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A few dddition3I comments ~3V be ~elpful. 

Th~~e entri~s pPrrnit splicing an attach~ent into ~n ~xlsting 

chain (e.1. hetwee"'I user_i/0 and th~ us~r·s console) 3nd 
f~ci lit3te the ~ritinq of modules whos~ att,chmerts have s0me 0f 
th~ chare~teristlcs of a svnony~ ~ttachment. 

Thi:> f'1cllities for cro~s-rin·1 synonyms {alrt>ady described and 
rrviewr~) may als0 be p~rt of rPlease ?. 

The ;:i i m of the o. e f ::i c i I 1 t i es i s t o "" I I o.,.. :i 1_1 s a r , es o e c l '3 I I y a 
PL/I user, to use only record I/O. The racord-stre3m module also 
~ t t ·"' c ks the q en er =i I pr oh I em 0 f "" "1 a t to rl o •111 i th a or o qr d m th 3 t 
exp.=>cts record files whf'n the ci<.ita ls in stream files or 
vice-versa. ~ gan exists l~ the modules• soecif ication. Nothing 
is ~ai~ atout the treit~ent of naqes. Suqgestio~s on thi~ nolnt 
::ire esoPCiJlly welc:omo.. 

ThP PL/I TIO routines cope with the speclflc problPm of 
h:Jn11ino varvinq stri"<JS ir PL/I record J/1. For t~chnical 
rea~ons, a DL/I record I/O st~te~ent must tre3t "" v3ryln1 string 
Virl!Jle as .:1 block cf stora]e aeL~rmine'i by it·:; m::iximurn l"'n1th. 

,,.... Multics Project internal working documentation. Not to be 
reproduced or distributed outside the Multics Project. 
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s = .. :'-3 .. 

write flle (fl from (s); 

~rites out a 18,0"~ byte record, ~nd 

re,:;1 file (conscle irnut) into<~>; 

rais~s the reco~rl condltion hPC3use th~ lin° oht~ined fro~ the 
con':;'11P is shorter tl"~n 1Q,r[;~ bytes. Al:;o, the first four­
ch:wact0r:. of th"! I ine :ire pl3ced in the length field of s. 

The oropose~ routines use t~e VdlU'? of a v~rylng strlnq as 
the recorrl. Tt is worth notir1 tl":it the cutout routines are not 
strictly nec~ssary. nne could usP a routine I ik~: 

T ht? c"' I I 

wr i t e: o ro c ( f ~ s 2) : 

d~clarE: f file, s2 chcir (.V-) I• not varying •1; 
'"'rite file (fl from Cs?) 
en1; 

C'31 I •"lrit(' (f. (~~)): 

writ~s out t~e vRlue of the strlnq s, whether s ls v~rving or 
nonv8ryinri. indP?d even if it is an exnrPsslon. Providlni 3 

St'l'>cial output routir1""' for vc:iryi,.,ri strinqs .=wolos th,~ rlummy 
-:ir9um~nt, 'lVOids h"l11inr.i to expl"lin to the U"?er how he can write 
h i s o '"4 n r o u + i n e ~ -1 n c · .1 i 11 ~ s t h e .:i o o f" a r' '" n c ,~ o f '3 '1 a I a n c e d f ~ c i I 1 t 'f • 
(Th<2 irput rout!n?s cwnot be d0n,_.,. within PL/I>. 

The imorovPment~ ~rei 

1. rr--covery from irterrupted ooenil"'\:~s (crashes) for 
ir,dexed file'.: <.is :=in automatic feature. 

::>. ::> file_utility comma'ld th::it orints information about 
fil<:>s :H1c .v11usts fil<?s after interrupt~d OPenlngs 

~. 3 I 1 . ..,lte'.i form of inter-process sh3rinq tor ind(!Xed 
fil~s. Th? s~arin~ has been llmlte1 to that ~nlch can 
~0 supoorted ty R single lock in the the file and~ 
very simol~ locking str~teqy. 

~. the c0P"'!trol 
th3t flrcLi 
reli'iti-,:i t'J 

orer"ltio0 :icccot<; ar order ••:.eek-he.1d" 
the first r~cor~ wh0se k0y h~s a soeclfied 
~ ~iven ~ev. This is required bY C090L. 
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SU0 SYST~"1 W!:?ITERS GUif"'C. RfFE'{rMr:i:- Gl\TA l="(l~ W:W lox 
E~TRI:::s--r.:n::s IN SECT To~., 3. ~, W~ITI~G A~l TIO ~10DULE: 

The TIO systPm supoorts a mf)re qP.nPra I form of sy"'lony'll 
that described in th~ ~p~ Section, The ~ultic~ IIO Syst~m. 
'l n n P. r ;."J I f o r ,.. 0 f s y n o n v m i s us e f u I i n w r i. t i n 'l ·_J r, I I O rn o d 'J I e 
i -:; to m f) n i tor so rn ~ I I 1) <1 ct iv i t y or t hat mod i f i P s -:. I i <J h t I y 
b~havfor nf ?nofhPr module. 

th ;~'1 
This 
th :it 
the 

To 8StaDlish ~ switch s1 ~s ~ qener11iz~1 svnonym f0r ~noth~r 

c;•...,ltch s2~ cal I th 0 ertry iox_¢.sf't_s.,m. This sets 31 I 1mtry 
v:.:dues in s1's control hlock to a c,111 forN8rding routine that 
will f!'lrw::ird C:llls to t""'e c0rrL~sPonJln1 <:>ntry value~~ ir. s2, 
cooying the argument I fst ~it~ th~ control-block pointer reolaced 
by, nointer to s?•s control hlock. On return from iox_~set_syn, 

s~t t~ose entries t~at shculd rot be cal I forwarders. ~f course, 
when 311 chdnqes h3ve be~r made to st"s c~ntrnl block, y~u must 
c "l I I i ox_ t pr n pa <J 3 t "' • 

