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The da·ta manageme nt f acilities of the Disk 
O perating System are provided by a group of 
routi nes that are col lectivel y  referred to 
as the input/output control s ystem ( IOCS ) . 
A distinction is made between two types of 
routi nes : 

1 .  P hys i ca l  roes - The physical I / O  rou­
t ines include d  in the s upervi sor . 

2 .  Logical roes - The logica l I/O routines 
l inked with the user ' s problem prog ram .  

P hysi ca l  roes i s  us ed b y  all programs run 
within the system. Its f unction is to 
s upervi se the exe cuti on of channel programs 
s uppl ied by the probl em program without 
r egard to the log ical content , f ormat , or 
organization of the data being read o r  
writt en . I t  incl udes faciliti es for : 

1 .  S ch eduling and qu eu ing I/O operat ions . 

2 .  Checking for and handling error condi­
t ions and oth er exceptional conditions 
r elated to in put/output devices . 

3. Handli ng I/O interruptions to ma intain 
maximum I /O s pe eds without burdening 
the us er ' s pr oblem prog ram .  

The logical roes rout ines arE! linked with 
a nd executed as a part of the user ' s prob­
l em program .  They provide an int erfa ce 
between the user' s fi le-processing routines 
a nd the physi ca l  IOCS routinE!S. Unl i ke 
physi ca l  IOCS , th e lQgica l  IOCS routines 
handl e log i ca l  da ta f il es .  F'ol lowing a re 
the two options the user has of includi ng 
these routines in his program.  

1 .  Ass embl ing th e rout ines with his source 
programs , usi ng the appropriate LIOCS 
macro instructions . 

2 .  K eeping a s el ected group of LIOCS 
o bj ect modules ( modul es and DTF ' s )  in 
t he Relocatable Library f'rom where they 
will be called by the Linkage Editor 
when unresolved EXTRN s tatements are 
e ncounter ed when the us er ' s program i s  
e dited . 

D e pending on the def ined attributes of 
t he f il e ,  the logical IOCS routines p er form 
the f ol lowing f un ctions wherE! applica bl e .  

1 .  R eques ting ( o f  phys ical IOC S )  exe cution 
of appropriat e channel programs . 
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2 .  Handling end-of-file and end- of-volume 
conditions . 

3 .  Blocking and deblocki ng of records . 

4 .  Switching between I/O areas when two 
areas are s peci f i ed f or a f il e  ( except 
when combined f iles are s peci f i ed ) . 

PHYSICAL IOCS 

All I/O operations are perf orme d by the 
phys ical roes routines included within the 
disk operating s ystem supervi s o r .  The main 
element of phys ical IOCS is the channel 
s cheduler.  This routine is entered through 
a supervisor call ( SVC ) i ns truction . The 
SVC may be issued by the us er ' s program 
( as s embl ed from an EXCP ma cro i nstruction) , 
by a logical IOCS routine f or the user ' s 
program, or by any of the other routi nes of 
the control program . In a l l  ca ses , the 
routi ne i s sui ng the s vc s upplies a command 
control block ( CCB) which indicates the I/O 
device to be operated ( se e  Symbolic Device 
Addres sing> and the location of a channel 
program ( one or more channel command words 
- CCw' s )  to be executed . The CCB is also 
us ed to indicate the error options selected 
by the user and , at the complet ion of the 
operati on , to indicate any exceptional 
ending conditions . 

Phys i cal IOCS determines the channel for 
which the request was made and places the 
CCB on a queue for that channel . I f  the 
channel and device are not bus y ,  the I/O 
operation is start ed and control is 
returned to the next instruction in the 
problem prog ram .  I f  t h e  channe l o r  device 
is busy ,  the I/O request is placed in the 
channel queue and control i s  returned to 
the next i nstruction in the pro blem pro­
gram. When the channel and device become 
f re e ,  a s  the result of I/O interruption 
process ing , the operation i s  start ed.  
Channel queuing is di s cus sed further under 
Symbol i c  D evi ce Addressin�. 

The problem program wi ll be interrupted 
when the I/O operation is compl et e .  This 
is indicated either by the completion of 
the channel operation ( channel end) or the 
completion of the device operat ion ( device 
end ) . The se occur simultaneous ly f or many 
I/O operations . Phys i cal roes checks f or 
exceptional ending conditions a nd posts , in 
the CCB , an indication of any detecte d .  I f  
I /0 errors a r e  detected , physical I OCS wi ll 
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r etry i f  the error is of a type that can 
possi bly be corre cted . I f  errors cannot be 
cor re cted in th is manner , the request ing 
routi ne is noti fied by a flag in the CCB ,  
o r  the ope.rator is noti f i ed by a message . 

SYMBOLI C DEVI CE �DDRE SS ING 

The physi ca l roes routines are designed to 
a llow a program to re f e r  to I /O devices by 
symbo lic names. This allows data f i l es to 
be processed from one physi cal device dur­
i ng one run a nd f rom another devi ce dur ing 
the next without modi fying the program. 
T he symbolic name use d in the CCB ref ers to 
a l og ical-unit bl ock ( LUB ) •. The LUB in 
turn points to a physical-unit block ( PUB ) 
that contains the physi cal address of the 
d evice and ot he r  information needed by 
physi cal roes. 

The physi cal unit to whi ch a symbo li c 
name points can be changed between job 
steps by the ma ch ine operator or the prob­
l em prog rammer vi a job- control statements . 
The LUB table i s  arrang ed in a f i xed log i­
cal sequence ,  a ll owing the la nguage tran­
slators to equate the symbol i c  device names 
to di splacement f actors pointing to the 
pro pe r LUB . The PUB ta ble , on the other 
hand , is a rranged in an order determi ned by 
the channel to wh ich ea ch devi ce is 
attached . This sequencing allows the chan­
n el schedul er to determine quickly whether 
a n  I/O operat ion can be started when 
r equested , or whe ther the request must be 
queue d .  A separate queue is mainta ined for 
each physical unit . 

On the multipl exor channel , the queuing 
opera tion can take account of whether a 
device operates i n  burst or multiplex mode 
a nd ,  if in mult i�lex mode , whether it is 
l ikely to lose information in an overrun 
condition . This is done by a specif i cation 
made at the t ime of system g eneration . 
This specificat ion al lows burst- mode dev�­
c es to be prese nt on the channel . Fo r 
exampl e ,  the 1285 , 1 2 8 7 , 1 4 42-N1 , 250 1 ,  and 
2 52 0- Bl are ove rrunable devices. If there 
a re no burst- mode devices specified on the 
multi plexor chann el ,  ea ch device can be 
consi dered to have a separate channel . 
Regardless of the number of operations 
a lr eady started on the channel , each new 
r equest is starte d as soon as the speci f i c  
d evice is ava ilable . I f  burst-mode d evices 
a re speci f i ed present , I/O requests f or 
burst-mode and overrunabl e devices are 
executed one at � time . Only those devices 
that operate in the multipl ex mode wi th no 
danger of overrun a re operated concurrently 
( without concern for other channe l 
opera tions > • 
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PHYSICAL IOCS MACRO I NSTRUCTI ONS 

A user ' s  problem program normal ly uses 
logical IOCS for f i le processing . Log ical 
roes, in turn , uses physi ca l roes to per­
f orm ac tua l  data transf ers. There are 
occasions , however , when a user ma y need to 
bypass the log ical roes routi nes to perform 
a particular I/O operation . Three macro 
instructi ons are provi ded to al low the user 
to communicate direct ly with ph ysi cal roes. 

CCB 

EXCP 

WAIT 

This ma cro instruction can be used 
to create a command control block . 

This macro instruction is converted 
to the proper svc instruct ion to 
request execut ion of a channel 
program . It supplies the location 
of the corresponding CC B .  

This ma cro instruc·tion i s  used to 
test a bit in the CCB to determine 
when an I/O operation has been 
completed . I f  the operation is not 
compl eted , the program yi elds con­
trol to the Supervisor until physi­
cal roes sets the bit to indicate 
completion of the operation . 

The EXCP macro i nstruction gives the 
programmer more freedom in cont roll ing 
devices than the logical roes macros yet 
EXCP retains many of the operat iona l advan­
tages of an operating system. The system 
provi des f or scheduling and queuing of I/O 
requests,  efficient use of ch�nne ls and 
devices ,  data protection, interruption 
procedures,  and error recogniti on and 
retry . To use physi cal roes, however , the 
programmer needs deta iled knowl edge of 
device control and system f unct ions . He 
must supply his own channel prog rams, using 
the CCW ( define channel command word} 
assembler instructi on statement . 

When the EXCP macro instruct ion is used, 
physi ca l roes knows nothing of the logical 
content or structure of the f i l es being 
a ccessed . It is possible , however , f or the 
user to make use of the protection f eatures 
of the system available through label proc­
essing . 

LABEL P ROCESS I NG 

All D�SD and tape label processing is per­
f ormed by routines included as a pe rmanent 
pa rt of the disk- resident system. La bel 
processi ng is perf ormed i n  response to OPEN 
and CLOSE macro instructi ons issued in the 
problem program. These macros are assem­
bled into linkages to logical roes routines 



that fetch the actual label- process ing 
routi nes i nto the trans ient area , f rom 
where they are executed .  A s pecial l ogical 
roes routine is available to allow la bels 
to be process ed o n  f i les that the user 
han dl es directly with physical I/O ma cros . 
The user incl ud es a DTFPH ( De fine The File 
f or �!!ys i cal roes > ma cro ins.truction in his 
program . The label process ing performed by 
t he routine i s  explai ned in the last part 
of this publi cati on . 

LOG ICAL IOCS 

Log ical roes cons ists of a number of 
l ogical- f i l e  acce s s ing routines that pro­
vide an inter fa ce between the user's proc­
ess ing function and physi cal roes . Thes e 
routi nes , cal led roes logic modul es , are 
executed in res pons e  to imperative ma cro 
i ns tructions in t he problem program . A 
number of s uch logic modules , each des igned 
to perform I/O operat ions on a pa rticular 
type of data file , are provided . Each 
log ic module is �eneral i z ed ,  us ing f i le­
d es cription i nf ormati on included in the 
user's program to pro cess any number of 
s pe ci fic f iles . 

I f  a s el ected group of LIOCS object 
modules has previ ously been assembled and 
cataloged to the Relo cata bl e  Library , the 
proper logic modu les are retrieved from the 
rel ocatabl e  l ibra ry and l inked with the 
user's program by the l inka ge editor . This 
e liminates the ne ed f or l engthy macro 
g eneration ea ch t ime a program is a s s em­
bled. I n  certa in cas es , the logic modul es 
can be ass embled along with the user's 
problem program and i ncluded in the s ame 
output object modul e .  

Logical roes o perates o n  logical data 
f il es that are de f ined as s uch in the 
user's program. It dif fers f rom phys ical 
roes in that phys ical roes knows only the 
l ocat ion of data being accessed and other 
i nf ormation about the physi cal I/O devi ce 
bei ng us ed. Logi cal roes , on the other 
hand,  uses s ome or a l l  of th'e fol lowi ng 
i nf ormation , depending on the specif i c  
l ogic modules use d .  

1 .  F'i le name 

2 .  l/0 devi ce t ype 

3. Organization s tructure 

4 .  Access met ho d  

5 .  Record f ormat and s i z e  

6 .  l/0 area s  ( n umber and location )  

I 

7 .  Location and s i ze of record identifi­
cation ( control>  f ie lds 

8 .  Labeling procedures 

9 .  Error options 

10. Other optiona l i nformati on 

The programmer includes s ome or a l l  of this 
i nf ormation as parameters in DrF ( define 
the f i l e )  macro ins tructions. His f i rst 
choice i s  among the f o l lowi ng DTF macro 
instructions* : 

DTFCN Qefine !he �il e  for fo!is ole 

DTFCD Define The �il e for CarD . 

DTFPR Q_efine !he Fil e  for PRi nter . 

DTFMT Def ine !he Fil e for �gnetic 
!ape . 

DTFPT Define The File for �a per �a pe 

DTFOR Define The �i le for Qptical 
Reader 

DTFMR Define !he Fil e for �gnetic 
geader 

DTFDl Defi ne The Fil e  for Qevi ce !nde-
pendence 

DTFSD Qefine !he �il e  for §.equential 
QASD . 

DTFDA Qef ine The File for Qi rect 
Access file:-

DTFIS Define The Fil e for Indexed 
§:equential fil e .  

*Note : An additional macro i ns truction , 
DTFSR , is avai lable to provi de the abi lity 
to assemble programs wri tten f or the disk­
resident vers ion of the Ba sic Operating 
System. In the Disk Operati ng Sys tem, 
this macro instruction is us ed to ca l l  the 
specif i c  macro instructi on corres pondi ng 
to any of the first s i x  DTF's listed 
above . The tables and logic modules 
generated are the same ones us ed for f il es 
def ined with the individua l DTF's listed 
above . DTFSR requires more time during 
program assembly and shoul d be us ed only 
to avoi d recoding programs written f or the 
Basic Operating System or Bas i c  Program­
ming Support . Thi s ma cro is des cr ibed 
along with the others in the Supervisor 
and I nput/Output Macros publication l isted 
on the cover of this publi cati on .  

Th� ba s i s  of choice f or the f ir st s even of 
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the preceding is obvi ous . DTFCN is used 
f or the 1052 Printer Keyboa rd . DTFCD is 
used for all card f il es , including input , 
out put , and combi ned f i l es < where a card is 
rea d  and then pun ched ) . DTFPR is used for 
a ll printer output files , DTFMT f or a ll 
magnetic tape f il es , DTFPT for a l l  paper 
tape files , DTFOR for all optical rea der 
f il es , and DTFMR for all ma gnetic reader 
f il es . 

Three of t he preceding macros : DTFSD , 
DTFDA , and DTFIS ,  are all us ed for f i les on 
direct-access s to rage devices . The c hoice 
of which of t hese s houl d be us ed for a 
s pe ci fic file i s  determined by the organi­
zation structure of the file and the proc­
ess ing sequence to be used.  The combina­
t ion of these two f actors def ines the 
a cc es s  method that shoul d  be us ed on the 
f il e .  

