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1.0 Scooe 

This oocument ts a sMeeif~eat~o" of the on·~~dia strueture 
t~At is used bv Files•11. Fi1es•11 ts a oenera1 eurp9se 
file struet~re which is ;ntended to be the standard 1;1e 
structure for all medium to larQe PDP•11 svstems. Small 
svste~s sue~ as RT•11 have been s~eci1iea11v excluded be• 
cause the complexity of F11es•11 would imeose t~o ~reat a 
bura~n on the~r s~mclic~ty and small s~ze. 

Thi$ document describes 
referred to as 005•2 
feature and re1iab~1~tv 
CODS•t). 

1.1 Conventions 

structure level 2 of Fi1es•11, aJso 
Con•disk structure 2). It contains 

~morovements over structure level 1 

All nu~er~cal valyes oiven in th~s document are tn decimal 
radix, unless indicated otherwise. 

~ithin t~, ~ile structure are fields eo~ta~ninQ ~tnary in• 
te~ers of various lenQths. Unless otherwise ;ndicated, all 
these fie1os are in the standard numerical format, whie~ 
means that the most s~gnii~eant b~ts are stored ~" the hi• 
ghest numbered address. 

In the descriotions oi various structures on th~ dis~, there 
are fields that are labeled ""ot used". These ~ields must 
be zero, so t~at thev can be made non•zero for fut1Jre w~e. 
Since they are reserved for future use, ~roqra~s readino 
these structures should not assume that these fields are in 
fact zero. 

F~1es•11 is a structure wh~eh ~s ~m~osed on a ~edtu~ •. T~at 
medium must hav~ certa~n Qrooert~es, which are oeseribed in 
the followin~ sec~~on. General.Jv soeak~n~, block address• 
able· stora~e devices sueh as disks and Oeetaoe are suitable 
~or Fi1es•ll; hen~e F~les•11 structured med~a are Qeneri• 
cal 1y referred to as disks. 

2.1 Volu~e 

~~e basic medium that carries a Fi1es•11 _structure is re• 
ferrPd to as a volume. A vo1u~e (also efte~ referred to as 
a u~;t) is defi~ed as an ordered set of logical blocks. A 
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1oq1ca1. b1oek is an arrav of ?12 ~-btt bytes. ThP. 1ooieal 
b1ocks in a volume are eonseeutively numbered from 0 to n•l, 
where the volume eontai"s n 1o~iea1 b1oe~s. The "u~ber as• 
signed to a 1oQiea1 bloek is called its 1~~ica1 block 
number, or LRN. Ft1es•11 is eaoabl' of deseribtnQ velu~es 
uo to 2*•32 blocks in size. In practice, a volume showlo be 
at least 10~ blocks in size to be useful. 

The 1o~~eal bloe~s of a volume must· be_ randomly addressable. 
The vo1u~e must also allow transfers of anv length UP to &SK 
bvtes, ~n ~u1t1oles o~ four bytes. When a transfer is 
lonQer than 512 bvtes, eonseeutive1v numbered logical bloe~s 
are trans~ered until the byte.count is satisfied, In othe~ 
words, the volume ean be vie~ed as ~ partitioned arrav of 
bvtes. It ~ust a11ow reads and wrjtes o+ arrays of ar'lv 
1entJth 1ess thar'I 6SK bytes, orovided that thef s-ta-i-t ol'I if 
1oq;ca1 block boundary and that the len~th is a multiole of 
four bvtes. When on1y cart of a b1oe( is written, the eon• 
tents o+ the remainder of that 1ooica1 b1oek will be unde• 
fined. 

The 1oqica1 blocks of a volume are grou~ed into clusters. 
The cluster is the bas1c ~nit of space alloeatio!"I on the vo• 
1ume, Each cluster contains one or more 1oQiea1 bloeksr 

.the number o~ blocks in a cluster i~ know!"I as the volume 
cluster factor, or stora~e ma~ cluster factor. 

A volume is ide~tified as a Files•11 volu~e bv the home 
bloek. The home b1ock is located_~~ a defined chvsiea1 lo~ 
eat;on Or'I the volume( and is identified bv the orese~ee of 
eh~cksums and oredietable values. The h9me bloek is des• 
cribed in aetail tn section 5.1. To id~nttfv_ the volumet 
~he heme b1oek contains a volume 1abe1, which is a strin9 of 
uc to 12 ASCII characters. The c~araeters are restricted to 
the erintir~ ASCII set (i.e., exeludin~ eontro1 characters 
and rubout). Further, it is. receommended t~at volume 1ab,1s 
be restricted to alphanumerics o~1v to avoid conflicts with 
the command lanquaqes of su~oortinQ svstems. The volume 
label o+ a volume mav not be null. 

2.2 Volume Sets 

A volume set ts a collection of related vo1umes t~~t are 
normal 1v treated as one 1o~iea1 device ;n_ the usual oeerat• 
ino svste~ coneent. Eaeh vo1ume contains its own Files•11 
structurer however, 111es on the various volumes in a vo• 
1ume set ~av be referen~ed with a re1atiye volume nu~b~r, 
which unioue1v rletermi!"les which volume in the set the tile 
i~ located OM. 

A volu~e set has associated with it a structure nam~, w~4c~ 
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is an s~rino Of uo to 12 ASCII characters w~ich identifieg 
tMe volume set. The character set limitations of the volume 
label also aoclv to the structure nam~. The structure n~me 
may not bP. l"IUll. 

2.2.1 Ti~htlY C~u~led Volume Set • 

A t ; C11-1 t 1 y co u o 1 e d v o 1 w m. e set i s a v o 1 um e, set 1o1 n i c h __ i s e o "• 
sistent ~nd self identifying. The volu~e Jabels of the vo• 
1umes malcint:i up ttie_set '"Ust .be uni<lue wiH1il"'I the set, a!'ld 
must _be different from the_structure name. Relative volum~ 
o~e of the set eol"'ltai~s a file whieh 1ists the volume labels 
of all the volumes in the set, thus associetin~ volume la• 
b,1s ~ith r~lat~ve vo1~m~ ~umbers~ Each ~oJume is ~denti• 
fied as bei~g ~art of the set by_carryinQ the structure 
name, its volume label, ~l"'ld its relative volume nu~ber. 

2.2.2 loosely Couc~ed Volume Set • 

A 1ecse1v eouoled vo1ume set is a eolleetion of vo1umes 
whieh is not self ident1iying. Th~re is no ~~le list~na the 
volume 1abels. 0Mlv one file mav cross ~rom any one volume 
in the set to another, an~ +iies i" the set which eross vo• 
lum~s mAV be processed on1v seouentia~lv. Corree~ seouene• 
ina of the volumes t~at hold a ~articular i~le ~s the res• 
oonstbility oi the system ooerator. There are checks _that 
will catch most handling errors, but they cannot be fool• 
oroof. The puroose o1 the loosely eoypled yolume set is to 
emulate mu1ti•volume magta~e, and allow a file to be read or 
written seouentia11v with onlv ol"le volume mounted at a ti~e. 

3.0 Files 

Any data in a volu~e or w91ume ·set that is Qf anv interest 
(i.e., all blocks not available for allocation) is· eonta~·ned 
in a file. A file is an ordered set of virtual blocks, 
where a virtual b1oek is an a~ray of 512 8 bit bvte$e The 
v1rtua1 bloelcs of.a .file !!re eonseeut~ve1v nul'l'bered froPl'I 1 
to n, ~~ere n i$ the highest numbere~ block t~at ~as been 
allocated to the file. 'T~e number a~si~!"!ed to a virtual 
b1ock is ca11erl (obviously) its virtual bloek number, or 
V8N. v~rtual block~ are Pl'la~ced to Ul"l~~ue log~cal blocks in 
ti-I~ volu""e set bv Files•1i. Virtual bloeks·may t-e croeessed 
i n t ~ e' s a !'11 e ma n n e r a s 1 o g 1 e a 1 b 1 o c le s , · A n y a r r av o f t: v t e s 
le&s than 65K il"I lenqth may be read er written, provided 
tnat tke transfer starts on a virtual bloc~ boundary and 
ti,at its 1enot~ ;9 a mu1t;~1e of four. 
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For most files, all VBN•s less than or eo~al to the hi~hest 
VB~ allocated ~ap to some LBN in the vo1u~e ~et. Such files 
a~e setd to be dense. Files wh~ch are sparse eonta~n virtu• 
al blocks ~hich have not been allocated 1oqica1 bl~ck~. 

3.1 l='ile ID 

Each file in a vol~me se' is uniQuely identified by a File 
ID. A File IO is a binary value eon~istino of ~8 bits (3 
Pl)P•11 .wol"ds). It is supplied by .the file' system wl-ien tne 
ff1e is created, and ~ust b~ succli~d by.the user wt-ienever 
he wishes to reference a particular file. 

Tl-!e tl'l,.ee words of the Ff1e ID are used as fo11ows: 

iNOl"d 2 

WOl"d 3 

File Number 

Locates the file within a ~articular volume of the 
volume set. F~le numbers ordtnar~ly l~e in the 
l"anae 1 thr9ugh 65535. The set of file numbe,.s on 
a volume is ~oderate1v Cbui not tota11v' denser 
~t any_~nstant ~n t1Te _e file nu~ber uniouelv 
trlentifies one file within that volume. 

Fi1e Seauenee Number 

Ide~t~~ies the current use of an ind~vidual ~ile 
number on a volume. File numbers are re•usedJ 
~he~ a file_is de1eted its file number becomes 
available +or future use ~or some othe~ i11e. 
~'ch ttme a file number is re•used, a different 
file sequef"lce l"IUmber is assi<;.ned to distinC'luisli 
t!ie uses of that 1ile ~umber. The file seouP.nce 
!"lumber is essential since it .is De~feetlv 1eQa1 
for users to reme~ber and attemct to use a F;1e ID 
long after that file has been deleted. 

Relat~Ve Volume Number 

Identifies which volume oi a volume set the file 
is located on, I~ the volume in auestton is not a 
m~mber of a volume set, then this word is zero. 
If t~e volume is ~art of a vo11;Jme set, ti'!~" t"'e 
relative volume number, or RVN1. lies in the range 
from 1 to o553S, In any conte~t wl-!ere a.e~rticu• 
1ar volume ~f a vo1ume set ca" be id~~t;+ied as 
the "current volume", suel-i es a ~i1e exte~sion 
l~nk~Qe, a r~1at1ve volume ~umber o~ zero ~eans 
"the current volume". ~hen a ~ile ts ,.e~e,.red to 
in t~e context of the vo1u~~ on ~"'ich it ites, it 
sl'lou1d be referred to with a r~1ative volume 
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nurT'ber of zero,• regard1ess of ti'!e RV~~ that may be 
ass~gned to that volum~. 

. . 
File Number Extel"lsion 

If the maximum number of 1i1es eermitted on the 
volume Cas ~eeorded in the home block) is ?reater 
than 65535, then the hiah byte of the relative vo• 
1~me number beco~es a hi~h order extension to the 
file number. The volume set ~ize is then limited 
to 255 volumes, while the range of allowable file 
numbers extends from 1 to 2**24•1 1 When za b1t 
tile n~~oers are u~'d' the fi1~ svst~m should not 
create files whose file nu~ber is an fnteoer mu~· 
ti~le of ~5536 Ci.e., whose low 16 b~ts are zero). 
Such file numbers will break existino POP•11 
so~tware (such ~s FCS•11). 

3.2 File l'IP.&der 

E~eh +i1e on a Fi1es•l1 volume is ·descri~ed by a file 
header •. T"'e file header is a bl_oe~ that c:~l"ltains all Hui 
infor~ation necessary to access the file, It is not oart of 
the ~~1e1 rather, it is contained ~n the volume'' inde~ 
+i1e. (The inde~ file is described in section 5.1). The 
head~r block is or~,n~zed intd si~ areas, oi which the first 
f~ve ar~ variable ~n size~ 

3.2.t Header Area• 

The information in the header area permits t"e 
file svstem to verifv thet this blo~k is in fact a 
f~le header and, ·in particular, is the h~ader 
bein~ sought by tne user. It contains the ff le 
number and file seQuenee number of t"e file, es 
well as its ownershio and orotection codes. Tnis 
area also contains oiisets to the other areas o~ 
the f~l~ header, thus def~ninQ their size. 

3.2.2 tdent Area • 

The ident erea of a file header eo~tafns identifi• 
cation and aceo~ntin~ data about t~e file. Stored 
here are the Qrimarv na~e o~ the file. its erea• 
t1on date .a~d ~ime, r~v;sion eoul"lt1 da~e, ~~d 
ti~e, and exciration date. 
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The ~aq a~ea ·des~ribes the· ma~oinQ o·i virtua1 
blocks of t"e file to t"e logical blocks of t"e 
volume. TMe macoinq data consists of a list of 
retrieval oointers. Each retrieval oointer des• 
eribes one ~rouc of eonsecutivelv numbered logical 
blocks that -are allocated to the ~i1e. ~etr~eval 
oointers are arran9ed in t~e order o~ the virtual 
blocks tMev reoresent. · 

Access Control List• 

The a~eess control list is an ootional area that 
contains. a list of users t"at are allowed aeeess 
to t~e file. The a~eess control list makes it 
oossible to describe user co~munities f~r a oar• 
t~eular ii1e th~t cannot be exoressed with the 
regular orotection classes. 

Rese,.vee Area • 

Tliis oot1o!"la1 area is.reserved for the use by CSS 
or soeci~l aoolteations. It wi11 not be used bv 
stend~rd F~1es•11 systems. 

3.2.b End Checksum • 

The last two bytes of the file header contain a 1b 
b~t ad~itive checksum of t~e oreeeding 2SS words 
of ihe fi1~ header. The checksum is.used to he1c 
verify that the block is in fact a file header, 

3.3 Multi•header Files 

S~nee the file ~eader i9 of ~ixed size, it is inev1~ab1e 
tl,at 'fo,. so"'e files tto,e i:aooinQ information will not fit_ in 
the allocated soace. A file with a laroe a~ount of ~aepino 
~ata is therefore reoresen~ed with a e~ain of file headers. 
E~ch header "'aes a consecutive set of virtual blocks: the 
e~t~nsion lin~aQe ~n the header area 11~ks the headers to• 
qether in order of aseendin~ virtual block nu~bers. The ex• 
tension oointer in each file header is the F~le ID of the 
nevt header il"I seouel"lce~ 
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3.a ~u~ti•vo1ume Fi1es 

~u1t1p1e headers are also needed ior ~41es th~t s~a~ vo1umes 
in a vo)ume set. A header may onlv mac 1ogfeal blocks 10• 
eated on ;ts volumer therefore e muiti•volume file js re~ 
~resented bv headers on ~11 volumes that contain cortions of 
that fi1P.. In a multi•volume fi1e contained on a 1oose1v 
eouc1ed vo1ume set, the Ff le ID of the first header on each 
continuation volume a1.wavs has the value q,q,n, where n is 
the QVN of the volume on whi;h_the file star~s plus the 
number of oreeedinq volumes eontainino cortions of the file. 

3.S File ~eader • Detaf1Pd Oeserietion 

T~is seetio!'I describes i,., detail the items COl'ltained ;n tl'ie 
file header. Each item is ident~fied bv a svmbol wh~eh re• 
oresents the offset address of that item within i~s area in 
the file header. Any item may. be located in the file. header 
bv 1ocatin~ the area to which it belongs and then adding the 
valu~ · oi ~ts of~set add~ess. Users who eonee~n themselves 
with the contents oi Jile headers are stro"g1y ur~ed to use 
tMe offset symbols. T~e symbols may be def;ned in assemblv 
lanQuaoe ~rograms by callino and invoking the macro FHDL2S, 
wh1eh may b@ found ~,., the macro library o~_anv svstem th't 
suocorts Fi~es•11. Alternatively, o~e mav find the macro in 
the +iie F11MAC.MAC, which may be obtained from t~e author. 

3.S.1 Va1idity • 

A valid fi1e header is deiined by the fo11owfng rules~ 

1. The ~eader checksum is eorreet, unless sc.CHK is 
set in H.SCHA, in which case the eheeksum word eon• 
tains the value 125252. 

2. The eontents of H.IDOF is no less than the offset 
H.FOWN/2. 

3. The ~our offset bytes are r~1~ted 
Cl-i.IOOF) <= CH.~POF) <= CH.ACOF) <= 

1 n the ma,.,,.,e,. 
CH.RSCJF). 

a. The hiQh bvte of H.FLEV contains the value 2. 

s. The low bvte of H.FLEV contains a value 9reater or 
e~ua1 to 1. 

6, Hie word M.FNUll.1 eontai..,s the tile !"lumber. 

1. T~e word H.FSEQ COl'ltains t~e file seouenee number. 
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e. The ~iQh byte H,FRV~ contains the extended part o~ 
tne fi1e nu~ber, if anv. 

9. The contents of the byte H.USE ~ust be less than or 
eoua1 to CH,ACOF) • (H.~POF). 

A deleted fi1e header eoniorms to the format o~ a valid f~le 
header with tke fo11owin9 exeeetions: 

1, SC.MDL is set in H.FCHA, 

2, H,FNU~ and H.FRVN contain zero. 

l. The t~1e header ehecksu~ contains zero. 

3,5,2 Header Area Oeseriotion • 

The h~ader area of the i~le header a1~avs starts at byte ~. 
It contains the bas~e ~niormet~on needed ~or eheckine the 
val iditv of accesses to the file. 

3.S.2.1 H.IDOF - 1 Bvte IdP~t Area Offset 

Th~s byte eonta~ns the number o~ 1~ bit words 
between the start of the ii1e header and the start 
of the iden~ area. It de~ines the location o~ the 
ident area and the size of the header area. 

3.5.2.2 H,~POF - 1 Bvte Ma~ Area Offset 

This byte eontai"s the "umber of 1b bit words 
betweeM the start of the file header a"d the start 
o~ the ma~ area. It deii"es the loeatio" of the 
mao ·_area and, toQether w~th H.IDOF, the ~ize oi 
the ide"t area. 

3.5.2,3 ~.ACOF • 1 Bvte Access Co"trol List Offset 

This byte eo"tai"s ~he "Ymber of 16 b~t ~ords 
b~tween the start of th~ f41e header and the start 
of tke access eo"tro1 list. It defi"es the loca• 
tjon oi the ACL and, toQether w~th H,~PnF, ~he 
size of the ~ac area. 
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3.5.2.a H.RSOF • 1 8yte Reserved Area Offset 

This byte contains the numbe~ oi 16 b~t words 
between t~e start of the header and the start of 
the reserved area, The reserved area wil1 not be 
u s e d b v F' ; 1 e s • 1 1 ; t s e 1 f , a n 1'• m a v b e u s e d h v C S S o I" 
soecial-acolieations. To~ether with H,ACOF, this 
bvte .defines the s~ze of the access eontro1 list. 
The size of_the reserved area is imclied by the 
contents of H,RSOF and the enrl of the header 
block, 

The Dre~ence of the ident, map, ACL, and r~serYed 
areas is ootional, ~bsenee of anv are~ is·sjg• 
na11ed not by a zero offset, but bv the eoualitv 
oi the_ two o~~sets that define that area'g size~ 
All five . are~s ~re variable ~n. length! 
i~p1ementations of Fil!s•11 must e~eck the 1enoth 
of a Part;eular area before attemct;ng to refer• 
en e e a .i:> a !" t i c u 1 a r en t r y • 

3.S.2.S H.FSEG • 2 Bvtes 

Th~s word c~,.,ta~ns the value n, ~here this ~eade~ 
is t~e n+1th ~eader of the f11ef 1.e., headers of 
a ~~le are n~mbered seauentia11v,start1nQ with 0. 

3,5.2.b H.FLEV • 2 Bvtes Structure Level er1e1 Versiol"I 

The f~1e structure 1eve1 and vers~on is used to 
, i~el"lti~v d~fferent versions -~~ Ft1es•11 as thev 

affect the structure of the file header. This 
oermits uowards eomoatibilftv of 1i1e structures 
as F~1es•11 evolves, ~n that the structure level 
word identifies the version of Files•ll that ere• 
ated this ~articular ~ile. This document des• 
erihes structure 1eve1 2 of Files•11. The high 
bvte o~ H.F~EV must conta~n the value 2. The low 
bvte eoMta4ns the vers4on number, which ~ust be 
greater OI" eciua1 to 1. T!ite version l'ltJl'\'lber \ioli 11 be 
i"cremented w~enever com~at~b1e add~t~ons are made 
to the Fi1es•11 structure that mav be safely ;~
nored by an ~ld vers~o~ oi the f~1e svstem. This 
doeu,,,ent describes version 1 ot S·tructure level 2. 
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3.S.2.7 M.FNUM - 2 Aytes 

This word contains the file number of the file. 

3.5.2.8 M.FSEQ • 2 Bytes File Seouenee NumbP.r 

This word contains the file seouenee numbe~ of th• 
f i le. 

3.5.2.9 M.FRVN • 2 8vtes Relative Volume Number 

• 

T6is, word is used to hold .oart C)f the third word 
of the File ID when a~oroori~te. This word is 
usually r~ferred to as the relat~ve volume numbe~. 
When used as su;h (i.e., to ~ndicate '"'~ volu~e.oi 
a volume set), U is not l'"ecorded ;,, the file 
he~der, since the RVN of a volume ~av chanoe dur• 
in~~ ~~1e's 1t~e, and the RVN col'"t~on of a F~le 
ID may be zero or non•zer(), de~endino on t~e con• 
text. However, when the hi~h bvte of the RVN is 
used as an extens~on to the file number, ~hen it 
is reeol'"ded ~" the ~i~h byte of th~s word. The 
1ow byte of H.FRVN is always ze~o • 

. 3.S.2.10 H.EFNU • 2 Bytes Extension File Number 

This ~ord eonta~ns the ~ile number gi the n~wt se• 
~uentia1 extension header for this file, If there 
is no ewtension header, th;s word contains ~. 