The call to iox_'tsei'_syn also ~stahlished "'I t"lotification 
"'ntrv v~lue, o, for thP rPlations~ip betwePr\ st an1 s2. ~s long 
3:; st rPl1'3ins ., ge:v"r31 i1erl ';ynonym for s;?, p wil I b? cal l~d 
~henever chari'1es .-:ire "lade t0 s?"s control block. <This ccill is 
::lrr3'l'F"tj by i•.>x_~orop:=;-::Jatel. Tre Pntry ') '!'IUJt t-e extern:JI ~nd 

~~st ~atch the ~"'clar~tlon 
decl~r~ !') er\trv (otr): 

Whe'"I C::iltPd, it is :Jiven ~ oointPr to st•-::; c'>ntrol hlock. This 
ena~les o (if orooerly proJrammP1) 
involved dnd w~.'1t 1rtio'"I (if ;;nyl 

t0 determir2 ~hat s~ltch~s 

to t3k~ when s2 ls ch~n1ed. 

To disPst:ihlish -3 

This changr:>s ca I I 
iox_~err_no_cper~tion. 

be c;:ill~d. 

')E>n~r"'ll i7ed snyonyrn, cal I iox_'lire:.:;et_sy.,. 
for~ar1inq entry value~ to 

The nr,tifit)tion nrocedure ·r1ill no lonq.~r 

It is oossiole t0 move :in att::Jchment fro"! one IIO switch to 
anothPr. This affects the switches hut "ot co~trol blocks 
maintained by tnP IIO modulP· For example. moving th~ console 
att=ichll'ert from usPr ilo to sorr•a oth~r swltch, will fiave no 
eff 0 ct on the ti:>rmin:::ll. 

To '1'!011e dn 3ttachmr:>nt~ call iox 't.mov"'_.:Jtt3ch. NotE> that the 
rules for writing 3r T/n mo1ulP orrh1cit 3n 3tt3ch rnuti'"le from 
moving the 3tt3chme~t o{ a switch s fn crier t0 attach s. 
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~La~ . .::: 

Thi~ entry moves 
another I/0 s~ltch, s2• 

3n ~ttachment from one I/O switch, ~1, to 
The s o,i i tr: h s 2 mus t h P l n th e t:J et a c- he d 
is state when the o?ntry 

error f3ble ~not do?tach01 is 
:') r ~·? • 

r:al1r?rl. If It Is 
retured and no ch-:inge 

not, 
is m:=i1e to sl 

~ovin1 the ~ttachment mov 0 s the att:=ich description an~ ooen 
j P ·s c r i r t 1 o r1 n f s 1 t o '.~ 2 • ti I I po 1 1 t "r v a I 1.J es a 'l ·:j "" n t r y v a I u es are 
copierl from th0 c0"'ltr1I hlock of s? to the control block of s2. 
(Th~se v:=ilues are ~numer3ted in the Subsystem Writer's Gulde 
Section, The Tin Control rlo(':k). Attach and .)pen data '.JI cc~s 
maint3inPd ~v th~ !/O uodule (if s1 is attdched) are not 
aff'-'cted. 1-in-:illy, c::1 is sf.'>t to the det3ched st3te a!"'d 
ioY_'1lprop,::;qate is cal I f!CI for f':lcth s.1 and s?, 

d er. I a r P 1 o x <t "' o v e a t t -:i r h 1~ n tr v ( p t r , p t r , f i x e d ( ~ 5 ) l 
c311iox1:move dttach !ioct>_otr_1,i'Jco_ptr_2,code) 

1 • i 0 Cb n tr· 1 .. ooints t ') the contr0I -
( Tnnut l 

') iocb o tr- ? OOil'tS to the control ~ . -
Cinnutl 

7; • c orie is ~=·1 system St3tlJS cod~ 

iox '!;s~t SY"' 

ti Io ck for s1 

b I ocl~ for s2 

COutnut) 

This entry <:>st::ihl ishes ".in I/O :-;witch, st, 3S a qen~r3llze'1 
synonyM for anorher r1n s~itch, s2. It is useful In ~ritl'"'1 
cert1in tyoes of TIO modules, Sec; the ,Jis':ussior of qener1I ized 
svnonyrrs in the <:;ubsy':;fpm Writer•·; Gulde C::::ection, ~~rltin-:i ar'\ I/O 
"!odu l ':'. 

The switch s? must not he 3 synonym or 1ener3lized svnonym 
for st, eithPr airnctlv or vi~ a chain. If it is, the code 

0 rror tJhle ·~circ1lcir_•-:.vn is returr.t.!d, '1nj no r:hanq<> ls; m::ine t0 
c; 1. • 

Th<? entry _;at·-; ;=;I I entry valu<>s ir -:-;t• s c0ntrol blocr... to :i 

routine th-.t will forw1rj c:~lls to the corresponrJinq entry 
v;~ri"loli:> in s2':-: c;o'>tr"I hloch. ~·Jo other ch;:in'les arr:> rnade to st 
:3rd no ch::innes 1r2 rr::i ic to s?. 
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6. call t0 iox_tt.set_syn -do:-;o pc;f:.:1bllshes a'l 2ntry 
c~ll~d hY the 110 sy~tPre whenever ch~noes 3re 
contra I block, This ertrv must he ~xtern~I, ~n1 it 
t he d e c I ar ;:i t l or 

th;:it "'lill b~ 

made t'> s2"s 
"1ust match 

dPcfare notifv_croc entrv (ptr): 

Whe~ ~ ~har~P 

iox 7 oronagote) mak.::s 
is made 

ttie· c;~ I I 
to s?.' 

c:=il 1 r.otify_proc(iocr_otr_1): 

the I 10 sys tr.om ( v la 

""here iocb_ptr_1 coints to s1"s control hlock. If the 
riotitv_rroc ~rocedure rnakPs any changes to st•s control block, it 
is re·::;oonsirle for cal I lng iox_'l'.propc-~c:iate for s1 • 

.l.!~.~Ll~.: 

':1 ~ c I c:t r ~, l o x _ 1 s e t _ :; y n ( o t r , o t r , E.' P t r y ,f i x e d ( . ) 5 )) : 
c 'i I I i ox_ 1: s P. t _ s y n ( i o c: h _ P t r _ 1 , i o c b _ o t r _ Z , ri o t i f y _or o c , c ode l 

1 • locb_ptr_1 ooints t () the coritr<JI block for s1. 
(Innut) 

2. iocb_ptr_2 points tr) the COr)trol bl<Jck for s2. 
<Innutl 

3. notify_proc is 
whenev0r ch~no0s 

th€~ procedure 
are rnad~ to 

to 
s?. I ':j 

h8 notified 
contr'>I t,lock. 