There are thre e access methods available 
within the Disk Opera ting S ys tem : 

1 .  S equential-Ac cess Method 

2 .  D irect-Ac cess Method 

3. I ndexed-Sequent ial-Access Method 

The s equential- ac cess method is used for 
f il es def ined by the following DTF's list-, ed:  DTFCD , DTFCN , DTFPR , DTFMT , DTFOR , 
D TFMR , DTFDI , DTFPT and DTFSD . The direct­
a cc es s  method is us ed for f il es def ined by 
DTFDA . The i ndexed-s equential access 
method is used fo r f i les def ined by DTFI S . 
Log ical roes incl udes a.number of routi nes 
to load indexed-s equentia l f i les , add 
records , and provide sequential and/or 
random retrieva l .  Thes e routines are much 
more than an access method, and are 
ref erred to a s  the indexed- s equential-f ile 
manag ement system ( ISFMS ) . 

The DTF ma cro instructions create con­
s tants ca l led DTF tables . Thes e tables 
conta in all of th e information nece ss ary 
f or the general�z ed l ogic modules to proc­
ess the s peci fi c f i le defined . They 
i nclude the C CB's ( command control bl ocks , 
d is cussed under �hys i cal roes > and either 
i nc lude or reference the channel prog rams 
to be used . Also produced during a ss embly 
of these tabl es are ref erences to the pro­
per l ogic modul es . T he l inkage editor us es 
these ref erences to res olve the l inka ges 
betwe en the tables and the modules . 

.The macro defi nitions , when received 
f rom IBM , include compl ete capabi lity f or 
g enerating a l l  options that might be 
s el ected . The us er can ass emble a number 
of individual modules , ea ch with only those 
capabiliti es needed f or s pecif ic appl ica­
t ions . Not e ,  however , that the assembl ed 
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routi nes are still genera lized and can be 
us ed f or a large number of di f f erent f i les . 

DEVICE INDEPENDENT SEQUENTIAL FILE 
PROCES SING FOR SYSTEM UNITS 

Def ine The Fi le For Device Independence 
(DTFDI) -system uni ts- and the Q.evice fnde­
pendent MODule ( DIMOD ) are IOCS f i le defi­
nition macros t hat provide devi ce­
independent sequential f i le processing for 
system units SYSRDR , SYSIP1� ,  SYSPeH , and 
SYSLST . 

The physical device ca n be assigned at 
executi on time , allowing data f iles to be 
processed by the phys ical device the us er 
prefers at that time . For exampl e ,  when 
the devi ce- independent maci:o is used in the 
program , at execution time the system 
logical unit SYSRDR could be ass igned to a 
card reader , magnet ic tape , or a disk 
extent . This can be particular ly advanta­
geous to the us er when one phys ical device 
is temporarily inoperative , enabling him to 
proces s  on another device . The us er's 
program need not be modif ied. The us er's 
program ,  however , must be reass embled with 
the new DTFDI/DIMOD macros to obtain devi ce 
independent capabilities for system units . 

These macros are des cr ibed i n  the Super­
vi sor and Input/Output Ma cros publi cation 
listed on the front cover of this publ ica­
tion. 

DATA FILES 

Many types of data f i les are us ed in data 
proces s ing appl icat ions . Theor etically , 
there i s  no restricti on on the logi cal 
content of information that. can be proc­
essed , on the relat ionshi p of vari ous units 
of inf ormation in the f i l e ,  on the organi­
zation , or format . Physi ca l roes knows 
nothing of these aspects of f i l es process ed 
with the EXeP l evel of ma cro instruction. 
As long a s  the user's program includes the 
necessary cha nnel programs and proces s i ng 
cap.abi l ity , the onl y  restrictions impos ed 
are those made by the physical device 
its elf . Logical roes , on the other hand , 
is concerned with more than the phys i cal 
device and the phys ical uni t of recorded 
i nformation . Files def ined to logical roes 
are ca lled logical f i les . They are named , 
organi zed col lections of lc�£�lly- re l�teg 
data . Depending on the facilit ies to be 
provi ded by logical roes, files may be 
res tri cted only to a maximum s i ze or they 
may be required to be completely f i xed wi th 
regard to s i z e ,  format , log ical s equence ,  
and , t o  a limited degree , logical content . 



The fol lowing sections discuss logica l 
record formats that can be processed with 
v arious parts of logica l  IOCS . Then fol low 
three ma j or sections that describe the 
t hree access methods available and the 
specific file con figurations handled by 
each . 

Logical Records 

A data file is ma de up of a col lection of 
l ogical records t hat have some relation to 
one another . The logical record is the 
basic unit of information for a data proc­
essing program .  A logica l record might be , 
for example , one empl oyee ' s  record in a 
master payroll fi le , or one part- number 
record in an inventory file . Much data 
processing consis ts of reading , processing , 
and writing individua l logica l records. 

Recor9 B lock.:ing 

Blocking of records is the process of 
grouping a nurr�er of logica l records before 
writing them on an external storage device. 
such a grouping o f  logica l records is 
cal led a block . Blocking improves effec­
tive data rate and conserves storage space 
on the device by reducing the number of 
interrecord gaps in the file . Blocking 
usually increases processing efficiency by 
reducing the number of input/output opera ­
tions required to process a file .  

Logical Record 

Blocked Records 

o����� ��� i:'.:':��� 
- - - - - - - - - - - - Fix ed L ength - - - -- - - - - - - - - - -

Unblocked Records 

r---- Logical Record 
L__ _____ ____, 

- - - - - - - - Fix ed L ength - - - - - - - - - - - - - -

Figure 1 .  Format F Records 

Record Formats 

Logical records may be in one of three 
formats : fixed- length (format F) , variable­
length (format V) , or undefined (format U ) . 

The record format and whether or not the 
file is blocked are specified in the DrF 
macro instruction used to define the file. 

The prime consideration in the selection 
of a record format is the nature of the 
file .. itsel f .  The programmer knows the type 
of input his program will receive and the 
type of output it wil l  produce . His 
selection of a record format is based on 
this knowledge , as wel l  as an understanding 
of the type of input/output devices on 
which the file is written and of the access 
method used to read or write the file . 

FIXED- LENGTH (FORMAT F) : Format F records 
are fixed- length records. The number of 
logica l records within a bl ock (blocking 
factor> is norma lly constant for every 
block in the file unless the bl ock is trun­
cated (short block) . 

In unblocked format F, the logical 
record constitutes the bl ock. 

The system performs physica l length 
checking on blocked forma t F records, auto­
matica lly making a llowance for truncated 
blocks . Because the channel and interrup­
tion system can be used to accommodate 
length checking , and the 
blocking/deblocking is based on a constant. 
record length , format F records can be 
processed by logica l IOCS faster than for­
mat V.  

Format F records are shown in 
The optiona l control character , 
ed by C in Figure 1 ,  is used for 
selection and carriage control . 
included in each logica l record . 

Figure 1 .  
represent:­
stacker 
It may be 

VARIABLE- LENGTH (FORMAT V) : Format V pro-­
vides for variable- length records , each of 
which describes its own length ,  and for 
variable- length records in variable- length 
blocks , each of which includes a block 
length.  The system performs length check­
ing of the block and makes use of the 
record length information in deblocking and 
blocking . Format V records are shown in 
Figure 2 .  The first four characters of the 
l ogica l record contain control information; 
" 1 1" represents the length of the logical 
record and ' bb '  represents two characters 
reserved for system use . These characters 
must be provided by the user when he is 
creating the record . An optional control 
character , represented by c in Fig�re 2 ,  
may be specified as the fifth character of 
each logica l record. 
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_
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ec

_

o
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__ 
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Figur e  2 .  Format V Records 

In blocked f ormat V, ' LL' represents the 
block length and ' bb'  r epres ents the two 
c ha racters reserv ed f or system us e .  Thes e 
cha ra cters a r e  automatically provided when 
t he f ile is writt en . Although thes e four 
cha ra cters do not appear in the logical 
r ecor d  furni s hed the user , input and output 
a reas mus t  be l arqe enough to a ccommodate 
t hem. 

In unblocked f ormat V, the log ical 
r ecord and the bl ock control informat ion 
const itute the bl ock . 

The initia l fo ur cha ra cters ( f ive if the 
opt ional cont rol char acter is s pecif i ed )  of 
t he block are not pri nted or punched . 

UNDEFINED ( FORMAT U ) : Format U is provided 
to pe rmit the pro cess ing of any blocks that 
do not conform to the F or v formats . For­
mat u records are s hown in Figure 3. The 
o pt ional control character may be used in 
each logical reco rd . 

Si nce each blo ck i s  treated as a l ogical 
r ecord ( unblo cked ) , any deblocking must be 
p er formed by the problem program. 

Logical Record �...._ __ _____ 
Data·��������=-]--, 

Format U Record 

Logical Record 

Figur e  3. Format u Records 

Control Cha ra ct er 

J 

The programmer may optional l y  s pecify , in 
t he DTF macro-instruction , that a control 
chara ct er pre cedes ea ch l ogical r ecord in a 
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f i l e .  This character s pecif ies carriage 
control when the f i le i s  printed or s tacker 
selection when the f i le is punche d .  The 
character itself is never pri nt ed or 
punched but is a part of the record in 
storage . I/O area s mus t  be l arge enoug h to 
accommodate this characte r .  If the immedi­
ate destination of the record is a device 
that does not recogni ze this control char­
acter , e . g . , di s k ,  the system a s s umes that 
the control character is the f i rst charac­
ter of the data . 

If the desti nation of a record i s  a 
printer or a punch and the us er ha s not 
speci f i ed that the f i rst character of the 
record i s  to be us ed as a control chara c­
ter , this chara cter i s  simply t reated as 
the f i rst chara cter of the data . 

SEQUENTIAL-ACCESS METHOD 

The sequentia l-access method a l lows the 
programmer to s tore a nd ret ri eve the 
records of a sequential f ile. The method 
can be us ed for card , pri nt er , printer­
keyboa rd , magnetic ta pe , optical reader , 
magneti c  reader , paper tape , and DASD 
f iles . The logica l IOCS routines used are 
linked with the use r ' s  program as the 
result of his use of one of the fol lowi ng 
f i l e-description ma cro inst ruct ions: 

DTFCN - Console ( Printer Keyboa rd) 

DTFCD - Ca rd 

DTFPR - Printer 

DTFMT - Magnetic Tape 

DTFPT - Paper Tape 

DTFOR - Optical Reader 

DTFMR - Magneti c Reader 

DTFDI - Device Independence 

DTFSD - Sequential DASD 

DTFSR - S erial 

The sequential-access method provi des 
two levels of I/O macro i ns truction lan­
guage . The mos t  common i s  the GET- PUT 
level , f or norma l i nput/output files . The 
READ- wRITE l evel is a mor e restricted lan­
guage , used in applications where records 
are to be a lternately read and written from 
and to DASD or tape , used as a temporary 
extensi on of ma in s torage . The READ-wRI TE 
macro instructions are us ed for f i les 
defined a s  work f i l es . 



Dat a  Format- D evic�pe Relat.ionships 

The f ol lowing t ext dis cus ses data f ormat 
consi derations that a pply to spec i f i c  
i nput /output devi ce types supported b y  the 
s equential-access method .  Included a re 
d es cr iptions of a cc eptable data f orma ts f or 
pri nt er keyboard, card readers , punches , 
print ers , magneti c ta pe devices , pape r tape 
d evic es , opti ca l  readers , maqneti c  readers , 
a nd direct-access devices . 

C ON SOLE : Records can be read from or writ­
ien on the IBM 10 52 P ri nter- Keyboard in 
e ithe r  format F or u. No control chara c­
t ers are reco gniz ed . All records read or 
written must be 2 5 6 charact ers or les s .  
When keying i nformation in f rom the pri nter 
keyboard , the end of the record i s  indi cat­
ed by the end-of- block ( @ > character.  

CARD READERS AND PUNCHE S :  All card input 
mus t consist of f ixed- length unblocked (8 0 
cha ra cters or l es s )  r ecords . Card output 
can be any unbl ocked re cord format ( F ,  V,  
or U ) . When format V records are punched , 
the f our reco rd l ength characters in the 
out put area a re not punched . The control 
cha ra cter , if speci f i ed ,  is used for stack­
er se lect i on purpos es only;  it is not 
punched . 

Note : Log i ca l  roes a ccommodates only 
8 - bit charact er codes . Col umn binary cards 
cannot be process ed . 

O PTICAL READERS : Records can be read f rom 
bot h the I BM 12 8 5  and 1 2 8 7  Optical Reader 
in either format F or u. Format F is used 
when reading jour na l ta pes contai ning an 
equal number of chara ct ers per line . When 
the l ine length i s  variable , format u is 
us e d .  When proce ss ing documents , each 
f ie ld to be r ead by the 1 2 8 7  Optical Rea der 
can be treated as e ither format F or u. 
Thi s is possi ble be ca us e the us er provi des 
CCW ' s  to r ead the var ious f ields of a docu­
ment , and can s et the S LI flag bit to ON or 
OFF at his discretion . If the us er wis hes 
to avoi d certain roes regis ter genera ti ons 
( RECSIZ E and IOREG) , records can be def ined 
as fo rmat F .  

MAGNETI C CHARACTER READERS : Unde fine d  
records can be read f rom both the IBM 1 4 1 2  
and 141 9 Magnetic Cha ra cter Readers . 
Record definition i s  determined by th e 
s etti ngs of the field s election switches on 
the r eader . 

PRI NTERS : Th e printer accepts data of any 
s tandard unbl ocke d re cord format ( F ,  V, or 
U ) . �Yhen format V re cords are pr inted,  the 
recor d length cha racters in the output area 
a re not print ed . The control character, if 
s pe ci fied , is used for carriage control 
purpo ses only.  

Records to be printed must not exceed 
the length of a pri nt line . 

MAGNETIC TAPE : Al l standard bl ocked or 
unblocked record f ormats ( F ,  V, and U )  are 
a cceptable to magneti c tape , wh en using the 
GET-PUT macro l evel . The READ- WRITE l evel 
a llows only unblocked f ormats F and u .  All 
control bytes are transmitted . 7 - Track 
tapes not using the data- conversion f eature 
do not handle f ormat V .  

Multivolume Tape Processi� When more 
than one reel of tape is  us ed dur i ng the 
proces s i ng of a single f i le ( multivolume 
f ile), roes wi l l  automati ca lly switch to 
the alternate drive if one or more is s pec­
i f i ed in the ASSGN cards . The switching 
wi l l  be i n  the same order as the sequence 
of the ASSGN ca rds ; not by phys ica l  drive 
number . 