3.s.2.11 H.EFSQ - 2 Bytes 

This word eonta~ns the i~le seouenee nu~ber oi the 
~ewt seQ~ent~al e~t~ns~on header for this i11e. 
If ther-e 1s no ewtension l'ieeder, thh word . eol"'• 
tai!'!S 0. 

3.s.2.12 H.EQVN - 2 Bytes Extension Relative Vo1u~e Ne. 

This word contains the relative volume nu~oer of 
the vo1ume ;n the volume set that contains the 
n~wt se~uential extension header for this file. 
ti there ~s no extension header, or ~f the exten• 
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sioM header is 1ocated 9n the same volume as thfs 
header, th;s word coMtains 0. 

3.S.2.13 H.UFAT. 32 Bytes User File Attributes 

3.S.2.14 

This area is used by the record maMaQe!", or ~nv 
other hi~her level access mee~qsnisrn, to st.ol'e i!'I• 
formation necessary for proeessin~ the ff 1e, e.Q., 
reeol'd contro1 data, end of fi 1 e marl<, etc. 

H.FCHA • u Bytes 
H.UCMA : H.Ft~A+~ 
M.SCHA : H.FCHA+t· 

File Characteristics 
User CoMtrolled Char. 
Svstern Contl'olled Char. 

The file characteristics words contain the follow• 
inq flaci bitsi 

UC.CON 

UC.CMS 

UC.RCK 

uc.wcK 

'et ~i ~he file ~s 1oe~cal1v eontiouousr 
i,e., if for all virtual blocks in the 
file, virtual bloel< 1 rneQs to locdeal 
b 1 o e I< le+ ( on o,, e vol um e f o.r so 1r1 e co !"l • 
stant k. This bit mav be i~Plieitlv set 
or cleared by file svste~ o~erations 
that al1oeate s~aee to the ~~ler tMe 
user ~ev only clear it e~olieitiv. 

5 e t i t ~ l'I e :; 1 1 e i s a.l l o e a t e d e o '"' t i ~ u o u s 
best efforts i.e., as eof"ltiguous es 
oossfble. 

Set if the file is _oeaceess•1ocked. 
This .bit is used as a fla~ warMil"IQ that 
the file w~s Mot ~rocerlv e1osed and.mav 
contain inconsistent data. Access to 
the ·file ~s denied if this bit is set. 

Set ii the ~ile.is to be read·c~ee~ed. 
All read o~erations on the file, if"lelud• 
iMQ reads of the file MeaderCs), will be 
~er~or~ed with a read, read•comoare to 
assure data iMtegrity. 

Set if the file is to be write•ehecke~. 
All write oceratiol"ls Ol"I the file, iri• 
e1udin~ modifieatio~s of the file 
lieaderCs), will _be cerfor~eo ~it~ a 
write, read•eomcare to assure data il"I• 
tec;ritv. 

-~ .. 
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UC.W!3C 

Set 11 incrementa1 dump (backup) is to 
ce disabled for this fi1e. 

Set if the ffle is to be .write•b!Ck 
cache~' i.e., ~~ a cache is used for 
the file data, data written bv a user is 
only writ~en back to the d~sk when ~s-~t 
re~oved from the cache.. Clear for 
wr;te•throu~h cache o~eration. 

The s~eond byte of the file characteristics words 
is historically .known as the svstem controlled 
file character~st~cs. It conta~ns the fo1low~nQ 
fla~ bits. defined as referenced with~~ the byte~ 

SC.HDL 

SC.BAD 

SC.DIP 

SC.ACL 

SC.CHK 

3.S.2.15 • 2 Bytes 

Set if the ~i]e is m~rked · 1or delete. 
If this bit i~ set, further accesses to 
the file are dented, arid the file wwill 
be ~hysiea11v deleted when no users are 
aceessil'lg it. 

Set if there is 
1i1,. nds bit 
It is' intended 
hand 1 inQ. 

a bad data block in the 
is. ~s vet unimple~e"ted. 
tor dynamic bad block 

Set if the file is a directory. 

Set if an aecess eol"ltrol list exists for 
ttds. file. 

This bit is set if the ff le header 
~heeksu~ was not eomouted. If this bit 
is set, the checksu~ wora must contain 
the_ octal value 125252. This "feaiyre" 
is for s~a11 systems t~at can~ot afford 
the millisecond or two that it takes to 
eom~ute the header ehecksumi tts use is 
stronq1y discouraged, 

(not used) 

3.5.2.\6 ~.USE• 1 Bvte Ma~ Words i!"I Use 

This ~vte contains a ~ount of the nu~ber of mao 
area words eurrent1Y in use. 
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3.S.2.17 H.P~IV • 1 ~yte Aecessor Privilege Level 

:s.s.2~1~ 

This byte d~fines the lo~est orivileae level at 
~hich an aeeessor ~ust be runn~ng in order to be 
allowed access to tlie file. Each erfvi1eQe 1eve1 
is a two bit i"tegerJ zero refers to the lowest 
criv11eQe and 3 ts the hiQhest, Privileqe levP.ls 
may be assi~ned secarate1v to the basic file ae• 
eess mode~, usin~ t~e following b;t assioment in 
Hih byte: 

Read sits 0 - 1 
w !"it e Bits 2 -3 
Execute B-~ ts 4 • 5 
Delete 8its 0 • 7 

An ~~eratina svstem should mao its criv~le~e level 
codinQ onto this code in the smoothest manner pos• 
sible. F~r ewamclef the iour access modes of v~s. 
user, supervisor, e>eee,, and lcernel, are coded as eJ 
throu~h 3, resoectively. A svstem such as RSX•11~ 
which has only two levels Corivileged and 
non•priyileged), should mac the two onto 3 and A, 
resQectively, 

Privileae levels are meant to confine access t~ 
t~e eo~tents of files to.suitablv trustwort~v.ero• 
eedures. Thus, e user miqht be denied the abilitv 
to wr~t~ a record structured iile rl;rectlv Con a 
virtual block basis), but would be eerm~tted to 

" . . . 
write the file through the record manaqer, wh;ch 
~ould be suitably crivileqed, 

',,. . . 
For a record structured file, en aeorooriate set 
o~·criv~lege levels would be ~,2,0,0, exoressed ~n 
the order read• write • e>eecute • delete. 

H.FOWN • 
H.PROG : 
H,PRQJ = 

a Bytes · 
M.F0111t..1+1'll 
H.FOWN+2 

Fi 1 e 01o11"1er UIC 
Prc~rem~er (~ember) Nu~ber 
ProJecf (Grou!:') Number' 

Tkese words e~ntain the binary user_jde"tificatjon 
code (UIC) of the owner of the file. The file 
owner is usually (but not necessarily) t~e creator 
of Hie file, 



3.5.2.19 M.FP~O - 2 9ytes File ProtectioM Code 

.Tlo\is word controls wl-lat access all users i'"' -~'"'f! 
svstem ~ay h~ve to the f~le. Accessors of a file 
are c~teqorized _according to the relationshio 
between the UIC of the aecessor and the UIC of the 
owner of the f11e. Eac!-1 cateoorv is controlled bv 
a four bit +4eld in the protection word. The ca• 
tegorv of the accessor ~s selected as fo11ows: 

Owner 

Grouc:i 

World 

Rits PJ • 3 

The aeeessor is subJect to svstem oro• 
tection if the oroJect number o~ the UIC 
under which he is ~unning is 10 oeta1 or 
1ess. 

e;ts 4 • 7 

The acc~ssor ~s subJect to owner orotee• 
t~on if the UIC under which he is run• 
ninq ex~ctlv ~atches the ~~le owner UIC. 

Bits 6 • 11 

T~e accessor is subJeet to Qrouo orotee• 
tion if t~e oroJect number of his .VIC 
matches the oroJeet nu~ber of the file 
owner UIC. 

Bfts 12 • 15 

Th~ accessor is' subject to world orotee• 
t~o" if he d~es MOt i1t ~nto any of the 
above categories. 

Four tvces of access are defined in Fi1es•111 
r~ad, ~rite, ewecu~e, a"d delete. Each four bit 
f~~1d in the oroteetio" w9rd .~s b~t encoded .to 
oermit or deny any eombi~ation of the four tvoes 
o~ aceeas to that category of accessors. Sett~no 
a bit de"ies that tvoe of access to t~at category. 
The b~ts are def~Med as ~ollows (these values 
aoo1v to a riqht•Ju~tif~ed ~roteetion f~eld); 

FP.ROV 
FP.wPV 
FP.EXE 
FP.OEL 

Oenv read access 
Oenv write access 
Oenv execute access 
Oe"v ~elete·access 

When a user attemots to access~ fi1e, oroteetfon 
ehee~s are eP.rform.ed in a11 ~he cate~ories to 
which he ~s e1~~ible, in the order svste~ • o~ne,. 
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• qr~uo • wor1Q, The user is granted aeeess to 
the +i1e if any of the eatecories to which ne is 
ei;~;ble {1!"'ants him access. 

Recommended defaults for file protection for an 
"open shoo" svstem are rRWO,RWO,RW,R] (exoressed 
in the order of svstem • owner • group • ~or1d, 
where ,aeh letter denotes the oresenc~ o~ that 
oermissionl. Observe that only files which eon• 
tain executable orograms should have execute or~· 
teetion turned on. Recommended defaults for a 
"closed shop" system are [R~O,RWD,R,J. 

Record Protection Code 

This word controls what access all users in the 
svstem- may have to the reeoras in a ~ile. . . . 
Accessors are categorized into Svst~m, Ow~~r, 
Group, and World in the same manner as for ffle 
Proteet~on. The record oroteet~on word is 1ike• 
wise divided into four four bit fi,lds_ to eontrol 
eaeh aecessor eategorv. The four bits in the re• 
eord oroteetion f~eld ~re defined ~s ~o11ows: 

RP.ROV 
RP.wRV 
RP,UPO 
RP,PEL 

Deny re~djng records 
Oenv wrjtinq ne~ records 
OenY wr;tinq existin~ records 
Deny deleting records 

Recommended defaults ior record oroteet~o~ ~or an 
"ooen SMOo" svstem are fRWUO,RWUO,PWUD,q]. 
Recommended defaults for a "closed shoo" system 
are [RWUD,RWUO,R,]. 

3.5.2,21 • a Bvtes Cnot used) 

3.s.2.22 H.SE~K - 4 Bytes Security ~aslc 

The security mask is a bit encoded field that re• 
orese~ts information eateQories t~at mav be ore• 
sent in tMis file, An accessor also earr,es a 
s,euritY masl< that reoresents inform~tien cateoo• 
ries that he may possess. To read a file, tne ae• 
eessor's securitv mask must be a suoerset of tne 
secur1tv mask of the ~ile: to write ~ f11e, t~~ 
security mas~ of the f11e mus~ be eoua1 to t~at of 
the accessor. CTeeh~iea11y, in securitY ma9~ ero• 



F;1es•11 On•Disk Structure PAGE 17 

toeo1 s~ t"'e 
that of the 
not a11ow 
conditions. 

mask of the fi1e must be a su~erset of 
write~, but s~nce Files•ll systems do 
writi~~ with~~t read oermisslon, bot"' 

a~olv for a writer.) 

Individua~ bits in the security mask are. defined 
system wide ~Y the svs~e~ manaQer. The insta11a• 
tion mana~er is res~o~sib1e for ensuring consis• 
tenev and coherenev of security ~asks when volu~es 
are 'Used on mu1tirole operatin~ systems. 

Note that the tradit~onal seeuritv level svstem 
(e~nf~dent·~~l, .secret, etc,) ca~ be achieved by a 
una,.v enc.odinc;i in several 'bits of the mask, 

3.S.2.23 S.HOHD • 74 Bytes Size of Header Area 

T~is sv~bol re~resents the total size of the 
header area eontainin~ all of the above entrjes. 

3.5.3 Ident Area Oeserieti6n • 

The ident area of the ~~le header begins at the word ~ndi• 
cated by H.IDOF. It contains ~dent~i~cation and aeeount~nc 
data about t"e +ile. 

3.S.3.1 I.FNA~ - 20 8ytes Fi 1 e Name 

Th~s area eonta~.ns the name of the i~1e in ASCII. 
A dot se~arat~s name from tyge, and a semicolon 
seearates tvoe from vers;ont both are alwavs.~re• 
sent. If the name is shorter than 20 bvtes, it ;s 
oadded with blanlcs-: if it is lon9er, it 1s trun• 
cat ed. 

3.5.3.2 I.RYNO • 2 Bytes Revision Number 

This word contains the rev;s;on eount of the fil~ 
in b•narv. The revision eount_is th~ number of 
t~mes the f~te has been accessed for write, 
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3.5.3.3 !,CROT • 8 BytP.s 

These e~qht bytes contain the date and time at 
which the file was created, The ti~e is ev~r~ssed 
in the standard internal. time format, whieh is a 
6a bit inteQer recresenting tenths of microseconds 
elae~ed s~nce ~~dnight, 17 November 1858. 

3.S.3.a I,RVOT • 8 Bvtes Revision Date and Time 

The revis~on time is the t~me at which t~e tile 
was last ~eaccessed after befn~ accessed for 
write, Tt is e~oressed as the same format as the 
creation time above~ 

3.S.3.S I.EXOT • 8 0ytes 

These eig"t bytes contain the. ~ate and time at 
whieh the file becomes· eligible to be deleted. 
T h e _ -f ~ "m at i s t I'! e s a rn e as t I'! a t . o t t he e re a t i on and 
revision tfmes above. 

3.S.3.~ I.BKDT - 8 Bvtes 8ac~u~ Date and r;me 

These eight_bytes contain the date and _ti~e at 
which the file was last backed u~. Tne format is 
the sa~e as t~e other dates and times. 

3.S.3.7 I,ULAB • 80 Bvtes User Label 

Tnis octional area contains anv label a. user mav 
wish to associate with tl'!e file. 

3.S.3.8 S.IO~D • 11b 8vtes Sf ze of Ident Area 

Tnis svmbol r~oresents the size of the ide~~, area 
eonta~nin~ all of the above e~t,.~es. 
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3.S.4 M~o Area Descriotion • 
- - . 

T~e ~ae area of the file header starts at the word •~dieated 
bv H.MPOF. It contains the information neeessarv to ~a~ the 
v~rtual blocks of the f~1e to the lo~~ca1 bloeks o~ the vo• 
lume. This area contains the retrieval eo4nters thet actu• 
a11v ~ap the virtual blocks o~ the ~ile to the lo~~eal 
biocks of the volume, Each retrieval Pointer describes a 
conseeutive1v numbered qrouc o~ 1og~ca1 blocks which ~s al• 
~oeated to the f~le. The count ~ield eonta~~s the b~narv 
value n to reeresent a qroup o~ n+t loqical blocks. The 
1~~ica1 _bloelc number field ~ontains the logfeal block number 
of the first logic~l block in the ~rouc. Thus each retri~v· 
al oointer macs virtual bl9clcs J throuah J+n into 1o~ica1 
blocks k throu~h k+n, resoectivelv, where J is t~e total 
~u~ber olus one of virtual blocks reoresented bv all creceo• 
inQ ~etrieval ~o~nt~rs in th~s a"d all ~reeed~no headers o~ 
t~e file, n is the value contai"ed .,, the eount field, and k 
is the value eo"tained i" the lo~~cal block number f~eld. 
Observe that. J, k, and n+1 must alwavs be inteQer multioles 
oi v, t~e volume cluster factor, 

!~ the L8~ field of a retrieval ~ointer contains a11 ones 
Ci.e., ~oints to bloclc 2**22•1 or 2**32•1), then that retri• 
eva1 oointer recrese~ts an unallocated cort~on of a searse 
file. The count field describes the number of unallocated 
v~l"tual blocks in tlile l"IOl'mal met'"''er. 

There are four iormats of retrieval cointers, identified by 
escao~ codes. The different formats ~av be intermixed with• 
in a file header, 

For~at ~ • two ovtes 

l••l·······-------~---1 
1001 Plaee~ent I. 
t••l••••••••••~•-•••••I 

. . . 
Ret~ieval ~ointer format 0 4s used to store clace~ent data 
in the file header. It describes the olacement control suo• 
=lied with the allocation that ·created ~he *o11owino. retri• 
eva1 po1nter, allowing the c1ecement of a file to be repli~ 
cated when the f41e is eooied or backed uc an~ restored. 
The codinq of the o1aeement data is at cresP.nt undefined. 
For~at 0 ~s identif~ed by bits \Sand 14 of the first word 
being set to 0~. 
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Format • fo\Jr bytes. 

1--1-------t---------~1 
Count 

t••I• . •l••••••••••I 
I low Order LBN 
1---------------------1 

Retrieval oointer ~ormat 1 orov~des an 6 btt count field and 
a 22 bit ~8N +;eld. It ;s therefore eacab1e of reoresen~ino 
a group of uo to 2So b1oe~s on ~ vo1ume u~ to 2**22 · b!oe~s 
in size. Form~t 1 is identified bv bits 15 and ta of the 
first word beina set to 01. 

Fer~at 2 • si~ bytes. 

~--1-----~------------1 110.I Count 
f··l···--·-·-----·-·--J 
, .. 
I 

L.BN •I 
I 

t~--------------------i 
- . 

Retr;eva1 oo;nter format 2 Provides a 14 bit eount field and 
a 32 bit LBN field. It ts eaoab1e oi representina a qrouo 
of UP to 16384 bloe~s on a vo1ume uo to 2**32 bloeks in 
size. Format 2 is identified by bits 15 and 14 of t~e first 
word bein~ set to 10. 

For~at 3 • eicht bvtes. 

l••f··------------·---1 
1111 
1--1- - t 

Low Order Count 

1---------------------1 I 
I• L~N •I 
I I 
, _____________________ , 

Ret~;eva1 co~"ter iormat 3 ~rov~d~s a 3~ bit eount ~ield and 
a 32 bit LBN field. It i~ capab1e o~ d~ser~bing a group of 
u~ tc 2**30 bloeks on a volume UP to 2*•32 b1oeks "' siz~. 
Fo~~at 3 is identified by bits lS end 1a of tne f rst word 
bei"'q set to 11. 
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3.5.S Access Control List • 

T~e ~eeess control ltst starts at the word indicated ~Y the 
bvte H.ACOF. Note that the entire ACL ~ust be eontained in 
tl"le erimary header of the file, and is thus limited to about 
65 entries. Each_ ac:eess control iist_entrv consists of a 
control 1t1ord wnie!'I jdel'lt; fies _tne tvoe. ~f tiole entrv and c9n• 
tains tl"le access rights Qive~ by the lis~ entrv •. Followfno 
t~e control ~ord is a value fie!d whose size and intero~~ta• 
tion decends on the ty~e code of the ACL entry, 

l··-----~~1--------~1----l~t-·f··---····t 
RPRO FPRO I AM IOI l Tyoe 

1----~----1---------1----1-1--1---------1 
I•• Value ... , 
:-----------··--·-------------·---------1 

- . . 
T~e four bit tvoe field controls the size the ;nteroretatjol'I 
of the entrv•s value field, and to some extent, the in• 
teroretation of the entry, The tvpe .field mav assume one of 
the fo11owil"IQ valuesr 

A.MEM 

A.ACF 

n1e value 1ield is a 4 bvte U·!C. The 
Af;L e!"'ltrv. is apcl ieable to tlie aecessor 
if t~e aecessor UIC matches ·the value 
field, 

The v~lue ~ie1d 
l"IUmber, The ACL 
the qroul' nulT!ber 
IT!atehes the value 

Tl'!e value field 
riu111ber. The ACL 
the member !"'!Umbe,. 
mate hes the value 

is a 2 bvte , c;;rouo 
entry is aoclicab1e if 
o~ the aceessor UIC 
field. 

is a 2 bvte rrembe r 
e~t l"Y 1 s apr:>licable H 
of the aecessor UIC 
fie1d. 

The value ~i~ld ~s an a_ byte oessword, 
hashed bv- some algorit~m to be deter• 
min•d, The ACL •ntry is apclicable ~i a 
cassword SUPP1ied. bv the aeeessor 
matches the val~e t;eld (under hashinq). 

The value field is the file IO (6 bvtes) 
of an access control file, whose eoM• 
tents are access eo!"ltro1 list eMt""i~s. 
The access riQhts ~l"al'lted by this ACL· 
eMtl"Y a~e the.intersection of the ri~~ts 
coded in this e!"ltl"V arid - tl"le ,.;Qt-its 
9ra!"lted bv the entries of t~e access 
coritrol f;1e. 

• 
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The one bit 0 ~~,id, when set, ~ra"t~ 
Ceh~nae orot~ction, etc.) as oart 
granted bv thi~ ACL entry. 
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ownershio or1v1Jeqes 
of the access r;Qhts 

The t~e ojt A~ field specifies the 1east orivileqed aecess 
mode cer~itted to access t~e file. 

