrst word in the f11eo If the end of the file Is encountered 
before the specified array has been filled, control will be trans· 
ferred to the statement wlth the label EOF and the nu~ber of words 
that wli1 be transmitted will be returned as the value of the 
Integer variable EOFCTo 

To transmit the array E(f)oeoECJ) to the ffle A,B whfch has 
been o~ened for writing (W or RW). the following call is providerlD 
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kidting w!P begin at the reL .. Li'ac L.<:..::.:;,.' l ln the file A,H., If 
L is zero, writing wilt begin at the location following the last 
word wrltten into the flleo If l Js zero on the first call to 
WRFilE, writing wfll begin at the locatfon fo1lowlng the last 
word of the f i 1 e., The l nteger L must not <~xceed the current 
length of the ftleo 

To check whether a previous read or write operation on the file 
A"'B has been completed, the following call ts provfdedo 

If the previous operation on the file has been completedq the 1/0 
system tvill return control to the statement with the label FINiSHe 
In addition the 1/0 system may interrupt the supervisory system on 
completion of previous requestso 

To assign buffer storage to a file whtch has been opened for 
reading and/or wr1tlng8 the following call Is provldede 

ASSrGNo($A$ 1 $B$ 1 Y(I)cooYCJ)) 

This call will cause the core storage area speclfled by V(i).ooY(J) 
to be assigned as utility buffer storage for the ftle A.Bo When 
the f11e A~B is closed, this buffer storage wtll automatically 
be released from use by the 1/0 systemo This buffer wfll be used 
by the UO system to collect fragments of tnformatton which are 
smaller than the physical record stze of the device on which the 
ffte resldes~ The amount of buffer storage required will be 
determined by the Strategy Nodule assigned to that devicea On 
the new GE machine# this call will be eliminated and the f/0 
system will automatically assign ali necessary buffer storageo 

To terminate the reading and/or writing of a ftle the user 
ts provided the following callo 

ClOSE.,($A$.-$B$) 

This call will place the file A6 B into Inactive status"' If no 
file name Is specified~ all files for the user that are currently 
in active status w111 be closede 

To chcmge the name and/or the mode of a file the followlnr. 
Ga t l f s p rov f ded"' 

Th's can \"Jill rename the file A1 B to C"O ch.nngfn.r; the mode to 
the properties specffJed by the octal Integer MODEe If any of 
the paramete~s MODE, $~$. $0$ are zero or left unspeclflerl, the 
corresponrllnR f!1e fnformatton will reMain unchangede If the 
current Mode of the file contains the PROTECTEO or PRIVATE property, 
only the AUTHOR of the file wiil be permltted the use of this callo 



•f the file A.B has the PROl~CfEG property, the ffle can not be 
tl·~·deted b\.' this calL. L --+- 7 

7 ~7 .~_.AA,,-{fy • ·~f}~ 
l• 

To obtain Information concerning the file A.B. the user 
Is provided the following call~ 

Upon i"'i2:t.I.Jfn from this can the array uyn wl n contain the 
following Information. fn Integer forma 

Y(l)~ Length of file (noa of words) 
Y~ i+l)"' f~ode of ff le (octal Integer> 
Y(l+2l• Status of file (1-4) 
Y(!+3)a Availability of ffle (1-3). see below 
Y(i~4)w Oevlce on whfch f(le resides {1=5) 
Y(i~5)~ Address of next word to be read from fi1P. 
YU-~6)~: Address of next word to he 1.vrltten into file 

S!nce It 5s possible for many users to access a single file 
at the same tfme 60 it may be useful to the user to know the 
availability of a fileo The avatlabtltty of a ftte may be 
described as one of the following three condltfons~ 

L, Fl h: not currentht in use 
2c File being read (JlOCK) 
3c File being modified {ILOCK) 

To declare an area of core storage# a logical tape unit, 
OIT' nthe r' devIce to be a fl'l e the fo n owt n~ can 1 s prov t de do 

t DEVICE !s 1 (core storage)~ Q wt11 be the array declaration 
In the form. Y(l)oacY(J)~ If DEVICE Js 5 (tape), Q wt11 be an 
integer speclfing the logical tape numbera 

,i,f'.l determine the number.· of words (elements) allotted and 
used r a particular storage device# the user Is provided 
with tha fo11owlng ca11o 

Up,)n feti.H'n from thls caH J\l.tOT will contain the number· of 
words the user has been aijJotted for this DEVICE. and USED 
wi1' contain the total number of words the user has used on 
~hfs devlceG Both quantities will be returned in Integer forme 

The: \/0 system references user f n es t:h ,~o,,gh -:.! f! L-: directory 
for a s~:>:2'.::!flc prob!em'"Prograrnmer numhf'!l' p.uY~·., The !/0 system 
Is set tc or2Yate on this file directory fo~ a specff;c user 
w!th e fol;owln~ call~ 

:\ 
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All subsequent calls to the I I refer to flies 
cont>;Jlned fn the user file rlht::ctu y :;;pc< fied by $PROfV,lO$ 
and $PHOGNO:i;c> unti i another ca!! to /\TTJ\C:\1, 1s given~ 

In order to update all pertinent Information concerning 
the user. his files and his file directory on permanent secondary 
storage~ the following call Is provldedo 

UPUATE ,, 

ThJs call wl~l cause any new Information which. until now, 
has been kept for the user in core storage to be written out 
or. permanent secondar·y storage, This procedure vvl ii provide 
the user an Important backstop against possible system fatlure~ 

To create a link to the f11e A*B contained in another user;s 
file directory, defined by $PROBNO$.$PROANO$, the followtnR 
call Is providedo 

Thl~ call wtll cause a LINKED ftle (F•O) of the name A,B to he 
entered Jn the user's file dlrectoryo The process of chaining 
through ft1e directories to find the original file A~B will not 
occur until the user references thts fi1ea All references to 
the fl1e A.B 6 by this user, (with the exception of the calls 
RDFILE and WRFILE) wl11 tnttlate thts llnklng operatlono The 
ca 11, 

will cause the linked file A9 B to be deleted from thls use~~s 
file directory onlYo If the ft1e A,O is not a LINKED file, an 
error condition will resulto 

lhe following call Is provided to allow the dynamic allotment 
of storage areaso 

~ AllOT (DEVICE.WORDS) 

WORDS Is an Integer speclfing the number of words of storage 
the uset will be allowed to use on the storage medium speclfted 
by m::vtct::., 

The 1/0 system. though capable of keeping information for 
many usersJ can only operate for one user at a ttmeo The user 
to which all subsequent calls to the l/0 system wtil refer, 
Is specified with the following call. 