If more switching is needed and no more 
a s s ignments are ava i la ble , roes wi l l  switch 
back to the origina l  drive and begin going 
through the original sequence aga i n . 

If no a lternate drive is ass igned and 
the end of volume is reached, a mes sage 
wi l l  be written and the user ma y mount a 
new reel on the exi sting drive and continue 
proces s i ng . 

PAPER TAPE READER : Undef ined records ter­
minated by an end- of- record character , or 
f ixed- l ength unblocked records are accepta­
ble as input f rom paper tape when us ing the 
GET macro instruction .  

DIRECT- ACCESS DEVICES : All standard 
blocke�or unblocked record formats ( F ,  v, 
and U) a re accepta ble to di rect-access 
devices when us ing GET- PUT ma cro i nstruc­
tions . READ - WRITE a l lows only unblocked 
formats F and u. All control bytes are 
transmitted. 

All di rect-access devi ces ha ve the same 
track f ormat . Each track cons ists of con­
trol information , a track descriptor record 
(RO), and the records ( R� - Rn> · Record 
reading and wr iting always be�i ns with R� 
(RO is ignored) . 

!':!Q!=.§: R� has a special mea ni ng to IBH 
System/360 Operating System pro grams , where 
it may be either the f i rst comp lete data 
record on a tra ck ,  or the overf low port ion 
of a record f rom a preceding track. The 

I D i s k  Operating System doe s not support 
record overf low f or di rect access devices . 

When writing output fi les , roes gener­
ates the succes sive disk addres ses (count 
f ields ) and writes the us er ' s  record as the 
data field of the record . Files with key 
f ields ca nnot be read or written us ing the 
sequential-access method . 
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When OPENing � DASD file for consecutive 
processing, the user ma y define that th e 
f il e  us e only a specified portion of each 
cylinder . This portion must be within the 
hea d  limits f or the c yl inder and within the 
range of the defined extent l imits . For 
exa mple , three cy linders might be allocated 
f or two files; on e file to occupy the first 
two tracks of each cylinder and the other 
f il e  to occupy th e remaining tracks . This 
a ll ocation of �2!it �ylinders reduces 
a cces s  time in some s pecializ ed applica­
t ions . S plit cyl inde r specif ication is l a ccomplis hed thro ugh the us e of the T ype 8 
EXTENT card (exp lained in the Sys tem 
Control and System Service P rograms pub li-
cation re ferenced on the front cove r )  . 

GET-PUT LEVEL SE�UENTIAL ACCESS 

GET-PUT ma cro ins tructions permit the pro­
g ra mmer to store and retrieve records of a 
s equentia l file without coding blocking/ 
aeblocking ro utin es .  The programmer ca n ,  
there for e ,  concentrate a l l  his ef forts on 
processing the da ta he reads and writes . 
Anoth er major f ea ture of thes e ma cro 
ins tructions is the ability to us e one or 
two I/O areas an:i to process records either 
in a work area or in the I/O area . These 
f actors are dis cuss ed in th e following 
s ection as they r elat e  to a chieving maximum 
ove rlap of proces sing with l/0 .  

S tora�Areas and Eff ective I/O overl� 

These routines ar e designed to provid e for 
overlapping t he physical trans f er of data 
with processing . The amount of overlapping 
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actua l l y  achieved ( effective over lap) is 
governed by the problem program through the 
assignment of I/O a reas and wor k areas . An 
I/O area is that ar ea of main s torage to or 
from-which a block of data is physically 
transf erred by the channe l scheduler and 
physica l roes routines . A WOE��rea is an 
a rea used for proce ssing an individua l 
logical record f rom the block of data . 

There are certain combinations of I/O 
areas and work area s that are pos sibl e .  
These are : 

1 .  One I/O area with no work area . 

2 .  One I/O area with a work area . 

3 .  Two I/0 areas with no work area . 

4 .  Two I/0 areas with a work area . 

In some ca ses , a larger blocking factor 
ma y improve proces sing spee,d more than the 
us e of either two I/O areas or a work area . 

Also,  certain devices are buf fered , 
increasing the pot entia l amount of overlap. 
Illustrations of thes e combinations for 
buf fered devices , unbuffered devices , 
blocked tape , and blocked DASD re cords 
fol low. Thes e illust rations re f l ect the 
principle of overlap proces sing and are not 
intended to indicate the exact amount of 
overlap possible with any s pecific I/O 
device . 

The ma ximum achievable overlap in Figure 
4 is the device time only.  The trans f e r  
time between I / O  area and buf fer is not 
overlapped .  I f  the next GET ( or PUT) is 
is sued prior to device- end, the data trans­
fer between I/O area and buf f er does not 
take place until device-end is reached . 



Processing 

Execute Data Transfer t Channel from Buffer 
Program to 1/0 Area Data Transfer from 1/0 Device to Buffer 

Issue Ne xt GET 

t 
laue GET 

r--Max .  Achievable Owdap---t 
Channel E:nd Device End 

0 --------- Time _... 

Processing 

Execute Data Transfer t 
Channel from 1/0 Area Issue Ne xt PUT 
Program to Buffer Duta Transfer from Buffer to 1/0 Device 

t ........
.............. t-Aax. Achievable Overlap�t 

PUT laue 
Channel E:nd Device End 

Figure 4 .  Over la p  of P rocess ing and I/O : One I/O Area and No work Area 
( Buf fered I/O Devi ce) 

The maximum achi evable ove!rlap in Figure 
5 is the tota l data t rans f er time ( the 
d evice time plus the time f or data trans f er 
between I/O a rea and buf f er > . I f  the next 
GET < or PUT ) is i ss ue d  after channe l- end 
but before devi ce- end , the trans f er of data 
between the work area and the I/O area can 
take place < even though phys i cal IOCS can­
not s tart the dat a trans f er between the 
d evice and the bu f f er until devi c e- end i s  
r ea ch ed) . Control transf ers to the probl em 
program . 

If the next GET (or PUT ) is issued 
bef ore channel- end ,  l og ical IOCS must wai t  
unt il channel-end t o  trans f er data between 
the work a rea and the I/O are�a . 

The maximum achievable overlap i n  Figure 
6 is the tota l data trans f er time ( the 
device time plus the time f or data transfer 
between I/O area and buf f er > . If the next 
GET ( or PUT) is issued after channel-end 
and before devi ce-e nd , only I/O a rea 
switchi ng occurs . control transf ers to the 
problem program but phys i cal I OCS does not 
start the device/buff er trans fer until 
device- end is  reached . 

If the next GET ( or PUT) . i s  issued 
bef ore channel- end , logical IOC S  must wait 
for channel- end bef ore perf ormi ng any 
actio n .  
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Data Transfer Execute 
from 1/0 Area Channel 
to Work Area Program 

l 
Issue GET 

Processing 

Data Transfer t 
from Buffer Issue Ne 
to 1/0 Area Data Transfer from 1/0 Device to Buffer 

I I--•-------ff--MI>x, Achlewble Ovedap--t 
Channe I End Device End 

xt GET 

0 ------- Time-

Data Transfer 
from Work Area 
to 1/0 Area 

f 
Issue PUT 

F igur e  5 .  

IOCS Points 

Execute 
Channel 
Program 

Processing 

Data Transfer 
from 1/0 Area Issue Ne 
to B uffer Data Transfer from Buffer to 1/0 Device 

1�-o�•-----�t---Max. Achlewble Ovedap --i 
Channel End Device End 

xt PUT 

overl ap of Process ing and I/O : One I/O �rea and One Work 
Area ( Buff ered I/O Device> 

Processing 

Execute Data Transfer 
to 1/0 Area A Channel from Buffer Issue Ne xt GET 

Program to 1/0 Area B Data Transfer from 1/0 DeviCe to Buffer 

I Channel End 

Issue GET �Maxl""'m Achievable Ovedap�lce End ' 

0 ---------------- Time---------� 

Figure 6. 

1 4  

IOCS Points 
to 1/0 Area B Processing 

Execute Data Transfer 
Channel from 1/0 Area Issue Ne xt PUT 
Program A to Buffer Data Transfer from Buffer to 1/0 Device .. 

I Channel End 

Issue PUT �Maximum Achie,.,ble Ovedap�ce End 

over lap of Proces s ing and I/0 : 
( Buf fe red I/O Devi ce> 

Two I/O �reas and No Work Area 



Th e max imum achievabl e  overlap in Fi gure 
7 ( as in Fig u res 5 and 6) is the tota l da ta 
t rans f er time ( the device time plus the 
t ime for data tra ns f e r  between I/O area a nd 
buf fer) . However , there is a disadvantag e 
to the combination i l lustrated ( in compari­
s on with Figures 5 and 6), becaus e it 
requi res extra ma in s torag e . 

If the next GET (or PUT ) is is sued af ter 
cha nnel-end but before devi ce-end , the data 
t rans fer betw een the I/O area and the work 
a rea can take pla ce . Control returns to 
the probl em program < even though phys ical 
roes cannot s tart the device until device­
end i s  reache d) . 

If the next GET Cor PUT) is iss ued 
bef ore channel-en d ,  l og ical roes must wai t .  

Ther e  i s  no over la p poss ible in the 
i ll us tration in F igur e 8 .  

The maximum achievabl e  overlap i n  Fi gure 
9 i s  the data t ra ns fer time between devi ce 
a nd I /O area . If the next GET C or PUT) i s  
iss ued prior to channel-end,  logi cal roes 
mus t wait bef ore perf orming any action. 

The maximum achievabl e overlap in Fig ure 
11 C a s  in Fig ur es 9 and 1 0 )  i s  the data 
t ra ns fer time between device and I/O area . 
However , there is a dis advantage to the 
combi nation i ll us trated C in compa rison wi th 
Figur es 9 and 1 0) , be cause it requi res 
e xt ra main stora�e . If  the next GET Cor 
P UT )  is i s s ued be fore channel- end , logi ca l 
roes must wait be fore any action is per­
f ormed.  

The combinatio n illustrated in Figure 1 2  
h a s  no overla p o f  pro cess ing with 

input/output . The input/output time per 
record depends on the blocking factor . 
Therefore , with this combinat ion, the I/O 
time can be reduced i f  the bloc king f actor 
is increased.  

The maximum overlap achievable in Figure 
13 is the time for data trans f e r  between 
device and I/O area . The GET Cor PUT) for 
a l l  records , except the last in a block , 
involves only a trans f er between work a rea 
and !/0 area . For the last record in a 
block, the data trans f er is fol lowed by an 
overlap of devi ce time and proces s i ng 
( control returns to the probl em program) . 
Channe l- end mus t occur before l ogical roes 
can proces s the f irst record of the next 
block . 

The maximum overlap achi evable i n  Figure 
1 4  is the time for data trans f e r  between 
device and I/O area . The GET f or all but 
t he f i rst record of a block takes time onl y 
f or poi nting to the next record . T he GET 
f or the f irst record must wait for channel­
end of the data trans f er to the alternate 
area . Then , pointing to the f i rst record 
and returni ng control to the program is 
overlapped with the next device trans f e r .  
The PUT i s  t h e  same a s  GE T ,  exc ept that the 
wa it occurs with the last record of a 
block .  

There is a disadvantag e t o  the 
combination shown i n  Figure 1 5  over thos e 
in Figures 13 and 1 4  becaus e it requi res 
extra ma in storag e .  

A summary o f  the overlap of processing 
and I /O i s  shown in F igure 16 . 
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Figur e  7 .  
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Device End 

Processing 

overlap of Process ing and I/0 : 
( Unbu f f ered I/O Device)  

I 
Issue Next PUT 

One I/O Area and No Work Area 
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Figure 9 .  
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Execute 
Channel Issue Next GET 
Program Data Transfer from 1/0 Device to 1/0 Area B 

l r- - /1/v:Jx . Achievable Overlap - ---1 

Issue GET I 
Channe l End, Issue Next GET 
Device End 

0 ------- Tirne-
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from Work Area Processing 
to 1/0 Areo A 

Execute 
Channel 
Program Data Transfer from 1/0 Area A to 1/0 Device 

,.....___ Max. Achievab le Overlap-
--t 

Issue PUT Channel End, 
Device End 

Issue Next PUT 

Figure 1 1. overlap of Processing and I/O : 
(Unbuffered I/O Device) 

Two I/O Areas and a work Area 
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to Next Record Processing 

t l 
Issue GET Issue Next 

t 

GET 

(Record Gotten is not the First in the B lock) 

0------- Time-
IOCS Points 
to Next Avai 1-
able Space 

Processing 

Issue PUT / I ssue Next 
PUT 

(Record Put is not the Last in the Block) 

Execute Data Transfer roes Points 
Channel from 1/0 Device to First Processing 
Program to 1/0 Area Record 

t 
Issue GET 

t 
Channe l End, 
Device End 

(Record Gotten is the First in the Block) 

0-------Time-
Execute Data Transfer roes Points 
Channel from 1/0 Area to First Processing 
Program to 1/0 Device Space 

t 
Issue PUT 

t 
Channel End, 
Device End 

(Record Put is the Last in the Block) 

Figure 1 2 . overlap of Processing and I/0 : 
(Blocked Records) 

One I/O Area and No Work Area 

1 8  
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t 

Issue Next GET 

� 
Issue Next PUT 



Processing 

Data Transfer Execute 
Processing from 1/0 Area Channel 

Data Transfer 
from 1/0 Area 
to Work Area to Work Area Program Data Transfer from 1/0 Device to 1/0 Area 

t 
Issue GET Issue Next 

GET 

( Record Gotten is not the Last in the Block) 

0 ------ T ime--... 