(!nout) 
!. • coi1e is a system st~tus c0de. !Output) 

This entry rll~~~Ti~I lsh~s the r~l8tlonshlo of an I/O switch, 
s1, .:is o '11?.'1erali7eci SfnO'iY~ for .-:inothi::>r I/0 s•·dtr:-h. Alt entry 
v dr l 1 b I e ·~ l n s 1 • s c o "' t r o I h I o c f< t ha t .:i ,... e s e t t 0 t h P c 3 I I 
f0rw~rding ro~ti'ie =ir~ resPt to i0x_~err_~o_aoerati0n. 

If tf",p switrh ;;;t is n0t, in fr-1ct, a qener':llized SYr)OnYM for 
anothPr switch, thP code error t~ole t'iot 3tt3c~erl is r~turned, 

a'"'d :;1 is not chan11E>ri. 

1~cl"lre lox_ireset_syn entry (rtr,fixed{33)): 
c =i I I i o Y _ ·~ r,.. set_ s y,.., ( i o c b o tr 1 , c 0 d E~ ) : 

1. ioc'::l_ntr_t 
( Tnrutl 

ooints to th 0 s 1. r; control 

?, C')-'.'le i s ~1 s y c:, t em s. t 71 tu s c J d ~ • (out out l 
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This I/O ~o1ule dttaches ~n TIO switch to 3 t3rqet !/O switch 
so th~t record Tin 0per3tlo"S 0n the attached s~itch 3rp 

transl3ted Jnto strPa~ J/O opPr~ticns on t~~ tarqet switch, or so 
tn3t stre~~ T/O ooer~tlons on the ~tt3ched switch are tr~nslate1 

into rr:>cord Tl() op;:-r,Jtions 0n tflP. t;:ir;1et S"litr;h. In this ''1dY ::i 

nrc :r:-irr th;~t US'?"; cnl y rPcord T/'1 rr>ay procPs: unstructur~d files 
3"d do I1r fr·o11/to th~ consolP. r::imilarly -:i oror;ir:im thJt used 
orly stre~m J/0 may process c;om~ structured flies. 

r· n t r l P s i n t h i s rn o rl u I e :::i r e n o t c::i I I e d r:l i r e c t I y b y u s Pr ::; : 
r:.ithPr the mo".iule is .-iccessed throucJh the I/O ·:;ystem. '.)e1~ the 
"'lf-lM S2cfior-, ThP "1ultics I/C System, for a gf'n"ral descriotion of 
the T/O system. 

recoro_str·p;:irr switcrn1me? -optian:;-

1 • 

options 

is thP n3rn° of the target I/O switch. 
nepj not ue attached when this :::ittach~ant 

is 1nade. 
a r F c ho .:; En f r o en t h 1~ f o I I o \oj i n q :ir1 rj 

c0ntrol th 0 transfnr~ati?n of records into a 
str03m of hytos or vice-ver~3. 

- I i n <:> m e c• n :; t h a t 3 I i n "' i s t o b e 
tr·ansfor"1°1 into 3 record (or sequence of records) or 
+ h ".l t ::i r e (: o r' rl i s t o b P t r -=i w.:. f or "1 e 1 i n t o a I i n e • 

- n o t i n P m e iH1 ~, 

between I ln°s anj r0cords. 
it -tine jops occur. 

that 
This 

thPr~ ls no rel3tlon 
00tlon must not occur 

-trini rne;;i"''.~ th.3t in tr;:instorrninq =i record 
t r· '1 i I i n ;1 b I :,J n ~ s ::i r r: d e I e t P. d , 

- I er·1 th r­
con v Pr t e rl 
I <'r19t h '1. 

t () 
m "' a r1 -:; t h a t 

seriuE?nc·"! of 
the str2am of bytes is 
r~c?rds e~ch of which hls 

T f 'l e l t h P r - I i n ° .) r - n o _ J i r'· "' o c ,.. u r s , 
riefiult. 

- I i r·"' ls supp I ierl by 



Page 7 MTB-061 

The att~cherf I/1 switch m1y be op~nPd for stre~m_inout, 
strPam_outout, SRQue~ti31_i~put, or s@quenti3l_outout. The 
lrnofications of thi? openinq rnod·~ are ::is follo·~s <.in ad'.:lition to 
the usu~I imolicatlons descrihPd In the ~PM ~ection, Th~ I/O 
Sys t P,,,) • 

1. Stre~~ iroJt. The t~r1et T/0 swltc~ must be ~tt:::iche'.:l 
-:rnd close1. It is orened for :;equ 0 nti:::il inout. Th~ 

sequ~nce o• rRcords re~d from the target s~itch is 
tr:::insf~r~erf into ~ str~:::i~ of bytes which are 
tr:.insmitte1 to thE' c:::il ting oroqrarr by qet_t ine anj 
q E: t _ c h .:i r s or-? r cit i on s • The o o Pr =i t i ::>rs re a rf _ I ~ n g th 3 n d 
re:::id r(?C'.1rd are u•:J'ri to rearj ttH? records fro'll the 
t:c:irget switrh. 