• SE SR.CUSERNO) 

USERNO soec;fles one of several active users and Is tn Integer 
fctn!,. The i/G system can be set to oper·ate for anothe:r user· 
onh· thr-ough another call to SETUSR, 
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HINCT, i.s U-,::, n<Jone of;:_:;_ lntern;;d C..;!' '.~.:·~t:f':i"!..:ii' functior! tu bt.:: 
··=-<ectd~r::l L,•, t;,.,, ! /0 systeP) in th::: t.;·.rent of <Hi hjt(;n·upt (;t 

;pws.ua.l r:tfor condition, Tht:: i/0 systeP> v;!11 r'eflect the lnt(;'~>·· 
nJpt to the supe,·visor·y systc.~m by mear.:, or the staternen~., 
fXECUtE FUNcL" tDEVtCE.-.COOE) ,. ~~ODE \>Ji 11 be a W(:.f"d or an atra'/ 
of !r~fc::.-;\'ltlo., deftnlng the Couse for the inten·upL 

fhe foPo<dnp: ('alts. are rl(•signcd to m<Jke thr.: 1/0 systern 
t;(lmp.::;;~;IL!e vdth CTSS as currentf} 'irnplernented c>n the 18!4 70~-;L~ .. 

• USfAT.(Y(I).~0Y(J)) 
• USAVE<(Z(I) •• ~Z(J)) 
~ URSTOR.{Z(l) ••• ZCJ)) 

' J : '1 ~. f' 

The routlnP USTAT. assigns an area of protected storage specffied 
by the supflrvlsory system" This storage area wttl be used by 
th0 I/O system to store Information pertinent to a specific 
uier~s 0ctlve fllesr This Information Is of a crttlca1 ndture 
and s.hould not be accessible by the user. Ho~t~ever~ i~then '' u:1-ef 
is chunp£:d or res to red by the supetv i sory s )1'5 tem~ tb l s in fc-<'rn<.:, i': \on 
mu:;•!. a?-s.o bB d~.unpt-~d .:lnd restore(L USAVE ,, h; a rcn1t l ne wh L:l1 :)aeks 
the ~nfotmat!-:)n contained ln Y(iL,,.Y(J) which has been spedftcd 
by !JSTAT .. , tnto the arrav Z(IL" .. z( .. i)M This pt·ovides a means of 
sav:nz 2he status of a11 active files for the current user_ 
URS10R. w!JI reconstruct the active file status tab!e in the 
an·a~~ YU),,, .. Y{.J) from th?. .:u-ray ZUL .. ,.Z(.H, lhe calls IJ~)A'/f .. 
anc1 URSTOfL are neo~ssnry for tmplcmfmtadon of the SAl/E., RfS'fOR 
.c:ntd RESUME o:•mmands.., 

The following call is provfded to Initialize the !/0 system 
c\Hd 1!ll'St .:dso be the flrst call to the !/0 system., 

C:PI~,ANr Ls th':: fwlction nc.me of a general puqJose print or type 
r.:wdn;:• FRRLOC Is the t.ah!el of .:t staL:~ment which 1'1/fll be trans­
f,;· -~·ed to ~·-·!H-;-n an error occurs for v1h i ch no en··ot r.t~turn hTJ~ hc~en 
Di'•'J<j j d>-:,:L 

;;,[- f:.d!owiLt, can Is provided to fso1au:: trH:~ imp'iementa\:1·:-.n 
uf th::.~ c;_~~··rerd: t~<~(;""Core HP'O. on the iBM .10!J4., fhis can wl'!l be 
rd kli nd U::(! \...-:· th"1 new OE machine., 

t~; 1 ' c.:"il ~ L~ r>sed tr, ~;rH.:c i fy the me-m<H·y ~:orta; :·d !1.1\ the c.:d ·: i nv 
~ . .J~- !:f'';':J'Ii ~.(l\L:.~.!~}f t!·H? int::~rr~r~r~y cor~t.nl;-tlr!.g tht:; bi.~ffet .. ~~~tt1;·cL~,f~ 

(•:'!,:~;-U 1, .:'n·~ ti;l'· rnt•n;ory to <'.ird f:·Gr) V<h\ch ~~~I :::u:):;:;~quetlt ;/) 
t:J:~;~. Lc· (.~ t·~·t:~ . .:-~:~c4 (t.;[f\·~tJRY)~ l!,.:e intef~(~r \i.;Jl\~~ .. -: ,z~I_~ .:...;p<.•c!f'!"~-.,8 

l !' .. -, ~ ~ 
;) 

,. -~·, · '· ~ L: .. ~.1 f::;::::._~d i rt?_. c:a ·,, ·~ ":~ t.::.~ ti~e t tO 5 ~ :·. t~~tn a;7 ad~·~· f ·~, (;r,{.:~ i 
.;:)~<·" .. " -;~· · i_}·--:.·: nt: ;..: t·~<>D'l; :~~t ·the {~t'd c·f ;.;·r~) t~:J1.~7rlg, ~.~-:<.~7.;:~-n:'.<:~ 
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lht~ f r:':L of tl-·;(:se parameU·:rs ts Ldke:·; r.:o r:~t! the lah~! of ,r 
::. tb i.:f:~tne:·: r I:J:J be tf·dns fert:d to In casi-: : . .1f ,:;P er rof lt:t:~ Sf":ond 
parameter t-s t;:;ken to he an integer V<..!rlilhh: name-, Th~ f/0 sy~:th11 
wfll stnre an error code In the corresponding 1oc~tlor fn th~ 
event or ,:;n e r r·or ,, A de sed pt ton of these e r·roi' codes wi 1! be 
available at a later tfme~ 
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P R OFt 0 S l D ! / 0 S r lUi T E G I E S F 0 R 

HH:: ~\.d1o,<Jl~\g sections des(t \be r:q',;:;posc,_i stn.:;ter,;it::s for the 
•-(H';,:riL :n,:: af iBH equtprnentc, Tht': polnt should be stre•;scd that 
Ulf:~s~;;; str.:!U~r.;it:s are fndepend~;r t of the fl h:: structun~,, Strategy 
Mociu1es may he changed or repL::c:ed v;fthout modtfic.-Hion to th~;! 
~ser lr1terface, the File Coordinator or any other part of the 
1 j <'l ., '"~ ,. '"''l' ~ V :w--y:c;: t....~r J·,-, 

1301/1~02 OtSK AND 7320 ORUM S1RATEGY 

The file directory entry for a 1301~ 1102 or a 7320 fl1e 
,,,1nt c,_,nta!n p!Jfnters to the first and lost 11 P11 trackso P will 
b~~ e;~'ed te r thzn or equa 1 to thE number of d J sk/ drum channels 
wh!ch may operated slmultaneouslve For example~ tf P ts two 
the seventh and eighth words of the ftle entry will contafn 
pointers to the first and last two tracks of the file~ For a 
f i 1 e of thIs type, RCOUNT v1l 11 be the numbe!r of data words 
in a single t!·'acko NORECS wf11 be the total number of tracks ~n 
the file and LCOUNT will be th£ number of data words in the 
i >::l~vt track, 