Processing 

1t Max. Achievable Overlap 
Issue GET 

( Record Gotten is the Last in the Block) 

0 --------- Ti me --+-

Processing 

I Data Transfer Execute 
from Work Area Channel 

Channel End, 
Device End 
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from Work Area 
to 1/0 Area I to 1/0 Area Program Data Transfer from 1/0 Area to 1/0 Device 

t t 
Issue Next 

' Max. Achievable Overlap 

llssue PUT 
Issue PUT PUT 

( Record Put is nat the Last in the B lock) (Record Put is the Last Record in the Block) 

Note: For both GET and PUT, a channel end must have occurred before the data transfer 
between 1/0 area and work area can take place (for the f irst record in a block). 

t 
Channel End, 
Device End 

Figure 13. Overlap of PrOC4�s sing and I/O : 
( Blocked Records) 

One I/O Area and a work Area 
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Issue 
Next 
GET 
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Next 
PUT 
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Program 
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GET 
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Device End 
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Device End 
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Figure 1 4 . overlap of Process ing and I/O : 
(Blocked Records) 
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Record Sepa ra te 
Format N umbe r of 
(B locked or 1/0 Areas 

Work Amo unt of Effect i ve Over lap 

Unb loc ked) 
Area 

no Overlap of the device operat ion on ly  for buffered devices such as 1 403 , 1 443 , 25 40 . 
1 No overlap of mag netic tape, 1 052 , 1 442 , 23 1 1 , 2671 , 1 285 , 1 287. 

yes Ove rlap processing of ea ch reco rd . (Record move requ i red . )  
Unblo c ked 

no Over lap process ing of  each record . (No record move requi red . )  
2 

yes Over lap process i ng of each reco rd . (No adva ntage to a work a rea . )  

no No over lap . 
1 

yes Overlap processi ng of last record in  each bloc k .  
B lo c ked - -

no Overlap processi ng of fu l l  b loc k .  
2 ·  

yes Overlap processi ng of fu l l  b lo c k .  (No advantag e t o  a wo rk a rea . )  

Note : Overlap g iven is the maxi mum ach i eva b l e . 

Figure 1 6 .  summa ry of Achievable Overlap of Processing and I nput/Output 

Macrq Instructions 

The following macro-instructions are pro­
vided when using the GET-PUT leve l of the 
sequential-access method.  

G ET -�- Get a Logical Record : The GET 
macro-instruction obtains a single logical 
record from a logical file in either of two 
opera tions : move or locate . In the move 
opera tion , GET moves the lo9ical record 
from an input area into a work area speci­
fied by the programmer .  The record may be 
processed or extended in the work area. 

In the locate operation, GET does not 
move the logical record from the input 
buffer, but p laces into a register the 
address of the I/O area segment in which 
the programmer ma y process that record. 
The programmer ma y not exte nd record size . 

GET operates in a strictly - sequential 
manner. As requi red, the system schedules 
the filling of in put areas , deblocks 
records , and directs input error recovery 
procedures . Af ter GET has retrieved all 
records to be processed and has discovered 
that no data remains, the system checks 
labels and passes control to the 
programmer ' s  end- of-file exit specified in 
t he DTF macro instruction . The system also 
tests for an end- of-volume condition and 
initiates automatic volume switching if an 
input file extends across several volumes . 
Finally , the system switches from one 
e xtent to the next when a file occupies 

discontinuous areas on a direct -access 
device . 

The fol lowing operands must be speci fied 
by the programmer in the GET macro­
instruction : 

1 .  The name of the file. 

2 .  The address of the programmer ' s  work 
area for input logical records if t he 
move operation is used, or a register 
containing the address of t he work 
area . 

RDLNE -- Read a Line : The RD LNE macro 
instruction provides selective on- line 
correction when processing journal tapes on 
the IBM 1 2 8 5  or 1 2 8 7  Optical Reader . Thi s 
macro causes the reader to read a line in 
the on- line correction mode while 
processing in the off- line correction mode.  

RELSE_==-Rel§�!!_!gput BlO£�.!.. The RELS E 
macro-instruction causes the GET macro 
instruction to ignore the remaining logical 
records in an input block and to obtain 
logica l records from the next block . �hen 
the programmer does not require the remain­
ing contents of an input block that GET i s  
deblocking , h e  may issue the RELSE macro 
instruction to release the input area so 
that the next logical record is retrieved 
from the next block with the next GET 
macro. 

The file name is the only operand 
required by the RELSE macro . 

DOS Data Management . c oncepts 2 1  



D ISEN - - Dis engag e Magnetic Reader : The 
DISEN macro-i ns tructi on causes the ma gnetic 
chara cter rea der to s top f e eding documents .  

LITE - - Light Pocket Lights : The LI TE 
macro-instructi on permits any combination 
of pocket l ig hts on the magnetic character 
r eader to be lighted. 

PUT - - Put a Logi cal Record : The PUT 
macro-ins truction pla ces a logi ca l  record 
i nto an output fi le i n  either of two opera­
t ions : move or l ocat e .  In the move opera­
t ion,  PUT moves t he log ical record from a 
work area spe ci fi ed by the programmer into 
an output a rea . In the locate operation , 
PUT does not move the log ical record into 
the output area , but places into a regi ster 
the address of  the I/O area s egment i nto 
whi ch the programmer may bui ld the next 
r ecord.  

Li ke the GET macro-instruction , PUT 
o pe rates in a s trictly sequential manner .  
A s  required , the syst em blocks record s ,  
s chedul es the emptying o f  output area s ,  and 
handl es output er ror correction procedures ,  
where pos s ibl e. The system also resolves 
dis continuiti es of DASD f i l e  extents , tests 
f or an end- of -vol ume condit ion , and i ni ­
t iates automati c volume swi tching and label 
creat ion . 

Th e fol lowing operands a re s peci f i ed in 
the PUT macro-ins truction . 

1 .  The name of the f il e .  

2 .  

3 .  

The address o f  the programmer ' s  work 
a rea for output l ogical records i f  the 
move operation is used , or a regi ster 
containing th e addres s of the work 
a rea . 

An additional ope rand i s  provided for 
the Selective Tape Li sting f eatur e.  
This operand provides forms control f or 
the f eature . 

TRUNC -- Truncate an Output Buffer : The 
TRUNC ma cro- ins tructi on causes the PUT 
macro-instruction to regard an output area 
as full , and subs equently to place logical 
r ecor ds into the next block . When the 
programmer does not need the rema ining 
porti on of an out put area that PUT is 
blocking , he may is sue the TRUNC ma cro­
ins truction to truncate the area so that 
the next log i ca l  record is placed into 
another block . r hus , j us t  as input a reas 
may be releas ed , output areas may be 
truncated for writing short blocks . 

The name of th e file i s  s pecif ied in the 
TRUNC macro-i ns tr uction . 

The CLOSE ma cr o- instruction eff ectively 
truncates the last block of a f i l e .  
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FEOV - - Force End o f  Volume : The FEOV 
macro- instructi on causes thEi system ·to 
assume an end- of-vo lume conditi on f or eith­
er an i nput or output tape f i le , thereby 
causing automatic volume switching . When 
vo lumes are switched , FEOV creates output 
labels as requi red and verifies labels on 
new input reels . When FEOV is issued to a 
tape input f i l e ,  trailer la bels are not 
checked . 

The name of the f i le i s  specified in the 
FEOV macro-instruct ion. 

CNTRL -- Control I/0 Devi ce �  The CNTRL 
macro- instructi on provides t:he followi ng 
functions : 

For magnetic tape units : 

1 .  Rewind 

2 .  Rewind and unload 

3 .  Erase gap ( write blank t:a pe ) 

4 .  Write tape mark 

5 .  Backs pace to interrecord gap 

6. Ba cks pace to tape mark 

7 .  Forward space to interrE�cord gap 

8 .  Forward space to tape mark 

for_Qptica l  readers : 

1 .  Marki ng error l ines when reading jour­
nal tapes . 

3 .  

4 .  

Read keyboa rd i nf ormation when reading 
j ournal tapes . 

Ejection of documents . 

Stacker selection of documents . 

5 .  Increment ing documents . 

For di rect-access storage U!��� : 

1 .  Seek to speci f i ed track 

2 .  Restore strip to data CE�l l ( 2 3 2 1 only) 

For card readers and punche�: 

1 .  Sta cker select 

For printers : 

1 .  Immediate space speci f i ed number of 
lines 

2 .  Spa ce specif ied number of l ines a f ter 
print 



3 .  Immediate s kip to s pecified channel 

4 .  S kip to s pecified channe l  after print 

The fo llowing operands mus t be s pecified 
in the CNTRL ma cr o-instruction: 

1 .  T he name of the input or output file . 

2 .  A mnemonic code indicating the action 
to be taken . 

3 .  F or card read ers and punches - the 
s tacker number .  

4 .  For printers - the number of line s to 
s pace or the channe l to be skipped to . 

Note: If directed to a card reader ,  
CNrRL

-mus t fo llow every GET macro ins truc­
tion directed to that card reader for the 
s ame file , except for a 1 4 4 2 .  Furthermore ,  
only one input area may b e  us ed . A s  soon 
as CNTRL is issued , the card input area may 
be scheduled for refi lling by issuing 
another GET . 

P RTOV -- Tes t  for Printer ov·erflow: The 
PRTOV macro-ins truction test.s overflow 
indicators for on- line printer channe l 
overf low . If an ov erflow indicator is on , 
P RTOV caus es either an automatic s kip to a 
new page or a trans fer of control to a 
s pecified point in the prob lem program . 
Before tes ting ov erflow indicators ,  PRTOV 
waits for com pletion of all previously 
requested printing . 

Th e following operands mus t be s pecified 
in the PRTOV macr o-instruction: 

1 .  T he name of t he file . 

2 .  The printer c hannel to be tes ted for 
overflow (eit her 9 or 1 2 ) . 

3 .  The address of a us er routine may 
o ptionally be s pecified for transfer of 
control on condition of overflow; if 
this is not s pecified , a. printer over­
f low condition causes automatic s kip­
ping to channel one . 

Updat� 

A s equential ji le on a direct-access 
d evice,  a card input file in a 1 4 4 2 or 
2 52 0 ,  or a card file in. the punch feed of a 
2 5 4 0  equipped wit h the punch- feed-read 
s pecial feature can be updat.ed . That is , 
each DASD or card record can be read , proc­
e ss ed ,  and transferred back to the same 
s torage location or card from which i t  was 
read.  When d esir ed , this function is s pec­
ified in the DTF macro-instr·uction that 
d efines the file. 

The physical DAS D record or card record 
is transferred to main s torage by a GET 
ins truction. After the record is proc­
ess ed ,  the next PUT ins truction causes the 
updated ... physical record to be written in 
the same location or punched in the same 
card from which it was read . For a card 
record , PUT transfers the record to the 
file from the inpu� area of main s torage .  
For a DASD record , the PUT ins truction sets 
up an indication for the next 3ET ins truc­
tion, which accomplis hes the transfer . 
(The input area mus t  not be modified 

between the PUT and GET executions . )  If a 
work area is s pecified in the GET a nd P Ur 
ins tructions , PUT first mov es the updated 
record from the work area back to the i��� 
area and then trans fers the record to this 
file . 

A GET ins truction mus t always precede a 
P UT ins truction for a DAS D or card record , 
and only one PUT can be issued for each 
record . A PUT ins truction may be omitted , 
except for the 2 5 4 0  and 2 5 2 0  if a particu­
lar record does not require updating . 

READ- WRITE LEVEL SEQUENTI AL ACCES S  

T h e  READ-WRITE leve l  o f  the s equential­
access method provides the prog rammer with 
an efficient and flexible means for s toring 
and retrieving the blocks of a sequentiall y 
organiz ed disk or tape file . T he macro 
ins tructions provided with this level of 
the sequential-access method allow a file 
to be treated alternately as input and 
output. It is particu lar ly effective in 
applications where records are alternately 
read and written from and to a file us ed as 
a temporary extension of main s torage . 

S torage Areas 

A sing le I/O area equal to one block length 
is us ed with these macros . This area is 
filled or emptied each time a READ- WRITE is 
issued . The I/O area need not be fixed in 
location . The programmer s upplies the 
addres s  of the area in the macro 
ins truction its e lf ,  each time the macro 
ins truction is issued . 

Macro Instructions 

The following macro instructions are pro­
vided when using the READ-WRI TE level of 
the s equentia l-access method. 
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READ - - Read a Block: The READ macro 
ins truction reques ts that a block be trans­
mitted from a work file to a main-s torage 
area specified by the programmer . READ 
operates in a s trictly sequential manner, 
s tarting either at the beginning of the 
file or at a point previous ly positioned 
with one of the P OINT macro ins tructions . 
READ can also be used to read backwards 
s equentially from magnetic tape . Each read 
operation trans fers one full block into 
main s torage . To allow overlap of the 
input operation Nith processing , READ does 
not wait for the end of the input opera­
tion, but returns control to the problem 
program .  The completion of the operation 
mus t be tes ted by issuing the C HECK macro 
ins truction des cribed below . 

Af ter READ has retrieved all records to 
be processed, ana has dis covered no data 
remains , the system passes control to the 
programmer ' s  end- of-file exit s pecified in 
the DTF macro ins truction . work files may 
not occupy multip le v olumes (tape reels or 
disk packs > .  

The following operands mus t be s pecified 
by the programmer in the READ macro 
ins truction . For document processing on 
t he IBM 1 2 8 7  Optical Reader , the READ macro 
ins truction is us ed to access selected 
data. The channe l command words that 
effect the reading and the channel command 
word lis t  to be used in reading the docu­
ments from the 12 8 7  file are provided by 
the user . 

1 .  The name of t he file . 

2 .  Type of processing (SQ for sequential 
or MR for records read from the IBM 
1 41 2  or 1 41 9  Magnetic C haracter 
Readers) . 

3 .  The input area to be used . (Not appli­
cable to 1 2 8 7 , 14 1 2 , or 1 4 1 9  document 
processing. ) 

4 .  For format u records , the record 
length , or S to s pecify that the maxi­
mum record length mus t be used. (Not 
a pplicable to 1 28 7 ,  1 4 1 2 ,  or 1 4 1 9  docu­
ment processing . )  

5 .  For 1 2 8 7 Optical Reader document proc­
essing , the � ddress or name of the user 
provided ccw list used to read a docu­
ment . 

Note : when pr ocessing format F records , 
t he

-
record length in the DTF table can 

be changed be fore each read. 

The READ macro-ins truction , when used 
f or magnetic character readers , permits the 
use of more t han one magnetic reader per 
program .  

2 4  

WRITE -- Write a Block: The WRITE macro 
ins truction reques ts that a block be trans­
mitted from a main- s torage area s pecified 
by the programmer to a work file. Like the 
READ macro instruction , WRITE operates in a 
s trictly sequential manner. ro allow over­
lap of the output operation. with process­
ing , wRITE does not wait for completion of 
the output operation , but returns control 
to the problem program . The WRITE opera­
tion transfers one full block to the file . 
The file mus t be contained within one vol­
ume . 