The four bit FPRO field_seecifies the file ~r~tection grant• 
ed bv the ACL e~trv, jf the accessor is eligible. Its eon
tents are interpreted in the same ~av as the H.FPRQ f~eld oi 
th~ file .header. 

The four b~t RPRC ~ield sdeeif1es the record erotec~~on 
granted bv t~e ACL entry, if the aecessor is eligible. Its 
contents are interoreted ~n t~e same wav as the H.RP~O field 
o~ the file headir. 

Note that the aecess control list auqments the eermissions 
of t~e filet i.e., it ~rants eermission rather than res
trictinq it. This means that iqnorin~ the ACL does not com• 
oro~ise file eroteet1on. 

3.5.6 Reserved Area • 

T~e reserved area of th~ file header starts at the word in• 
dieateo by the byte H.RSOF. This area 1s not used by stan• 
dard F~1es•11 fi1e manaqers, but is available for use bv CSS 
and soecia1 aePlieations. 

3.5~7 End Checksum Oeseriotion • 

The ~eader cheek sum o~eupies the last two bvtes oi the ~~le 
header. It is ver~f~ed everv time a header ~s read, and is 
reeo~euted ever~ t~me a header is wr~tten. It the b~t 
SC.CHK is set in the svstem e6ntro11ed characteristics word 
H.SCHA, then the checksum has ~ot been eomouted, and the 
checksum word must eontai" the octal value 125252. 

3.S.7.1 H.CKS~ • 2 Svtes Block Checksum 

This word ~s a simple additive checksum of ell 
other words in the ~lock. It is ~omputeo bv the 
~o11ow~MQ POP•11 routine or its eQuivalent: 

~OV Mead~r·address,~0 

CLR Rl 
MOV #2SS.,R2 
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AOO (R0)+,R1 
508 ~2,1~$ 
11QV R1,CR0) 

3.6 Fi1e Header Lavout 

C>AGE 23 

The fo11ow;~Q is a ~raonica1 lavout of t"e fields in ·tne 
file heade!"'. 
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Header Al"ea 

1------------~------1--------------~----1 ~a" Areit Offset Ident Area Offset 
l·····~·······~~··••l•••••••·~····~··•••I 

Resv. Area Offset ACL A.l'"ea Offset 
1-------------~-----1-------------------1 File Segment Number 
l··---·-·-----------------·-·······--·-·J 

F~le Stl'"ucture Level 

1---------------------------------------1 · F~le Number 

l·-----------~--------------------------1 File SeaueMce Number 

1--~------------------------------------1 Relative Volume ~umber '--------------..-----------·--·--··--·-·--' I E~tension F~1e Nu~ber I 
1------------·····-·--·-----------------1 .1 E~tension F~l~ SeQ, Num, 
1---------------------------------------1 Ewtel'lsto,.., RVN 
1------~--------------------------------1 

User Attribute Area 

·l·--------------------------------------H.SCHA. 1 , __ 
File Characteristics -· 

1---------------------------------------(not used) 
1-------------------1------------·------1 

~ccess Level ~ac Words in Use I 
1----------·········t····-···········---r 
1-- Ff le Owner UIC ... , 
1 I 

t------·--------------------------------1 File Protection 

--·------------------------------------Record Proteet~on 

--------------------------------·-··--· -- (not 1,1sed) --
.------------------·--------------------, __ 

Securitv Masi< --
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H.IDOF 

H •. AC OF 

H.FSEG 

H.FLEV 

H.FRVN 

H.EFNIJ 

H.EFSQ 

H.USE 
H.FOWN 
M.PROG 

H.PROJ 

H.RPRO 
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1------··········--···.--·················-········-- t S • HliHO 

Ide!"lt Area 

1---------------------------------------1 I I.FNAM 
1-- .... , 

I 
1-- ••I 
1 File Name -- ••I 

-- __ , 

-------------------·-------------------RevisfoM Number- I.RVNO 

--------·------------------------------ I.CRDT -- ... , __ 
Creation Oate ... 

I•• ·-· I 

1--------------------------------------- I.RVOT 
I•• --
I 
1-- Revhio!"I Date ... 
1 
I•• --
----------------~-----------------·----1 I I.EXl)T -- __ , 
-- •• 

-- •• 

-----------------··---------------··--· I.BKDT -- --
1-- Bacl<UI!' Date ... 
1 , __ --
l•••••••••••••••••••••••••••••••••w••••• 

I.tJLAB 
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User File Labe1 
I 
I 
I 
I 
I 

1-----·---------------------------------1 

PAGE 2~ 

S.IOHO 
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Mao, ACL, al"ld Reserved Areas 

1---------------------------------------1 

Retrfeval ?oil"lters 

1-----~---------------------------------

Access eo~trol L;st 

------------~--------------~----------- . • 

PesP.roved Area 

1----------~----------------------------1 I File Header Cheeksum 
I ·•.• • - • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • I 

. .. 
u.0 r;; "'"ctol"ies 

Files•11 ol"ov~rles directories t~ allo~ the Ol"Q~nizatio~ ot 
files ir"I a m~al"'lil"lgful way. Wl'lile Hie File_IO_is suHieient 
t~ Jocate a file_uMiouelv Ol"I a volume set, it. is l'la,.dlv mne• 
mol"lic. Directories a~e files whose ful"letiol"I is to associate 
svmbo1ie r"!ames w;th File to•s. 

T~e di,.ectorv for~at also_eontail"IS ~ooks for extensior"ls in 
future 
svmbolic: 
ta;,., a 
S~t I i'!l"ld 
SY!'l'\bOlie 
er ASCII 

svste~s. Ol"le of these is a eol"lstruet known as a 
lil"lk• A svmboli~ lil"I~ allows a direetorv to eon• 
pointer to a file w"ieh is not on tMe sam~ volume 
ea~ t"e~efore not be re~resel"lted bv a File IO. A 
1i"k there~ore associates the ~ile name ~it~ a~oth• 
Stl"ino. · 
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. . 
4.1 Direetorv HeirareMies 

S~nee d~reetories are iiles w~th "~ sceeial _attributes, di• 
reetor~es ~ay list ~iles that ar~ in turn directories. Thus 
the user mav construct directory h~ira~ehies of arbitrarv 
de~tn and eomole•itv to structure ~is files as ne oleases. 

_4.1.1 T~o Level Dtreetorv Meirarehv • 

I~ple~entations o~ Ff1es•S1 on existing PDP•11 svste~s all 
s~ocor~ a two level df.reetory .h,irar~hy which is tied in 
with t~e user identification mechan;sm of the o~erating svs• 
t,m. Each UIC known to the svstem ~s assoe~ated with a user 
file ~ir~eterv CUFD). _Reierenees to ~iles that do not soee• 
i+v a direetorv are generally defaulted to t~e UFO a'soeiat• 
ed wit~ the user's urc. The svnt~x used to refer ~o UIC's 
is tne same as that used to identifv the directory in_a file 
na~e strinQ. The construct "[~,~]" is used to refer to 
group number n, me~ber number m. A11 UFD•s are listed in 
the volume's master f~le direetorv CHfO) under a i~1e name 
constructed from the d~rectory stri"Q• (See sections.~ ior 
a deser~ption of the MFD.l A string o~ "[n,m]" assoe~ates 
with a directory name oi "nnnmmm.DI~Jl~, where nnn and mmm 
are n and ~ cadded out to three diQiis each wi~h_ 1eadino 
zeroes. Note t~at all number conversions are done in octal. 

Two points should be noted here. ThP. UFO structure des• 
cribed here is not ~ntrinsieally oart of the F~les~11 
on•disk structure: rather, ~t .is a convenient e~taloQino 
svste~ aD~1~erl by various o~erating svste~s. Also, there ts 
no hard and fast re1a~ionshiP between_t~e o~ner UIC of a 
file. and the UFO in which it is listed, Genere1lv, thev 
will correspond, but not neeessarilv. 

4.1.2 M~lti•level Directorv Heirarchv • 

~ew implementat~ons o~ Ft1es•11 use a multi•leve1. direetorv 
~etrarchy, wher~ th~ first level be1o~ the MFD is referred 
to as the user file directory (UFO) a~d subseouent levels 
are reierred to as sub f~le d~reetor~es (SFD•s). Users are 
ide~t;fied at the eomm~nd 1eve1 hv ASCII names; tne svstem 
translates user names into UIC's ~nterna1lv~ Thus MFO en• 
tries wi11 eorres~ond to ~he ASCII user na~es. A directory 
seeeifier wi11 have tne format "(name1.name2.nane3. ••• 1". 
Each name in the list tran$lates to a directory tile name of 
th~ form "name.D!R:l" and is searched for in the eurrent di• 
r~ctory level. 

Qbserve that t~e directory or.otoeo1 is not tied to t~e 



structure 1eve1 of tke disk. TMus new systems will always 
kave to kandle the "[n,m]" eonstr~et, whick maos to a Uf~ 
name of "nnn~m~.DIR:l" and orovides onlv two levels of di• 
reetorv. Old svstems w111 not be ahle to handle volume~ 

u.1.3 MU1ti•Vo1ume Df reetorv Structure• 

In a volume set, the MFO for the all of the user files on 
t~e volume set is the ~FD o~ relative volume 1. Its entries 
ean point to Ufn's located on anv_vo1ume in the set, whose 
entries can i~ turn Point to files and sub directories on 
anv volume ~n the set~ The ~Fo•s o~ the rema~n~nq volu~es 
;~the ~et on1v list the reserved files on each volume. 

. . .. . . ,.. 

Tke as$fonment of volumes to ~~ecjfie directories and files 
is not covered bv t~is specificatio~. Different systems mav 
ime1ement dif~erent eolieies to trade off factors such as 
performance, _reliab~ltty, and seoarabi1~t~. D~t~miz~n~ ~or 
eerform~nee, for ewamoie, usually means scattering the files 
as randomlv as possible across t~e volume set to make the 
most use of the ava11ab1e multfple oos~tioners. Mawi~um 
seoarabilitv. Ctne ability· to make use of onlv part of t1'1e 
vo1ume set) ~s aek~eved bv locetin~ i~1es on the same vo-1ume 
as t~e~r direetor~es, and ~ossib1y enterin~ the d~rectories 
in tMe MFD's of tMe volumes on which they reside. -

t.1.2 Di rectory Protection 

For d~rectorv operations, the record orotection field is jn• 
teroreted soeeia11v by the direetorv mana~er. The four bits 
Cdescr~bed in the seet~on on reeor~ proteet~on) ~re inter• 
oreted as follows: 

RP,QOV 
RP,W~V 

CP.UPO 
Fi'P. DEL 

!'.lenv 1 oolcuos 
Oeny entering ne~ files 
Deny enter1~9 new versions of files 
Denv removing files 

ev sett~no the aceessor orivile~e level of a directorv file 
ae~rooriate1y, the sy~tem Cor user) may orevent users from 
rum~aoin~ t~,.ouqh t~e dir~eto,.y using the norma1 file aeeess 
l'!etl'lods. 

If l"eco,.d o,.o~eetion is not oresel"!t.fol"_ a i:;irectorv file, 
the~ tne bas;e file access Ol"oteetion is used if it exists. 
Lookues rel"lui re 
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4.3 o;reetorv Stl"UCtYl"e 
' . 

A_dir~c~ory is ~contiguous file~ or~an~zed as a s~oue"t~al 
file with variable length records, wfth the attribute set 
that records do not cross bloek bou~daries,.a"d no carl"iage 
control attributes. Directory entries ~ithin eaeh bloek are 
oeci<ed toqether to' conform to the variable 1e,.,~th ,.eco,.d 
format: a •l bvte count si~nals the end of reeo,.ds fo,. t~at 
block. (See section ~ ior a discuss~on oi ree6rd ~ormats.l 
The e~tries in a direetorv are sorted a1ohabetiea11v, oer• 
mitt;n~ the use of an ootimized search. EMtries whieh are 
m•.Jlticle versions of the same name aMd tvJ:>e are arrar'!oed ·;n 
order oi deereas~nq version nu~ber to oct~m~ie version re• 
lated oc~rations. Each direetorv record consists of the 
following: 

U mi t 

Fla~s 

1---------------------------------------1 Record Bvte Count. 
l•••••••••••••••••••••••••••••••••••••••I 
. Vers~on L~m~t . 

1-------------------1-------------------1 Name 13vte Count Flacis 

-------------------1----------·--------1 

File Name Strin9 
I 
I 
I 
I 
I 

---------------------------------------1 
Value Field 

---------------------------------------1 

T~is tw~ byte field is· the standard bvte eount 
field of a variable 1enQt" record. 

This ~ord conta~ns the ma~i~um number of versions 
t~at are to be retained 1o~ this name and tvce. 
An atte~pt to enter more versions than the limit 
will result in the deletion of the least rec~nt 
version, or an error return, at th~ imp1ementtno 
svste~~s o~tf on. 

This- byte contains the tvoe eode cf the dtr~etorv 
ent_ry and assorted flaQ bits. The tvce code is 

. .,. 
... 
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Name 

Value 

contained i~ the three ]ow bits of the flags bvte. 
It is one of the fo11owin~ values: 

ov.FIO 

DV.Sl.K 

The value field is a list of 
versio~ numbers and a~ bit ft1e td•s. 

The value field is a svm.bolie 
Hrd" string. 

The fo11owing flaq bits are defined: 

Set.~~ the oreeed~ng direetorv 
record contains· t~e same name and tvoe 
as this one. . _ . 

Set if the next directory re~ 
cord contains the same name and tvQe as 
this one. 

This field contains the file name and tvoe in 
ASCIIi seoarated bv a a dot. The dot is oresent 
even if ef ti'lel" name, or type, or bot lo'!, are nul 1. 
Onlv uooer ease alphabetic and numeric eharac·ters 
may be or~sent ;,., the .name a~d tyoe. If the 
1,n~th of the name is odd, it is oadded.with a 
sin~1e null • 

. - . ; ~ 

This field contains the "value" of the direetorv 
entrv: i.e., the informat~on returned to the user 
from a leokuo o~eration. I~ ~h~ di~eetorv record 
is a File ID list (t~e tvpe field is OV.FIO), the 
value field is a list of version numbers and eor• 
respondinq .file ro•s, a~pearin~ in deseenoino 
order by version number. The numbir o1 entries in 
the iist is deduced from the reeerd byte count • 

.) 

1----------------~----------------------1 Version Number 
1---····---·-··-----------··--·-------·-r 
1--
1 
,_"" 

File ID 
••I 

I 
--1 

I 

1---------------------------------------1 Versio!'I Number 

--~~--------------------------------~--1 I I 
•• --1 

File IO -- --1 

··-----~--------------------------·----~: 
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Version 

File IP 

------·---·--------·-----------------~-Version Number 

-------------····-···------------------
-- •• 

F;1e IO 
·- ·-
r-----------------------------·-··--·---. 

This word contains the version.number of t~e · di• 
reetorv entry in binarv. Version numbers must 1ie 
in the range from 1 to 32767, 

These three w9rds are the fi1e ID that the diree• 
tory entrv ooints to. 

I~ the direetorv entry is a sv~bolie 1in~ Cthe 
~laos byte contains DV.SLKl, then the value field 
is variable length, Its first byte is a bvte 
eount, and the. remainder is an.ASCII str~no which 
describes t~e lin~age, The strin9 i~ oadded to 
the next word boundarv with a nu11 if necessarv. 
The format is the fo11owin9t 

1-------------------1-------------------i 
8yte Count I 

,_~ t~-----------··-----1 
I 
I 

Svmbolie Link String I 

1---·-----------------------------------1 

S.~ Reserved Files 

Clearly any 
t~e ~edium 

In Fi1es•11 
are created 

file svstem must maintain so~e data strueture on 
wnie~ is used to control tke_f11e organiza~ion. 

tkis data is keot in several fiies. T~ese tiles 
when a new volume is initialized. They are uni• 
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oue i~ that their Pi1e .ro•s are known constants. Note, 
however, that the re1ative volume number used when acee~sina 
one of these iiles de~ends uoon the context, The exact 
number of these files which .is cresent on a particular vo• 
1ume mav ~arv: however, at least iive must be ~r~sent. All 
of these files are non•de1etab1e, These files have the fol• 
1owinQ uses: 

File IO 1.1. is the ;ndex file. The index file is the root 
o+ the entire F~les•t1 structure. It eont~ins the vo1ume•s 
bootstrao block and the home b1oek, w~~~h ~s us~d to ~denti• 
fy the volume and locate the rest of the file structure. 
The index f~le also contains all o~ the file headers ior the 
volu~e, and a bitmap to control the a11oeation of tile 
headers. 

File ID 2,2 is tne storaQe bitma~ fi1e, It is used to eon• 
trol-tr.e a11ocatton of logical b1oeks on the volume. 

File ID 3,3 is the bad block file. It is a. file containino 
all of the known bad blocks on the volume. 

F41e IO a,a is the volume master ~ile ~~rectory Cor ~FD). 
' It forms the root o~ the vo1ume•s directorv structure. The 

MFO lists the five known tiles, all first level user diree• 
tor~es, and whatever other ~~les the user chooses to enter, 

File ID s,s is the svstem 
ating svstem deoendent: 
file of known F~le ID ~O? 

e9re i~age i11e. ris use _is oper• 
its basi~ our~ose is. to orovide a 

the use of the operating syst~m. 

File JO 616 ts the volume's free soaee ¥11e. The block~ 
contained in this ff le are .avaflab1e for alloe~tion by an 
a1ternaie allocation scheme that does not drive off the sto• 
race bitmap. 

F~l~ ID 7,7 is the volume set. l~st file. ti this volu~e 4s 
r~lattve volume _one of a ti~htly couoled volume set, this 
file contains a list of the labels of a11 the volumes in the 
set. 

F~le IO Bt8 is the volume baeku~ io~rna1 i~le~ It _contains 
a 1oQ of full volume aMd incre~entel baekuos performed on 
t~e volume. 

. ' 
File JD q,q is tMe standard eontinuatio" file. If !Mis vo• 
lume is part of a loosely eouoled vo1ume set. t~is file eon• 
tains t~e first segment of the ~ortion of the multi•volume 
file t~at resides on tMis volume, 

More File 1o•s mav be -~'serve~ in the future: usPrs s~oulrl 
not m~~e any assumoticns about the values of user created 
File ID•s. 



,...-·-..., 

Ff 1es•11 On•Oisk Structure PAGE 34 

S.1 ·Index Fi 1 e 

The index fi1e is File ID 1,1. It is listed in the· MFD as 
INDEXF.SYS7l. The inde~ file ~s the r~ot ot the.Fjles~11 
structure in t~at it ~rovides the ~eans for identification 
and initial access to a Files•t1 volume, and contains the 
access data for all files on the volume (~nelud~ng itse1~)~ 
This ~f1e has the FCS reeord format of 512 bvte.fixed lenoth 
records, with_no carriage control. CSee section b for a 
description of the FCS file format.) 

S.1.1 Rootstrao Block• 

Virtual blo~k 1 of the index f~1e is the vo1Yme-s _boot 
block. It is almost alwavs maooed to 1ogiea1 block ~ of the 
volu~e. Ii the volume is the svste~ dev~ce oi an ocerat~n~ 
svste~, ·the b~ot block contains a~ ooeratinQ system deoen• 
dent oro~ra~ which reads the ooeratin9 svstem into me~orv 
when the boot bl~ck ~s read and executed by a maeh~ne-s 
hardware bootstrao. 1f the volume is not a svstem device, 
the boot b1ock eoMtains a small orogram that outputs a mes• 
sage on the svstem console to inform the ooerator to that 
eifeet. I~ block 0 o~ a volume ~s bad, ~t ~s oermissible to 
map virtual block 1.oi the ~ndex i~1e to some other b1oek. 
In this case, obvious1y, volume cannot be used as a svstem 
volume. 

S.1.2 Home Block • 

Virtual block 2 of th~ index file is the volume-s home 
block. The·oureose of the home b1ock is ~o identify the vo• 
lume as Files•111 establish the specific identity of the vo• 
lum~, ~nd serve as the ground zero entry point into the vo• 
lume•s file structure. The home block is recoQn~zed as a 
hom~ hloek bv the oresence oi checksums in k"own places and 
bv the oresenee oi oredictable values in certain locations. 

The ho~e block is located on the first good block of the 
home block search seQuence, The search seau~nee is oi the· 
for'" 

1 + n * de l ta, l"I = "', 1, 2, 3, lJ • , •••• 

.. 
The home block seareh delta is co~~uted from t~e geo~etry of 
the volu~e such that, i~ the vo1ume ts viewed as a three di• 
mensiona1 s~ace, the search se"ueMee w~11 travel aopre~i· 
~ete1y dowM the bodv diaqonal of the seace. Since vo1umP
fai 1ur~s tend to oceurr across oMe dimens~on, this ~i~~mtzes 
the ehanee of a s~n~le ~a~lure destrov~nq both ho~e blocks 
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of the volume. The s,areh de1ta fs eomouted from the volume 
qeometry, exoressed in seetors, traeks Csurfaee~), and ev1• 

, inders, accordin~ to the . io11owinQ . ru1es, to hand1e ~he 
eases where one or two dimensions of the volume have a size 
of 1. 

Geomet,.v: Oe1ta 

s x 1 )( 1 ~ l 
1 )( t )( 1 : 1 
1 )( ·1 )( e: 1 

s )( . t )( 1t s+l 
s )( 1 )( c: s+1 
t )( t )( c : t+1 

s )( t )( e: Ct+1)*s+1 

r~ most cases, the home block is located on L8N 1. 