Each track In a f11e of this type will contain chain address 
r.zolnt.t:;!'::l to the following and r!4 ecedlng npn tracks,_, in addition 
e-ach track wi 'll contafn a label in the following form., 

TRAKNO Is a track sequence numtera LCOUNT wtll be non-zero only 
In the last track of a file and wl11 contain the count of the 
numbet• oF data words In that tt'~.:H:::k, This count must match the 
value of LCOUNT In the user file directory for that fl1eo 

Tracks are assigned !n a manner sfmtlar to that described 
In memo CC-196 [Disk Control Routlne)o A11 track usage tables 
w~11 flies contained as entr es In the MRster File Directory. 

c file which defines the usag~ of disk tracks will he referred 
tc, <J;; ' 1CJ!SK USAGEn .. The tr-ack ~:.~,;age file fo~· the 7320 drum wiU 

n~h::rn:ti to as uoRut.t USAGE", \·lhenever poss i b 1 e.? success l ve t r,"lck.s 
of a fl!e wi1J be assigned to separate channels~ This procedure 
v.dn ~now ai'1 available disk/dnJm channels to opet"ate on a nh:, 
1 n para 1 'h; l ,, 

1301/1302 DISK AND 7320 DRUM J/0 ADAPTER 

The disk and 7320 drum Strategy Modules wJ11 of course be 
s~parai:.t.: but may shar·e common ;:;,';broutines including the dlsk/ 
cleurn UO .fl rrter,, The disk/dru;r Strategy Nodules ~,.ttn provtde 
c0lls to the disk/drum i/0 adapter speclffng only logical track 
add~e~ses0 The 1/0 adapter will be responsible for determining 

<:ctw:d chraHH:ls which must he use.:L The a ;>tc~~ wi I l p1ace 
a~] t\";,qw:.s t:::j into a request QlH';Ue and n;;tun-l .. "!' nc t ap processor 
for e disk/drum i/0 adapter~ 11 empty the request queue on 

c:ci\:·~....,]~;t]()n f)f ~)lt~e\t!t)t~S- re,111J:t::!::.~t~1 for th~1t ch.a~~!-lt~lo it~ a re-qtJ(:-~:St 

~d~ reqwJr!n~ a channel not already In opo etlon. a tr~n wll~ 
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be sfmu1ated for that channel 
d!s:klr!nt,'i Stratf~gy ~·!odu'lf~ ca' 
ad ;::;t::<~r, the tequest vii! l he 
S ~;;c:teg.y llcdute v:ill effect;;:; 
bi !Deans of 21 t!','!JP, simulated 

1320A HIGH SPEEO DRUM STRATEGY 

Pt\i!f: 011! OF 0 S 

~ f a requr~"t of the user to the 
•y accepted by the 1/0 

1.~o his time thA rllsk/rlrum 
return to Lhe ~upervlsory system 
through the File Coordlnator .. 

Stot::::.gc em the high speed dr.;rn will be assigned by ~ectors 
(blocks of 2048 words)c These sectors will he assigned Jn the 
same rnanner as d~sk or drum trs:cks~ Sectot· assignments \oJi ll 
be kept ! n a f ll e which I z, reft:;·Fed to as "SECTOR USAGE:' throUF~h 
the Master Ft1e Oirectorya Fac~ sector is suhdtvlded Into two 
groups of 1024 words eacho A user writing a file on the high 
speed dttml need only provide a single buffer of 102li words .. 
The reason for assigning high speed drum storage by sectors 
rather than by groups ts purely for ~fftclencYa 

~n .t::~ fi!E~ din~ctory entry fc;· a file stored on the h!gh speed 
dn1m.- ~~GOUNT v·d 1 1 be 204~i and P vJ Ill be L The se:ven th word of 
the f11e directory entry wl11 contain the sector number of the 
first and the last sector of thM file~ Each sector In the file 
wl11 contain chain address pol~ters to the following and preceding 
secto~s In the fllee In addftfcn 9 each s~ctor wf11 contain a 
l-0b~~ as described Jn the disk/drum Strate~y t·1oduJe" 

J:S:HM HIGH SPEED DRW~ 1/0 ADAPTf.H 

1he high speed drum Strategy Module will provide calls to 
its ~/0 adapter spectfing logtcal sector nuniliers on1ye The 1/0 
adapter wl11 convert the logical sector numbers to corespondlng 
logical and physical drum areas with absolute addresseso The 
high speed drum 1/0 adapbH' wt l t operate on request queues 
In the same fashion as the disk/drum l/0 adaptero 

i1agnetic tapes w~ 1 i h~ trei.:'Jted as secondary sto;rage in the 
same manner as dtsks or drums~ Only one file can be recorded 
on a single tape. However~ a single fl1e may consist of more 
thcn1 orH:: tape The first pli\t::;i,;;:;!l recor-d of a tape frle \vtll 
bt;; i".l BCD header label of ftve ;,ords., The first tw\.1 ·~·mrds of 
the heade• record are the ortelnal file name, the next two 
words contain the date and tlm2 when the file was Initiated. 
and the fifth word wl11 be the tape sequence numhero The ftrst 
ta.pe of a fil<'! \~111 al\I'Jays have the sequence number n1u~ At~ 
subsequent records on the tape wlll be In b1ocked b!nary format0 

)n ;:_l fi1~: directory entry L;· a t<:ipe fi":ie.~ i~GOUNT win be 
iSS end P 1-d ·! l b?.: one The sev,:nth \JOrd c:.f th•3 file dt rectory 
entry w!1 I contain an Internal (ape address known to the 1/0 
and Ft'P'::nJis{~d~y systems oniy ·U1er· lnfonnatit .. n In the file 
di cc·t.:~>t'V: &~~,·ftry has th~:; sam·e· n~.:~:·~rr)lr*2~ as rJT!SCt~bed ~~1 thr:: ~.jf.~:r-k 
.a r~ d d ~· ur:·i :~; ,( -~. ::: ~~ '?/ f.·1~·J <lal i e s ,,. 
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L·<--'·,.,;'~ d ;_:-, f"t;cord tNi i 1 (:ont-~"- 2sr 1 2-t~rtf: v-.,.,·~ :f.~ anr! Jn 
;<,n v,;!l :l contain <t c:ontn:::'i ,,,•or:: in :;c fol!owlng 'form~ 

rZE RECNO,,LCOUNT 

RECNO ~l11 be the record sequence numbero LCOUNT will he non­
zero only In the last record of a ff1e and will be the count 
of che nwnbe r· of ~t.1ords f n that tecord" Th f s w~:wd count must 
match the value of LCOUNT In the file directory entry for that 
f l L~ 

!f a file consists of nore than one physical tape., the 
ph;v•sica~ tapc::s wf11 be ter'mlnated by an end of file followerl 
by a control record~ written in BCOn This record will contain 
lnformation 6 such as the next tape sequence number to be usadc 

1/0 adapter for the tapu Strategy Module will operate 
on reqi.a~::.; t qu;,~ues in the same n anner as the dIsk and drum 1/0 