The following operands mus t be s pecified 
in the WRITE macro ins truction. 

1 .  The name of the file. 

2 .  Type of processing (S Q for sequential) . 

3 .  The output area to be used. 

4 .  For Format u records , the record 
length . 

CHECK - - Wait for and Tes t Co�leti9n of 
Read or Write Operation: The CHECK macro 
ins truction waits for completion of an 
input/output operation reques ted by a READ 
or wRITE macro ins truction and tes ts for 
errors and exceptional conditions . As 
required ,  CHECK pas ses control to the 
appropriate exits that are specified by the 
programmer in the DTF macro ins truction for 
error analysis and end-of-file. The pro­
grammer mus t issue a CHECK macro­
ins truction to tes t the input/output 
operation before is suing any other macro 
ins tructions for the same file. Similarly , 
a problem program mus t check �n input/ 
output operation for completion before 
altering the input or output area in main 
s torage . 

The file name used in the preceding READ 
or WRITE macro ins truction mus t be s peci­
fied in the CHECK macro ins truction . 

NOTE -- Note Positional Data: The NOTE 
macro�instruction places-Into a general 
register the position on a volume of the 
las t block read from or written into a work 
file. This data identifies the block for 
subsequent repositioning of that volume . 

The identification that NOTE provides is 
a 3 -byte block count for magnetic tape ; for 
direct-access volumes , it is three bytes 
identifying the cylinder, track , and record 
number within the track . 

The file name must be specified in the 
NOTE macro ins truction. 

Notes : The following items s hould be 
considered when using the NOT E macro 
instruction : 



1 .  Before is suing a NOTE macro instruc­
t ion , the pro grammer mus t  tes t the last 
input/output operation for completion . 

2 .  NOTE is norma lly used to provide infor­
mation for a subsequent POINT macro 
ins truction . 

3 .  For output files being written on 
direct-access volumes , NOTE place s  into 
a general regis ter the number of bytes 
of remaining s pace on the track con­
taining t he noted record . (This data 
may be used subsequently by a POINTW 
macro ins truction) . 

POINTR Position to Block for Read: 

Position to Block for Write: 

POINTS Position to S tart of File: Three 
POINT

-
macro ins tructions are� provided to 

allow the programmer to reposition a work 
file to a s pecified block for subsequent 
o perations .  The POINTS macro ins truction , 
when used for magnetic tape files , causes a 
rewind to the tape load- point and then 
posit ions the tape to t he first data block 
(bypassing any labels to the� firs t tape 
mark) . when the POINTS macro ins truction 
is is sued to a DASD file , the file is posi­
tioned to the lower limit o f  the firs t 
extent of the file. The POINTR and POINTW 
macro ins tructions are used on both DASD 
and magnetic tape files to position t he 
file to a s pecified block . The block count 
(for tape) or the physical cylinder , track ,  
and record addres s (for DAS D) s pecified in 
these macro-ins tructions are obtained from 
a previous NOTE . 

subsequent READ instructions following a 
POINTR pick up blocks sequentially , begin­
ning with the one s pecified . Subsequent 
WRITE ins tructions following a POINTW write 
b locks sequentially immediately following 
t he one s pecified . subsequent writes to a 
tape work file cause any blocks previously 
written on that portion of the tape to be 
des troyed and the new blocks. to be written 
in their place .  On direct-access device 
files , however, NRITE ins tructions follow­
ing a POINTW place blocks on remaining 
unused track space immediately following 
t he block s pecified . The amount of s pace 
remaining on the track is determined by the 
NOTE macro instruction that was previously 
used to identify the location . 

The following operands mus t  be s pecified 
by the programmer in the POINT macro 
ins tructions . 

1 .  The name of t he file . 

2 .  For POINTR and POINTW, the addres s of 
the main- storage location containing 

the tape block count or the DASD 
address . 

FEOV - - Force End o f  Volume: r he CNTRL and 
FEov-rnacro-instructions

-described for the 
GET- PUT level of the sequential-acces s 
method are also provided with the READ­
WRITE level for files defined as work 
files . Their operation is exactly the same 
in both cases . 

DS�LY_=- DisQl��-�i�ld: The DS PLY macro 
ins truction dis plays a document field on 
the display screen of the IBM 1 2 8 7  Optical 
Reader . This macro is used to key in a 
complete field on the keyboard when a 1 2 8 7  
read error makes this type of correction 
necessary . 

RESCN - - Reread a Field: The RESCN macro 
Instruction seTectively-

rereads a field on 
a document when a 1 2 8 7  read error makes 
this type of correction neces s a ry .  

WAITF - - Wait: The WAITF macro 
ins truction,

-for use with document process­
ing on the IBM 1 2 8 7  Optical Reader , is 
is sued to ensure that the transfer of a 
record has been validly completed . 

The WAITF macro-instruction is used with 
magnetic character readers in a mu ltiprog­
ramming system to determine if any magnetic 
character reader has documents ready for 
processing . 

INDEXED- SEQUENTIAL ORGANI ZATION 

An indexed- sequential file is one whose 
records are organized on the basis of a 
collating sequence determined by control 

I fields called keys that precede each record 
or block of data . The ke y for each block 
of data is 1- 2 5 5  bytes in lengt h and con-
tains the identifier of the las t logical 
record in that block.  An indexed­
sequential file exists in s pace allocated 
on direct-acces s  volumes as prime areas , 
overflow areas , and index areas . 

Indexed- sequential organization gives 
the programmer a great deal of flexibility 
in the o perations he can perform on a file . 
He has the ability to: 

• Read or Write (in a manner simi lar to 
that for sequential organization) 
logical records whose keys are in 
ascending collating sequence. 

DOS Data Management Concepts 2 5  



• Read or write individua l random logica l 
records . If a la rge portion of the 
file is being processed ,  reading 
records in this manner is somewha t 
s lower per record than reading accord­
ing to a collating sequence. A s earch 
for pointers in indexes is required for 
the retrieval of each record . 

• Add logical r ecords with new keys . The 
s ystem loca te s the proper position in 
t he file for the new record and makes 
a ll neces sary adj us tments to the index­
es . 

The ISFMS has these advantages: 

• An IOCS file management s ys tem s pecifi­
cally designed for direct access s tor­
a ge devices . 

• Sequentia lly organized files that can 
be proces sed in random order or in 
sequentia l order. 

• Both READ/WRITE and GET/PUT macro 
instruction r outines available to the 
problem program . 

• Routines for processing blocked or 
unblocked records . 

• Record proces sing directly in the I/O 
area or in a work area . 

• Presorted logical records tha t are 
loaded onto disk while a series of 
indices are established for subsequent 
processing . 

• An efficient chaining method for han­
d ling additions requiring an overflow 
area . 

The ISFMS has these res trictions: 
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• Only one I/O area is permitted when a 
file is loaded . 

• A ll physica l data records must contain 
key areas , and all key areas must be 
the same length . 

• Data records must be fixed- length only. 

• Only Standard Dis k  Labe ls are permit­
ted . 

• For multipack files , a ll packs must be 
online for any function (loading , 

adding , retrieving randomly or retriev­
ing sequentia lly) performed for the 
file . 

• The prime data area for a logica l file 
mus t be contained within one extent on 
a disk pack or a data eel�-

It mus t 
s tart on the firs t track < t rack 0 )  of a 
cylinder , and it mus t end on the last 
track (tra ck 9 or tra ck 19)  of the same 
or a different cy linder .  Prime data 
extents cannot start or end in the 
middle of a cylinder. For a multipack 
file , the prime data area mus t continue 
from the las t  track of one pack to the 
first track (track 0 )  of £Y linder 1 on 
the next pack s o  that t he area is con­
sidered continuous by ISFMS . The firs t 
cylinder (cylinder 0 )  is reserv ed for 
labels . For a multicell file , the 
prime data area must continue from the 
las t  track of one cell to the firs t 
track in the second hea d  position 
C HH=1 0 )  on the next cel l so that the 
area is considered continuous by IS FMS . 
The first head position ( HH=O O )  is 
reserved for labels . 

Indexes 

The ability to read and write records from 
anywhere in a file with indexed- sequentia l 
organization is provided by indexes that 
are part of the file itself . rhere are 
a lways two types of indexes : a cylinder 
index for the whole file, and a track index 
for each cylinder. An entry in a cylinder 
or track index contains the identification 
of a specific cylinder or track and the 
highes t k ey tha t is associa ted with that 
cylinder or tra ck .  The s ys tem locates a 
given record by its key a fter a search of a 
cy linder index and a track index within 
that cylinder. 

A third index can be created and used if 
desired . If a file occupies many cylin­
ders , a search of the cylinder index for a 
key is inefficient . The progra mmer can 
request that a mas ter index be created that 
indexes the cylinder index as s hown in 
Figure 1 7 . Each entry in the master index 
points to a track in the cy linder index . A 
master index should be cons tructed if the 
cylinder index occupies four or more l tracks , and a cylinder index in main stor­
age is not used . 



Track 
I ndex 
Track 1 
Track 2 
Track 3 t-:7"'"--lf--7'�'--:::;;oooi!:::.._T------+--1 
Track 4 1-=oF--+-----1-'-------T----1 
T rack 5 ���--.--.r--r.,..-,--f:-,....,.-,-.---.--1 

Overflow L.T.....-..��.;..;;...&..�-;,;;..,_�;;;.J,___, 
Area 

Master I ndex 

Cylinder 3 Cylinder N 

F igur e  17 . I nd ex Structure for an Indexed- Sequential File 

I ns ertion of Reco rds 

A n ew record adde d to an indexed- s equential 
f i l e  is placed into a location on a t rack 
d et ermined by the val ue of its key f i el d .  
I f  re cords were inserted i n  preci se physi­
cal s equence , ins erti on would require 
s hi fting all records of the f ile with keys 
h ig her than t hat of t he one inserted.  How­
eve r ,  becaus e an over flow area exists , 
i nd ex ed- sequent ial file organization allows 
a r ecord to be insert ed into its proper ! pos it ion on a tra ck ,  with only the records 
with higher keys on .that track being shift­
ed.  

overf low Area 

In addition to th e pr ime are!a , whose tracks 
i nitially receive records of an indexed­
s equential f i le ,  there is an overf low a rea 
f or records f orce d  of f their orig inal 
t ra cks by the ins ertion of new records . 
When a record is to be inserted , the 
records alrea dy on the tra ck that are to 
f ol low the new re cord a re written back on 
t he track after t he new record.  The last 
record on the tra ck i s  writt.en onto an 
overf low t rack. Track index entries are 
a djusted to i nd icate records on an overflow 
t ra ck . 

RES IDENT CYLINDER INDEX 

All or part of the cylind er index can 
res ide in main storage .  If the area 
ass igned to the cyl inder index is large 
enough for all the index entries to be read 
into mai n  storage at one time ,  no presort­
ing of the record keys need be done . I f  
the area assi gned t o  the cylind er index i s  
not large enough, the keys o f  the records 
to be processed should be presorted to 
f ully util ize the r es ident cyli nder index . 
This o ption speeds up the random retri eve 
and a dd f unctions when the number of 
records to be processed is signif i cant . 
Processing time per record is reduced by 
decrea s ing the number of times that the 
cylinder i ndex on s econda ry storage must be 
accessed.  s earching the master index ( if 
any) is eliminated entirely . 

Another option permits the writing and 
reQding of more tha n one phys ical record on 
DASD per I/O operation. This option can be 
us ed when adding a new record on a prime 
data tra ck and s hifting over the existing 
records . It is available t o  the prime 
areas only.  Fewer I/O operations are 
required , thereby i ncreas ing speed . 

Any user not des iring the new options 
need not modify or reassemble his source 
de cks . The paramet ers for spec ifying thes e 
options are des cribed in the Supervisor and 
Input/Output Macros publi cation listed on 
the f ront cover of this publi cation . 
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I nit ial Format of File 

P rim e T rack 1 [ I 2 3 4 5 8 10 1 1  
P rim e T ra ck 2 [ 12 1 13 16 
Overflow T rack 1 J 

F o rmat of File aft er I nsertion of Record 7 
P rim e T ra ck 1 
P rim e T rack 2 
Overflow T rack 1 

Format of File aft er I nsertion of Records 1 7 - 22 and Record 9 

P rim e T ra ck I [ I I 2 3 I 4 I 5 I 7 I 8 m 
P ri m e  T ra ck 2 1 ·' 1 2 1 13 1 16 ..... 

• 
Omflow T <o ck I r I I  II 10 
F igure 1 8 .  Addit ion o f  Records t o  a 

1-Cyl inder ,  3-Track I ndexed­
Sequent ia l Fi le 

Fi gure 18 illustrates this adj ustment 
f or a dditi on of r ecords to an indexed­
s eque ntial f i le whose keys · are in a 
numerical col lati ng s equenc e .  when this 
f il e  is creat ed , its re cords are placed on 
t he prime tra cks in the s torage area allo­
cat ed to the f i le . I f  a record , e . g . , 
record 7 ,  is to be inserted i nto the fil e ,  
the i ndexes i ndicate that r ecord 7 belong s 
on prime track 1 .  Re cord 7 i s  wr itten 
immediately f ol lowing record 5,  and r ecords 
8 a nd 10 are reta ined on prime track 1 .  
S ince record 1 1  n o  long er f its on thi s 
t rack , i t  i s  written on an overflow t rack 
and the proper track index is adj us ted to 
s how that the hig hest key on prime track 1 
is 10 and that ov erflow records exist . 
When records 17 through 2 2  are added to the 
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end of the f i le , prime track 2 receives 
records 17 to 2 1 , but record 22 does not 
f i� and is written following record 11 on 
the overf l ow track . When r ecord 9 :is 
inserted , record 1 0  i s  shifted to the over­
f low track after record 2 2� Note t hat 
records 10 and 11 on the over f l ow track are 
chained together to show thei r  logical 
s equence and to indicate that t hey belong 
on the same prime t ra ck .  