5.1.3 Cluster F111er • 

If v, the cluster factor of the volume, is greater than 1t 
then the ne~t v•2•2 bloeks of the i~dex file are eooies of 
the Mo~e blpck used to fiil out the first two clusters of 
t~e index fi1~. Note that, for cluster faetors greater than 
1, this results in a wasted disk cluster. The benefit o~ 
this teehnicue ~s a_mueh ~imole~ rule for find~ng the VBN oi 
int~resti~~ oa,.ts of the index file. 

S.1.~ Rackup Home Bioek • 

The backuo hol!le b1oek is a second eoov of the home block lo• 
e,ted farther down the home b1oe~ search_seouenee. It eer• 
mi ts the volume to be used even if the orimarv home b16ek is 
destroyed. 

In general, the backup home block should be allocated on the 
seeond ~ood bJoeli: of Hie seare~ se·~uel"!ce. If it is ,.,,_,t, 
then ~11 oreeedinQ blocks.on the seouenee must not be avail• 
able . for a11oeation. This is to ~reye~t the situation of a 
1T1a1ieious user eonstruc~inQ a cour'lterfeit ;l"!deit file, whiel-! 
would be used if the ori~arv home b1oek ever went bad. 

The c1uste,. which contains the backue nome block is maooed 
into the ~ndex f~1e as virtual blocks v*2+1 throuah v•3, · 
where v is the vo1ume e1uster factor. Observe that the 
baekuo home block ~av be located anywhere within this elusw 
ter, because there is no hard and fast re1atio~shio between 
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the cluster factor and tne volume's track and cvlinde~ boun• 
daries. The entire cluster is therefore i~lled out ~~th co• 
~ies of the home block, 

5.1.S Backuo Index File Header• 
\ 

Th~ ne•t clus~er oi the index file eonta~ns a backu~ eooy of 
the index file header, $0 that data on the volume can be re• 
covered ii the ~nde~ ~~le header goes bad. The cluster oe• 
euoies virtual blocks v•3+1 throuQn V*41 where v is the vo• 
1ume cluster faetor. TMe LBN of t~e baeku~_ 1nde~ fi1e 
heade~ is stored in location H.IHLB in the home block. Thft 
baekuo i~de~ +i1e header oceuoies the first block of this 
cluster: the . remainin~ blocks are not used and their eon• 
tents are undefined. 

5.1.o Inde~ File BitmaQ • 

The index file bitma~ is used to control the a11oeation of 
f~le numbers C~nd hence f~le headers). It ~s simolv a bit 
strin~ of 1en~th n, where n is the me~imum number oi f.iles 
oer~itted on the volume (contained in oiiset H.FMAX in the 
ho~e block), The b~tmao s~ans over ai ~a"v blocks as is ~e· 
eessary to hold it, i,e,, max nu~ber of ~iles divided bv· 
aAq6 and rounded u~. The nu~ber oi bloe~s ~n the b~tmao is 
eonta~ned tn o~fset H,Iesz of th~ home b1oek. 

The bits in the index it le bitma~ are num~ered seou~~t~allv 
fr~~ 0 to n•1 in the obvious ~a~ner, i.e., from ri~~t to 
left in each byte, and in order of increasing bvte address. 
Bit J ~s used to reoresent ifle number J+t: if the b~t is 
1, the~ that ~~le numbe~ is in use: ii the bit is e, then 
that file num~~r is not in use and may be assioned to a 
newly created file, 

The ;noex ff le bitmao.starts at virtual block v•a+1 of the 
index file and continues through VBN v*a+m,. w~ere m is the 
nu~ber of bloe~s in tne bitmac, and v is the storaee mao 
e1uster __ faeto.r. It is 1oeat·ed at the 1ooiea1 block indieat• 
ed by offset ~.IBLB in the home block. 

5.1.7 File ~eaders • 

The rest of the index file contains all the f~le headers ior 
the volu~e. The ~~rst 16 f~le ~eaders t~o~ iile ~umbers l 
to 16) ar~ looieally contiguous ~ith the index file bit~ao 
to facil;tate their location: the rest ~ay be a11oeated 
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~herever 'he file svstem sees fit. T~us the ~irst 16 t~1e 
headers mev ~e located from data in the ~ome block CH.Issi 
and H.IBL8) while the rest must be 1oeated through the mao• 
of"q data in the inde~ ~~le header. The file header ~or 
f~le nu~ber n is located at virtual block v•4+m+n Cwhere m 
is t~e "umber o~ blocks ~n the ~nde~ ~ile b~tmao, and v is 
the stora~e mac cluster factor). 

"" ti' • - ' 

The FCS end of file mark for the index file is located at 
tli~ last fi.le header ever used •. Al] "'eader blocks loeated 
before the ECF are subject to validation when used to create 
a new file. If t"'e block contains garbage, the new header 
i~ as5~Qned a i~le seouen~e numb~r o~ 1, b•ino the first vse 
of this header block. If the block contains a deleted file 
h~arler, the new header is assigne~ a seouenee number one 
higher than the one eontained in the block. A block col'I• 
tai"li!"lq a veHd 'fqe heAder must 1jever be use~ to c;reate. a 
l'le1o1 file, evel'I 1.'f i~ is marked free irt the index 'file bit• 
mao. This ~revents files from b•il'lg fost if bits are 
drooo~d in t~e bitmao. Index 'file bloelcs bevoMd the EOF are 
a~sumed to eo~tain ~erbaqe ~or the ~uroose o'f creatil'I~ new 
file headers. 

5.1.8 Index File Lavout • 

The fo11owin~ is a sketch of the blocks in the index file. 
·observe that th~s ~11ustrat~on asaumes a stora~e ma~ cluster 
factor greater tha!'I 2. 

1------------·------1---
Boot 
Bloelc 

1-------------------1 
I-tome 
Block 

'--------·---~------1 More 
Home 

Blocks 

I 
I 

, ___________________ , __ _ 

More 
Home 

\ 

I 

\ 
I 
I 

Cluster 1 
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S.1.9 Home Block Detai1s • 

The +o11owing is a_detailed deseri~t1on of the Mome bloeK. 
N~te that all eo~ies of the volume's home block contain the 
same data, wit~ the exeect~on of the ee11s containing the 
bloc~rs VBN and LBN. 

Items conta~n~ri in the home block are identified by symbolic 
oiisets in tMe same manner as ~tems ~n the it le header. The 
svmbo1s mav.be defined in assembly lanQuaoe oroo.rams.by eal• 
1 tno and invokinc the macro HMRL2$, ~hi eh may be found in 
the ~aero 1ibrarv of any sv~~em t~at suo~orts Fi1es•11. 
Alternatively, one mav find the macro in the ~ile 
F11~AC.MAC, which is available from tke author. 

Home Block L8N 

This double word contains the logical bloek number 
of this ~artieu1ar eo~y of ~he home b1ock. 

Alternate Home B1oek LBN 

This doub1e word contains the LBN of the .volum~•s 
seeonda~y home block. One may determi"e' when 
sea"nin~ the home b]oek seouenee, whethe~ the 
block read is the Prtmarv or seeonaafv ho~e block 
by eomcar~ng H.HBLB and H.AHLB. This va1u~ must 
be non•zero for a valid home block. 

Backup Index File Header LBN 

This doub1e word contains the 1og;ea1. block on 
which the backup index fi1e_header is 1ocated. 
This value must be non•zero for a val;d home 
b1oek. 
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• 

St~ueture Level and Version 

The volume structure level and version is used to 
i~•nt~fy d~fierent vers~ons o~ Fites•11 as thev 
a f fee t t he st ""u et u re· o f a l 1 ~a rt s of t he v o 1 um e 
e~eeQt the file header. This Permits upwards eom• 
pat~bil~tv oi f~le structures as F1les•11 ~volves, 
in that _the structure level word ident~f~es the 
version of fi,1es•11 tl'lat cre~ted tl'1is particular 
volume. This document describes 9fructure level 2 
oi Files•11. The high bvte o~ M.VL~V must eont~in 
the value 2. The low byte contains the version 
nu~ber, which must be greater or eoual to 1. The 
v~rston n~mber will be increm~nted wheneve~ eomoa• 
tible addit;ons are made to the Fi1es•11 structure 
that _may be saiely i~nored by an o~d version_oi 
the file system, This doeument describes version 
1 of structure level 2. · 

. . 
Stora~e Bit!l'lao Cluster Factor 

This word contains the cluster factor used ~n the 
st~rage bitmap file. T~~ cluster iaetor fs t~e 
~umber oi block~ recrese~ted by each b~t in t~e 
stora9e bitmao. Thfs value is also referred to as 
t he v o 1 um e · c 1 us t.e r .; a c to,.. ·" 

Home . B 1 oc: le VBN 

Th;s word eo~tains the 
pal"ticular cocy of the 
i"d~x file. This value 
valid home block. 

virtual bloelc that this 
home block occupies in the 
must be Mon•zero for a 

aaelcuc Home Block VBN 

This word conte~ns the virtual block number that 
the cluster eonta~ni~o the seco"dary ho~e block 
oeeucies in the index file, The contents of this 
word is v*2+1, where v is the store~e mao cluster 
f aetor. 
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Backup Index File Header VBN 

This word contains the virtual bloc~ Mumber that 
the baeku~ index ~ile header oecucies in the ~ndex 
~ile. Jhe contents oi th~s word is v*3+1, where v 
ts the storage mac c1u~ter factor • 

. Iridex File Bitm.a" VBN 

nds word eontairis .. the s~artinQ virtual bloc·~ 
number of the index file bit~ac. The contents of 
this word is the value v•4+1, wher~ v ts the sto• 
ra9e ma~ cluster factor~ 

S.1.9.1~ H.I8LB • a Bytes Index File Bit~ao LBN 

This double word contains ~~e startin~ logical 
bloc~ a~dress of the index fi1e bitmap. Onee the 
MoMe bloc~ of a volume has beeM fou~d, it is t~is 
value ~hat orovides - access to .. the. rest of tne 
inde~ file and to the volume. This value must be 
non•zero ior a valid home block. 

Maxim~m Number of Files 

T~is double word contains the max~~um number of 
f~les th~t may be "resent on the volu~e at anv 
t4me. This value must be greater than the eon• 
t~nts of H.RSVF ior the home block to be val~d. 
If the ma.imum Mumber of 1i1es is less than 655301 
the" the third word o~ File ID-s re~ereneinQ ~i1es 
on this volume is simp1y _the relative volume 
number, and the vo~ume set of which this volume is 
a ~ember mav eoMtain u~ to 65535 volumes. If the 
ma~imum number of iiles ~s 9reater th!n or eoual 
to 05530, h9wever, then the hi9h bvte of the thf rd 
word of File IO's is the hi9h byte of the file 
number, and the volume set· mav consist o~ uD to 
25S volumes. Under "o .cireumst~nees may the maxi• 
mum number of 1i1es be greater than 2*•24•1. 
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s.1.q.12 ~.I8SZ • 2 Bytes Inde~ File Bitmac size· 

~his 16 bit word contains the number of b1oeks 
that make uc the ~ndex f~le bitmap. Th~s value 
must be non•zero for a valfd home block~ 

Number of Reserved Files 

Th~s word conta~"s the ~umber oi cf r~served ~~le 
on the ~olume. T~e f11e se~uen~e nymber of each 
reserved ti1e ;s elwavs e~uel to its file nu~ber. 
Reserved files mav not be deleted. This word must 
contain a minimum value of 5 to be valid. · 

Disk Device Tvpe 

This word i~ an ~ndex ident~+ving the tY~e of disk 
that contains this _volume. It fs eurrentlv not 
used and always contains 0, 

Relative Volume Numb~r 
., ·' ' 

TMis word contains the relative volume number tha~ 
this volume has been assigned in a volume SP,t. If 
the volume is not ~art of a volume set, then t~is 
word conta;ns zero, 

Number of Volumes 

Thjs word eo~teins ~he total number· o+ vo1u~es in 
this volume set if the eqntents of H.PVN is 1 
ci.e,, ~~ th~s volume is the first volume of the 
volume set). Otherwise, th~s word contains ~ero, 

Volume Characteristics 

This word contains bits whieh erovide add4tio~a1 
e~ntrol over access to the volu~e. The fo11owin~ 
bits are defi~ed: 1 

CH.NOC Set if device con~ro1 fu~ctions are not 
oer~itteo on this volume •. Deviee eon• 
tro1 f~nct1ons are t~ose wMieh ~a" thre• 
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aten the ~nt~gr~tY of the vo1yme, sueh 
as direct reading and writin~ of loQieal 
bloeks, ete. 

Set if the vo1 ume may ,not ·be atraehed, 
i.e., reserved 1or the sole use by one 
task or user. 

Set if the volume ~s to be read eheckerl~ 
All bloik reads done ~,,this volume, 
both for data a~d for fj1e structure, 
will be ~erfo!"med wit!'! a read, 
reaq•com~are seouence to insure data in• 
teqritY. 

Set if the volume is to be write 
cheeked. All 21ock writes done on t~1s 
volume, both. for data _and for file 
struetur~, wf 11 be performed with a 
write, read•eomcare se~uence to insure 
data f ritegrity. 

Volume Owner UIC 

This double word contains the_binarv UIC of the 
owner _of the volume. The format ls the same as 
ehat of the fi1e owner· UIC stored ~,, the ~ile 
header. 

Volume Security Mask 

These four bytes contain the security m~sk for the 
volum~, In the same mann,r as the seeyr4tv ~ask 
of a file, the volume security mask controls the 
informatio" categories that mev be stored on the 
volu"'e!, Orl1y files wl-!ose securitv mask is a sub• 
set of the vQlume security mask may be written on 
the volume. Note, however, that the security mask 
o~ a user aeeessirig files on t~e volume d~es not 
have to.be a superset of the volume mask, since.he 
must sti11 Pass the security mask check on the ;n
dividual files. Further, ~~ such a check were 
mede, the securitv masks of •11 ~~1es written on 
the volume would have to be eoua1 to t~~ volume 
mask, which fs not verv us-e~ul. 
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Volume Protection Cooe 
. . . 

This word contains the croteetion eode for the en• 
tire volume. All ocerations on all files on the 
vo1u~e ~ust oass both the yolume and the ~ile cro• 
teetion cheek- to be ~~rmitted. Aeeessors to the 
volume are categorized into svstem, owner, ~roup, 
and world wi~h resceet to the volume owner UIC in 
the same ~anner as ior ~~le orot~et~on. €aeh ea• 
t~gorv is controlled bv the .familiar four bit 
field. The four access modes are bit encoded as 
follows: · 

VP.RDV 
V.P.WRV 
VP.CRE. 
VP.DEL 

Deny reading.files 
Oenv writing existtng files 
Deny creating files 
Denv ~elet~ng f~les 

Default File Protection 

This word contains ~he file croteetion that will 
be assi~ned to all files created on this volume if 
no tile croteetion is s~ecified by the user. 

Default Record Protection 

This word contains the reeo~d ~roteetion that ~~11 
be assi~ned to all files created on this volume if 
no fil~ ~roteetion is s~eeified by the user. 

S.1.Q.23 H.C~Kl • 2 Bytes First Checksum 

This word 4s an additive chee~sum of all entries 
greeeding ~n the home block c~.e., all tho$e 11st• 
ed above). It is eom~uted by the same sort of al• 
gor~thm as the ~~le header checksum (see section 
-s.s.1.u. 

S.1.9.2Q H.VDAT • e Bytes Volume Creation Date 

This area co,.,ta~ns the date and t~l'lle that the vo• 
lume was initialized. It ~s ;,., H1·e se!T'e bir"arv 
'f o rm a t us e d ; r1 t h e f t 1 e h ea de r ( see s e e t 1 o ,., l. S .~ .~ 
3.4.2). 

, 
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Default Window Size 

T~is bvte contains the number of retrieval oo• 
i".lters tl'lat wi 11 be useq_ for the "window" cin core 
file acce,s data) when files a~~ ~eeessed o" t~e 
volume, if not otherwise s~eeified by t~e aeces• 
so,.. 

S.1.9.26 H.~RUC • 1 Bvte Directory Pr~·aecess Limit 

5.1.CJ.28 

s.1.CJ.2q 

T~is bvte eonta;ns a count o1 tke number of direc• 
tories to be stored in the file svstem's dire~torv 
a~eess cache. More generally, it is an est~mete· 
of ~~e number of concurrent ~sers of the volume· 
and ~ts us• may be Qeneral~zed in the future • 

• 

Default File Extend 

This word contains the ~umber ·cf blocks that w111 
be allocated _to a fi1e when~a user exte~ds the 
~~le ~nd asks for the. svstem default .value for al• 
location. 

- • .388 Bvtes Not Used 
·~, ' l/I~ ·: / 

!-~· 

. ' 

H.SNA~ • 12 Bytes Structure Ne!T'e 

This area_eonta~ns the A.SCII name of the volume 
set to which this volume belo~~s, padded out to 12 
bvtes with sPaees. If this volu~e is not a ~embe~ 
oi a volume set, then th~s a~ea is ~1lled with 
nulls. 

' S.1.9.30 M.INDN. 12 Svtes Volu'l\e Name 

This a~ea eo~tains the vo1ume 1a~e1 in ASCII. ~t 
is eadded out to 12 bytes wit~ soaces. It is 
o1aee~ he~e. i" accordance with the oro~osed vo1~'"e 
;dentification standard. 
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Volume Ow,.,er 

This ar,a con~a~ni an .ASCII strin9 ~dentifyfnq the 
ow~er of the vo1ume •. The area is Padded out to 12 
bytes with traf1tng soa~es. It is ~laced.~,re . in 
accordance with the prooosed volume identification 
stal"ldard. 

S.1.9.32 ~.INDF • 12 Bvtes ForlT!at Tvoe 

This field contains the ASCII str~n~ "DECF!L~lSB" 
padded out to 12 bytes with soaees. It identifies 
the volume as beinq of F1les•11 format, structure 
leve1 2. It is placed here iM accordance i.iitl'I' the 
orooosed volume identitieatioM standard. 

• • 2 Bvtes Not Used 

5.1.Q.3i.I .H.CHK2 • 2 Bytes Second Cl'!eelcsum 

Thts ~ord is th~ ]ast word of t~e home block. It 
contains an additive checksum of the crecedin~ 255 
~ords oi the home b1oek, comcuted according to the 
a1Qorithm 1~sted tn section 3.5.7.1. 
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S.1.9.35 Ho~e Block Lavout • 

---------------------------------------1 
-- LBN of This Block ... 1 

I 

---------------------------------------1 -- LBN of Secondary ~ome Block ... , 
I 

-----------------~-----------~---------1 LBN of Secondary 
·- --1 

Index File H.e~der 

1---------------------------------------1 Volume Structure Level 
l•••••••••••••·~·····~··••••••••••••••••I 

Storaqe Bf t~ap Cluster Factor 

1·--------------------~------------------1 VBN of This Block 

1---------------------------------------1 6ackuo Heme Block VBN 

1--------------------------·------------1 
t-·----------·-········-----------------1 

Inde~ File e;tmao VBN 
l·····-···············~·-·••••••••••·~··I 
I Il'ldeic File 
I•• --1 
I Bitmae LBN 

1~------------~-------------------------1 
I•• ---t 
I I 
t··----------~--~----~------~----·-·-··-1 Indew File Bitmao Size 

1---------------------------------------1 Number o~ Reserved Files 

1-------~-----------~-------------------1 Disk o,vice Tvoe 
1------------------·----·-·--·----------1 Re1at4ve Volume Nu~ber 
1---------------~---------~------·------t Number of Volumes in Set 
1--------------------~------------------1 I Volu~e CMaraeteristics I 

1---------------------------------------1 I 
1-- Volume Owne~ UIC 

__ , 
1 I 
l••••••••••••••••••••••••••••••w••••••••f 

I 
I 
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H.IHL8 

H.VLEV 

H.HBVB 

H.AHVB 

M.IHV8 

H.IBVB 

H.ISLB 

H.F'MAX 

H.I8SZ 

H.RSVF 

H.DVTY 

H.RVN 

H.NVOL 

H.VCMA 

H.vs~x 
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, __ 
Volume Security Lim~t ••I· 

I 

t-·--·--------------1-----~-------·-----1 
Vo1ume Protection. 