PACE Ol(i OF 015 

Duet!".> tiv::: generalltll of trn: i/0 system it ls possible to 
i ncr>::·m~~rd:a 1! y dump areas of pern1anen t secondary s tofa;.,;e ~ S i nee 
the date that a file was created or modified Is available. 
It becomes necessary to dump only those files whtch have been 
created or mod!fied since the last Incremental dumpo This 
pt·ocedure ;11ou1d eliminate the dumping of more redundant tnfcrmatlon 
than absolutely necessaryo Slnce the user's fl\e directory Is 
a normal Information file. the date and time last modified nmv 
be used to indicate the last time a file 1n that file directory 
Nas cs·ea ted or mod J fled., 

Periodic ~ncremental dumps p;ay be taken for speclflc users 
by the LOGOUT command# or may h<f,' taken for all user-s by a t ime 4 ' 

sharable background Jobo Natura11y6 thls background job could 
be nm ~n the absence of r.TSS .. ~nformation may be n~trieved 
from these dump tapes, again, by either a tTSS command or a 
background joh, 

Editing of Information to or from secondary storage can be done 
with a time=sharab1e backgroun~ joba Print or punch requests 
for the users 1 s ftles could be placed In a file of the name 
HOFFUN OUTPtrrn for processing by this editor" This file vwuld 
then be delet,ed by the editoro The notion of incremental dumps,~ 
loads and edits would satisfy the requtrements for the continuous 
op~ratlon of CTSS., 
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lo USER PROBLEM NUMBER (36 BITS) 
2c USER PROGRAMMER NUMBER (36 BITS) 
~L DATE ANO TB~E lAST MODIFtEO (36 BITS) 
IL, DATE LAST USED (18 BITS)., AUTHOR (18 BITS~ .... -
So --- (8 BiTS), --· 10 Bl • R NO (15 BITS) 
6,. '"'="" (3 BITS)., . OUN 5 BITS), P (3 Bl , .COUNT {15 BITS) 
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of type uFn., 
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FIGURE 3 



in any call to OPEN. RDFilE, WRF!LE, CHECK or CLOSE, t 
Filii!:! Coordinator will only b,~ responsible for detormhdng t::t~'? 
validity of the ca11. If the call proves to be valid, thG File 
Coordinator \'Ill i pass the c~n to th·i! Buffer Control f.icduh.!~ 
along with a pointer to the necessary information 1n the Active 
File Status Table.. !n ail internal can~ in the !/0 Systerrt, th~ 
operation EFA (assembled as NOP) ts used to in{Heate t!Ht th:<} 
address and tag of th t s \-·mrd shou 1 d b~! comb! nf:d to fo:rm the 
effective address of the desired pa~ameter. A standard 
sub rout! !l1e ( GETEFiU -..;i 11 be provided to compute . thf.:~ ef feet i ve 
address If requ!red. The operation PAR (~ssembled as TXH) is 
used to Indicate that param.:~te:rs may c>:ist in both the addre!;s 
and decrement of this ltJord and that the ta.e; shou 1 d be h;non:cL. 
The following calls ·form the interfac1~ between J::h2 FiL~ 
Coordinator and the Buffer Control Modula .. 

18 BOPEN- opens a file for subsequent reading and/or 
wrt.tlng (called by OPEN). 

TSX 
EF,~ 

PAR 

BOPEN.,4 
PTR,T 
PRIOR,,ERROR 

open a file 
•• pointer to file entry 
e• flie 1/C priority 

PTR,T defines the effective ad<!ress which points to the file 
entry in the Active· File Status "fable.. PRIOR Js Uli~ 
location of an integer from o-7 which defines the F/0 
priority of this file for as long as It remains an active 
file. BQPEN wf11 be responsible for initializing that 
portion of the Active File Status Table for which the Duffer 
Control Module Is responsible. 

2.. BAS!GN- assigns a 
previously opened for 
ASSIGN) .. 

TSX 
EFA 
PAR 

BAS I GN.,l• 
PTR 8 T 
y 

buffel· 
reading 

to a FJ1e which has been 
and/or writing (called by 

C(Y)e PZE SUFt\DR 

BUFADR ts the ftrst location of the buffer to be used ~s 
necessary when reading or writ!ng the speclfJed fiieo 
BASIGN wt11 only store the buffer address in the Active Fi~e 
Status Table and return. 

3~ BREAD- reads from a file whtch has been previously 
opened for reading (called by ROF!LE). 



TSX 
EFA 
PAR 
PAR 
PAR 
PAR 

13READ,4 
PTR.,T 
t4~MORY e" BUFFER 
REtt,OR-'., EOFRTN 
Y~,QWArT C{Y)• PZE 
ERROR 

MEMORY Is the location of an integer which spec!ftes wh5ch 
menDry unit ts to be read Into <l~A~ 2=B). BUFFER i5 th~ 
location of an Integer specifying tn which memory the buffer 
resldeso RELADR Is the location of an Integer specifying 
the address wfthtn the fl1e at which reading is to begin~ 
If C(RELADR) Is zero, reading wl11 begin at the word 
following the last word read from this ff1e. NWORDS is the 
number of words to be transmitted from the ftle beginning 
with the address LOC~ If an attempt is made to read beyond 
the end of the file, control wilt be returned to the 
location EOFRTN. When this occurs, the number of words that 
wl11 actually be read wi11 be returned in the AC. If an 
error has occurred during a previous operation on this fl1~0 
the read request will be ignored and control wl11 be 
returned to location ERROR. If a previous 1/0 request 
Involving thts file has not been completed or the Strategy 
Module cannot completely accept the current 1/0 request, the 
request will be ignored and control wl11 be returned to 
location Q\~AIT. 

4. BWRITE• writes Into a fi 1e \'lhtch has been previously 
opened for wrf t t ng ( ca 11 ed by HRF ILE). 

TSX 
EFA 
PAR 
PAR 
PAR 
PAR 

B\IIR I TE, 4 
PTR,T 
MEMORY,,BUFFER 
RELAOR,,EOFRTN 
V,,QWAIT C(Y)s PZE 
ERROR,~NSPACE 

lOC,, N\~OROS 

RELADR Is the location of an integer specifying the address 
\'Jfthtn the file at which writtrcg is to begin. If C(RElADR) 
is zero, writing \>illl begtn at the word foHowfng the last 
word writing Into the file. NWOROS wt11 be transmitted to 
the file starting with location toe. If an attempt ts made 
to write through the· end of the file, control '.lli11 be 
returned to the location EOFRTN. At this time, the number 
of words that will actually be written (up to the end of 
f 11 e) will be returned W n_ the AC. If a user wl shes to 
append information to the end of a file, the write operation 
must begin at the addreHs following the last ... wrd in the 
file. If all available storage on the device being written 
ts exhausted# the call will be ignored and control· will be 
returned to the location NSPACE., After a normal return from 
BWRITE, the AC will contain the number of records, if any, 
that have been appended to the fi1eu 



5. BTRUNC- truncates a f~le which has been opened for 
writing (called by TRF!LE)~ 

TSX BTRUNC..,4 
EFA PTR.,T 
PAR BUFFER.,.MEMORY 
PAR RELADR~,EOFRTN 
PAR ERROR,..,QWA!T 

The file wl11 be truncated before the relative address 
specified by RElADR. 