Two types o f  overf low areas may be 
r equested by the programmer . He can 
reques t  a cylinder overf l ow area that pro­
vides a certain number of tracks on each 
cylinder to hold the overf l ow of tfiat cyl­
inder . He can also request an independent 
overf low area that provides a c ertain num­
ber of t racks i ndependent of the rest of 
the f i l e ,  perhaps even on a dif ferent vol­
ume . The independent overf low area is us ed 
whenever one of the cylinder overf low a reas 
i s  f i l led , or the i ndependent overf low area 
can be us ed without a cyl inder overf low 
a rea . 

LOGIC MODULES 

The log i cal roes routi nes provi ded for 
indexed- s equential f i les are much more than 
an access method . Severa l rout ines are 
ava ilabl e  to provide complete f ile manage­
ment f or di rect-acces s storage f iles . The 
compl ete facility is cal l ed the indexed­
s equential f i l e  management system ( I SFMS) . 
The I SFMS routines can be retri eved f rom 
the relocatable library by the linkage 
editor j ust as with the s equent ial access 
method routines . The routines must be 
assembled by the us er bef ore placing them 
in the relocatable library. This is  
normally a one-time operation , perf ormed as 
part of the total system generation proc­
ess . The routines generated are ta ilored 
to provi de s pecific funct ions but remain 
general i z ed as to s peci f i c  fi1e attri butes . 
Four bas i c  types of routi nes are avai labl e : 

-. ·  

1 .  Load - To load ( creat e>  a n  indexed­
s equential f il e . 

2 .  Add - To add records , in sequence , to 
an exi sting indexed-s equential f i l e .  

3 .  Sequentia l Retrieva l - To retr ieve 
records s equentia lly in key s equence 
f rom an indexed- s equent ia l f i le . 

4 .  Random Retrieva l - To retri eve 
i ndivi dua l records ca l l ed f or by key 
from any point in the f il e .  

The load routine i s  a lways sepa rate .  No 
other operati ons can be performed on an 



Count Key Da ta  L R � l , K l, D l  
Key of Logica l 

Record 
One Logica l 

Record J 
Fig ure 19 . Unblo cked fixed-Length Records 

output file as it is being loaded . The a dd 
a nd retrieve rout ines can be� used in any 
combi nation . Furthermore ,  t:he retrieval 
routi nes can be assembled with updating 
capability , a llo�ing records to be written 
back into the f il e  after ret�rieva l .• 

The ass embled routines are cal led logic 
modul es . They ar e selected f rom a ma ster 
s ource routine in a ccordanCE! with paramet­
ers in a s pecia l  macro instz:uction , I SMOD­
i nd exed s equent ia l  module. The assembled 
logic modules are compl etely f ile indepen­
dent and can be used for all indexed­
s equential f i les.  If desire�d , the logi c 
modul es can be as sembled along with the 
user' s problem program and included in the 
output obj ect modul e .  

The us er ' s program includes a DTFIS 
macro instruction f or each indexed­
s equential f i le to be processed . Some of 
the f ields within the DTF table generated 
f rom this macro i ns truction are not 
determined or f il led in until the f il e  is 
opened during exe cution of t�he program. 
Many of the f ields in the tatble are 
retained with the f il e  in a s pecial f ormat 
of the standa rd DASD file latbel ( format 2 ) .  

In addition to the parameters that des­
cri be the f i l e  to be proces s ed ,  the DTFIS 
macro instruction i ncludes certain paramet­
ers i dent i ca l  to thos e us ed in the ISMOD 
macro instruction . 

Count Key 

L Key of Last 
R 1 ,  K L, B X RL Logical Record 

in Block 

F igure 20 . Blo ck ed Fixed-LEmgth Records 

RECORD FORMATS 

The indexed-s equent ial access method sup­
ports f i xed unblocked records and f ixed 
blocked records . 

The f ormats of records as they appea r on 
direct- access devices are s hown in the 
f ollo�ing sections . Each block is recorded 
on a direct-access device with a count 
f ield , a key field , and a data field.  

The key f i eld is used by the sys tem to 
locate a requested logical record . The 
data field contains the l ogical records . 

Fixed Unblocked 

Fixed-length unblocked records appear on 
direct-a ccess devices as shown in Figure 
19 . 

R 

DL 

KL 

is the sequence number of the record 
on the track (RO is not used) . 

i s  the logical record length . 

i s  the key length . This length must 
remain constant for the f ile . 

Data 
B Logical Records 
with Their Keys 
Embedded . 
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Fixed Blocked 

Fixed-length bloc ked records appear on 
direct- access devices as shown in Fig ure 
2 0 .  

R is the sequ ence number of the record 
on the track ( R=O is not used ) . 

RL is the logi cal record length . 

B is the number o f  logi cal records 
appeari ng in a block and is a con­
stant f or a f il e .  

K L  i s  the key length . This length must 
remain cons tant f or the f i l e .  

More s peci fica lly , the key and the data 
areas may be pi ct oria lly represented as 
s hown in Figure 2 1 .  

Keys 1 ,  2 ,  and 3 ,  respectively , are the 
keys of log ical r ecor ds 1, 2 ,  and 3 and are 
physi cally embedd ed i n  the records . The 
pos ition and length of the key in each 
l og ical record of the f ile must be speci­
f ied in the DTF �macro-instruction . The 
contents of the k ey f ield on the direct­
a cc es s  volume is us ed by the system f or 
locat ing the block containing a requested 
log ical record. 

Key Area 
Key 3 

Dota Area 
I I Key 1 l I ! Key 2 l I ! Key 3 

logica I Record 1 logica I Record 2 logica I Record 3 

Figure 2 1 .  K ey a nd Data Areas 

OVERFLOW RECORDS : The preceding f igures 
a re f or prime ( rather than overflow> data 
r ecords only . Data r ecords in an overf low 
a rea are organized somewhat dif ferently , as 
s hown in Figure 2 2 .  They are never 
block ed ,  even thoug h  the prime data records 
may be blocked. In addition , they contain 
a l ink f i eld which li nks to the next record 
in the overflow cha in . The link field is 
1 0  chara cters in length . 

R �  1 ,  Kl, Rl + 1 0  J .....__ __ 

Count 

Figure 2 2 . o·verf low Records 

3 0  

Key of logica l 
Record 
Key 

MACRO INSTRUCTIONS FOR INDEXED- SEQUENTIAL 
FILES 

Both GET- PUT and READ-WRITE input/output 
macro instructions are provided f or 
indexed- s equential f i les . The purpose and 
effect of the instructi ons vary depending 
on the logic modules used and condi·tions 
preset by other macro i nstructi ons . The 
following macro instructi ons are provided : 

DTFIS 

SETFL 

ENDFL 

READ 

WRITE 

WAITF 

SETL 

ESETL 

GET 

Def ine The File f or I ndex Sequen­
t·ial 

set File Load Mode 

End File Load Mode 

Read a Record ( random ret:rieval ) 

Write a Record ( load, add ,  or 
random update> 

Wa it for Completi on of READ or 
WRI TE 

Set Lower Limit f ·or Sequential 
Retrieval 

End Sequential Re·trieval 

GET a Record ( s equent ial 
retrieval > 

PUT PUT a Record ( s equent ial update) 

Thi s  section does not di :scus s ea ch of 
these ma cro instructions separa tely but , 
instead , pres ents t .1em in the context of a 
parti cular function . 

CREATING AN INDEXED-SEQUENTIAL FI LE 

In order to create an indexed- s equential 
file,  the programmer writes a D TFIS macro 
instruction that ca lls for a load routine . 
The parameters of the macro instruction 
compl etely define the des ired outpu� f i le .  
Note that this macro instruction provides 
no inf ormation to the system about the 

link 
Fie ld l•:>g ical  Record 

Datu 



i nput fil e .  The flex ibility of the s ystem 
a llows the input to be retriE�ved by a ny 
a cc es s  method . For example , two or more 
i nput files can be merged as they are pre­
s ented to the load routine� These can be 
def ined f or s equentia l ,  direct , or indexed­
s equential retrieval routines f rom any 
device.  The only requirement. of the load 
routine is that t he records be pres ented in 
ascending order by key . 

A SETFL macro instruction is i ssued 
before beginning the f i le loa ding process . 
The S ETFL initial iz es the index areas . 
Control does not return to the problem 
program until thi s  operation has been 
compl eted . The program can 1:hen begin 
loa di ng the f il e .  

Ea ch logical record is prE�sented to the 
l oa d  routine separately . T he programmer 
i s s ue s  a WRITE ma cro instruc1:ion to place 
the record in the f il e .  NotE� that for 
blo cked f iles , th e WRITE macro instruction 
in this insta nc e  operates l ike the PUT , 
blocking records in an outpu1: area and then 
performing the actual I/O opE�ration when 
the block is full . 

When all r ecor ds have been loaded , the 
programmer is sues an ENDFL �tcro instruc­
t ion to terminate the loadi n9 process . 
T hi s  instruction writes the last block of 
r ecords , followed by an end-of- f i le record. 
It then compl et es the i ndexes with any 
f inal index r ecor d needed and writes dummy 
i ndex entries f or the rest of the speci f ied 
prime data extent . 

To Extend a F il e  

T he s ame prog ram us ed t o  ini1:.ially s e t  up 
an indexed- s equential file can be us ed to 
extend the f i le ,  where all rE�cords be ing 
a dd ed are s equent ially higheJc than the last 
r ecord previous ly in the f i l e .  

TO ADD RECORDS T O  A F ILE 

T he WRITE macro i nstruction :Ls us ed to add 
new records to an exi sting f :Lle . Althoug h  
the WRITE macro i s  written j ust as when 
loadi ng or extend ing a f i le , it is not 
pre ceded by the S ETFL macro . The ope ration 
o f  the WRITE , whe n re cords are being added, 
is entirely dif fe rent . When the WRITE i s  
i s s ued , the a dd routi ne locates the proper 
block for the new record ( using the i nd exes 
to speed the sear ch) . It rea ds this bl ock ,  
i ns erts t h e  ,new r ecord i n  t h e  proper loca­
t ion,  shifts all following records on the 
t ra ck over one re cord pos it ion ( chang ing 

records f rom one block to the next when 
necessary )  and rewr ites the block . The 
last record previous ly on the track i s  then 
written in the overflow area . ( This is 
a lways true except in the cas e of the last 
track in the file,  which may have usable 
s pa ce remaining after the last record . ) 
The WAITF macro instructi on i s  us ed at the 
point in the program where proces sing must 
be held up until the I/O operat ion is com­
plete . 

SEQUENTIAL RECORD RETRIEVAL AND UPDATE 

Sequential retrieva l f rom an indexed­
s equent ial file begins at a location or 
record specif ied in a SETL macro 
instruction. Input blocks are read and 
each record is presented in s equence in 
res pons e  to the GET macro i nstruction . 
When necessary , the sequentia l  retrieval 
routine reads f rom the overflow area for 
records that were displaced from the prime 
area by added records . The tra ck index is 
us ed to indicate when thi s is necessary . 
The key f i eld of unblocked records is read 
a long with the data f i eld. With blocked 
records , however , the key of the block 
( repeat ed in the last record of the block) 
is not read . 

The programmer can issue a PUT a ft er 
process ing each record to cause it to be 
wri tten back into its origina l  location . 
I f  the f i l e  is blocked , the ent ire block is 
written back after all records in the block 
have been processed and a GET is is sued for 
the f irst record in the next block or if  an 
ESETL is i ssued . The PUT macro instruction 
does not have to be issued for records that 
have not been changed ; a seri es of GET ' s 
can be i ss ued with no int ervening PUT . The 
entire block is  written back into the f il e  
if , a n d  only if , a P U T  is issued for any 
record in the block . 

once a SETL macro instruction has been 
issued , GET and PUT are the only I/O opera­
tions that can be performed bef ore issuing 
an ESETL macro instruction. For example, 
if  a WRITE is to be i s sued to add a record 
to a f i l e  that is bei ng process ed s equen­
t ia lly , it must be preceded by an ESETL . 
After adding the new record ,  the SETL macro 
instruction can be reissued , specif ying the 
last record proces s ed as the new starting 
point . 
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RANDOM RECORD RETRIEVAL AND UPDATE 

Random retrieva l from an indexed- s equential 
f il e  is performed by the READ macro 
i ns tr uction . The programmer f irst places 
the key f ield o f  the des ired record in a 
s pe cial f i eld . I n  re spons e  to the READ 
i ns truction, the random retrieval routine 
s ea rches the indexes to locate the track 
conta ining the de s ired record and then 
s earches the track for the record . The 
block conta ining the record i s  read and the 
record is made availa ble f or proces s i ng .  
For both blocked and unblocked f i les , only 
the data portion of the record is read;  the 
key f ield is not read . 

The programmer can issue a WRITE a fter 
pro cessing the record to caus e it to be 
writt en back into its original location .  
T o  al low overla p  o f  i nput a nd output opera­
t ions with proces sing , READ and WRITE do 
not wait f or comp leti on of the operat ions , 
but return control to the problem program . 
The WAITF macro j ns truction i s  us ed at the 
point in the prog ram where proces s ing mus t 
be held up unti l the I/0 operation is com­
p lete . 

REORGANIZ ING AN I NDEXED-SEQUENTIAL FILE 

As new records ar e added to an indexed­
s equential f i le ,  existing records are 
p la ced i n  overf low area s .  The acce s s  time 
f or retrieving re cords in an overf low a rea 
i s  greater than that required for retri ev­
i ng other records . Therefore , when many 
overf low reco rds develop, input/output 
performance i s  re duced .  For this reason , 
the prog rammer should r eorgan ize indexed­
s equential f i les as s oon as the need 
becomes evident . The system ma intains a 
s et o f  s tati s ti cs to a s sist the programmer 
in determining when reorganization is  
required . 

Th es e s tat is ti cs are maintained in the 
f ormat 2 f i l e  label recorded with the f i l e .  
During f il e  proce s s ing , they occupy f ie lds 
within the DTFI S tabl e .  The DTFIS name 
( fi lename) is con catenated with a letter to 
ref erence these f ields . Th e programmer can 
t es t  thes e 4 - byte f ields as he proces ses 
the f il e .  The fo llowing statistics are 
kept : 

3 2  

P rime Record count ( f ilenameP ) - A 
count of the number of records in the 
prime record area . ( f ilenameP is  used 
f or DTFIS ADD , wh ile f i lenameP+4 is 
used for DTFI S LOAD . )  

I . 

I . 