1----------~~----------------~----------1 Default Fi1e Protection H.OFPR 

--------~-----------·--·--------··-··--De~ au 1 t Record Protection H.DRPR 

------·-···········-------------------· First Checksum 

--------------------------------·---~-- H.VOAT ..•. --
... Volu!'!le Creation Date .. .,. 
-- --

1---------------------------------------1 H.LRllC Directory L4mit Def. Window Size 1-1.wrsz 
1----------~--------1----------------~--1 Default File Extend · ' H.FIEX 

1------------------------~--------------1 

(!'lot used) 

1---------~----------------------·-----· H.SNAM 
1-- ••I 
I I 
l·- ••I 
I I ,. 
I•• Structure Ne"'e ••I 
I I 
I•• ••I 

I 
I , __ 

... I 
I I 

1---------------------------------------1 H.INON 
I•• 

__ , 
I 

I•• --1 

I•• Volu""e Na,,,e --1 
I 
1--. --1 
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I•• 
l 
1---------------------------------------1 

H.INDO , ... --1 
I 
I•• ••I 

I 
I•• Vo1t.Jme Owner --: 
I I 

I 

I•• ••.I 
I 
I•• --1 

l•••••••••••••••••••••••••••••~•••••••••I 
H.INOF 

1-- --1 

1-- ••I 
1 , __ 

Format Tvoe --1 
I 

I•• --1 
I 
1-- ..... , 
1------·~·-----------------------·------1 (not used) 
1---------------------------------------1 Second Checksum 
t----·----------------------------------1 

S.2 Store~e 8ttmao Fi1e 

The sto~a~e bitmap ft1e is Ft1e ID 2,2. It is listed il'I the 
MFD as BITMAP.svs,1. The storage bitmap ts used to eontro1 
the ava~lab1e space Ol'I a volume. It eonststs o~ a stora9e 
control b1oek which contains summ~rv in~ormat~on about the 
volume, and the bitmei:> itse1f·which lists the availabliltv 
of indiv~dual blocks. Th~s ~~1e has the fCS record fo~~at 
of 512 byte fi~ed 1el'IQth records, with no carriage control. 
The end of f~le ~ar~ is Posi~ioned to oo1Mt to the last 
block used. The storage bitmao file must be e~ntiguous. 
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5.2,1 Storage Co"tro1 Alock • 

Virtual bloelc 1 of tlo,e stora~e bHmar.> is tl'le storage eol"ltrol 
bloc\, It eontail"IS summarY ~niormation about the volume. 
Note t~at i~o1ementat~on o~_som~ of the features in the sto• 
r~qe control block ~av re~uire tt to be written at mount and 
dismount, 

5.2.1.1 C,VLEV • 2 Aytes Stora~e Map Structure Level 

This word eol"ltail"ls the struet~re level of t~e sto• 
rage control block. The hiqh byte eontail"ls the 
value 2 to ~ndieate Files•11 structure level 2. 
The lo~ byte contains the version number, which 
~ust be eoual to or greater then 1. 

s.2.1.2 c.sacL • 2 Avtes Storage Mao Cluster F~etor 
' . 

This word contains the storaQe mao cluster 
of the velume, Its contents are ~dentical 
contents of M~SBCL in the. home block, 
claced here for convel"lienee. 

S.2.1.l C,VSIZ • 4 Bytes Volume Size 

f.aetor 
to the 
It is 

These four bvtes contain the volume size exoressed 
in 1oQical bloeks. 

5,2 1 1,a C.BLKF • 4 Bytes B1oekin~ Factor 

These words conta~n the bloek~l"lg iaetor of t~e vo• 
1ume: ~.e., the number oi phvsica1 blocks or see• 
tors that make up one logical b1ock. 

S.2.1.5 C,SECT • 4 Bvtes Sectors Per T~aek 

Tl'tese wo!"dS COl"ltab-,- the riumbe!" o+ lo~ical bloe!cs 
i,., each track of the volume, 

• 



Files•11 On•Disk Structure PAGE 51 

S.2,1.6 C.TRAK • 4 Bytes Track~ Per Cv1inder 

These words contain the number of tracks contained 
in each cvlinder of the volume, 

5,2,1,7 C.CYLN • 4 Bvtes Number of Cvlinders 

These words contain the tot·al number of cy1ihders 
on the volume. The above three ouantities are 
~resent to assist ootimized alloeation of soace.on 
Qnvs1ca1 boundar~es ~n the vo1ume. 

5,2.1.8 C,STAT • 2 Bvtes Status word 

Th~s wo~d conta~ns the ~o1low~n~ status bits: 

cs.TRN V9lume in transition. This bit is set 
jf tne volume ~av be in an ine~nsistent 
state because it was_ not dis~ounted 
Qrooerlv. A svs!em which does write_on 
reQlac~ caching of the storage mao, fop 
e~am~1e~ should set th~s bit on mount 
and clear ~t ~" dismount. 

(not used) 

5,2,1,10 C,CKSM • 2 Bytes Block Checksum 

This word contains the ubi~uitous block checksum, 
It ~s eomouted us~ng the same a1gorithm as the 
file header e~eeksum (section 3.5.7.1). 

5.2.1.11 Storaqe Control Block Layout • 

1-----------------~---------------~-----1 Structure Level 

1--~------------------------------------1 Storage ~a= Clust~r Factor 

l··-----------------·-----------····----t· 
Vo1ume Size ;" Bloe~s ••I 

C.VLEV 

C,S8CL 

c.vsrz 
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1---------------------------------------1 ', .. ;. __ , 
I 

--·------------------------------------1 
--

Sectors Per Tracie ••I 
I 

·····--------~-------------------------1 I I 
I•• T,.aeks Per CvliMder --1 
I I 

1---------------------------------------1 I 
I•• CvliMders ori Vo1ume ••I 

1----·------··-----·-·-··------·-·-·----Volume Status 

1----------------------------------····· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

C l"IOt used) 

t---------------------------------------1 Bloelc ChP.c~sum. 
l•••••••••••••••••••••••••••••••••••••••I 

5.2.2 Storage Bitma~ • 
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C.BLKF 

C.SECT 

C.TRAK 

C.CYLN 

C.STAT 

Virtuai blocks 2 through 1"1+1 are the storage bitmao its~if. 
It is· best view.ed ~u a bit string o,f le~gtl'I '"' !'!Umbered fl"om 
~to ~-1, where mis the total Mumb~r of a11ocatab1e clus• 
ters oM the vo1um~ roul"lded.u~ to the ne•t mult~ple oi U096. 
Eaen eluster contains v lo~ica1 block~, whe,.e v is tne sto• 
,.~ge mao cluster factor (also referred to as the volume 
cluster factor) contained in location H.SBCL in the home 
b1oclc. The bits are addressed in the usual manner (pac~ed 
rjght to le~t in seouent~a11v numbered bytes). Since each 
v;rtual bloc~ holds U09o bits, n bl~eks, w~e,.e n: m/~0Q6, 
are.used to hold the bitmao. Bit J of the bitm.ao recresents 
1o~;ea1 blocks J•v tnrouqn J•v+v•1 of the volume, if the 
bit ;s set, tne blocks are free' if clear, the blocks are 
allocated. Clearly the last k bits of tne b;tmao a~e always 
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clear. whe~e k ~s the d~fierence betw,en the true size of 
the volume and m, the length of the bftmao. 

Round;nq the stor~ge mao file up to ~he next multiole of the 
volume cluster factor may result in some unused blocks at 
the end of the file. The FCS end of fi1e mark points to the 
last block used. 

5.3 Bed 81oek File 

' The bad block ~~le ~s F~1e ID 3,3. It is 1~sted in_the MFO 
as 8ADBLK.SY~:1. The bad block file ~s s•molv a file con• 
t~tnina all of the known bad blocks on the volum~. This 
file ~as the PCS r~cord format o~ 's12 bvte f~xed lenQth re• 
eords, wit~ no carriaQe control. TMe end of +ile ~ark mav 
be olaeed as the ooerating. system's bad block handl~nQ stra• 
teqv finds use~ul. Volume· ~n~t~alfzatfon should olaee the 
EQF at the e~d o~ the bad bloeks iound dur~.nQ init~aliza• 
tion. At alt tf~es, the EOF should at least ooint e~st the 
bad block descr~ptor data, d'scr~bed below. This ensures 
t~at the bad block data is ·Preserved for future 
re-initialization of the volume. 

S.3.1 Factorv Bad Bloc!< Descrh)tor • 

On d;sks wh~eh ~ave factory generated 1ast track bad block 
data, s~ch as the RK06, RK07, and RM03r the first severat 
clusters of the bad block file should ine1ude the last track 
o~ the volume, This track eonta~ns redundantly recorded 
descriptfons of the bad blocks on the volume, as described 
in DEC STO. lQQ, "Df sk Standard for Reeord~n9 and Handiin~ 
~anufaeturing Detected Bad Sectors". 

S.3.2 Software Sad 6lock Descriptor • 

On disks that do not ~ave factory last track bad b1ock data, 
the iirst ~clust~r of the bad block file ~ontains the bad 
block descriptor for the volume. It f s alwavs located .on 
the last ~ood block of the volume~ This block may eonta;n a 
1isti"~ of the bad blocks on the vo1u~e produced bv a bad 
block scan proqra~ or diagnostic. The software bad b1oek 
descriptor is mo~t.of a Files•11 Structure Level 1 header 
~a~ area. The first two bytes contain the co"sta~ts 1 and 
3, respectively. The third bvte contains the number of 
words that eontai~ data •. The fourth bvte contains the 
nu~ber of wo~ds ava11ab1e for bad bloek data. The 1ast word 
of ·t~e block eontai~s the usual additive eheeksum. The re• 
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~,.ieval poi!"lters are strue.ture level 1 fOl"l"lat 1 P011"!ters, as 
deseribed belolf4a 

l•••••••••••••••••••l•••·~---·••••••••••I 
3 1 

l•••••••••••···~··••l•••••••••••••••••••I 
I Map Words Avail. I ~ao Words in Use 

1--~-~--------------1-----------------··t 

Retrieval Pointe,.s 

t·-------------····-------------···------Block CMeclcsu!TI I 

1--···-------·--·-··---------------··---1 
Eae~ retrieval ~ointer is fou~ ~vtes 1n lenQt"'• 
tains th~ h~gh order b~ts oi the 24 bit LBN. 
ta~ns the cou,.,t field, and bytes 3 and 4 COl"ltain 
bits of the Ll3N. 

1---··--···l···-~--···r 
I Count High 
1••••••••••1• •I 

Low Order LBN I 
t····-~·-·••••••••••••I 

5.4 Master File Oirectorv 

Byte 1 eon• 
Bvte 2 col"!• 
ti-le low 16 

The '"aster ~ile directory is F~le ID 4,4. It is l~st~d i~ 
the MFO (itself) as 000000.0IRrl. T~e_MFD 4s t~e root of 
t~e volume's directorv structure, It lists t~e reserved 
files, ~lu~ w~ateve,. the user c~ocses to enter. T~e for~at 
of the MfO •s the sa~e as all directory 1i1es, and ;~ des• 
c,.;bed in section 4.3. In the UFO struetu,.es described i" 
section' 4,1.1 and ~.1.2, the MFD eol"'ltains entries for a11 
user file oireetories. 
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S.5 Core Image File 

The core jmaqe i~le is File ID s,s, It is listed iM the ~FD 
as CORIMG,SVSrl. Its use is Qoeratin~ syste!ll.deoei"ldel'\t. I~ 
general, it provides a file of know!'\ File ID for the use of 
the ODe~atina svstem, for use as a swap area, for e~a~o1e, 
or as a monitor overlav area, etc. This file has t~~ FCS 
record format of 512 bvte fixed lenQth records, wit~ MO ear• 
riaqe control. T~e end of file mar~ is positioMed to poil'\t 
to the physical end of file. 

S.6 Free Seace File 

The free soace iile ~s File ID b,~. It is listed i~ the MFD 
as FREFIL.SVSsl. T~e s~ace it COl'\tains is available for al• 
location to other files. The presence of this file allows 
41"1dividua1 f'"i:.'llementati.o,,s of Fi1es•11 to use an alterl"late 
scheme o~ seace al1oeat~on ·wh~eh is more comolex than .usin~ 
the_ storage b~tma~ alol'\e, but hes ootent~a11y much bette~ 
~erforma~ce. Svstems .which do no~ succdrt. this method of 
alloca~ion should t~uneate this file to zero al'\d return the 
space it macs to the storage bitma~ before usfn~ the volume, 
Th~s ~i1e has the FCS record iorm~t ~~ 512 byte fixed lenQth 
recor?s, ~itn no carria~e control. Its end of file mark is 
u,.,def ined. 

S.7 Volume Set List 

The volu~e set list is Fi1e ID 7,7, tt is listed in the MFD 
as VOLSET.SYSr1. It is used o,,lv on relative volume one o1 
a ti~~t1y eouoled volume set. There, it contains a list of 
the -vo1ume labels of the volumes col'\tafned ii'\ this volume 
set. The format of this file fs FCS o4 byte fixed 1en~th 
records with ~m~t~ed carr~age control. The f~rst 12 bvtes 
oi record 1 eonta~n the structu~e name of the volume set~ 
The first 12 bvtes of record n contain the volume label of 
relative v~1u~e n~1. The remainin~ 52 bvtes.of each record 
are reserved for future use. 

S.~ Backup LoQ File 

The backuo 1og ~ile is File Id B,e,0. It is listed i~ the 
MFD as 8ACKUP.SYSr1. r~;s file contai~s A ~1storv of volume 
a~d il'\ereme~ta1 backues ~erfor~ed o~ t~e vo1ume. Its format 
4s at orese~t u~defi~ed. 
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S.9 Ccnti"uation File 

The standard eont;nuat1on file is File ID q,q. It is 11s~ed 
in the MFO as EXTFIL.SYSs1. It is used as ~he e~tension 
File ID when a iile crosses from one volume _of . a 1oose1v 
c9uoled volume set to another. Th~ purc~se of this reserved 
File IO is allow a multi•volum.e file to be written seouen• 

• tia11v w~th onlv one vo1um.e m.ou~ted at a time. Ordinarily, 
when a i~1e i~ extended onto another volume, the new header 
must be created f~rst to obta~n the new F~le ID be~ore the 
e~ten~ion linkage fn the current header can be written. The 
use of this reserved File IO allows the extension linkaqe to 
be writte~ w;th a known constant be1ore the next volume is 
even on 1 i ne. 

&.0 FCS File St~ucture 

F~l~ Control Servie~s CFCS) 1s a user level inte~f~ce to 
Ff1es•11 implemented in the RSX•11 svste111s. Its orineioal 
feature is a record control faef1ftv tnat allows seQ~ential 
Pro~essing o~ var~able length records and se~uent1a1 and 
random access to ~i~ed length Peeord iiles~ FCS inter~aees 
to the virtual block ~~cility ~rovided by the basic Fi1es•11 
struetu,.e. 

&.1 FCS File Attributes 

FCS stores attribute information about tl'le file in the 
ff le"s - user attribute al"ea CH.UF~T- • see sectiori 3.5.2.13). 
It uses onlv the f~rst 7 wordsr the -rest ~re ~qnored bv 
FCS. The fo1lowino items are contained in the attribute 
a!"ea: ·they are identified bv tl'ie usual sy111bolie offsets 
(relative to tl'le start of tl'le attribute area). The offsets 
may be defined in assembly 1ariauaQe proQrams by ea11ing and 
invoking the macro FDOFF~ DEFSL. Fla~ values and bits ~av 
be defined bv call in~ and i~~ok~nQ the macro FCSATS. These 
macros are in the svstem macro librarv of any ooerating svs• 
tem that supports Fi1es•11, A1te~"ative1Y 1 all these values 
are defined in t~e svstem obJeet 1fbrary of any svste~ that 
supports Fi1es•11, and ma~ be obta~ned ~t l~nk ti~e. 

1 Bvte Record Tvt'e • 

This ~vte identifies w~ieh 
contained 1n t~4s file. 
1 ues are 1 ec:ial: 

t¥oe of . records are 
The fo11o~'ng t~re~ va• 
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R.FIX 
R.VAR 
R.SEQ 

Fi•~d 1ength l"eeords. 
Variable leng~h ieeo1"ds. 
Se~ueneed variable length records 

1 Byte Record Attributes • 

This byte eonta~ns record attribute bits !hat eon• 
trol the handling of records under various eon• 
te•ts. The following flag bits are definedi 

FO.FTN 

FO.B.LK 

FD.PRN · 

6.1.3 F.RSIZ 

Use Fortran carriaqe control if set. 
The ~~rst bvte of each record is to be 
interpreted as a standard Fortran ear• 
r~age control ehar~ctel" ~hen the record 
is eo~ied to a carriaqe control device, 

Use im~1ied_ carr~aQe ~ontro1 if set. 
When the file is cooied to a carriage 
eont1"01 device, each record is to be 
~receded by a line ~eed and fo11Qwed bv 
a carriage return. Note that the FO.FTN 
and ~O.CR b~ts are mutually exclusive. 

Records do not el"oss block boundaries if 
set. Generally, there will be dead 
soaee at tl'!e end of e.1!.eh bl oeicJ how 
this is handled ~s e-~1ained in the des• 
eript~on o~ record formats ~~ section 
c.2. 

Use print f~1e earr~age control. Leqal 
on1v if the record tv~e is R.SEG. The 
1e&dinq two bvte ffeld of eaeh record is 
used as earr~age contro~ instead of as a 
seQuenee number. The first and second 
bvtes are used as leading and trailina 
ca~riage formattinq, resoeettve1v. The 
inter~retai~on o~ the carriage control 
bvtes is described below in section 
6~2.3. . 

Record' Size• 

In a fixed length record file, this ~ord contains 
the size of the records in bvtes. In a variable 
lenQth record f~le, this word contains the siz~ in 
bvtes of the longest record in the fi1~. 
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LI Bvtes Highest V8N Alloeated • 

This 32 bit number is a eou~t of "the number of 
virtual. blocks allocated to the jile. since this 
v a 1 u e ~ s rn a i ri ta f M e d b y F C S , i t i s u ·s u a 1 l y e o ,. ,. e.e t , 
but it is "ot guarante~d since FCS is a ~sel" level 
oaclraQe. 

6.1.'5 F.EFBK a Bvtes End of File Block'· 

T~is 32 bit number is tke V8N in which 
file is. located. Both F.MI~K and 
stored wit~ the high order half in the 
bytes, followed by the lo~ ordel'" half. 

tlie end of 
F,EF8K are 
first two 

b. 1 • 6 F •FF BY, 2 Bytes rtrst F,.ee Byte• 

This word is a count of the number of bvtes_1~·use 
t~ the virtual block conta~ning the end of filer 
;.e., it is the offset to the first bvte of the 
1 ~ 1 e av a i l ab 1 e for a oo end i M Q • ~! o t e t h at an e,, d o f 

/file that falls on a bloclr boundary may be reere• 
s~nted in either of t~o wavs. If tke file eo~· 
tains cree~selv n blocks, F.EFB~ may conta~n n and 
F.FFBY will eo~tain 512, or F.EFBK may contain n+1 
a"d F.FFBV will contain e. 

6.1.7 S.FATT 14 Bytes Sfze o~ Attr~bute 81ock • 

This symbol reeresents the total nu~ber of bytes 
in the FCS i;le att,.~bute b1oek, 

b.~ FCS File Att,.~butes Lavout 

F.RATT 1-------------------1---~---~-----------1 ~eeord Attr, Record Tvce 

1------------------~1-------------------1 Record Size (Bytes) 

1--------···-···-··---------·-----------1 , __ 
I Allocated 

I 
"I 

--1 
I 

1----·-------·------~--~----------------1 f.P"ld of File 
1--

·F.RTYP 

F.PSIZ 

F.HI81< 

F,EF8K 
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V8N 
' 

1-----~---------------·-··-----------···i First Free Bvte 

l···------------------------------------1 
F.FF9Y 
-S.FATT 

6.3 Attribute Standardization 

To a•sure a eerta~n eons~stency of file record str~etures, 
eertaiM ~f elds ~n the record attr~butes area are standard• 
ized, and ~ust contain well def~ned values reQardless o~ the 
record structure or file oroanizatfon in use. 

1. 

2. 

.3. 

The record tyce byte CF,RTYPE) must contain a code 
that i~enti~ies the file orqanfzation and record 
structure. All ecides must be reQf stered w~th this 
sioec if i cation. 

Th' record attribute b~ts should be used as des• 
cribed above when aeclieahle. New attributes 
ahould be reQ1stered with this -s~eef fication. 

The high V8N field {F,HIBK) must contain the number 
o~ blocks.a1!pcated ~o the ~~1e: File.managers mav 
~od~fy this field during some ooerations on the 
file, 

The end of ~~le ~ark Cf.EFBK and F.FFBV) should 
descri~e the end of data in the f~le when aoPlica• 
ble. 

b.4 Reeord Structure 
. - . 

T~is seetio" describes how records are caek~d in the virtual 
blocks oi a d~sk itle, In general, FCS treats a d~sk f~le 
as a seauentially numbered arrav of bytes. Records are num• 
bered consecutively startinq with 1~ 

6.4.1 Fixed Length ~eeords-• 

In a ~i1e eonsist~no of f~•ed 1,nqth records, the records 
are simply packed end to end with no additional control in• 
formation. If the record length is odd, eaeh record 11 c~d· 
ded ~ith a sino1e nu11. For direct access, t~e address ef a 
l"'eeord is eomcyted as followsi 

Let: ~ = record number 



Fi1es•11 On•Disk Structure 

k 
~ 

~ 

1 
; 

= ----
----

record size Cin bvtesl . . 
byte address of record in fi1e 
number of reeords oer block 
VBN eontain~n9 the sta~t o~ the record 
byte offset within VBN J 

Then ~ = CCk+1)/2)*2 (rounded UP reeord length) 
~ = Cn•1)*h 

= m/512+1 (truncated) 
=~mod 512, 
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The oreyious discussion assum~s that records eross b1ock 
boundar;es (that ;~, FD.8LK is not set) •. If records do not 
cross b1ock boundaries, they are limited to 512 bytes, and 
the follow;no eouations apolv Cthe variables are de~ined as 
above); 

h = CCk+ll/2)*2 (rounded uc record 1ength) 
~ = 512/h (truncated) 
J = Cn•1)/o+1 (truncated) 
i = CCn•l) mod c)•h 

6.a.2 Variable Length Records • 

In a file eons;stinq of variable len~th records, records ~av 
·be uo to 327b7.bvtes in ]enQth. Eaeh record is Preceded by 
a two bvte binary count o+ th~ bytes in the record (the 
count does not inclu~e itself). For examo1e, a nu11 reeord 
ts reeresented by e single zero word, The bvte count ts al• 
~ays word eliqned' i.e., if a record ends on an odd bvte 
boundarv, it ~s cadded with a s~ngle nu11. 