6. BCHECK- checks to see if the previous 1/0 operation on 
this file has been completed (called by CHECK). 

TSX BCHECK,4 
EFA PTR., T 
PAR MEMORY..,,BUFFER 
PAR ERROR 6 .FINISH 

if the previous 1/0 operation has been comp]eted, 
Control Module will finish any related tasks and 
location FINISH. A normal return wn1 indicate 
specified operation Is st111 in progress. 

the Buffer 
return to 
that th® 

7~ BClOSE- finish any 1/0 operation on the specified f§le 
so that the file may be returned to inactive status (called 
by ClOSE). 

TSX BClOSE,4 
EFA PTR,T 
PAR MEMORY##BUFFER 
PAR ERRORG,QWAIT 

If at this time a11 related I/O operation have been 
completed, the Buffer Control r-lodu1e wl11 complete any of 
its related tasks. If it Is necessary to tntttate any new 
1/0 at this time, the 1/0 should be started and control 
returned to Q\'IA IT. A norma 1 return from BCLOSE vJ! 11 
indicate that a11 modifications to the file have be~n 
completed and the file may be safely removed from acfcive 
status. 

The Buffer Control t-1odu1e will initiate and control an 1/0 
operations by glvtng the appropriate calls to the specified 
Strategy Module. All possible error conditions should be checked 
before any new 1/0 is inttlated. Whenever possible~ reading and 
writing should be dona directly in and out of the us~r's memory .. 
The buffer should only be used when a partial record Is involved. 
For example~ assume the record size is 10 and the user wishes to 
read 53 words from the beginning of the file~ The first 5 
records will be read directly into the useres memory, The sixth 
record wi11 be read into the buffer associated with that ftlee 
The rematnlng 3 words will be copied from the buffer when the 



us~er caHs CHECK or attem~H:s to h'lliti;;.),tl;e ne~f'l i/0 invoiving thts 
f I 1 e. ~ f the user now ~·Ji sher. to n!ad the n;12.r~t 53 hiOL~ds frcr-1 the 
file, the first 7 words may be copied directly from the buffer­
the Buffer Control Module will also provide a label for every 
record it reads# writes or rewrites* This label wl11 consist of 
a ~><~ord \-lh I ch contaIns the reeo rd sequence number in the add cr're~s 
portion~ This word (or label) will be recorded as the first word 
of every record in the file~ ~n addition, the label of th~ last 
record t n the f i 1 e wt 11 cont<El in 1 n the d..:::crement the rn::mbew· of 
words in this record~ 



The fo11,Ming calls form the lnterf~ce between the File 
Coord!nator or the Buffer Co11trol Module and the Strategy Module 
·for the device "F" .. 

1~ OPENF- initializes a file for subsequent reading and/or 
writing (called by BOPEN)~ 

TSX OPENF#4 
EFA PTReT 
PAR ERROR 

2o QTEST., checks to see if there i!; room in th~t"! spec if~ ed 
queue to precess the specified number of requests (caned by 
BREAD, BWRiTE, BCLOSE). 

TSX QTEST,4 
F.FA PTR,T 
PAR REQCT,~FULRTN 

REQCT Is the location of an integer which specifles the 
number of requests needed. If the queue specified by the 
file 1/0 priority cannot accept thts number of requestsp 
control wt11 b~ returned to the location FULRTN. 

3& READF- reads from a file starting from a specific record 
In the file (called by BREAD). 

TSX READF,4 
EFA PTR,T 
PAR lABEl,,IOliST 

LABEL is the location of a word containing the record number 
of the first record to he read.. This LABEL must match the 
label of the record to be read. if successive records are 
to be read with a single call, the record labels must be in 
ascending order and sequenced by ones. IOLSST ls the 
1ocatton of a list of 1/0 commands in the following form. 

IOUST ION 
lOP 
100 

ION (PON) is used to skip N words In the 
procede to the next command in the list~ 
reads or writes N words starting from the 
the memory unIt SPi:!C if Jed by r.1 ( lm memory 
B). After completion, lOP will procede 
command In the list.. 100 (PZE) is used 
the Hst. 

e·ecor·d .and 
I OP ( PTI:J) 

1o·cation .fl.. in 
A0 2= memory 
to the ne:tt 
to tennl nate 



u~., RH-m:n:.,. n~wd te!~ Sl\f,C(cc;s:s I ve lf'N>'Jtds rt n a fl! 1 e :s tiH'"ti :1g 
with the record specified by the address of LABEl (called by 
Bt-JRITE~ OCtOSE) .. 

TSX REWRTF.,4 
EFA PTR,T 
PAR lABEL,,IOl~ST 

'"fhe record labels wl n 'be verified and incremeilt~d ha ll:he 
same manner as w~th READF~ 

5s WRITEF- appends successive records to a file (ca11ed by 
BWRITE, BCLOSE) .. 

TSX \-1/R I TEF, 4 
EFA PTR.,T 
PAR lABEL .. ,IOLiST 

The contents of LABEL wi11 be recorded as the record label 
of the first record~ Successive records labe~s will be 
sequenced by ones starting with C(LABEL)+l. 

NOTE: When calling either WRiTEF or REWRTF, the 
decrement of LABEL wJ11 specify the word count of the 
last record to be written. if the decrement of LABEL 
is zerob the Strategy Module wi11 assume that this 
record wJ11 be followed by another and will provide for 
any necessary chaintng8, 

6. DFILEF- deletes successive records from a file startlne 
with the record specified by the address of RECNUM (called 
by DElETE, BTRUNC). 

TSX DFilEF,t~ 
EFA PTR,T 
PAR RECNUM~•QWAIT 

If the Strategy Module cannot accept this call at the 
present time, control will he returned to location QWAHT­
Delete requests wt11 automatically be placed in the lowest 
priority queue. Once a delete request has been accepted by 
the Strategy Module, the corresponding entry ln the Active 
File Status Table Is no longer required. 

The Strategy Module will maintain priority queues for all 
1/0 requests and will supply the necessary calls to the 
appropriate 1/0 Adapter to execute the requestso The interface 
between the Strategy Modules and their 1/0 Adapters is defined by 
the nature of the 1/0 device and cannot be specified by a stngle 
set of ca1is,. 



All information concerning the status of an active fl1e is 
passed through an entry in the Active File Status Table~ The 
forrnat of thus entry is descdbed below. The numbers In esc>n 
Indicate the number of btnary btts assigned to the function. The 
character "-'' ts used to indicate an unused bft pos!tt6n. 