I . 

overflow Record Count ( fi lenameo> - A 
count of the number of records in the 
overf low area ( s ) . 

Available Independent Overflow Tracks 
( fi lename ! ) - A count of the number of 
tracks remaining in the independent 
overflow area . 

Cyl inder Overf low Areas Ful l 
( f i l enameA) - A count of the number of 
cylinder overf low areas that are f ull , 
necess itating use of the independent 
overf low area . 

Non-First Overf low Re ference 
( f il enameR ) - A count of the number of 
times a random reference ( READ) is made 
to records that are the s econd or 
higher links in an over flow chain . 

In addition to these statistics maintai ned 
by the system , there is  another f ield 
( f i lenameT ) that can be us ed by the pro­
grammer to keep a count of tagg ed ( for 
deletion) records . This f i eld is kept in 
the format- 2 label and is available in the 
DTFIS table during f i le process ing . 

No f a ci lity is provided in the Disk 
Operating System for tagg ing or deleting 
records . The programmer can perf orm thes e 
f unctions in any way that h e  wi shes . The 
data portion of the records can be tagg ed 
or deleted as des ired . The key f ields 
s hould not be changed in any wa y that modi­
fies their sequence in the file . Tagged or 
deleted records can be el iminat ed when 
reorgani zing the f i l e .  

Reorgani zation i s  accompli shed by creat­
ing a new vers ion of the f i le ,  us ing the 
existing vers ion as input . The program 
that perf orms this operation would include 
two DTFIS macro instructi ons : one des crib­
ing the input f i le ( s equential retrieval) , 
and the other des cr ibing the output f i le 
( loading ) . Note that these are compl et ely 
unrelated f i les as far as the s ys tem is 
concerned . They must even be cal l ed by 
di f ferent names in the ma cro instructions . 
( Thes e names are not stored with the f i les ; 
a f ile can be created using one name and 
processed using another. ) 



INDEXED SEQUENTIAL DISK STOR1\GE SPACE FORMULAS 

Three fo rmulas compute I BM 2 31 1  di sk s torage requirements for an 
Indexed S equential f ile.  ThE� known quanti ties f or the computations 
given ar e :  

DL Data Length 
K1L Key Length 
B L Block Length (Data Length x Number of Records ) 
X Number of prime data tracks per cyl inder 
L Number of bytes ( 10 )  f or overf low link i nformation. 

I .  TO CALCULATE THE NUMBER OF PRIME DATA RECORDS PER CYLI NDER ( Npr) 
Let : A Number of prime data records on a shared track 

B = Number of records on a non- shared track . 

( Not e :  Thes e� va lues must b e  whole numbers . )  

Then : a .  Det ermine the s i z e  of the track index ( T� ) , 
T�= [ 2X+ 1 ] [ 9 1 . 4 9 + 1 . 0 4 9 ( KL ) ]  

b .  Determine the number o f  bytes remaini ng o n  a 
track for prime records ( T2 ) , 

T2 = 3 6 2 5-T� 

c .  Determine the s i z e  of the last prime record on a 
track C T 3 ) , 

T3=2 0+K L +B L 

d .  Determine the number of prime data records on a 
shared tra ck ( A) , 

T� =T2.-T3 

if the result ( T � ) i s  negative , set A= O ,  

i f  the res ult ( T l+) i s  z ero , set A=1 , 

if the result ( T� ) is positive , set 

A=1 +  T �  
8 1 + 1 . 0 4 9 ( K L +B L ) 

e .  Determine the number o f  records on a non- shared 
track (B) , 

B=1+ 3 6 0 5- ( K L + B � )  
81 + 1 • 0 4 9 ( K L· + B L ) 

Compute the number o f  prime records per cylinder ( Npr) by 
substituting f or A ,  B and X in 

Npr=A+ B ( X- 1 )  

I I .  T O  DETERMINE THE NUMBER O F  OVERFLOW RECORDS PER TRACK ( Nor) 
Compute : 

Nor=1+ 3 6 0 5- ( K L +D� + L) 
8 1 + 1 . 0 4 9 ( K L +DL + L) 

I I I . TO DETERMINE THE NUMBER OF CYLINDER OR MASTER INDEX RECORDS PER 
'rRACK ( Nir) 

Compute : 
Nir= 1 +  3 5 9 5-K L 

9 1 . 4 9 +1 . 0 4 9 ( K L ) 

( Note : Allow f or a dummy record. ) 
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D IRECT-ACCESS METHOD 

The direct-access method ( DAM) is a f lexi-
· ble a ccess method provided s pecif ically f or 
use with direct-a cces s  storage devices.  
The f lexibility of the system is derived 
f rom the advanced des ign of the direct­
a cces s  devices availabl e  with the 
s ys tem/ 3 6 0  rather than being the result of 
i nt ri cate and l engthy programming routines . 
All of the direct-access devices supported 
by the Disk Operating Sys tem use the same 
recor ding techniques . Some of the 
out standing f eatures of these devices are : 

• F lexible record format , at the record 
l evel . 

• 

• 

Flexi ble re cord ref erence ; either on 
record ID ( phys ical track and record 
a ddress )  or on re cord key ( control 
f ield of the logi ca l record> . 

Ability to search s equentia lly through 
an area f or a record , us ing a minimum 
of centra l pr oces sing unit proces s 
t ime " 

The macro inst ruct ions of the direct­
a cc es s  method a ll ow the programmer to take 
advantage of the flex ibility of the 
Sys tem/ 3 60 di rect-access devices with a 
min imum of ef fort . The f unction of the 
READ- WR�TE ma cro instructions is bas i cally 
the s ame as the physi cal roes EXCP ma cro 
i ns truction , except that the system 
provi des the appropri ate ccw chains . There 
a re no ela borat e rout ines for handling f i le 
mai ntenance funct ions such as adding 
records to existi ng f il es , handling over-· 
f lows , locating s ynonyms <multiple records 
with dupl i cate addres ses ) ,  deleting 
records , etc . Many of the problems a sso­
ciated with these fun ctions that had to be 
s olved with i nvol ved programming procedures 
on pr ior systems are virtua lly eliminated 
because of the advanced recording and 
a ddress ing techni que of the direct- access 
devices used with the System/ 36 0 . 

The eas e  with which random f iles can be 
created and maintained illustrate s this 
f lexi bil ity . The user is still faced with 
the problem of developing a randomi zing 
f ormu la to convert re cord keys < control 
f ie lds)  to va lid devi ce addresses . Howev­
er,  it is no long er of such paramount 
importance that the a ddress es produced be 
nearly perf ectly di stributed or that the 
numbe r of dupli ca te addres s es be kept to a 
bar e minimum � Th e formula can randomiz e  to 
tra ck instead of to r ecord . In s ome ca ses , 
it is sufficient to randomi ze to a cy li nder 
address . Records can be written in any 
o rder on a track. If there is  no room on 
the track , the re cord i s  simply written on 
the f irst tra ck that does have an ava ilable 
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location .  There i s  no need t o  cha in 
records with dupli cate addresses . To 
retrieve the record , the system can sta rt 
at any speci f ied t rack (the randomi zed 
addres s >  and s earch f or the record on the 
bas is of its actual key . It wi ll search 
exactly as far to locate and read the 
recor d  as it did to locate the available 
location when writing it.  

Another example of the f lexibi lity of 
these devi ces i s  the ease with which 
s elected records can be process ed in a 
sequential f i le.. A presequenced f i le can 
be loaded into consecutive record locat ions 
and then process ed :  

1 .  I n  straight sequential order ,  reading 
every record , f or jobs that require the 
entire f i l e .  

2 .  In selective sequential order , reading 
specific records C deter1nined by a 
sequenced trans action f ile) , for jobs 
that require only sel ected records out 
of a f i le .  

The direct-a cces s method provi des two 
programmed features to enha nce the flexi­
bility of the System/ 3 6 0 di rect- acces s 
device recording techniques : 

1 .  Mai ntenance of capacity record 

2 .  Return of ID f or next read,  write , or 
start of s earch . 

LOGIC MODULE ASSEMBLY 

The logic modules avai lable with the 
direct- access method must be assembled by 
the us er f rom a master source routine sup­
plied by IBM. Once assembl ed , they can be 
stored in the relocatable libra ry and 
linked automatically with any program that 
requi res them. If preferable , they can be 
assembled along with the us er ' s  problem 
program and included in the same output 
obj ect module . The modul es are ass embl ed 
in accordance with parameters in a special 
macro instruction DAMOD ( di rect-access 
module) . These parameters spec ify the 
functions that the particular module is to 
provi de . 

A f i l e- def inition ma cro instruction , 
DTFDA ( def ine the f ile for di rect a cces s ) , 
is written to define each f ile to be proc­
essed .  



RECORD FORMATS 

The direct-access method supports f i xed 
unblocked records and undef ined records . 
Both format F and f ormat u record s can be 
wri tt en on di rect-access storage with or 
withou·t keys . Th e data portion of unde­
f in ed records can be variabl e in length . 
I f  key f ields a re written , however ,  t hey 
mus t be pres ent on al l records and they 
mus t all be t he s ame length . Record bl ock­
i ng and deblocking must be handled by the 
pro grammer . 

CAPAC ITY RECORD 

Whe n  creating var ia bl e- length s equent ia l 
f il es and i n  most random- file applicati ons , 
r ecords are written by s earching on the I D  
of  t h e  last r ecor d currently o n  the tra ck 
and then writing count , key , and data of 
the n ew record. The direct-acces s routines 
mai nt ain a s p ec ia l re cord on each t ra ck to 
f ac il itate this t ype of operation.. The 
r ecord is cal led the capacity record . It 
i s  wr itten in the data port ion of the f irst 
record ( RO )  o f  ea ch t ra ck .  The capacity 
record contains the I D  of the last record 
currently on the track and the count of the 
number of byt es t hat can be written a fter 
the l ast record . When a record i s  to be 
wri tt en ,  the syst em can : 

1 .  Read the capa city r ecord , 
2 .  D etermine whether there is room on the 

t ra ck for the record . 
3 .  I f  the record f it s , write the record 

a nd the u pdat ed capacity record . 
4 .  I f  no room, notif y the problem prog ram. 

The capacity r ecord is not always us ed . 
The d es cription o f  the WRITE macro instruc­
t io n  expla ins when it is us ed . 

Byte• -I Vol ume 
N umber 

(M) 

0 
May _! 0 - 221 
Contai n • 

1-

1 

0 
I I : 0 -22 1 I 0 I I r 
: 0 - 221 0 

L f 

Ce l l  
( BB) 

Address Spec i fied by 
SEEKADR = Name 

Cyl i nder 
(CC ) 

I 2 3 I 4 5 I 
I I 

o I o : o - 1 99 :  o 
I 

Head 
( H H )  

I I I 6 

- - - - ,  
: 

Record : 
(R) I 

I I 7 I I 
- - - -t I 

0 - 9  : 0 - 255 ; 231 1 
1 1 I I I ; o - 9  I 0 - 1 9 : o - 9 : o - 4 : o - 1 9  ; o - 255 : 232 1  

0 0 ; 0 - 1 99 \  0 
I 

I I : 0 - 1 9 1 0 - 255 I 231 4 
: I : 

Requ i red for Record 
Reference by I D 

F ig ur e  2 3 .  DASD Addres s Formats 

ID LOCATION 

The di rect-access method requir es that the 
programmer provide actual DAS D  addres ses 
for a l l  READ- WRITE operations . These are 
8 - byte binary address es ( Figure 2 3 )  of the 
form MBBCCHHR , where :  

M identif ies the f i le volume . A single 
logi cal f i le can occupy s everal 
volumes ( i . e . , disk packs or data 
cells) . When this is the cas e ,  the 
physical units must be assigned ( in 
XTENT control cards ) to a s equential 
set of symbolic unit numbers .  For 
exampl e ,  a s ingle l og ical f i l e  on 
three disk drives could be ass igned 
to SYS 0 0 2 ,  SYS0 0 3 , SYS0 0 4 . The value 
M i s  a lways 0 for the f irst volume , 1 
for the s econd , 2 for the third , etc . 
In the previous example , M= O ref ers 
to SYS 0 0 2 ; M=1 refers to SYS 0 0 3 ; and 
M= 2 ref ers to SYS 0 0 4 .  Note that M is 
never read or writt en on the storage 
devi ce by the Disk Operat ing System .  
It is used t o  ref er ence the proper 
log i cal unit block for the symbolic 
name ( s ee Symbolic Devi ce Addressing 
under Phys ical IOCS ) . 

BB is a 2- byte f ield conta ining cell 
numbers ( 0- 9 )  for I BM 2 3 2 1  Data C ell 
Drives . This is always a 2-byte 
bi nary zero f or IBM 2 31 1  or IBM 2 31 4  
Disk Storage . 

cc is a 2- byte f ield,  containing either 
cylinder number ( 0- 1 9 9 )  f or 2 31 1  or 
2 3 1 4  di sk storage ,  or subcell ( 0- 1 9 )  
and strip ( 0- 9 )  for 2 3 2 1  data cell .  

Note : The las t  f our s trips of subcell 
19 are reserved for a lternate tracks , 
and cons equently are inva li d  addr ess­
es . 

HH is a 2 - byte f ield,  containing either 
head number ( 0- 9 )  f or 2 31 1  disk s tor­
ag e ,  head number ( 0- 1 9 )  f or 2 31 4  di sk 
s torage , or cylinder ( 0 - 4 ) and head 
( 0- 1 9 )  for 2 3 21 data cell . 

R i s  the record number .  This byte can 
have a binary number of 0 to 2 5 5  to 
identif y  the physical location of the 
record on the track . The value R 
does not always have to be specif ied . 
The des criptions of the READ and 
WRI TE macro instructions explain when 
R i s  needed . 

Thes e  8 - byte addresses a re used either 
as the sta rting poi nt f or a s ea rch on 
record key or as the a ctual address for a 
READ or WRITE ID . When s ea rchi ng f or a 
record key� the programmer has the option 
of specif ying that the search be only with-
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i n  the specif ied track or from track to 
t ra ck , s tarting at the address given and 
conti nuing either unt il the record is found 
or until the end of the cyl inder is 
rea ched. 