?. Stre~~ outnut. The t3r9Pt IIO s~itch must he dtt~ched 
:::ird closed. It l~ ao~red for s~aue~tial_outout. The 
stre:.im of aytes ~ritten to the attQched switch ~Y the 
put_ch~r~ operation is transformerl into 3 se~uence of 
records wrlch ::iro:i wri ttf>~ to the t"3r·.:iet switch by use 
Of the write_record operation~ AT least o~e of the 
-line ~nd -lergth ootio~s must occur in the attach 
descriotion. 

1. Sequ~rtiat_irout. The target I/C s~itch rnust he ooen 
for strPa'll_input, oo'-'n for stre3m_inout_output, o,.. 
~ttached and closei. In the l:ist c1?e. it i:; ooene.J 
for strearn_i~put. The strea~ of bites rea1 fr~m thg 
t~ry~t switch is tr~nsforme1 into a se~uencP of 
rPcords, ~~ich ~re tr3~smitted to t~e c~ll ing orogr:im 
by ri:>arl_record onerations. If tne ~tt~ch a~scriptio~ 

sp~cifles -llP'? (Pxolicitlv 0r by default), the 
qet_line oper3tion is userl to re::id bytes from the 
target s~itcn. If the attach rlescriptlon soecifies 
-no_llne, tt1e qPt_cr~rs oneration is used to re·:d 
hyte~ from thP tar1et switch. tn this c3se the 
-length option must oc~ur. 

~. SPqu~ntlal_output. Th 0 tarqet I/O s~itch must b~ ooen 
for stre=.im_output, ooe~ tor stre~'Tl_lnout_outout. or 
~ttached ~no cloSPd. In the 13st c~se, it ls opened 
for strP~m_output. Th~ ~equPnce of bytes written to 
thd attacha1 ~~Itch by the ~rlte_~dcord ooer~tior is 
tr3nsform?1 into a stre~m of hyte~ w~lch 8re writte~ 

to th? ~ttached s~itch by use of the nut chars 
op-:>r;:itio'"'• 
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The tr=:ir:;tor"lation from re,...nrd to ':.;tr.::idm from can be 
descrit<:1 lr. ter"'Js of L:ik ln•J rF,cords from a C..'i!!;.QLll ~~i1~h '3'11 
givin'::i t·,ytes to"' :i1~2!:-~.ril.1.tt• c.ind si11ilt::irly for stre:=im to 
recnrd. Which swltch ls th 0 r~cord s""ltc~ 3~j ~hlch the stream 
switch depends on tre Of"erdng mode as explained under "0'1eninq". 
The tr<rnsform::it ion is contro I I ~d by the oot ions i~ the .:itt;,ch 
description. The rlet:ii!c; arP as fo!loi,is. (Not'." th3t ;:i record 
is ~ strino of hvt~s.) 

a recorrl 1 s 
ch~r~cter is aonende1,an~ tre resultinq strinq ls giver to 
the stroam S"litch. 

A rPc~ri is t3Ken frn'TI th•:> rt::>corj S"litch, trailln.g hl:inic; 
Cit "-H!'I) ~re 1eleted from it, a new I ine ch:ir:icter is 
dPDA'10Pd, ~nc t~e rPsultinq string is qlven to the stre3m 
s•1dtch. 

Q rec0r1 Is tiken fro'TI the record S"litch =:ind given to th~ 

strea~ switch without moiif lcRtlon, 

:.., .:i'"!cor.1 to strr.>.3m, -r'I'.) 1 lne -trim 

r, rl'c!corrj is ta"<en fr,1m th8 r•~corrl :;witch, trail inq fl l~'l"'::; 

(if ~invl :irE' jeleted from it, and the ri=>sulting strinl'.l ls 
Jlven to th~ str~aM ~~itch. 

~ I i r .., ( o; t r i r ':l o f h v t e s e ,... '1 j r. g "" 1 t ~ ,3 n ? ,,,. I 1 n e c h ::.1 r a c t ~ r ) 
is t:,ki=>n frorr. trp 'C.tre-=i"'1 switch, the rv>w line ch-=ir:icter is 
dPIPt~J, ~n~ the rasulti~g strin~ is given to th~ record 
S'"litch. 

F. ~tre~m to record, -line -lerqth n 

A I ine Is taken from the str0am si,iitch. The n~~ line 
ch~ract~r i~ 1eleted. ~l~r~s are aonended so that the 
ler.ath, m, of the resulti"'l''.J string is '3 multiple o1 r>, but 
n o m '.) r e t 1"H n ri ;~ c c s s a r y ( p o :.; s i b I y n '.> n ° ) 3 r e a p o en de 1 • T l"i e 
r 0 sultln:; strino is diviaed into (rr/n) records, and the 
r~cords 3r~ ~ivPn to thP ri=>corrl switch. 
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.,• ~tream to rf!'cord, -no I ine -lenqth n 

To for11 3 record, n bytes ~rP taken fro11 the strea~ switch 
and 1iven to the r0cord s~itch as ~ne rlcord. 

The I/O module may hold d3t~ ln buff?rs ~etween ooer::itlons 
~hen the switch ls oocned for stre3m nutout or stre3m_i~out, or 
for SPQU~rtial innut in the "-line -length" C3SP. 

The I/O ~odul~ clos~s the t3r1et switch 
o oen p "i it. 

j f ::in only if it 

01"\ly p0sltio.,ir.q to th"! b""cinr.ing of fill? 0r er.d of file and 
ski::irJn1 forwara .Jrf- suooorte;, c:ind they :::lre '1nly suooorted to 
the Pxttint the :itt'l<:h11Pnt cf tre tarqet I/!l switch supports th~m. 