If records do not cross b1oe~ boundaries CFD,BLK is set),· 
thev are limited to a size of 510 bytes. A bvte count of •1 
is used as a flag to signal that there are no more records 
in a particular block. the r~mainder o~ that block is then 
dead a~ace and the.ne~t record ~n the file starts at the be• 
ginning oi the Me~t block. 

6,a.3 Seoueneed Variable Lenqth Records • 

T~e format of a s'ouenced file is identieat to a variable 
lengt~ record f11e exceot that a two byte' seouenee number 
f~elrl is 1oeeted ~m~ediate1v a~ter the byte count field oi 
each record. This fi.eld conta~ns a binary value which is 
usually ~nter~reted as the line number oi that record Csee 
Section_ 6,1,2 FO.P~N and Section 6,2,3,1). The se~uenee 
number is noi returned as eart of the data w~en a record is 
read, but is available secarat~lv. Note that the record 
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byte cou"t field counts the seQu~nce number field as well as 
the data o~ the record~ 

6.a.3.1 Format of Two Byte Pr~nt Control Field in R.SEQ Re• 
' cords • 

Ii the FD.PRN b~~ ~s set in the record attr~bute then the 
two bvte "~eQ~~nce number" ~~eld is u,ed to conta~n carrfaQe 
control data 1-or the record. Byte "1 is ol'int contl"ol info!'• 
mation to act upon before the record data is output to a 
un~t record devices bvte 1 is orint contl'ol -~n~o,.mat~on to 
act u~on a~ter the record data has been cutout to a unit re• 
eo,.d d@vice. 

The fo,.m~t of each ovte is as fo11owsi 

Rit 7 Sits 6•~ 

0 0 ~d earriaqe control 
0 eountC1•127) "count" new lines CCR/LF) 

Bit 7 Bit 6 Bit 5 Bits 4•0 Meaning 

0 0 ASCII C0 set ASCII cha,. to 
outi::>ut CCR,FF e~e.) 

1 0 1 ASCII Cl set ASCII cl'!ar ca bit code) 
to 9utcut 

1 

1 

1 0 code (0•63) Device sceeific code 

1 • Reserved 

NOTE 

The crint control ~ield ~s not eurre~tJy suQ~orted 
bv FCS or RMS•11. 



Fi1es•t1 On•D;sk Structure PAGE b2 

' . 
Record Maneqement Services (~MS) is a user 1eve1 interface 
to Files•11. It pr.ovides a f1exfble means of data storaqe, 
~etri,val~ and modification throuQh a combination of file 
or~anizatfon and record aeeess modes. F~le or~an~lation is 
the structure of data within the virtual bloe~s of a 
Fi1es•11 file, and record aeeess mode is the manner in which 
storing and retrievinQ the data in the iile oeeurs • 

• Seouentia1 • compatible w~th FCS ~1xed, variable, 
end se~uenced variable record files Csee Section b) 

• Relative • RMS on1v 

• Indexed• RMS onlv 

R~S interfaces to the virtual block fac11itv orovided bv the 
F~1es•11 structure~ 

RMS.supports file organizations wh;eh reouire a more eom~lex 
degree Qf strueturi~Q tha~ ~hat reouired ~v FCS. P.MS also 
s~ores binar,y values in a different manner in aeneral than 
Fi1es•11 def1~es. For these re~sons tne_data.forma~ and re• 
p~esentations used by RMS are gAven in the fo11owino $ec• 
tions. 

7.1.·1 String StoraQe • 

All strin~s are stored 1e~t Justi~ied~ The 1eft ~ost eher• 
acter is ~n bvte N and the rt~ht most character ~s ~n bvte 
N+M•1 where ~ is the length of the string. 

7.1.2 String Character Code Se~ • 

A11 stl'inq values are assu,.,,ed to be in tl'le 7•bit-ASCII code 
set. 
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7.1.3 Strf"g Collating Se~uence • 

T~e co11ati~g seouenee used ~s the 7·b~t ASCII code set 
where NUL ts the lowest valued eharaeter and DEL is the hf• 
ohest valved cnaraeter. 

NOTE 

The internal reoresenta~ion of ASCII. characters on 
P0?•11 systems is 7•b1t ASCII. The strinQ co~care 
routine of RMS•11 however~ =erforms a fu11 B•bit un• 
sipned eo~oare ~er chara~ter. R~S does not oerfor~ 
anv "clear bit 7" code on inout or outout ooera• 
tjons. This allows the suooort oi user binary bvt~ 
strinqs, the KANA character set use~ in Jacan, and 
in the future 8•bit ASCII when defined, without QMS 
modifications since the true colatin~ seouenee fs 
1owest character = 0 and hfQhest character = 255, 

7.1.u Unsiqned Bfnarv Value Storage• 

All unsi~~ed binary 
ffcant Bits (LSB) 
(MS9) il'I byte N+"4•1 
value. 

v,lues are stored with the Le~st Sig~i· 
in byte N and th~ Most Significant Bits 

whe~e M i$ the lel"lgth o~ the b1narv 

. ......... . 
LSB. ~ 

1-------1 MSB N+1 ............ 

7.t.S SiciMed .Binarv Value Storage• 

All signed binary v~lues ar' ~tored as un~iQned binary va• 
lues exeect that most siQnificant bit (bit 7 of byte N+M•1) 
o~ tn~ value ~s ~nteroreted as th• si~n 6f the v~lue. 
~egative numbers are stored as tMe two•s como1ement of the 
cositive value. 
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-------------LS8 f\i 

1--------·-·t ISi MSB N+l 

·------------

7.1.6 Pointer Values• 

A 11 cio; nters 
are stored 
fs scieeified 
;,.,ter. The 
bv t"'e range 

are stored as unsiQned binarv values, Pointers 
variable len~th, The 1engtM of a oo;nter va1ue 
by the control bits associated with the ~o· 

1enQth re~uirement for a cointer is deter!'llfl'led 
of VBN values it falls in as iol1ows: 

2 bytes start VBN 1 • 65,S3S 

3 bvtes start ~BN 651 536 • 16,777,215 

7.1.7 ~ucket Poi,.,ters • 

A bucket co~nter ~s a po~nter value which 9gecifies the 
start ve~ o~ the bucket, The len9th oi the bucket Cnu!'llber 
o-F VBN's in bueke~) is interoreted. il"I t~e eo!"lt_elCt of its 
usa~e within the file, arid is sciecified in th~ file's oro1o~ 
data, 

EXAMPLE: 2 bvte bucket eointer 

·------·-L.SB N 
t•--•••••I 
I MSB N+1 

---------

1.1.e ~eeord Po~nters • 

Record po!nters_al'"e C:O!'lloosed of two fields, a one bv~e · l"e• 
cord 19 fie11 followed by a bucket oointel", The ID is used 
as a unioue !"ecord 1de~tifier for reeo!"dS within a ~ucket. 
T~e records are tagged. with their ID'S w~e~ stored 1n t"e 
buc:lcet. 

EXAMPLE: 3 byte l"eeol'"d POi~ter 
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---------ID N RECORD lD 
l•••••••I 
I LSB N+1 BUCKET POINTER 
1 ........ , 

MSB N+2 

---·-·--· 

1.1.q Packed Decimal Strin~s • 

Packed decimal strings are from 1 to 16 bytes in lengtM. 
Tke format is as followss 

7 4 3 

----------····--d1 d2 

---------------· I d3 A+1 _____ ., _________ _ 

• 
• 
• 

·------·--------c:H I sic:in 

-----------·--·· 
wl'lere: 

d = digit fn tl'le ranQe of 0 tl'lru q (binarv 
value) 

s i gl'I is ·pl us H value is 10, 12, 14, or 15 

s; QI'! is mi !"IUS H value ; s 11 or 13 

N f s l en gt l'I of stril'!gs in bytes 

i = ( N• 1) •2+ 1 and ; 9 an odd number ; n t !'le ra..,i;ie 
of 1 tl'lru 31 

d1 is most signitical"!t di~it Cmav be a 1eadinQ 
zero) 
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·_ 7.2 RMS File Attributes 

R~S stores attr~bute informatton about the file ~n th~ 
file's user . attr~bute area CH.UFAT •see Sect~on 3.4.1.Q). 
It uses the first ~en (10) words; the ~est are reserve~ bv 
RV.S. The following items are contained in the attribute 
area: t.l-ley al"e H:1el"ltified by svmboHc offsets il"ltO al"I ~'45 
il"lternal structure. The relative offset into the ~ttribute 
area may be ea1eulated by subtractfl"lo F$FORG from t"e Qiven 
offset "ame/value. The offset def~nitions may ~e defined in 
assembly language ~rograms by calling and invoking the ~aero 
IfAOF$ RMS$L. Flag values and bits may be de+ined by cal• 
ltn~ and invok11"1g the FA6$8T OFIN$L macro. These macros ean 
be found in the RMSMAC.~LB macro librarv on all PDP•11 svs• 
te~s suo~ort~l"IQ RMS. 

7.2.1 F$FORG 1 Bvte •Record Format a!"ld File Oroanization 

This bvte idel"ltffies the file-s orqa~ization and 
which tv~e of record fo!"'~at it contains. The !"'e• 
cord fo!"'mat is eontail"led in bits 0 • 3, and the 
tiie•s O!"'Qanizat~on is ~~ntained in bits 4 • 7. 
T~e svmbo1ie values are defi!"led sue~ that they ~av 
be OR'EO to vield the contents of the FiFORG 
field. ·· · 

Reco!"'d Fo!"'r!'atsi 

FB~UOF Undefined record format C81oek I/O onlv 
f ;1 e) 

FB$FIX Ff ~ed length records 

FBSVAR Ve!"'iable lenQth reeo!"'ds 

FB!VFC Variable with Ftxed Control CVFC) records 

FB·$STM 

FB$SEQ 

Cthe FCS R.SEQ is a s~eeia1 ease for~ o1 
the re~ord form~t ~.e., the ii•ed ~ontrol 

·area ~s two b~tes long and contains the 
records seouence numbe!"') 

ASCII st!"'eam records. RMS•1l used onlv 
as a 'means for RSTS/E ASCII data inter• 
e~al"lge. Reeo!"'dS are delimited bv verti• 

·~al form effecter cha,.acters CLF, VT, FF 
and CR/LF oairs). 

Seouential File oraanization (FB$SE~ = 0 
to maintain eom~atibiiitv with FCS) 
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FBS~EL 

FA$IDX 

Relative File oroanization 

Index File organization 

FBSMSH Hashed Ff 1e Or~anization Cnot im~1emented) 

7.2.2 F$RATT 1 .Bvte • Reeord Attributes 

This byte contains record attr1bute9 bf ts that 
control the handling of records under various .con• 
texts. T~e followinQ fla~ bits are defined= 

FB$FTN 

FB$CR 

F8$PRN 

FB! Bl..K 

See Section o.1.2 FO.FTN 

See Section 6.1.2 FD.CR 

See Section 6.1.2 FO.PRN an~ b.2.3.1 

Record do not er~~s bloc~ ~oun~ari,~ for 
the SeQuential file organization if set. 
See Section &,1.2 FO.s1LK ~or more deta• 
i , • 

7.2.3 F$RSIZ 2 Bvtes • ~ecord Size 

In. file containin9 fixed length . format records 
this ~ord contatns the size of the records in 
bvtes. In Se~uential files conta~n~nq varfable or 
variable witl'I fixed control formatted· records tl'iis 
field eonta~ns the s~ie in bytes oi the longest 
record in the ff le. This field is undefined for 
Rel~tive and Inrlexed files containing variable or 
variable with fixed control for~at records. 

7.2.4 F$~VBN 4 8vtes • Highest VBN •lloeated 

1.2.s 

RMS upd~tes thts ~ield whenever the fi1e is oce~ed 
ior _write access. For deta~ls on this field see 
Section o.1.4 F,~IBK. 

F$HEOF a Bvtes • End of File Bloc~ 

This 32 b~t nu~ber ~~ the VBN ~n wh~eh the enrl of 
i~1e ~s 1ocated for the Seouential file oroaniza• 
tion. Both F$HVR.N and F$HEOF are stored with the 
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h i g h o " de r iii a 1 f i n t "' e f i r s t t w o b y t e s , _ f " 1 1 o 1o1 e d· 
bv the low Ol'der half. The low order half is sv~· 
~o1iea11y re1erenced bv F$LV8N and FiLEOF res~ee• 
t~~elv. These are the only two ·~1aees that RMS 
stores block numbers in this manner (see Section 
1.11, and is done so ~o ma~nt~~n ·~omoatib~1~tv 
w;th FCS. The Relative an~ Index file does not 
use this field and Hs value fs usuallv Cbut P'IOt 

gu~l'anteed) e;t~er the contents of FSHVBN or the 
contents of F!HVBN plus one. 

7.2.o F$FFBY 2 Bvtes • Ff rst Free Byte 
• - • >I •• 

This field is used for the Seouential file or~ani• 
zation as a count o~ the nu~ber of byt~s ~" use in 
the virtual block eontain~n~ the end of f~le. The 
Re1ative and Inde•ed f~le or~antzation do not use 
this ~ield and its value will be either 0 or 512. 
For more details on this field see Section 6,1.& 
F.FFBY. 

7.2.7 F$8KSZ 1 8vte • Bucket Size 

This field contains the bucket size or .~ax1mu~ 
bucket size for the Relat,ve and Indexed file or• 
ganization res=eetivelv. The bucket size is re• 
i:iresented as the !"!Umber of vi rtua1 blocks 1.t eon• 
t~il"!s. Leg~1 values are from_1 •.32, For eomca• 
tibflitY with FCS a value of 0 is interoreted 3S 
1. 

7.2.~ FS~DSZ 1 Bv.te • Fixed Header Size 

Tlotis field eot"ttail"ls the number of bvtes (1 • · 255) 
11"! . the itxed control area when the file contains 
Variable wi~h ~4xed Control format records, . A 
va1ue.o+ 0 is •nteroreted as? so that comoatib11• 
itv with FCS'S SeQuenced Variab1e · lengt~ record 
for~et ~~le CR.SEQ) ~s ma~nta~ned. 

1.2.~ ~~MRS 2 Bytes • M.aximum Record Size 
. . . 

T"'i! f~eld ~o~tains a user soecified ~a•i~um re• 
cord size li~it in bvtes, to be enforced on outout 
ocerat;ons. Files eontainin~ Fixed length for~at 

,, 
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,. e e o ,. d s "' a v e F $ MR S s e t e Q u a 1 t o- F $ R S I Z • F o ,. a 1 1 
othe,. r-eeo~d formats F$HRS is set to the use~ 
s~eci+~ed_ value given when the ii le was created. -
A_va1ue of 0 is 1nter-o,.eted as no maximum record 
size limit soeeified, 

7.2.1~ F$0EQ 2 Bvtes •default Extend Quantity 

This field contains a user soeeified default ff1e 
e~tend QUa~t~tv . to be used when~ver ~MS needs t~ 
extend the file, A value o1 0 is •nterorieted as 
use the volumes default extend. 



Ftles-11 On•Otsk Structure PAGE 70 

7.2.11 R~S File Attributes Layout• 

F!HOSZ 

, ' 

1------------~---------------·----------1 . '~eeord Attr. I File Org,/ree fmt I F$F01:(G 

1--------------------·------------------1 Record Size Cbvtes) 
l•••·······················-······-·····I 

F$HV8N 
1-- ··1 
1 Allocated 

1-------·-·----·-···-··---------------~-1 End of file F$HEOF 
:-- ... I 

VBN I 
, _______________________________________ , 

F; !"St Fre~ Bvte 
I ···~.~··••••••••••••••••• 1111111 •~·-·--·~······ I 

Fixed Ct,... Size 8ueket Size F$8KSZ 

t----------------------------~-~--------1 Ma~imum Record Size Limit F$~RS 

f••••••••••···~··•••••••••••••••••••••••I 
Deiault Evtend Cuant~ty . F$DEQ 

1---------------------------------------1 
To ea1cu1ate the o~~set iMto the User Attri~utes area in the 
~ile header subtract F$FORG from a11 symbolic offsets. 

7.3 Proloque B1oeks 

The R~S Relative ~nd !Mdexed tile or~anizations use the 
first several vil"tua1 blocks of the file to contain addi• 
tiona1 1;1e deseriction data, This area of the file is 
ealleci the i~le ~l"ologue. In the Re1at~ve ~il~ o!"aaniza• 
tion, the orologue is exactly one block lono: in the In• 
dexed o~oanization its l~nqth varies, The symbolic offset 
names, and ~lag values and bits used in the f~le O!"Oloque 
bloei<s and reeord_formats may be obtained by callinq an9 ;,.,. 
vol<•nq the fo11owtn~ macros from the ~~SMAC.ML8 mael"o ltbra• 
l"V on all PDP•11 systems su~oortinQ RMS. 

ARDOF.$ 
BKTOF$ 
KDXIJF$ 
KDX$8T 
X.A8$8T 
BK:T~RT 

~MS$L 

RMS'SL 
RM$$L 
DFPaL 
DF Pl$L 
OFIN~l 

The last word of eve!"v erologue b1oek contains the staMdard 
Fi1es•lt check sum (see Section 3.4.a.1). 
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7.3.1 Prologue Block 1 CVBN 1) • 

?ro1oaue Block 1 e~nta~ns eo~mon data for bot~ the Inde~ed 
and Relative ~~les, and ~ile organizat~on de6endent data. 
The maJor Indexed file deoendent data is the crimary kev de• 
finition (the K$XX~X symbols). The maJor Relative file de• 
eendent data are the maximum record number, ~he address of 
the itrst data bucket, and the "rea1" End of F~1e 91ock
(1ast in~tialized, zeroed, VBNJ. ·The orimarv key defin~tion 
offsets CK!XXXX) are used for all key de~initions w~thin the 
oroloque of tMe index file and are relative to the start of 
eaeh key desc~1~tor. 

The ~ev defin~tions sueolv all the iniormation ne~ded by R~S 
to retr~ve, in~ert, uo~ate, and delete records for the In• 
de~ed ~i1e or~anizatfon. The basic data which are eo~tained 
in a kev deiinttion are .as i~llows: 

• ~here the assoeiated ~ev field is cositioned ;n the 
record, and how 1onci it is • 

• The VSN address of the associated Root bucket • 

• Var~ous ~ey f~eld octions 

The kev de~init~ons are link•d ~nto a cha~n by the VSN ad• 
d,. es s a ii d b v t e of f set w i t. h i n t tie o,. o 1 o g u e b 1 o c le f o ,. t he l"I ex t 
~ey de~in~t~on. ·The Indexed ~~le organ~zation can be v~ewed 
as a ~ulti~~a,.t~tioned file.·· The f~rst ~artit~on is the 
o,.olo~ue, the second ~art~tion ~s the inde~.assoc~ated ~ith 
the ori~arv key def~nit~on, and the th~rd partit~on is the 
user data associated with the cri~ary ~nde•. Eve,.y ~nde~ed 
orqanized ~ile contains these three ca,.titio~s. In add~tion 
when alternate keys are oefined then two add~tional oarti• 
tions cer alternate ~eY are c,.eated. The first cartition is 
the index associated with the alternate key de1inition, and 
the second oart•tion is the RMS data associated with the 
index._ The_RMS data contain =o~n~ers into the use,. data 
oartition fo~ the records meetinQ the various kev values. 
The index is structured as an n'ary tree where the nodes o~ 
the index are buckets. ·The inde~ structure is tl'le sa~~ fol" 
a11 ~ev definit~ons. 

7 ·• 3 • 1 • 1 I( ~ N l V R ~ B v t es ,.,. VB N f o r Ne it t Key De s c r 1 p t o r 

This field contains the virtua1 ~loe~ address in 
~hieh the next ~ey descri~tor ~aY be found. Tkis 
fiP.1d ~s onlv looked at when the K$8NVT field eon• 
tains a 0. W~en K$NLV8 and K~NBVT = 0 tke last 
key deseric~or has been found. The l~ast si~nif1• 
cant lb bits ef the VBN are stored tn KSNLV8 and 
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the ~ost significant 16 bits are storeo in 
K$NLV8+2 (K$NHVB). 

7.3.1.2 K$NBYT 2 Bvtes • Bvte Offset for Next Key Deserie• 
t 0 ,. 

This word ~ield eonta~ns the byte offset relative 
to the beginnino of the VBN contained in K$NLVB 
for the next kev des~ri~tor in the .eha~~ of _kev 
deseriotors. The first key descri~tor contained 
in a VBN starts at bvte offset 0, and the ehain 
w~l1 thre~d throu~h the cyrrent VB~ before ao~no 
to the ne~t VSN. Th~s means _that the V8N w~11 
onlv ehanoe when K$N8VT eontai~s a 0. 