.. 
4. 
5e 
6. 
7 .. 
8 .. 

0 

10 .. 
11. 
12. 
13. 
14o. 
15 .. 
16. 
17, 

PROBN0\36) (set by Ftle Coordtnato~) 
P~OGN0(36) (set by Ft1e Coordinator) 
FNAME1(36) (set by File Coordinator) 
FNAME2(36) (set by Ftle Coordinator) 
DAYT1Mt36) (set by File Coordinator) 
DATELU(l8), AUTHOR{18) (set by File Coordinator) 
MOOE(8) 6 ILOCK(l0) 6 F(3), RCOUNT(15) 

, W(l), Ft<n.. NORECS(l5)., P(3), LCOUNT(15) 
POINTR(36) 
---. REOREC(15), --o, REDWRD(15J 
---, WRTREC(15)e ---e WRTWR0(15) 
-, CHNG(l)~ PRgME(l)~ BUFREC(lS), ---, BUFAOR(l5) 
---, WINDEX(l5), ---, DINDEX(15) 

, DR(l).,. · mHl)., OCOUNT(15)~~ , DAODRS(l5) 
PRIOR(3), IOTASK, EFlAG(3), CURREC(15) 
Reserved for Strategy Module use 
Reserved for Strategy Module use 

The fonowlng list describes the functtomz of the variables 
listed above. The Initials In parenthesis tndleate whJch modules 
may modify that variable. FC Is the File Coordinator, BCM Is the 
Buffer Control Module and SM is the Strategy Module. The module 
whose Initials are listed first will be the module that is 
responsible for initializing the variable .. 

PROBNO- (FC), user problem number in bed 

PRomm- ( FC)., user programmer number tn bed 

FNAMEl• (FC), ft1e name, part 1 

FNAt-4E2- (FC)., file name., part 2 

DAYTIM- (fc), date and time ftle was created Otr' last 
modified 

DATElU- (FC), date fila ~o~as 1 ast used 

AUTHOR- (FC)~ programmer no. of user who last mod1fted this 
file (In binary) 

MODE- (FC), mode of ff1e 



Ft\(iE a 

ILOCK- CFC). used in f51e Interlock mechanism (see CC-~bl) 

F- {FC), device (1-3) on which file resides 

RCOUNr- (FC)., number of \.'!lords per rcH·;cn·d for th~s device 

w- (FC)., non-zero if flle open for writing 

R- (FC)~ non-zero .Jf file open for reading 

NORECS- (FC,BCM)# number of records ln this file 

P- ( FC)" reserved for compat i b t 1 i ty with futunl! sys t~=:ms 

lCOUNT- (FC,BCM), number of words in last n:cord of file 

POINTR- (FC,SM), pointer to begtnntng of file (fnte~preted 
by SM) 

REDREC- (OCM), record no. of record containing the ne~t 
word to be read from the flle 

REOWRD- (BCM), address of word within REDREC to be read 
next 

WRTREC- (BCM), record no. of record containing the next 
address to be written 

WRTWRD• (BCM), address within WRTREC to be written next 

CHNG- {BCM), non-zero if contents of buffer differ. from 
that of .corresponding a·ecord 

PRIME- (BCM), non-zero if contents of buffer represent a 
complete ftle record 

BUFREC- (BCM), record no. of record contained in the buffer 

BUFAUR- (BCM), address of file buffer 

WINDEX- (BCM), no. of words written Into the buffer (CHNGal 
and P.RIME•l) 

DINDEX- (BCM), lnde~ within buffer of words to be 
transmitted to or from user's memory before lnttiatJng new 
1/0 for this file 

DR- (BCM), non-zero when necessary to move words from 
buffer to user's memory before Initiating additional 1/0 for 
thts file 

ow- (BCM), non-zero when necess2.1ry to move worrls fe·om 
user•s memory to buffet• In order to complete the previous 
1/0 request for thfs file 



DCOUWr- ( BCf..1) 8 no~ of t-Jords to move if OR or· O~J t s non ... zero 

DAODRS- (BCM), adrlress in user's memory to start moving to 
or from when DR or OW is non-zero 

PRIOR- (BCM), file 1/0 priority (0-7) 

IOTASK- (SM), no,. of sub-tasks to be completed to complete 
previous i/O request for this file 

EFLAG- (SM)~ non-zero Jf error during previous request 
(PERROR•l, FERRORE2) 

CURREC- (SM), record currently In process 



PROGRAMMING STAfF NOTE 1~2 

FROM: R .. C .. Daley 

SUBJECT: User Interface to the File I/O System 

DATE: JAN~ 22, 1965 

The following calls form the interface between the 
the 1/0 system. Some calls are of a control nature and 
may only be available to the supervisory system (marked 
a small number of privileged users (marked by+). The 
"·O" may be used In any calling sequence to specify 
parameter • 

. u.e.DJ;iE.Q.- f s used to place a new user in the MFO., 

+ UPOMFO.($PROBNO$,$PROGNO$) 

Error codes: 

03. User already tn M~F.O. 
04c Machine or System error 

OELf:1FD- Is used to remove a user fi·om the MFOo 

+ DElMFO.,($PROBN0$ 1 $PROGNO$) 

Error codes: 

03~ User not found in M.F.O • 
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user and 
as such 

by •) or 
parameter 

a missing 

. AIIACH.- 1s used to attach a user to the U.F.,D. speclfled by 
1 PROBNO' and 'PROGNO'. 

+ ATTACH.C$PROBNO$,$PROGNO$) 

Error codes: 

03o User not found in MeFoDa 
04. Machine or System error 
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YfQATt- Is used to update all pertinent information concerning 
the user currently attached. 

UPDATE .. 

Error codes: 

03o Machine or System error 

SETPRI- Is used to assign priorities to certian l/0 tasks which 
would otherwise be processed In the order In which they were 
received., 

SETPRI.,(PRIOR) 

PRIOR Is an Integer from 1-7.. The higher the value of PRIOR~ the 
}ower the priority. When files are opened for reading and/or 
writing, they will be assigned the priority set by the last call 
to SETPRir If there was no previous call to SETPRI, all files 
wf11 be treated with equal priority. 

Error codes: 

Only the standard error codes~ see below 

~- Is used to declare a file open for subsequent reading 
and/or writing. 

OPEN.($STATUS$,$NAME1$~$NAME2$~MOOE,DEVICE) 

Error codes: 

03. File Is already In active status 
04. Too many active files 
OS .. $STATUS$ l·s Illegal 
06. 'LINKED' file not found 
07. File to which link Is made Is not 'LINKABLE' 
08. File 1n 'PRIVATE' mode 
09. Attempt to write a 'READ-ONLY' f11e 
10. Attempt to read a 'WRITE-ONLY' file 
11. Machine or System error 
12 .. File not found In UoF.D. 
13. Illegal device specified 
14e No space allotted for this device 
15. Space exhausted for this device 
16. File currently being restored from tape 
17. Input/Output error, see codes below 
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~EE~- Is used to assign a buffer for use tn reading or writifig 
an active file (must be used after call to OPEN). This call will 
be eliminated on the GE 635. 