These arP. 
seou~ntial cutout 
I/O moJule for 
,,. i I I D'~ open 

suoport20 for s~au0 nt ia I inout and 
ir the ~ense that they are 03SSed dlonq to the 
the t3rget switch. Not~ that the tarqet switch 

for str;~am_lnout, stre3m_outout, .'.)r 

str08~ inout_out~ut. 

r~ additio~ to the ~rror c~des soecifie1 in the descrir.tio~ 
of lox for th<' various I/0 operation·'>, t'1is IIO module r~turns 
error codes retur~ed hy tre Jin module for thP tarq~t switc~. 
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r-,ivPn a file, fon, containif1·'1 linPs of v1ryin::l l 0 nqthr::. but 
les'~ th.Jn or equ3I to L56 CincfiJ'iif'q th1=> rtf'w li:'le character), the 
f o I I o "d n '1 co ir m ;::in 1 :; on '='I\ ·"I s '" i t ch , ~. ) , f or st re,., m_ l n p u t so that 
.:ill +he llr;:is ~:iro n~dc.1erl with bl:::i'1k:::; to be le'l•lth 136. 

I\ s 
ooe:1ecJ 
strParn 

i0 c:ill 
i o_Ci"l I I 
in. ca II 
io Ci"I II 

::itt::ich 
.:ittach 
'"ltt~ch 

op~n :>3 

J ccnseqJarc~ of 

s1 vti le foo 
s2 recorrl stream ;t -I ine -1 ergth 13S 
s~ recorrl_'.::;tr1~:::i11 s2 -I ine 
str@am_input 

these comm:::inds, the I/O switch s2 is 
for sc::au?r"iti::il_inout, 
inrut. 

:::inrl th"~ TIO ·:;witch 51 is ooeried for 
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rhis rout in•~ is fur u::.P with rt IT ti I es. It redds the next 
r<>cord in 'PL/I f i I•:: ::ind :io:::siqns th•" rec0rrj (::i-:, 3 strin1> to 3 

v ·:ir Y i ., '1 ': t r i !1 q v '3,... i --i o I e • I n t '""l i :~ "l ci '{ , ' u " ~ r m ,~ y c o" v ·" n i en t I y 
rei'l.j records of unkr::J1>1n lnnJth. 

:jeclare re3d_str inq_key __ entry(f i l~,ch::irf-1-) v~ryi!1nl 
cc-.11 r?a<i_strirq_ Cf,s): 

t • f i :> the t i I 0 • 

kevea ~equenti~I 

SP.C1UE>nt i;:i I upj;;-ite. 

r t m 1J s t be c pen f a r 
input, seauPntl3f 

CTr;put) 

:;eouert Li I 
uod3te, or 

incut, 
keye".1 

2. s is the strinq to whicr the rec0r'1 is t0 tie 3ssi9'lei. 
cr:utrut) 

re3d_stri'lo_key_ 

fhis routine is tor uso •l'Jitlo PL/I files. 
with <'l srecifie.J k-=-y, :-;nd '1S'C.i:Jrs the re::ord 
v :-ir y i n i;- s tr in 11 v -:i r i '1 b I e • In t h i ~ w 3 y :=i u ·:;er 

[t rPads a record 
(3s '' str inq to 3 
mav conv2niently 

rPC'ld records of u'"lkno~n l·?nqth. 

de c I ;:w P r Pa :J_ st r i "n _key_ 0" tr v ( f i I P , ch .3 r ( .., ' v ·1r v in g, 
ch~~f?~Slvarvi~a) 

c-111 rcad_str in-J_ 1~<.:y_ ( f ,s.'.-<:Py') 

1 • ic; th<> file. It must 
inpur, k 0 yPd seauential 
urdat~. Cir,o.Jt) 

be oPe'l for 
urdatP, direct 

keye1 
inout, 

se'1uP.rtial 
or rHrect 

~. s is the string to w~ich the rec~rd is to be 3Ssiared. 
('lutout) 

is tloe k?y. (Tr'IPUt) 
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write_strln'l 

This routine ls for U"",I? with Pl/J flies. It writes the 
currP"lt· cont?nts of a v::oiryinq :.trinri vari3hle :ois a record (not 
t re ""h o I e b I o ck o f st or a s1 e o c cu o l 2 c b y t he v a r i ::i b I e ) • 

d e c I r:i r P w r i ti::-_ st r in q_ er tr v ( f l I e , c h .::i r ("' > v ::i r y in '1 ) ; 
cal I write_stririg_( f,s,); 

1 • f is the file. Jt must be ODAn for sequPnti~I 
cutout. Cinout) 