7.3.1.3 K$IAN 1 Bvte • Index Area Number 

This byte e~ntains the number of 
Area to use tor the index buek,ts 
this kev starting at 1eve1 2 aoing 
eluding the Root bucket. 

the Alloeedo!'I 
associated with 1 

u~ to al"!d in• 

7.3~1.a K$LAN 1 Byte• Lowest Level Index Area Number 

This byte eo~ta~ns the'nu~ber Q~ the A11oeation 
Area to use fo~ Level 1 of the index buckets asso• 
eiated with this key Ca value of ~ means us~ t~e 
eontents of K!IAN), 

. 7.3.1.5 K'OA~ 1 avte • Data Level Area Number 

This field co"t!~ns the number o~ tlie A11oc~t~on 
Al"ea to use fol" tlie data level Cleve1 0) of t"'e 
index buckets associated with this kev descrictor. 

7.3.1.6 K$LVL 1 8vte • Le~e1 of Root 

This fie1d contains the level nu~ber of the ~oot 
bueket assoe~ated with this kev deserietor. This 
tie1d is ~ot supcorted bv R~S-11 release one. 



Ff 1es•11 On•Disk Structure PAGE 73 

7.3.1.7 KSIA~S 1 9vte • Index Bucket Size 

This fie1d contains the buc~et size in veN•s for 
all index. leve1_C1eveJ 1 tnrou~h ~he root level) 
buckets (1 • 32) for this key deseriotor, 

7.3.1.8 K$D9KS 1 evte • Data Bueket Size 

Thf s field contains the bucket size in VBN•s for 
a11 data Jeve1 C1eve1 0) bue!cets C1 • 32) fol'" ti'tis 
kev descriotor, 

7~3.1.9 P$DaKS 1 Bvte •Data Bucket Size 

Tnis is a svmbo1ie rede1inition of K$DBKS fo,. use 
by tne Re1ative file or~anizatfon, 

7. 3 • 1 • 10 K $ L v 8 N 4 Bytes - A d-d I" es s 0 f R 0 0 t e u c: lee t 

This iie1d contains the bucket address of the Root 
bueket for t~e index ~sso;~ated w~t~ this kev des• 
el"iotor, Tne 32 bit VBN· f s stored in tl'le ,,,anner 
desc~ibed in Section 1.2.1.1, " 

.7.3.1.11 K$FLGS 1 Bvte • Kev Oeseriptol" F1a~s , 
- ~ -

This fie1d eonta1ns a bit vectol" for the va,.ious 
~ey ootio~s suooorted bv RMS as follows: 

X~$0UP 

XB$CHG. 

XB$NUL 

)(8$INt 

Duolfeate key values a11o~ed 

K~y value may eMa~ge o" $UPDATE o=era• 
ti on 

Nu 1 1 lee v. ch a r act e ,. e !"!ab 1 e d C K $NULL) 
. ' . . ~ 

Index must be ir'litialized 

~he" the X6$!~I bit is set the K$LVBN field con• 
ta;~s the following: 

K$LVBN = CCK$DAN) 
K$LV3N+1 = CCK$IAf\J) 
K~LV8N+2 = C(K$LAN) 
1<.~LV~N+3 = 0 r'IOt used 



This tn~ormation ~s used once only when the i"de~ 
for this key definition is created. Si~ee the 
area number infor~ation is not norma11y stored . in 
the in memory data base tor an open indexed fi1e 
the reauired area numbers to create the index are 
stored in the root bucket field tor this enee on1Y 
ocerat;on. The area numbers are not needed in the 
i~ memorv data base sinee on 1uture bucket a11eca• 
tion the area number stored in the bucket which is 
"so)~ttino" ts ~sed as the area number to a11oeate 
the new bucket from (see section 7.s.t.1,2). 

7.3.1.12 P$FLGS 1 Bvte • Pro1o~ue Flags 

This field ts a symbo~~c redef,niti9n of the 
K$FLGS field for use by the Relative file o~~ani• 
zation. Bits de~~ned for this iield are: 

PR$NEX Error eneounted extendinq Pelative tile 
no further extendin~ is ~ossib1e. 

7.3.1.13 K~OTP 1 Byte• Data Tvoe for Kev 

T~is field contains tMe data tyoe of the kev field 
witMi~ the user data records. TMe only 1e~al 
value eurrentlv for RMS-11 ~s X8$STG. The fe11o~· 
in~ data tyoes are ~eftned. 

X8$STG 
X~$IN2 

X81AN2 
X8$IN4 
XB$8N4 
XB$PAC 

' ! ~ • 

S~ri~~ data_tYoe (unsigned B•bit bytes) 
Si;ned lS bit inteQer C2•bytes) 
Uns~gned 16 bit b~nary C2 bytes) 
SiQned 31 bit integer C4•bvtes) 
Unsigned 32 bit binary (4•bytes) 
Packed deeima1 C1•16 bytes) 

7.3.1.14 K$NSEG 1 Byte •-Number of Segments in Key 

This 1ie1d contains tne number of segments (1 • 8) 
t~at make uo the de~in~tion of the 1oQtea1 key 
field, The X~$IN2, X8$8N2, X8$IN4, X8$8N4, and 
XA$PAC key field data tyoes may onlv contain one 
Cl) seqme~t. 
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7.3.1.15 K!NULL 1 Svte • "NULL" Character 

This field eontains a user SPee;fied ehara~ter •. 
tf the ~ey field with~n the data record associated 
witl'I tliis lcev deseric·to!'" eontains on1v "null" 
eliaracter~ the record will not be inserted into 
the asso~iated Inde•. The "null" va1ue for the 
X~$IN2, X8$BN2, XBSINQ, X8$8NQ, and X6$PAC lcev 
fie1~ data tyoes is defined as zero C0l. This 
fie19 is enabJed by the XBSNUL bit in the K$FLGS 
and is only valid for alternate lcev9. 

7.3.1.16 K~KYSZ 1 Byte• Total Key Size 

T~is fie11 ~onta~ns the sum of all the lcev ~eement 
sizes to vield the total size of the key field in 
bvtes C1 • 255). 

7.l.1.17 K$KEY 1 Bvte • Kev ~i Reference 

This field contains the key of reference nu~ber (0 
• 254) ior this key descriotor~ Primary key = 0t 
alternate keys = 1 • 2sa. 

~.3.1.18 KiMtNL 2 Bvtes • ~~nimum ~ecord Len~th 

This fjeld contains the ~in~mum 1en~th record in 
bvtes to contain the co~olete ~ey fie1d. 

7.3.1.1q K!IFIL 2 Bytes• Index Fill Quantity 

T~is field contains the number of bytes to use for 
index level buckets C1eve1s 1 • l"I) before a bueket 
s~l~t is eons~dered when t~e user reauests RMS to 
fo11ow.fi11 ClUal"ltities, 

7.3.1.20 K$DFIL 2 8ytes •Data F~11 .Quantity 

This field contains the number of bytes to use for 
use,. 1P.ve1 buckets Clevel 0) before a b1.Jc1&:et split 
is considered when the use,. reouest! R~S to follow 
fi11 ouarititi!!s, 



., 
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7.3.1.21 K$POS lo Bytes• Key Segment Offset Positions 

This is a set o1 eight C8) 2 byte fields 
(KSPOS0·~$POS7) whie~ contain the relative offset 
(0 • n) into the data record ior each lcev segment. 

7.3.1.22 K$SIZ 8 8vtes • Key Segment Size 

7.3.1.;23 

This ts a set oi 6 l bvte fields (K$S!Z0•KSS!Z7l 
wh;ch contain the sf ze in bvtes for the key seg• 
l'l'lent. 

T~ts is a 32 b~te string supQ1ied bv the user when 
t~e kev was defined. If not succlied wilt contain 
NULLS. 

K$LDV8 4 Bytes• First Data Bucket 

T~is field contains the bucket add~ess ef the 
first buelcet at the data· ieve1 C1eve1 0) assocL~t· 
ed with this lcey deseri~tor. Th~s field ~s not 
supoorted bv RMS•11 release 1 and contains a zero. 

7.3.1.25 14 Soare Bytes• 

7.3.1.26 P$AVBN 1 Byte• VBN o~ First Area Descrtctor 

This fteld contains the VBN C2 • 255) of the itrst 
A11oe~tion Area deseri~~or bloc~. Alloeation Area 
d,sertotor blocks are virtually contt~uous and ~re 
direetlv accessed by area nu~ber. See Section 
7.2.3. 

7.3.1.27 ?!AMAX l Bvte • Maximum Number of Areas 

This fi~1d contains t~e_maximum nu~ber of defined 
A11oeation Area deserietors ( 1 • 255) fer this 
fjl~. EiQht (8) Allocatt~~ Area descrtotor can 
fit tn a virtual b1oek sinee each area d~seriotor 
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is 64.bvtes 1on~. The fi1e address of anv Area 
descriotor mav be cale~late~ as iollows~ 

Let: a = area nu~ber (0 • 254) 
v = V~N address for a 

Then: 

o = offset into v for a 

v : a/8 (truncated) + eCP,AVBN) 
o : (a mod 8)*64 

7.3.1.28 P!OVSN 4 ~ytes • Address of Fi~st Data Bucket 

This field contains the 32 b1t VBN of the first 
data bucket in a Relative f~le, 

7.3.1.2~ 9$L~RN 4 Bvtes • Maximum Record ~umber 

This field contains the user sceeified mawi;um re• 
cord number .which will be allowed on $PUT ooera• 
tions to the Relat~~e f~le orQantzat~on. If the 
user s~ec~i~es 0 then this field w~ll contain the 
~eximum record number possible (2••31•1), 

7.3.1.30 P!LECF 4 Bvtes • EOF VBN 

Th~s iield eonta~ns the last ~nit~alized Ci,e.~ 
zeroed) VBN Ci.e,, the EOF VBN) for the Relatfve 
file or~anzation, 

'7,3,t.31 PSV!RN 2 8ytes •Prologue Version Number 

Thts i~eld contain~ a eroloQue version ~ubmer. 
The only leqal value at t~is time ;, o~e c1i. 

7.3.1.32 3q2 Bvtes •Reserved for Future Use 

7.3.1.33 2 Bvtes •Prologue Cheeksum (see 7.2) 
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!OILVL 

K$D8!<S 
Pl08KS 

K$0TP 

K$NULL 

K:&KEY 

Prologue Block 1 Lavout • 

1-------------------------·~----·-····-· V6N For Ne•t Kev 
I•• •• 
I Oeseriotor 
l··-···-······-------------·····-·-··-·-

Off•et To Newt Key Deseo. 
I•••••••••••••••••••••••••••••••••··~··· 

I••••••••••••••••••••••••••••••••••••••• 
Root Level Data Area tt 

I••••••••••••••••·~----~·••••••••••••••• 
Data 6i<ts 

Size 
ll'ld~v Bkts 

Size 

1-----~---------------------------------, Root Bucket 
1-- ... 

Pointer 

1---···--------------------~------------Data Tyce Fl 8f.2S 

t-----·--·-···-·-···-----~--------------"NULL" Cnaraeter # of kev segments 
1----------------------------------~----

k'SNBYT 

KUAN 

1<"$IBKS 

K$LVSN 

f(: $FLGS 
P$FLGS 

KiNSEG 

Key Of Ref. · 1. Tota1 Key Size -K$KYSZ 

1---------~----------···-------------~--M~n~mum Record ~ength !($MINL 

l·-····--··-------~---------------------1 ·I ,, de :w F i 1 1 Q u ·a 1"I t ; t v K$IFIL 
l••••••••••··~···•••••••••••••••••••••••I - ' . 

Data Ft11 Quantity K$0FIL 
l•••a•••••••••••••••••••••••••••••••••••I 

Key Field SeQmel"!t 

Offset Positiol"!s 

----------·-····----····----···-···-----· I . 
Key Field Se~ment Sizes 

(K$S!Z0•K!SIZ7' 

1----------------····-·--·-··-----------1tev Name Str11"1c:l 
(32 Bytes) 

1-----------~--------------------------·· First Oata Buccet 
1--

__ , 

K$POS 

l<$SIZ 

K$LOV8 
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Poi Mt er 

1-·-~·-···------····--------------------·-' 
I 
I 

SJ'al"e (14 Bytes) I 
I 

1---------------------------------------1 I MaxrArea # I VBN O~ 1st Area IP$AV8N 

1---------------------------------------Start VBN of 1st Data Bucket 

Crelat~ve ~ile OMlv) --
1---··-----~---·-~---·--·-·······-····--

P$0V8~ 

~eximum Record P$LMRN , __ --
I Number 

----------------------------------····· Relative File EOF VBN -- --. - . 
(Last Initialized VBN •Zeroed) 

•••••••····~····•••••••••••••••••••••••I 
Prolo~ue Versf on Number 

·---~----------------------------------1 I 
I Scare (3q2 Bytes) I 

I 

1---------------------------------------1 I 81oclc. Cheelcsum ( 
I Byte Offset 510 
l•••••••••••••••••••••••··~··•••••••••••I 

7.3.2 Alternate Kev Prolo9ue Blocks• 

AlterMate lcey prolo~ue blocks are chained tooether 
the K$NLVB i~~ld o~ the . lcev d~seri=tors Csee 
7.2.1.1). Five alternate kev descri~tors can fit in 

7.3.3 ~rea Deseri~tor Prologue Blocks ~ 

PSLEOF 

P$VERN 

t h1"oug"' 
Section 
a VBN, 

The Indexed file oroaniiation reauires a methoa of alloeat• 
i~g tne v1rtua1 blocks of the file to the variows usa~es 
within t~e file Ce.~., Index buckets and Data bue~ets). The 
strueture whien a1lo~s this v~rtual block a11oeatieM ~anaae• 
m~Mt is the Area Oeser;ptor; The Indexed fi1e suPcorts mul• 
tic1e allocation areas to achieve the fo11ow4ng user file 
design eaoabi11t1esi 

1. Different bucket s~zes between the 
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and associated data buckets. 

2. Different indew and data bucket sizes on a oer kev 
basis. 

3. Allocation pla~ement control for the various e1e• 
ments of the fite. 

EiQht area descriptor can be contained in a virtual block, 
and all the area deseriotor orologue b1ocks ~re virtuallv 
contiQuous (see Sections 7.2.1.26 and 7.2.1.27 for more de~ 
tails>. 

7.3.3.1 Soare 1 Bvte • 

7.3.3.2 A$FLG 1 bvte • Flags (not used) 

7.3.3.3 A$A!D 1 Bvte • Area Number (0 • 254) 

This bvte contains the Ar,a•s nu~ber and is. used 
as a redundancy check since all area deser;otors 
are located at ~ ii~ed relative oosition to the 
start of the Area Descriptor oroloque blocks. 

' 

7.3.3.4 A$BKZ l Byte• Bucket Sile ~or Area 

Th~s field contains the ereas•s bueket size in 
b1o;ks C1•32J wh~eh ~s the granularity o~ al lo• 
cation. 

7.3.3.S A$VOL 2 Byt• • Relati~e Vclume Numher" 

Hds field i;:ol'ltains t!o!e· l"elative volume nurr.ber f.o,. 
tMe la~t file e~tend for this area ~hen clacemel'lt 
control was reouested. 
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' . 
This field contains the a11ocation a1ign~ent used 
for th~ last +ile extend ~or th~s area, 

Legal values for th~s field are: 

0 
l<8$CYL 
X8$LBN 
X8$VBN 
XB$RFI 

g1a~e~ent co~tro1 not reouested 
cytinder alignment (not imo1emented) 
19qical block alignment 
virtual block aliQnment 
allocate close to related i~1e 
by F!D (not imolemented) 

7.3.3.7 A$AOP 1 Bvte • Ali~nment Qetions 

This field contains oetion bits to auaJify the 
AiALN ~ield. Le9al values are as fo11ow~: 

XB$HRD 

XB$CTG 

Ali9nment is absolu~e and fail if not 
available (note: illegal for X8~V8N or 
XB$RFI al~Qnmentl. 

A11oeat4on is to be contfQuous, 

7,3.3.B A$AVL a Byte~• Avai1ab1• (Returned) Buckets 
. - . - . ~- , . 

Thi$ field contains_ the 32 bit VB~ of the first 
ayai1able buck!t in a chain (1~~ked through the 
fir$t 4 ~ytes of the bucket) of bucket.s. T~is 
chain of buckets would be the result.of returnin~ 
buckets back to.the area, The returning of buck• 
ets is not currently su~oorted by RMS so that the 
only legal value ~or th~~ field is zero (0)~ 

7.3.3.9 A$CVB 4 Bytes • St~rt VBN ior Current Extent 

Thts field conta~ns the•32 b~t start VBN for the 
current extent. ·The current extent is t~e extent 
fro~ w~ich bue~ets ~111 be allocated. 
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7.3.3.1~ A$CNB Q 8vtes •Number of blocks in Current Extent 

This field contains the number of b1oeks that were 
allocated to this current e~tent. The eo~b~nat~on 
oi ASCVB and A$CNB deaer~bes in v~rtual block 
ter~s the result of the file ewtend o~eration for 
the current extent. 

7.3.3.11 A$NUS 4 Bvtes •~umber of blocks used 

This field eont~ins the number of blocks that have 
been allocated from the current e•tent. 

7.3.3.12 A$~V9 4 Bvtes • Next VSN to Us& 
~ . . _, 

This field contains the 32 bit V8N to use for the 
start VBN of the next bucket e11ocat~d fro~ the 
current extent. 

7.3.3.13 A!NXT 4 5vtes •Start VBN for Next Extent 

This 1;eld contains 'tne 32 bit start VBN for the 
ne~t e~tent. When the current extent is used u~ 
the next extent is ~ade the eurrent·extent and the 
next extent descr~~t4on ~s zeroed. The aree can 
onlv be ex~ended when the next extent descr1otion 
is zero. 

7.3.3.14 A$X8Y 4 Avtes • Number of blocks i" Next Extent 

This fiel.d contains the number of blocks that were 
a!1oeated to th~s next extent. Thie eomb~nation 
of A$NXT and A$X8Y describes in v4rtua1 block 
terms the result oi the i~le exte~d operat~on ~or 
the next e•tent, 

7.3.3.15 A$0E~ 2 Bvtes • Defau1t Extend Quant;ty 

Th;s field contains the user soeetfied default 
ftle extend ouantity to be used ~Menever the area 
is to_be extended bv R~S. A value-of 0 means use 
t~e file's OEQ. However, in no case will less 
than one buc~et size fer this area be re~uested. 
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7.3.3.16 Reserved 2 8ytes • 

7.3.3.17 ~$LOC 4 Bvtes •Start LBN on Vo1ume 

T~is ~~eld eonta~ns the start 1og~ea1 block number 
for the last evtent per1ormed for this area. 

7.3.3.18 A$RFI 6 Bytes• Related Ff le IO 

This f~eld contain the FIO of a related file for 
Hie X8$RFI allocation aliQ!"merit .CA$ALN) (Mot im• 
i:ilemented) 

7.3.3.1Q Soares 12 Bvtes • 

7.3.3.20 AtC~C 2 Bvtes • Checksum 

Th~s f~eld ~s a dummy f~eld to ~ad out the erea 
· deeriPtor to 64 bytes. This also all~ws the stan• 
dard Fi1es•11 checksum to be stored in the last 
word o~ the Area Deseri~tor Pro1o~ue block. 



7.3.3.21 

.A$FLG 

AiBKZ 

Al"P.a Descl"iotor ·Layout • 

1---------------------------------------1 Flaos I 
1---~·-·-····•••••••••••••••••••••••••••I 

Bucket Size Al"'ea Number 

1---------------------------------------1 Relative Volume Numbe,. 
l•••••••••••••••••··~······-·····~···•••I 

Ali9!"1 OotiO!"IS 

--------------~------------------------Ava nab] e Bucket 
List 

---------------------------------------Start V8N For 
CurreMt Extel"'lt. 

---------------------·----·-·····------Number Of V8N's In 
Current Extent 

------------------~--------------------1 Number Of VSN's Used 
IM Curl"ent ExteMt 

1--------------~------------~---·~------1 Next VBN To.Use For 
Current E)(tent 

l•••••••••••••••••••••••••••••••••••••••I 
St a l"'t 

Next 
VB~ For 
Exte!'lt 

1------------------------~--------------1 ~umber Of VBN's IM 
Next Extel"'ld 

1-----------~-----------------~---------1 ~efau1t Extend Quantity 
1••••••••••••••••••••••··~··••••••••••••1 

1---------------------·-······---------· Start LBN For Last 
Exte~d For Th.is Area 

1------------·--·~----------------·-----Fil e IO Fo,. 
Related File Fol" 

File ExteMds 

1-------------------------------~-------
Soares 

(12 r:tvtes) 

1--------------·····--------------------1 Dummy Field To A11o~ Block Chec~sum 
1---------------------------------------1 

A$AID 

A$VOL 

A$ALN 

.UAVL 

AiCV8 

.A$NUS 

A$NVB 

A$NXT 

A$XBV 

ASDEQ 

A$LOC 

A$RFI 
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1.a Requentia1 F;1e Format 

Tke RMS Sequential file is eo~~atible with the FCS Fi.ed and 
Variable len~th rec~rd f~les. Plea~e ~efer to Section &.2 
throuoh 6.2.3. The RMS variable w~th F~x Control record 
for~at is a oeneralization of the Seoueneed Varialbe Len9th 
Records o~ FCS (Section 6.2.3) in that the fixed control 
area Calwavs 2 bvtes ior FCS) can be var~ed between 1 to 255 
bvtes, 

7.5 PP.1ative Ff le Format 

The Qelative ff le eurrentlv uses virtu~l block one C1) for 
its orologue, and starts its data buck&ts at ~irtua1 block 
2. Records are stored in t~xed le~~~h ce11s w~thfn u~~or• 
~ated buckets tno overhead bytes ~" bucket) startinq at bvte 
0 a~d oacked end to end C~.e., byte a1iQn~d), The virtual 
blocks w~th~n the relat~ve iile m~st be in~tialized Czeroe~) 
whe~ they are allocated to the file to su~oort deleted re• 
cord control. 