BUFFER.C$NAME1$#$NAME2$,BUFF(450).oc450) 

Error codes: 

03e File is not an active file 
04a previous 1/o out of bounds (membnd changed) 
OSs Buffer too small 
06~ Input/Output error, see codes below 

RDFihE- Is used to read from a file which has been opened for 
reading., 

RDFILE.($NAMEl$,$NAME2$,REllOC,A(N) ..... N,EOF,EOFCT) 

Error codes: 

03~ File Is not an active file 
04., File Is not in read status 
05, No buffer assigned to this file 
06. Previous 1/0 out of bounds (MEMBND changed) 
07. Input/Output error, see codes below 

WRFIL£- Is used to wrfte Into a file which has been opened for 
writing., 

\'IRF ILE. ( $NAME1$., $NAME2$, REllOC, A(N)" ... N, EOF *EOFCT) 

Error codes: 

03. File is not an active fJle 
04e Flle Is not In wrfte status 
OSe No buffer assigned to this file 
06, Allotted space exhausted for this device 
07. Previous l/0 out of bounds (MEMBND changed) 
08 .. Input/Output error, see codes below 

IBfllE- is used to truncate a file which has been previously 
opened for writing. 

TRFilEe($NAME1$,$NAME2$,REllOC) 

The file w111 be truncated immediatly befor~ the relative address 
REllOC .. 



Error codes: 

03. File Is not an active file 
04. File is not tn write status 
OS. No buffer assigned to thts file 
06. Previous l/0 out of bounds (MEMBND changed) 
07~ REllOC larger than file length 
08. Input/Output error, see codes below 
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~- is used to check If a previous read or write on a file 
has been completed. 

FCHECK.($NAME1$,$NAME2$,FINISH) 

Error codes: 

03~ File Is not an active file 
04. Previous 1/0 out of bounds (MEMBNO changed) 
05o Input/Output error, see codes below 

CLOst- is used to close an active file and return It to Inactive 
status., 

CLOSE~($NAME1$,$NAME2$) 

If NAME! fs All and NAME2 Is not specified, all active files will 
be closed. 

Error codes: 

03. File 1s not an active file 
O~o Previous 1/0 out of bounds (MEMBND changed) 
OSo Input/Output error, see codes below 
06. Machine or System error 

R£SETF- Is used to remove all active files from active status 
when the user's core Image is no longer available~ This call 
will normally only be used by the supervisory system (CTSS)c 

RESETF .. 

Error codes: 

O~c Machine or System error 



CHFILE- Is used to change the name and/or mode of a file. 

CHFILE.($0LDNM1$~$0LONM2$,NEWMOD 1 $NEWNM1$,$NEWNM2$) 

Error codes: 

03. Attempt to change M.F.D. or u.F.D. file 
04. File not found In U.F.D. 
OS. 'LINKED' file not found 
06o File to which link Is made Is not 'LINKABLE' 
07. Attempt to change 'PRIVATE' file 
08e Attempt to change 'PROTECTED' file of another user 
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09. Temporary file would overflow space allotted for device 
lOe File already exists with name 1 NEWNM1 NEWNM2 1 

11. Machine or System error 
/'},.~~~~ 

DELEIL- Is used to delete a file~ 

DELFIL.($NAME1$,$NAME2$) 

Error codes: 

03. File not found In U~F~Dc 
04. 'LINKED' file not found 
OS~ file to which link Is made Is not 'LINKABLE' 
06. File Is 'PROTECTED' 
07. Machine or System err~ 
of, jd.,~~~ 

ESIAT~- Is used to determine the present status of an active or 
Inactive fllee 

FSTATE.C$NAME1$,$NAME2$~A(8).o.8) 

Upon return from this call the array "A" will contain the 
following Information. 

A(B)= length of file 
A(7)• MODE of file 
A(6)• STATUS of file (1-4) 
A(S)• DEVICE on which file resides (1-3) 
A(4)• Address of next word to be read from file 
A(3)= Address of next word to be written Into file 
A(2)• Date and time file was created or last modified 
A(l)• Date file was last referred to and 'AUTHOR' of file 

Error codes: 

03~ F11e not found In U~FoDe 
04~ 'LINKED' file not found 
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OSe File to which link Is made Is not 'LINKABLE' 

~O~IL• Is used to move a file from the current user's f11e 
directory to the ffl~ directory specified by 'PROBNO PROGNO'~ 

+ MOVFIL.($NAME1$,$NAME2$,$PROBNO$,$PROGNO$) 

Upon return from this call, the file will no longer exist In the 
current user's file directory. 

Error codes: 

03. File not found In current U.F.D. 
04. File Is a 'LINKED' file 
OS, File Is 'PROTECTED' 
06. File already exists In 'PROBNO PROGNO' 
07. Machine or System error 

~EIE!1- Is used by the file load and retrieval systems to create 
an entry In a file directory with a specific date and tfmee 

+ SETFILaC$NAMEl$#$NAME2$,DAYTIM,DATELU,MOOE,DEVICE) 

DAYTIM Is the date and time to be used as the date and tfme last 
modified~ DATELU contains the date last used and the 'AUTHOR' of 
the file. 

Error codes: 

03. Illegal device number 
04. Machine or System error 

l!UK- Is used to create a link to a file contained In another 
user's file directory. 

+ ll NK. ( $NAME1$, $NAME2$, $PROBNO$, $PROGNO$) 

Error codes: 

03. Machine or System error 
04. 'PROBNO PROGN0 1 not found In M.F.D. 

UNLINK• Is used to delete the association set up by LINK. 

UNLINK6($NAME1$,$NAME2$) 



Ert·or codes: 

03. File not found in U.F.Oe 
04. Ffle Is not a 'LINKED' fllP 
os. t4achlne or System error 
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ALLQI- Is used to set the number of records allotted for and used 
on a particular DEVICE. 

+ ALLOT.CDEVICE,ALLOT,USED) 

Normally USED Is not specified. The parameter USED should only 
be used to correct a~ error In the number of records used. 

Error codes: 

03. Illegal device specified 

§JQRGE- Is used to determine the number of records allotted and 
used for a particular DEVICE. 

STORGEc(DEVICE,ALLOT,USEO) 

Error codes: 

03e Illegal DEVICE specified 
04. Machine or System error 

The following calls concern !Aft files only. 