2. s is the strina to be written. <Inout) 

~~~= ""rite_strinq_k~y_ 

Tris routinr> i·-:; f0r us<:> with PL/I fil-=s. It wrties th? 
curre~t c0nte"lt~ of a v~ryinq strira varl~ble as a rec~rd Cnot 
thP wh'.'llP hlock of storage occ<..1pnd tiy tht~ vari~ble). The rr:>cord 
is written with ~ so 0 cified kPy. 

der:l::irP 1"4rit0_strin.-:;_kPy_ entry !file,char("') varying, 
crar(?5(.)v73ryin1): 

c1l I wri tP_str inq_kf)V_ ( f ,s,1-<f'y): 

1.. f is the fl le, It 11'USt be open for keyed sequential 
outnut, ~eved sPauenti31 uraat~, direct outnut, or 1lrect 
upd-:itc, (t'IOUt) 

:'l, s is th!? string to h(> '"'ritten, Cinout) 
3. k0y is th"' k"Y· (Jnriut> 
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PPQD()S£:1 SP'.::CS !="I);:> vf i IE"> 

This TIO rn o d u I ,? s u µ P o r t s the T/8 fr·Jrn/to f i I es if"' the 
c-; tl)r' ri·_;i(> syste:n. Al I loqlc:=il file t yo e ':> 3r 0 suooorted. 

c"trle·.:; in th.is module :,ir<> nrit C311Bd directly by •Jser·:;; 
r~thPr, the mod~I~ is accPssed throuqh th? I/n iYStem. See the 
lo.lP"" section, the 11ultic$ I/C sy:;t0m, for -:i qer1e>ral descriotion ::>f 
the TIO system, 'lnc see thP ~::JM s<>cti :>n, file I/r;, for :i 

discu~siof"' of fil~s. 

The attact"I d?SC"'iotior h~.s the fol low.it"'r:i form: 

vfilP_ D3thri~mF -cption_1- ••• -ootion_n-

1. o~thna~~ is th<> atsolute o~ r~lative n~t~n~~e of 
the fit:o. 

?. opt l"lf')_i (')f"I t;c,• ch.>ser fro'l th.?-;- fo 11 o"linq I is t 

-set be 

of ootior.:;. 

soecifies ext 0 nsion of the file if it 
already exists. This o~tion is only valid 
with openif"'~S for out~ut Jr input_outout. 

soeclf ia~ that ?ach nut_chars operation 
wi I I set the hit count of the apcro0riate 
s~gment of the unstrl;ctur"?'1 f i 1,e to which the 
I/n s~itch ls attached. T~is ootion is onl1 
v1lid wit~ ~penin~s for stream outnut or 
strPam_input_0utput. 

-share -"'lait time- allo~s an lnde'<PJ file to he open 
in more t~~n on~ or0cess at the same time, 
ev~n tr:HJ'lh .,ot a 11 ooe..., inqs 3re for inout, 
( -; >:? e> Mu I t i µ I <?. n n en in ·1 s 'J e I o •<j > • Th i. ·.:,; or t I on 
i:; only v1I ii wittLopenin~1c; for direct_input, 
dirPct_update, or dir~ct outout wit~ -extend, 
The "lait tlm-·~· if sl".'eclfied, ls the mdxi111u11 
tlmg in SPCaf"'d~ that this orocPss will wait 
t o ri e r .f or m :.i '"' t' o ~ r ) t i 0 '"' . o "" t h ~ f i I e • n v a t u e 
of minus orie me~ns trp oroc~s:, mdy '"alt 
ind"finit<?ty. If n·) w1it time i::; rdven, a 
d e f ~1 u I t v ::-i I • J e i :-: u s P rJ • 
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To fnrrn tht> ;;1ttn;:h 
p,:ithn:::im"' 

descrirtion 
is PxpanderJ 

~ctually us~d in t~e 

att~c~ment, the 
01f~'1"1mPa 

to a~taln an absolute 

A I I o p ,., r i n .:~ ; ,, j r• :; a r <:.; s u n p or t e d • F or an e x I s t i n CJ f i I e , t he 
~ode must be co~p~tl~le wit~ the fllP type, CSeP th0 HPM ~ectlor, 
rill? t/1), The rn('cj., must be co~p3tihle with =iny options in the 
attach descrlotion. 

Tf the. openin'1 i.:; for· Input O""IY and without the -sh"lr?. 
option, univ ••r•• accc··:;s ls r,~iiuired 0!'1 the file. In al I 0th.er 
eris·"'-=; "r•"'" "lCCes~ is rpruirod on the tlle.· 

It th0 til~ ls =i :;f:'riuential file, th~ n~w record must be ti-le 
sam.-. lcnqtt'\ as th<' r~->nlc:icPd r"!cord. If not, th: code returned is 
err~r_table_Tlon1_rPc~rd or error_table_$3hort_record. 

rt the tile is 1 sr>quential filP, th~ recor'.:l is logically 
de I P t -=ct. b u t t he s n 3 c .! i t o cc up 1 es l s not r ~ c n v :~red • 

Th.., O'"'der "seP1~ hti~d" is acceptej wh8n the I/O switch is 
ooen for kevc1_seauPntl~l_irout or k~yed_se~uentlal_uod~t~. FJr 
thL; oraer the inf'.'>_ptr argument illust point to d structuf"e of th'~ 

f o I I oi·dnri f ..,rrn: 

d 1: I 1 i " f .l b a s e d ( i n f •J _ o t r ) , 
2 rel1tion_tyoe f ixerl, 
~ n filn:·d. 
? SP'i"'Cf"- kPy -:tnr c~ refer Cr))~ 

T r r o p ·H· 71 t I o n I o c ::i t "' s t h "' f i r s t ,.. P c or ri "' i t h ::i k e y "' h ,J s e he "l d 

' " 

h~s the ~neclfied r~tatior "'ith the qlv~n se'3rch_key. The next 
record oosltlori ::rn":i (for kE-ve:.1_:.;<.eo.1ur-ntl:~l_JUJat~> the ;:;urent ""'\ 
ro:.cor1 :-iosition are set to tf-iP r<>cor.J. Tf ~o sucli recor·i 
exl~ts, the ~JdP. errJr_table_ino_record Is r~turned. 
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Th?. head of =i rec:>rd"s key is ti-\~ first n ch::ir-:1cter·s of th-::> key, 
th<~ key beinq e>ete~1ed hy bl"!'lks if it rns fewer th::in n 