7.S.1 Relative' Fi"le Record Formats• 
' . . . 

Records are stored in fixed lenQth cells. The first bvte of 
each cell is a reeo,.d control bvte used to Provide deleted 
record control. The ~ollo~~nQ bits are def~"ed: 

DC$DEL record lias been deleted 
DC$REC record exists 

A value of~ ~nd~eates the cell has n~ver ~ontained a re• 
cord, 

The relat~ve ~~le su"~ort• var~able and var~ab1e with ~i~ed 
control 1en~t~ record uo to the ~eauired user s~ee~fied Ma•• 
imum Record Size (~RS), In these eases the reeo,.d control 
bvte ~s followed w•th a two byte binarv count o~ the bytes 
in the record (the count does noi ~nclude itself), If the 
ee11 size ·does not even1v divide the bucket size tl'1en the 
l"emafl'lil"I~ s'paee in ti'le bucket is dead sPece a!'ld tf'le next 're• 
cord il"I the file wi11 be stored in tl'te first cell of the 
ne-t bucket. In other words records never s~an bucket boun• 
dar4es, 
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1.s.1.1 Fi~ed Lengt~ Records• 

----------·---·-----------· ct!" 1 1ata Cmrs bytes) 

---------------------------
cell size= MRS+1 

1.s .. 1.2 

·-----~--------------····-·-··--·------I ctrl data (size bytes) 

---------------------------------------
ee11 size= HQS+3 

7.5.1.3 

---·------------------------··-------------··--··------··· ct I", size data Csize•fixed ctrl bvtes) 

~-~----------------····-·····-------····-·····-··--······· 

ce11 si,ze = MRS+fiiced c:tl"1 size+3 

7.6 Inde~ed File Format 

Tlile !l'ldeited Fi 1 e uses vh•tual. b1o~ks 1~. 2 
uo to and i"cludi"Q 84 as a ma)timum for 
curr~~t imolementat4on on the ?DP•11 wi11 
gue of t..,e following formsi 

and if neeessarv 
its pro1o~ue, The 
result in a ~ro1o• 

V8N 1 

V8i\J 2 

Single Kev 

l•••••••••••••••••••••••••••••I 
P!"imarv Key 
Deserictior1 

1-------------------------·-·· P$AVBft..i 

1--------------------------·-· 
1------------------~----------

1-----------------------------1 

----

I<••• 

• 



VSN 1 

VAN 2 

Area Oeseriotors r 
(Up To ~) For 

s i 1"'191 e I< e v 4 i s al 1 that 
can be used 

l··-·····------------·-···--•-1 

I•••••••••••••••••~•••••••••••• I 
!l"'lde>e ar'ld Data 

Buckets 

1----------~------------------1 

"'1ultiole Kev 

l••••••••••••••••••··-~····•••I 
Pri'!'l~l"Y Key 
Descril!'tor 

, ___ _ 

1-----~-----------------~----~1 P$AVBN 

1----··-·-------~---------~---1 
l••••••••••••••••••···~··•••••I 

L•••••••••••••••••••••••••••••I 
I<••• 

Uro To 5 Kev 
Oeserictors 

I 
I 
I 
I 

1-----------------------------1 Key S Oeseriotor I•••• 
I 

l•••••••••••••••••••••••••••••I I 
If more than S alternate keys 1 

VBN 3 

VB!'i P$AV8N 

I 
l•••••···~······~··•••••••••••I I 

Key Oeseriotors 
etc. 

I<••• 

1----~--·-···-----------------1 • 
• 
• 

1---·-------------~-----------1 Area Oeserietors 
8 Pe!" 81 oelc 

i----------·-····----·--------: 

PAGE'. 87 
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index end data bucket soace starts at: 

((P$AMAX/8(truneated))tP$AVBN) 

Aeeords are stored in formatted buckets Cbuekets have.overh• 
ead bytes) and are oaeked end to end Ci.e., bvte a1ignedl. 
The bucket format and. t~e varfous record formats are gf ven 
in the following sections. 

7.6.1 Index Structure• 

The Index is structured as a balanced tree. The nedes in 
the tree are buckets, end the nodes are serially aea~ched. 
The Index ncde contains index records as so~eiffed in Sec• 
tio,.,7.s.2.1, 

The bucket size is constant for index nodes. but mav be dif• 
+erer'lt than t~e Data buckets. The Data buckets are all the 
same size. 

Each level of the index is horizonta1y linked via the N'xt 
bucket cointers. The horizontal linking is circular ~fth 
the last bucket (noted b~ BCSLBK) cointinQ·baek to the first 
bucket. The Oata buckets for an ll"ldex mav be viewed as the 
data level Cset) of the index and are 1il"lked in the .same 
~a"ner as buckets in ~ny other level of the Index. Fi~u~e 
7•2 shows the structure of the Index. 

The key v•lue associated w~th ~nde~ r,cords (see Sect~~n 
7.S.2.1) js the highest or hi~hest ~ossi~1e key value in the 
bueket cointed to by the bucket ~ointer i"" the record. 

The ~asie search rule for an index search is to follow the 
f~rst ~ath ~or which the search key ~s eoual to or less than 
the key value stored fn the index record. 

7.6.1.1 Primarv Kev Index Structure• 

The orimarv key inrlex for a file is structured as stated f~ 
Section 1.s.0 above where the data level is comoosed of 
buckets whieh contain t~e User•s data records. The data 
buckets may also eo!"'lta1n ·RRV records. See Section 7.5,3 al"ld 
7.S.2.3 for details on RPV records. 



An alternate kev indev for a file is structured es stated i~ 
Section 7.S.0 above where the data lev•l is comcosed of 
buckets whfch conta~" poi~ter array r~eords as s~ec~f~ed . in 
Section 7,S.2.4. Therefore the.indices within the Indexed 
File Or~ani~at~on_have the same struciure, ~here only _the 
intercretation of the records within the data 1eve1 of an 
indev is different, 

7.6.2 Record Reference Vector CRRV) • 

~hen a record i~ inserted in an Indexed tile the r~cord is 
assigned a reference vector address and this address is 
stored in the data record in t~e re~ord co;nter field Cse~ 
S e e t ; o ,.. 7 • 5 • 2 • 2 ) • T h i s. a d d r e s s i s t h e i ,., i t i a 1 a d d r e s s - o 1 
the· record itself, ·~henever the record is moved the 
record's reference vector record is u~dated with its new ad• 
dress. The record, in turn, Points bee~ to its re1erence 
vector so that it can be ucdated if the record is moved 
aoain. The reference vector record is created when t~e re• 
cord is moved for ~he first time. Usfng this techniaue the 
worst ease t"dtrection for a record is keet at one, and we 
can ~lwavs ~ind the record via -its re~erenee vector address. 

T~e record po~nters used within the Indexed fi1e oroaniza• 
tion, and the RFA CReeord*s F~le Address) returned to the 
user ~n the RFA +~eld o~ the R~B are always the reeord*s 
reference vector address. 

T~e soace reouired for RRV Pointers in the data records of a 
file is r~ouired to ~nsure RF• addressinQ and alternate 
kevs. The ARV r~cords ar~ sto-red at the end of the data re• 
co·rds in the user data buckets. The use of RRV*s and seeon• 
dary .~ndiees ~s grach~~a11v shown in F~qure 7•3. 

The Inde•ed orqanization uses a. formatted bucket as its orf• 
~arv unit o4 seondarv storaqe. A bucket is composed of so~e 
number of virtual blocks in t~e ranQe of 1•32. and has a 
header sta~ti~g at bvte one of the bue~et. 

T~e Bucket is eomcos~d of tMree 1ogical areas, a Header 
a~ea, a Record storage area and a Free scaee area. 

~ac~ of these areas will be described i~ the sections that 
follow. 



Files-11 On•Oisk Structure 

T~e 9ueket ~eader area is co~oosed of a RAS data 
section, a bucket stora~e control section, and a 
structure link seet~on. The siz~ oi the bucket 
header is 14 bytes CS$BHD). 

7.6.3.1.1 8$CHK 1 8Yte • Cheek Bvte 

T~is is a one byte cheek character. Whenever a 
bucket ts wri,ten.the value in the cheek bvte is 
changed and eooied into the last bvte of the buck• 
et, Whenever a bucket is read the ehec~ byte fs 
c9moared to the copy for eoualitv. By this tech• 
nioue ha~dware ia~1ures durinq trans~er are de• 
teetable Ci.e., the BUS breaks ete,), 

7.6.l.1.2 ~$TAA 1 8vte •This Alloeat~on Area 

This field contains the allo~ation area number 
t~at thi~ bucket was allocated ~rom. 

7.6.3,1,3 eSAOR 2 8ytes • Bucket Address Samole 

This ~s a samo1e of the bucket's start va~ ad~ 
dress, and is eomDosed of the lo~ order 16 bits of 
H at address • . Th i s f f e l d i s w "" 4 t t e.r"I u c:> o,., , bu e lee t 
for~attinQ, and is ehec~ed whenever the bucket is 
l"ead ir"lto maf n memory. 

7.6.3.1.~ BSNSY 2 evtes • Ne~t •vailabl~ Byte 

This field coMtains tne bvte address relative to 
the atart of the bucket of th• first ~ree bvte ir"I 
the Free Storage Area of ,the buelcet, 

7.6.3.1.S B$NIO 1 Bvte • Ne~t Available IO 

This f1e1~ eontaiMs the ID number to use for the 
,.,ext record c1aeed in the bucket. 
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7.6.3.1.6 BSLID 1 Byte• L~st Avai1~b1e 10 

This fie1d contains the ID number of the 1ast ID 
in the eont~guous ran~e oi ID's soectfied bv th! 
contents of S$NID and 8$LID. ~hen the contents of 
8$NIO are greater than the contents of BSLID or is 
zero then there is no "next~ avai1ab1' ID. When 
this condition occurs the bucke~ is scanned to 
find the 1ar~est contiguous ranoe of unused ID's 
and BSNIO and 8$LIO are u~dated to describe that 
ranqe, 

This field contains the start VBN of the next 
bucket at this 1eve1 of the index.or data oarti• 
tion for the Indexed fi1e organization. This oo• 
inter a1wavs ~oints to a bucket of the same size. 

7.6.3.1.8 B$LEV 1 Bvte • Level Number for Bucket 

This field contains the level nu~ber relat~ve to 
the data 1eve1 ~or this bucket, in t~e i~dex. The 
Data level bucket' contain a 0, the lowest teve1 
buckets of the i"de~ contain a 1, the next level 
buckets Qoing towards the root contain a 2 etc. 

NOTE 

"Data_buck~ts" reier to the buckets whjeh 
eontatn the data records associated with 
the index. For the erimary i~dex these 
are the user data records, and for the al• 

. ternate fndex t~ese are system data re• 
cords which conta~n an array of oo1nters 
to user data reeoros. 

T~is is a bit encoded byte field and is used in 
the processinq of a bucket, The following bits 
~re defined ~or tne i"dexed +;le orqa~ization: 
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eCSLBK • last bucket in level 
6C$~0T • root buckft of index 

7.6.3.2 Reeord Storaqe Area • 

T~e reeord storage area ~tarts at the first byte 
after the bucket header ar~e, and ends at the bvte 
address stored in B$NBV minus one. The record 
structures i~ buckets vary with the use of the 
bucket. Section 7.5~2 soee~f~es the var~ous re• 
cord structures used. 

7.6.3.3 Free Storaqe Area • 

The free stora9e area starts at the byte address 
stored_ in 8$N8V and uo ~o the cheek byte eoov. in 
the bucket. Any and all free storage statistics 
refer to this contiquous free storaqe area. 
Ho~ever ~t is oossible due to "~~st" record dele• 
t~ons to have "free" s~aee w~thin the rec6rd sto• 
raQe area of the bucket. The reeJai~inq of this 
s=aee is done on an as needed ~asis. 

7.6~3.4 S$BHD 14 Bytes • Size of Meader Area 

This symbol re~resents tne size of the bucket 
fo\eader a!"ea. 

7.o.3.5 Bucket Fo!"mat Layout • 

6$TAA 

6SLID 

8$BC8 

l•••••••••••••••••••••••••••••••••••••••I 
I This A!"ea I Cheek 9yte I BSCHK 

t-----------------·-·----··-·-·····-----1 
.1 Bucket Address Samo1e 6$AOR 

1--------------------------·--·---·-----1 Next Available 8vte 8$NBY 
1------------·-···--····---------------·f 
I Last ID I Next ID ~$NIO 

1------------~----·------~-------------•1 
Next Bueket·Po•~ter 

(Start: V8N) 

1------------·-·------------------------1 
8C8 L.eve1 

t--·--------------·----····-··-----~----t 
81LEV 
S~8~0 
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Record Storage 
Area 

PAGE 'q3 

t•••••••••••••••••••••••••••••••••••••••I eCB$N8V) 

Free Seace 
A!"ea 

l•••••••••••••••••••I 
I Cheek Byte Cooy 

1-------------------1-~-----------------1 

TMe following record stl"uetures aoo1y to the Indexed file 
o,.qaf'lizat;on. 

7.6.4.1 Index bucket record• 

1••••••••••••1 
I I I 
I IRCB I PS I 1 Byte 
I I I 
, .............. 1 

Au~ket 
Pointer 

1------------1 
I 

,., Bvt es 

Key Value I ~ Bytes 
I 

1••••••••••••1 

IRCB ce,.,tains Inde~ Recol"d .Control Sits 

The ~ollowin~ bits are deii!"led in the IRC8 byte: 

IC$KCP 

IC$fMP 

C~mpressed kev value (!"lot currently de• 
firieci). 

Pointer to emotv bucket. 

PS is the Pointer size as fo11o~s: 

0 = 2 bvte bucket ootnter 
1 = 3 bvte bucket oo1Mter 
2 = 4 ~vte bucket co;~ter 



• 
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3 = uMde f; Med 

7.6.A.2 General Data Bucket Reeord • 

1---------·-··f I DRCB I PS 1 Byte 
t•••••••••••••I 

ID 1 Byte 
f···-···------t 
I 
I Record 

PoiMter 

i------------~t I · Size No Size If Fixed Len~th Data , _____________ , 
I 

Data ·1 M Bytes 
I M = Size or Fixed Length 

1--------------1 
DPCB eontains Data Qeeord Control Bits 

The following bits are defined in the DRCS bvtet 

DC5DEL 

DC$?RV 

DC$NPS 

OC$1<DL 

Record deleted, or coil"lter to oeleted 
l"eeord, 

Record reference vector record. 
. . 

No ~ointer size ffeld oresent Coualifies 
PS) 

Pointer to record for this key MO lon~er 
eeplies $UPDATE changed. the key, but re• 
cord exists: note tD wi11 be zeroed on 
all svstems start~ng wit~ Release l Ol"I 

RSX•11~ V3, 

Do not eomoress this deleted reeord. 

PS is the eointer size for the Record oointer as 
follows: 

~ - 3 byte ,.eeol"d OOil'\ter -
1 = /J bvte reeo,.d ooiriter 
2 = s byte r-eco rd ~Oil'lter 

3 - uMdefined -
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7.6~4.3 RRV Records • 
- . 

;:( e e o ,. d R e f e I". e !"\ e e V e e t'o ,. C R R V ) r ta. c 9 r d s a !" e _ ,. e c o ,. d s w h i e Pl 
ooint to t,,e record associated with the roeferenee vector. 
They ~unction as "forwardinq addresses" for the actual re• 
cords when thev are moved. 

The format is as fo11ows: 

1---------··J 
l ORCB I ?S I 

t-·---------1 
ID 

1-----------1 Recol"d 
Pointe,. , ___________ , 

where the OCSRRV bit is set in the DRCB fte1d. 

7.6.4.4 Deleted RRV Records • 

T~e RRV roeeorod for a deleted record can b~ as small ~s the 
first two bvtes of the RRV roeeord. In this ease the follow• 
ing DRC8 bits are set: 

DC$RRV 
.OC$NPS 
OC$DEL 

7.6,ll.S Secondary (OI" alterriate) !f"ldex Data - Record CSIDR) 
for which du~licate keys are allowed• 

The data reeo,.ds associated with an alternate i~de~ •re_ oo• 
inter arrays to the users data records. The for~at of the 
l"eeol"d is as follows: 

- --- . l··------~----·-···-·1 
ORC8 I ?S I 1 Byte 

r--------···--·-·····t 
Oata Record ID t Bvte 

'··-----~------------1 
Duo1 ieate Courit 

:--------------------: Overl'lead Size 2 Bvtes - - . -. 
, ____________________ , 
I ' . l(ey Value M Bytes 

1--------------------1 



Data 
0,, 

SIQR Record X Bvte 
Po.inter t:t 
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?oi!"ltel' 
Arl"aY 

Reeo,rd 1-------~------------1 I 
I 

Sir;>R Record 
?oi!"lter ~2 

l••••••••••••••••••••I 
I I 
I a I 

• I 
• I 

. t••••••••••••••••••••I 
I 

' I 
! 

SIDR Reeorod 
Poi!"'!ter #K 

Y Bvtes reeorod 

Z 9ytes 

. --. - 1------~-------------1 
F~e1ds ~ith~n the ~ointer arorav record: 

PS 

DRCB 

This field contains the size of the duolieate 
count ffe1d as ~o1lows 

t'l --
1 --
2 : 
3 = 
Bits 

3 bvt.es 
4 bvtes **THIS IS THE ONLY VALUE USED** 
s bvt~s 
Ul"lde fined 

used f 0,. ~oil"lter arr av records 

Ii th~s b~t is set then there. is no ~u· 
plicate eoul"lt field. Ttotis f s used fo,. 
all array contil'lu.etiol"ls records,· since 
the eou!"lt a~P1ies to the total arroav. 

7.&.4.b Seeo,.,darv Ca1ternate) Il"ldex Data Record• No Du~lf• 
eat.es • 

The data ,.eeororls associated with an alternate fl"ldex for 
w~ieh du~11cate ~ev values are not allowed is shown in Sec• 
tio,., 1.s.2.a exceot that the du~licate count iie1d ~s omit• 
ted CDC$~PS:1) and t~ere ~s only O!"le SIDR Record Poi"ter •. 

NOTE 

~hen a record ;s de1eted the ~o Ouolicates SID~ re• 
cord ;s comores~ed .01Jt of the secondary il'ldex•s data 
~ueket at the time of the delete. 
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7.o.a.7 SinR Record Pointers • 

The ~ormat of the record ~ointers used i,., Secondary Inde• 
Data Qecords ~s as io11ows: 

- -- - - --------~----Cvernead I DRCB I PS l 1 Bvte -- . -- -----------·-Record 
Pointer 
3•5 bytes 

Re~o,.d I N Sytes 
Pointe,. I 

I 

. - . --·----~-----·· 

DRCB bits used for SIDR record oointers: 

DC'Sl(DL Poir'!ter I-las beel"I deleted due to 
enan9e 0,., a $UPDATE qperatiol"'I. I'"' 
ease tlie IO cort;on of t !'le l"ee o rd 
inter w i , 1 . he zero. 

DC!OEL Qecord associated with th is i:lointer 
been deleted, 

lcev 
t., i s 

po• 

l'las 
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NOTES~ 

Fiqu,.e 7•2 

!l"ldeic St ructu,.e 

Poot 

--------------
Ki 
I 

•• 

--------···-·-
t------·---
: l·--------------1 VI vv 
-------------- ---·----------

IKab • • Ki I 
f ••• 

I 

-----·----·--- -------------911 ·; 

1----------------1 
• 
• 
• 

1---1 
I 
v 

• 
• 
• , ______ , 

I 
v 

----------·-·- ····----------· 
• • • • !<ab I ••• I 

I I 
r 
I •••• I Ki I 

I I 

-------------- ---·----------
, _________ _ 

I 
v 
-----·--------11< ab I 

l ••• !data! 
I I 

-------------· 
•••••• 

I 
v 

--------------Ki 
t ••••• 11atal 
I I I 

--------------

A11 buckets ii"! 
,.;o"t via !"!ext 

a level are lil"lliced horizo,.,ta11y from lP.H 
bucket ooi!"lters (see SPctio,., 7.S.1.t.7), 

to 
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CASE 1: 

CASE 2: 

Reeord Has Never Moved 

•••• Pointer In Seeondarv Index 
Po;roite,. Arrav 

v 

-----------------· PS <••• 

------------------ID 

------------------ User Data Record 
Reeord Pointer 

CRRVP) 
I••••• 
l 

------------------Oat a 

-----------------· 
RRVP = Reeoros Re~P.reMee 
Vector Po;nter 

Reeol"dHas Moved 

•••• PoiMter In Sec:ondarv !Mdex 
Pointer Array 

v 

DRCB PS I<••••••• 

------------------IO 

--------------··-· Record PoiMter I•••• 

-------------·-··· 
---------------------
v 

------·----------· .ORC8 PS 

------------·--·--ID 

----------------·· 

I 
I 
I 

Record Pointer I•••••••• 

Record ~efer~nee 
Vee tor 

CRRVP) User Oata Reeord 

---------------··-Data 

------------------
Fioure 7•3 

PRV Usac;le 

PAGE qq 
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(E~d of ODS2.RNO] 