MDUHI- ts used to direct the file system to mount a set of reels 
on the unit specified by the logical tape drive UNITNOn 

MOUNT.(CHANNO,UNITNO,MESSAG(20).ce20) 

CHANNO specifies the number of the channel to be used. If CHANNO 
Is zero or not specified, the file system will select a channel 
for the user. This call must be used prior to reading or writing 
a tape file. The array MESSAG Is a BCD comment that wf11 be sent 
to the console operator with the mounting dlrectlons4 

Error codes: 

03. No tape available on specified channel 
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!!MO.llMI.- is used to unmount a set of reels and free the 
corresponding tape drive for other useo 

UMOUNT.(UNITNO,MESSAG(20).e~20) 

Error codes: 

03~ Tape file currently In use 

VERifY• ts used to ve~ify the label of a tape ftle after It has 
been mounted but before ft may be opened for reading or wrttingo 

VERIFY.CUNITNO,LABELC4)~ •• 4) 

Error codes: 

03a label ts Incorrect, try again up to five times 
04~ label Is unreadable 
059 Tape file does not exist 
06# Tape file cannot be mounted at this time (operations) 

LABEL- Is used to write a label on a new tape file before It may 
be opened for writing~ 

LABEL.CUNITNO,LABEL(4) ••• 4) 

Error codes: 

03. Tape will not write 
04. Tape file does not exist 
os. Tape file cannot be mounted at this time (operations) 

IAfEil• is used to Inform the file system that a file exists or 
fs to be created on the set of reels specified by UNITNO~ 

TAPFIL.($NAME1$,$NAME2$,UNITN01 FILENO) 

FILENO Is used to specify which file on the set of reels 
specified by UNITNO. If a user wishes to add a file to the end 
of a set of reels., he may specify a FILENO of zero, When this 
file Is opened for writing, the tape strategy module will assign 
the file number automattcallyG This procedure may be used to add 
a file to the end of a set of reels when the number of files Is 
unknown a 

Error codes: 
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03. Machine or System error 

.EBB.QR PBQCEQURE: 

In all calls to the file system, an additional 2 parameters 
may be added to the end o.f the call tng sequence. The first of 
these parameters fs taken to be tha label of a statement to be 
transferred to 1n case of an error. The second Is taken to an 
Integer varl~ble In which the file system wtll store the error 
code. In addition, the following call Is provided to obtain more 
specific in/ormation about an error condition. 

IODIIG.(A(7) •• ~7) 

Upon return from this call, the array "A" will contain the 
fo llowl ,,g 1 nformat I on, 

A('l)• Location of call causing the error 
A~6)• BCD name of entry resulting In error 
.1,(5)• Error code 
A(4)• Input/Output error code (1•7) 
A(3)• NAME1 of file Involved In error 
A(2)• NAME2 of file Involved In error 
A(1)• Location In file system where error was found 

£TANDABQ £8ROB COPES: 

OOlc Illegal calling sequence or Protection violation 
002. Unaut.hortzed use of prfveleged call 
100. Error readlng.or writing UofoD or M.F.o. 
101. U.FoD. or M.F.D. not found, Machine error 

.lHfUI/OUIPlJI .EBRUB CODES: 

lo Parity error reading or writing file 
2~ Fatal error reading or writing file, cannot continue 
3~ Available space exhausted on this device 
4e Tape file not mounted or not available 

SUPERVISOR ENTRIES TO FILE SYSTEM: 

SEIUSR- Is used to set the 1/0 system to operate for one of 
several active users (OUSERl• CTSS, OUS£R2• current CTSS user). 

----------------
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* SETUSR.(DUSER,RCODE,AUTHNO,LIMITS,RELLOC,PRIOR) 

RCODE Is the user restriction code and is described later. PRIOR 
Is an Integer from 1-7 which specifies the user's 1/0 prtorltYo 
The higher the value of PRIOR, the lower the prtorltyft AUTHNO is 
the programmer noa (In BCD) of the user who is about to use the 
file systeme AUTHNO Is used to determine the authorship of files 
Jn 'PRIVATE' or 'PROTECTED' mode6 LIMITS Is the user protection 
bounds and RELLOC Is the user relocation. All of the above 
parameters to SETUSR are optional. 

Error codes: 

03. Illegal user number 

SETBAf- Is used to set the supervisory Interrupt procedure. 

* SETRAP.(IFUNCT,) 

The 1/0 system will reflect Interrupts to the supervisory system 
by means of t~e following call. 

EXECUTE IFUNCT.(USERNO,ICODE,IR4,1LC,INFO(N) ••• N) 

ICODE Is the Interrupt code. The following interrupt codes have 
been asfgned. 

1. User attempting to Initiate 1/0 
2. 1/0 task Initiated 
3. 1/0 task completed 
4o File Interlocked 
s. File no longer Interlocked 
6. User 1/0 queue full or waiting on 1/0 

USTAI- Is used to assign an area of protected storage to be used 
by the 1/0 system in servicing the current user. 

* USTAT.(V(N) •• oN,Qleoa01L,Q2 ••• Q2l, •D•• QN ••• QNL) 

The array 1 Y' will be used by the file system. to store all 
Information pertaining to a particular user of the file system. 
Ql specifies storage for queueing all 1/o requests for the device 
'I' c If Ql t Is ze·r-o, all attempts to use the device '1 1 wl 11 be 
rejected. 

USAYE- Is used to save the status of all active files for the 
current user. 
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* USAVE.{COUNT,ZCM) •• ~M) 

Upon return from this call, the contents of COUNT wtll contain 
the number of words saved tn the array 'Z'. 

Error codes: 

03. The array 'Z' Is too small 

.UliNIT- is used to initialize the I/O system. 

* IOINIT.(ERRLOC,DATLOC,TIMLOC,ENBLOC) 

IO$TOe- Is used to terminate all l/0 for the user specified by 
USERNO'. 

* IOSTOP.(USERNO) 

If USERNO is zero, all I/O currently In process will be 
termtnatedc 

J~SIBI- Is used to restart 1/0 processing after a call to IOSTOP. 

* IOSTRT.(USERNO) 

i£JAa- is used to set the 1/0 system to operate on the correct 
memory units (l=A, 2•B)~ 

* SETAB~(CALLER,BUFFER,MEMORY) 

This call Is used to specify the memory containing the calling 
program (CALlER), the memory containing the buffer storage 
(BUFFER), and the memory to which all subsequent 1/0 will be 
dlrectedo If MEMORY, BUFFER or CALLER are negative, all 
references to the specified memory (1 or 2) will be checked for 
protection mode vlolationso 

~ DtVICES: 

la LOW-SPEED DRUM 
2. DISK 
3~ TAPE 
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~ESIRICIIQH COPE~: 

The LOGIN conmand will set the low-order 6 octal digits of the 
user restrfctlon codea 

00000001 User may use common flles6 
00000002 User may use restricted calls to the l/0 systeme 
00000004 User may modify "PROTECTED" file of other users .. 
00000010 User may refer to "PRIVATE" files of other users. 
00000020 User may modify the supervisory and 1/0 systems~ 
01000000 User is Background systemo 
02000000 User Is Foregrounde 
04000000 User is FIBe 
10000000 User is Incremental dumper 
20000000 User is prlveleged command 