c h ci r a c t "'r s • T h 9 3 I I o ·~ e d v ci I u o. ::. f o r· l n f o • r e I Cl t i o n _ t v o e -::i r ·~ : 

r 

1 
? 

h~~a = se~rch_kny 
h~~c >= sa~rch_kev 

h~~d > SP~rch k0Y 

Tt is possible to h~ve or att~mpt to n~ve multiol~ ~oenings 

of the -:arre .file, tr::;,t is to ~av~ two or 'Tlore 'JO~~' IIO switchec; 
::i t t a c h c 'i t ·J t h e s a m :'! f 1 I e • T h e :; e s ,,. i t c h e -; m i , 1 h t b e i r t h a s a m e 
prorPSS or in dlffere~t prncess0s. Wit~ re;oe~t to the effects 
of multipl 0 opPnirq~, the various 00Pniny modes can be divlrled 
into four claSSPS (exolalned belo~). ~ultlole openings in ~hich 

thP openin0 mode-:; ar~ in rr0re th=i,.., one ct :l'is .:ire iriv:i I id, '3S :::ire 
m1Jltiol>:> nperin9s with.i.r-- certai""' classes. The vfi le ,,odule 
or~vent~ s0me c=iscs 0f muttlole oo~nin~, the cod~ 
error_tablP_~flle_busy hei~g return<>rl by th0 ooen ooPration. In 
c::is~s where an invalid multlr'IE' op~nin·1 d.Je:; occur, I/0 
onerations wi 11 cauS'? urprPdict:-lble errors in the oror:esses 
i'1volved, <"Ind the contPnts of the> files rn3y hr> 'iam::iqed. 

The classe-:: of ir:ultiple oof>ni'l'JS "'lre: 

1.. ()oerdnqs fol' inr.ut wifh')ut ti,"' -sharp ootio!"\. 

llny nurnh.eor of Jnenin1s in this r:l::iss are at lo~ed. The 
exlst~rc~ of an onenlnJ Jn this class never c3use:;; damaie t0 the 
file. When this class of ooening ls 3tt~m~tP1, the existPnce of 
a I I c I 2:; s 2 an d .3 o p e '' 1 n q s an d s om e c I ass t.. 1 pen i n 'Vi '"4 i I I be 
de t "'ct Pd f or st r u ct ur ,~ d f l I ~ s • 

~. nnenings for output or inout_output ~ithout fit~ extenslor, 

Only one opt,.nln1 is all')wed. Th~ exi·:;;tence of another 
opening is never det(~cti:ij whe'1 this eta::~ of ooeninri is 
attempted. The f 11~ ls simcly rPplac~d by ~n empty file 0f th~ 

anprryori.'3te tvne. Tf tre file w3:; :Jlrea:ly ooen with an opening 
of any c:l~ss excE;pt (1), thA. contP.nt:; r)f the new file will 
orobahlv be da~3g~rl. 

~. Op~nin~s for up~at~ without thP -sh3r~ onti0n ~nd for :Jutout 
or inrut :J•Jtout without thr" -sh;-ire '.Jr:>tion arid "'lith file 
ext.,nsir.in. 

n~fy one opening of this cl~ss 
fil"<;, multi'.'.>!~ 0peninqs 1"lithln 
i rw "I I i d rn u I t i o I e .J o ~ n i n q i n v o I v i n :; 
other openirgs of cl~~s 4, rn=iy 

e f f <:> c t i :; t h ii t t h ~ ~ I 1 s s ~~ :> p ·~ r i "' o 
op~r.1 nri. 

is ~tlowe1. For ~tructured 
the cl:iss ::3re deti:~cted, An 

3n opening of this cl~ss :ind 
bE' det".'cted. If not. th•? cnlY 
tocks th~ file for the ~nti~~ 
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~. Onenlrgs with the -sh~re option. 

(This ~pnlies to dir~ct_lnnut, dlrect_uod3te, and 
ti i r e c t _ n •J t o u t w l t "'t - e x t e n d o n I y l • ll r y nu rn t1 er o t '.l P e n i n q s o f t I') l s 
type dre 31 lo~ed. Wh?r a urocess pPrforms an operdtlon o~ the 
flit>. thi:> file is lor.ked. nther proces•;es attemptin'.:I ar1 
')pPrati"'!"' wllile the fil'-' is lockei .,,,ill '"'ait up ·to the limit 
soPclf ic~ by th~ w~lt_tirn0 option In the attach_1escrlctlon. If 
the uper3tlon ls ~ot c3rrie1 out ~PC3~se of the wait time limit, 
the r.100 ~rror_tdble_~file_l)us)"' ls returned. 

T~ere ar~ two systefTl st3tus co1es t~at pert3in only 
to cl1ss ~ openings: ~rror_table_iasynch_deletlon and 
error_tabl~ ~asvnch_ins~rtJan. Th9 first is returned hy the 
re31_recora, re~d_I ~~1th, ard rewrlte_rPcord operations when 3 
rPc;)r\1 l·JCatfHi f'Y 1 S?,ek_key oiH'ration has '.leen 1elete..i (by '31') 

oper:it ion In sdrnP oth·~r or.Eming). The second ls ri:>turned oy 
write rec0r1 wht:n :i r~cor<i with t>w t~ev for insertion (1etined by 
a S~Pk_k:ey op~r:itlo1l hciS alrr-.Jdy been i'"l">Prte.J (by so,11e r.ither 
00(>",innl. 

Tf ::i rrocess 'JPen:; =i file and tt?rmin;;ites without closin1 the 
fil~. thP f ilo mdy ~e left ir an i"tor~Iaiate state that 
orohioit<.; norrri:JI r1r. ·:>pl"'>r-=itions r.in the tile. The ~xc~otlon is 
apeni"lgs for inout only. The details 1eoen1 on th~ oarticular 
t .Y o P o f t i I <> a s f J I I o "~ s • 

1. lfnstructured f i l".>s. 

Jn .,,~neral, t'1E' nit count of the> flte•s last segment •'4111 not 
be "lroo0rlY set. T~ls conrll.tion Is not jetected at subseauent 
openinas, 3nd p~rt of the file's conte"ts may be overwritten or 
i~m0r~o. Use the comm;=l'"'d filr::>_utility to prooerlv s~t the bit 
r:"lunt. 

? Sea•Jent i;; I ti Io. 

In riener<'11, c;~rtair. :Jf'Scriptors in th<> file and the bit count 
or thP fjles• l~st SP~m~nt wi I I not ne orooerly set. This 
condition is detc~t~d at a subseau0nt open, anJ the code 
'?rr0r_tcible_<1:filt~_husv is returnerl. Use tl'H? CO"lrn~nd file_utility 
to propPrly c:idjiJst th"l fl IP. 
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~. Tr"jexeo fi fp-:;. 

In r:eneral, the tlt cour>ts of the file..-;• sPgment5. '"ill not 
bl:" nror.E>rlv set,3nd tl-)E' ti fps' cor>tents wi 11 ne in ~ complex 
i'"1t?r'!ledi::itf' st.:it2 (e.~1. a rpcorcJ wi 11 t°'e delated but not its ~ey 
.in the 1--d~x). This situation i:; dPtected ;:it ::. suhseaue11t ooen~ 
and, unless thP ooeni'"1n is tor i~out without th0 -sharP ootio'"1, 
the fil<? ls ;wtomatically .::idtu~ted. If this sltuatio" ls 
1 et 0 c t e rl b v an open i r'\ ·; f" c r i n !1 u t w i thou t t h P - sh a r P o r: t i 0 n , t he 
corle error_t3ole_~file_busy ls rPtur~Pd. The command 
filn_utilit·.,. 'T!ay nc> u;~d t" properly <.1d~ust th~ fil"'• 

!.fhen nn it'ldexed f i It> is ar:!JustE·d, the interrupte<'.I operation 
( w r i t ~ _ r e c o r d • r ;~ w r i t P _ r P c or d , o r d e I e t e _ r e c or d ) , i f an y , i s 
co~ol3ted. Ho~ev~r for ~rite_r8cord er re~rite_record, lt may 
"1~poen th::it the nyt~s of thP recoro are oot~·,ti::d Iv ini:orr 0 ct. 
<C.:vi:>rythlnq els<? '•Ii 11 he cr:>rrei:t). Tn thi':i cas<,! 3n error '"'"~ssa1e 

ls prirted on the con~ole. The user c~~ rewrite or delete the 
recor1 ~s require~. 

The code error_tao11;;iha~_fite (con:;olE' -ness-:.9e: "ril~:! is 'lot 
a -::tructureo f 11".! or is inror-slstent .. ) f'"l~Y be r8tur11Pd ov 
0per3tion on strucured files. It means t113t an inconsist~ni:v h3S 

b-"en ·jetP.ct,~d in th<=> file. Possible Ca\Jse-:; arf'): 

1. ThP file ls r~ot ;:i strur:tureci file of the requireri tvo~. 

2. ll. pror.ra111 3ccider.tally ro::fifif>d some ·~orjs in th~ file. 

Tn the last cas€ a~ P.arlier CO"Slste~t copy of the file 
shovl1 be relo31e1. 
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tilr>_util itv.tu 

T~i~ co~m~ni nrovides a few services related to stor3ge 
system files as SijooortPd hy the I/O module vfile • 

!l ~.a.::rn. : 

fll~_utility nath'1~m~ 3ctlor -ontior_1- ••• -optlon_n-

1. o:::ithn.:;m-.., ls th~' nathname (Jbsolute or rc!f3tive) 
of 3 file ir the storaqe system. 

~. action ls -st~tu~ or -~d!ust. Tts m0 anlnq is 
exnl3i'1cd below. 

3. optlon_i depPnds on action as exntalned belo~. 

This ~ctlon orints th~ file"s apoarent type (unstructured, 
seou<>.,ti31, or irdPxP1) on the c:o'1sole. F()r structured files, 
Information on curr.<>nt ooenlngs of thA. fit~ or an Interrupted 
opein'1 is printed. f:')r ind<=>xeo fil-"'s, the followinq st3tlstics 
are ~iso prlrte~: 

1. tre r.umber nf records in th<> file, including zero lenqth 
r"'cords. 

?. tl-\e t')t;:il l~r1Th of the records. 
:.. H'f> rumber of rtocks ii" the free-sp.-1ce 
... th,o he i :1ht of the index trE>-.. {For an 

he i :ih t is 7 E>r.,) • 
c:. the r-umber of node~: in the index tree. 
~. thP total lr>nJth of ~II l<:?.ys. 

1 lst for r~cords. 
empty file the 

Additlol"al information aLout a file mav be obtained throuqh the 

Ne ootions are ~I lo"'led ·~Ith thP -st:.:itus '3Ction. 

. ' .. 
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l\n ir~tt?rruotPd JOf.'"'ir·~ of o file :nay f{~ave it in~"" 
irit.::.rrnecJirite st1tP th;·it orohibitr: norm1I I/CJ ooer::itlons on the 
fil••. (See tl-ie wrift:.'-UC• 0f the vfile I/n ""r.00ule for d~t::dls.) 
Thi~ ~ctlon 1d)usts th0 tile t0 ~n ~pprnori1t? st~te. It ~ay be 
use) 0n u,...structured f i I es whethPr or ."'lot th~ir current c:-.tate 
rr:sulteci frOITl ari intr~rrupte'j OP~nirq. fh·,! c~lf·1~ed ooti')n::, -:ire: 

-set_oc 'fh0 file must b>:> u"'structured. The bit 
rount of t~e fit~·s last seq~e"'lt ls SPt to the 
last rionzero byte Ir T~e se1ment. The last 
segment is t3ken to h~ th~ last segm~nt with 
nO'l7ero contorts. Ary s-:>g:nl"rits beyond it ::ire 

i e I et!=' rJ. 

-use he -n­
tr•.Jr>cat <?d 
0 f s0qmori t 
Tf r is 

The file must be •Jn structured. rt is 
t~ the byte soecifled by the bit count 
n. (Seqments are numh~red ~,1,? ••• >. 
n<Jt qiven, It is tal.(<>n to he tre filP.s 

-n I The f i I·'! rriust be unstructurt:"?d. r+ is 
tru"'lcatPa t') th~ I ast n~w-1 i'"le character in the 
f 1 I e • · .1 n d t r fl b 1 t ~ o u n t o f t h e I ·1 s t s e ·:i m ·~ n t i s s e t 
"!Ci:or·H~(Jly. 

!f no optio0 o~curs, th2 fil~ must o~ structure1. A 
sPouential file is ~r1Justf>d by truncating it to the f2jst co,11plete 
rec-,rd in the file •. ~r irciex:d fil~ 15 adJuste,1 by compfPtinq 3n 
interruoted operation. See the ~rite-up of th~ I/O modul~ vtile_ 
for dehl Is. 