For certain types of operations , the 
s ystem can be r equested to return the ID 
( CC HHR) of the re cord read or written or of 
the next record fol lowing the one read or 
writt en .  The programmer can place these in 
the 8 - byte addres s field to either READ or 
WRITE a new r ecor d or to update the one 
r ea d .  For exampl e ,  t o  delete a record from 
a random f il e  with keys , the programmer can 
randomi z e  the r ecord key to a starting 
location , search on key to read the r ecord, 
and then use the ID r eturned to write a 
blank or z eroed record < key and data) back 
i nto the same location . The descriptions 
of the READ a nd WRITE macro instructions 
explain when the ID can be returned and 
whether the I D  returned is that of the same 
or of the next re cord . 

When the ID returned is that of the next 
record,  the s ys tem obta ins the ID by chain­
ing t o  a read-count command . This command 
will skip to the next track if the record 
r ead or writt en was t he last currently on 
the t rack . The s ys tem does not attempt to 
r ea d  the next ID if the end of a cylinder 
is reached . In this ca s e ,  it adds one to 
t he CC portion of the previous ID , forces 

I the HH portion to 0 ,  and forces R to 1 for 
a 2 31 1  or 2 3 1 4  fi le . For a 2 3 21 f ile , it 
add s  one to the hig h  order H, forces the 
l ow order H to zero , and forces R to one .  
An overf low f rom the high order H wil l 
inc rease the low order c by one , force both 
H ' s  to zero , and force R to one . Subs e­
que nt overf lows of addr ess locations wi ll 
cause increas es i n  the next higher posi­
t ions of the addr es ses . ( It is the user ' s 
r es pons ibi lity to che ck the val idity of the 
a ddress returned in I DLOC . ) 
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MACRO INSTRUCTIONS 

WRITE -- Write a Block 

The WRITE macro instructi on can be us ed to 
execute the following operations : 

Instruction Format Operation 

WRITE f i lename , KEY 1 .  Search on key 

2 .  Write data 

WRITE f i lename , ID 1 .  Search on ID 

WRITE f i lename , RZERO 

WRITE f i lename , AFTER 

WRITE f i lename , AFTER, 
EOF 

Write key ( �0 )  
and data 

1 .  Search on 
s pe ci f i ed ID.  

2 .  Restore the 
maximum ca­
pacity of the 
track in RO . 

3 .  Erase the re­
mai nde:r of the 
tra ck f ollowing 
RO . 

1 .  Rea d RO ( cap­
aci ty record) 
of specified 
tra ck 

2 .  Calculate 
whether room 
exi sts to write 
record after 
last r ecord . 

3 .  Search on pre­
vious ID C ID 
of las t  record 
taken from RO ) .  

4 .  Write count , 
key ( �0 ) , 
and dat a .  

5 .  Update R O  with 
new last ID 
and count 

1 .  Write EOF on 
DASD 

WRI TE f i lename, KEY : The programmer s up­
plies the key of the recoi:d to be updated 
and the track address ( MBBCCHH) at which 
the s earch is to begin.. Only the data 
portion of the referenced record is writ­
ten. I f  the DTFDA macro instructi on s peci­
fies that the system is tc> return record 



ID, the ID returned depends o�t whether or 
not the search mu ltiple option is s peci ­
f ied. 

• 

• 

With s earch multipl e  - ID of record 
written 

Without s earch multiple - ID of the 
record following the one 'llirritten . 

WRITE f ilename, ID : The programmer s up­
pli es the track and record address 
( MBBC CHHR) of the record to bE� written. 
The system search es on this ID and then 
executes a write key and data C or write 
data only) operat ion. The key f ield length 
can be z ero . If the system is requested to 
return ID4 the ID returned is that of the 
next record in the file . 

WRITE f il ename, RZ ERO : The programmer sup­
pli es the track addre ss after which the 
tra ck is to be eras ed .  The system searches 
for this track, restore s  the maximum capac­
ity of the track in RO , and erases the 
remainder of the track after RO . 

WRITE filename, AFTER : The prc>grammer s up­
pli es the tra ck address ( MBBCCHH) of the 
tra ck at the end of which the record is to 
be written . The system reads the capacity 
record and checks to see if there is enough 
room for the record to be wri 1:ten . If not , 
the problem program i s  notifiE�d. I f  there 
is enough room, the system seetrches on the 
ID of the las t re cord and then execut es a 
write count , key, and data opE�ration for 
the new record. The capacity record is 
then rewritten with the updatE�d count of 
remai ning bytes and the new letst- record ID.  

This format of the WRITE cannot return 
any ID f ield . 

If requested i n  the DTF ma<�ro instruc­
t ion, each of the preceding Wl�ite opera­
tions is veri fied by a read command chained 
to the write . 

In all cas es , the WRITE ma<�ro instruc­
tion returns cont rol to the pl�oblem program 
aft er requesting execution of the CCW 
chain . The programmer can perform any 
processing desired and then i Bsue a WAITF 
macro instruction to check foJ: completion 
of the operat ion. 

WRITE filename, AFTER, EOF : This operation 
wil l caus e an EOF record to bE� written 
a fter the las t re cord on the 1:.rack. 

READ - - Read a Block 

The READ macro instruction can be used to 
read from a random f i le in either of two 
ways : 

Instruction Format 0Eeration 

READ filename , KEY 1 • S earch on key 

2 .  Read data 

READ filename , ID 1. Search on ID 

2 .  Read key ( ;;:: 0 )  and 
data 

In the first format ( reference by key) , 
the programmer supplies the key f ield of 
the record to be read and the track address 
( MBBCCHH) at which the search is to begin . 
Only the data portion of the referenced 
record is read.  The system searches either 
the tra ck specif ied or to the end of the 
cylinder , depending on whether the search 
multiple option is selected . I f  requested 
to return record ID , the system returns : 

• With s earch multi ple - ID of record 
read 

• Without search multiple - ID of record 
fol lowing the record read . 

In the second f ormat ( reference by ID) 
the programmer supplies the tra ck and 
record addres s ( MBBCCHHR) of the record to 
be read . The system searches on this ID 
and then executes a read key and data < or 
read data only) operation . The key-f ield 
length can be zero . If request ed to return 
ID , the system will s upply the ID of the 
next record. 

The READ macro instructi on returns con­
trol to the problem program after request­
ing execution of the ccw chain.  The pro­
grammer can perform any process ing desired 
and then issue a WAITF ma cro instruction to 
check for complet ion of the operation .  

CNTRL - - Control Seek and Control Restore 

The CNTRL macro instructi on provided with 
the di rect-access routines can be used in 
two f orms : 

CNTRL - Seek 

CNTRL - Restore 

To initiate a seek oper­
ation in ant icipation of 
a subs equent READ or 
WRITE 

To res tore a data cell 
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strip from the 
read/write hea d to the 
cell . 

The READ a nd WRITE macro i nstructi ons do 
not have to be pr eceded by a CNTRL-Seek .  
They automati call y  seek t o  the correct 
cyl inder i f  neces sary . However , it is 
oft en pos s ibl e  to iss ue a s eek to pos ition 
the a cces s mechanism to the correct cyl in­
der before the actual I D  or key requi red 
f or a READ or WRI TE is avai lable.  

Us e of the CNT RL-Restore macro instruc­
t ion is not ess ential . The 2 3 21 data cell 
a utomatica lly res tores a strip from the 
r ea d/write drum : 

1 .  When a s e ek i s  given for another strip 

2 .  After 8 0 0 mil liseconds pa ss without an 
o peration bei ng performed on the strip .  

I f  the programmer knows that h e  is  fini shed 
with a strip,  he shou ld issue a CNTRL­
Res tore to avoi d unne cessary delay when the 
next READ is is su ed . 

The CNTRL ma cr o  instruct�on returns 
control to the pr oblem prog ram as soon as 
t he o peration is init iated.  

The programmer mus t provi de the 
f ol lowing operands for the CNTRL macro 
i ns truction : 

1 .  The name of t he f ile 

2 .  The opera tion to be performed ; either 
S EEK or RESTR 

3 .  For a s eek, t he s ymboli c name of the 
f ield conta in ing the seek address . 

WAITF-Wait for and Test Completion of Read 
or Wr ite Operat io n 

The WAITF mac ro i ns truction waits f or com� ­
pleti on of an in�ut/output operat ion 
r eque sted by a READ or WRITE macro instruc­
t ion and tests for errors and excepti ona l 
conditions . Any exceptiona l cond itions 
dis covered are pa ssed to the problem pro­
g ram in a s pecial 2- byt e location def ined 
by the programmer . The programmer must 
i ss ue a WAITF macro instruction after a 
READ or WRITE bef ore is suing any other 
macro instruction f or the same f i le .  

Th e only o per� nd required for this ma cro 
i nstruction is th e name of the f ile . 
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CREATING DIRECT-ACCESS FII�S 

There are no rigid rules governing the 
organi zation of f i les process ed by the 
direct- a ccess method.. ThE! prog rammer is 
free to do anything he wi shes within the 
power of the ma cro instructions provided. 
There are , however , certa in standard,  typi­
cal f i l e  organi zati ons and process ing tech­
niques for which the obvi ous direct-acces s 
method pos sibilities can be out lined . The 
fol lowing s ections are intended to sugges t 
to the reader poss i bl e  ways i n  which he can 
use direct access routines for his more 
typical files . The techniques s hown are 
not the only ones that can be used. In 
cases where more involved procedures are 
requi red , such as linking toget her multiple 
f i les , master and trailer r ecords , etc . , 
the user may have to use va riat ions on 
these techniques to a chieve the des ired 
re sults . 

Sequential File� 

FIXED- LENGTH RECORDS,  WITH KEYS : ro load 
the file  - Either of the following tech­
niques can be used to produce ident ical 
f iles . 

1 .  a .  Preformat the area 

b. WRITE f i lename , ID 

Note : DTFDA macro instruction should 
request the system to return the 
next ID for ea ch suc cess ive 
WRITE . 

2 .  WRITE f i lename , AFTER 

To __ .P!:ocess the f ile - Use t he f irst of the 
fol lowing techniques to process the entire 
f ile.  Use the second technique to process 
se lected records ( against s equenced input ) . 

1 .  READ f i lename , ID 
WRITE f i l ename , ID ( if updat ing ) 

���� : DTFDA ma cro instruction should 
request the system to return the 
next ID for ea ch suc cess ive 
READ . 

2 .  READ f i lename , KEY 
WRITE f i l ename , KEY ( i f  updating ) 

��te : DTFDA ma cro instruct ion should 
request the sys tem to return the 
next ID to be us ed a s  the start­
ing point for ea ch success ive 
READ operation .. 



F IXED-LENGTH RECORDSL WITHOU�' KEYS : To 
l oad the f ile - Fixed-l ength records with 
no keys can be cr eated and processed with 
the GET-PUT l evel of the sequential-access 
method.  I f  a ny o f  the direct-access tech­
niques s hown for Fixed-Length Records , With 
Keys , is us ed , th e output will be identical 
to that produced by the seque�ntial-access 
routi ne , providing the us er has included 
the WRITE EOF opt ions during creation of 
the f iles . 

To proces s the fi le - Use the� sequential­
a cces s· GET or the direct-acce:ss READ 
Filename , I D . Fil es s hould be� process ed by 
the a cces s method used to cre:ate them . 

UNDEFINED RECORDS�TH KEYS : .  To Loa d the 
Fil e  -

1 .  a .  Us e clear or initia lize utility 
prog ram or the macro WRITE f il en­
ame , RZERO to initialize the capa c­
ity record .  

b .  WRITE f il ename , AFTER 

Note : Us e tr ack address of f irst 
track, update to next track or 
track and cylinder when system 
indicates no more room on a 
track. 

To process the fi le - Use the same tech­
niques as listed for Fixed- Le�nqth Records , 
with Keys . 

UNDEFINED RECORDS WITHOUT KEYS : To l oa d  
the f ile - Unde fi ned records with no keys 
can be created and processed with the GET­
PUT l evel of the sequential-access method .• 

The direct-access method can be used to 
create a f il e  i de ntical to that produced by 
the s equential- ac cess method .  Use the s ame 
tec hniques shown for Undefi ned Records with 
Keys . 

To proces s the fi le - Use the s equentia l­
a cc es s  GET or the direct-access READ 
f il ename , ID� Fil es s hould be process ed by 
the a ccess method used to cre·ate them . 

Random Files 

FIXED-LENGTH RECORDS ,  WITH KEYS : T o  load 
the f il e  - Either of the following tech­
niques can be used. 

1 • a .  P reformat the area .• 

b .  Randomi ze t o  track and record , 
l eaving one or more-tracks o n  each 
cylinder f or overf low. 

c .  READ filename , ID to determine 
whether record pos ition is occu­
pied . 

d .  I f  record pos ition avai la ble ,  wRITE 
filename , ID . 

e .  I f  record pos ition not availabl e ,  
place record in overf low area , 
using WRITE fi lename , AFTER . 

2 .  a .  U s e  clear o r  initiali ze ut ility 
program to s et up the capa city 
records . 

b .  Randomi ze to track C or ,  pos sibly,  
only to cyl inder ) . 

c . WRITE f ilename , AFTER. 

d .  I f  record not written C no room on 
track) re- is sue WRITE for next 
t rack or overf low area . 

To process the f il e  - U s e  the s ame random­
izing formula used to create the f i le . 

1. If randomi zing to tra ck and record : 
READ filename , ID 
WRITE filename , ID ( update >  

2 .  I f  randomiz ing t o  tra ck C or cyl inder> : 
READ f i lename , KEY 
WRITE filename , KEY ( update) 

FIXED- LENGTH RECORDS, WITHOUT KEYS : 

To load the f ile - Us e first technique 
listed for Fixed-Length Records , with Keys . 

To process the file - Use f irst technique 
listed for Fixed-Length Records , with Keys . 

UNDEFINED RECORDS ,  WITH KEYS : To l oad the 
f ile : 

1. a .  Use clear o r  initiali ze utility 
program to set up the capacity 
records . 

b .  Randomi ze to track C or cyl inder ) 

c .  WRITE f ilename , AFTER 

d .  I f  record not written ( no room on 
track) re- issue WRITE for next 
track or overf low area . 

To process the file : 

1. a .  Randomi z e  to track ( or cyl inder ) 

b. READ f i lename , KEY 

UNDEFINED RECORDS, WITHOUT KEYS : This is 
normally f eas ible.. File would have to be 
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wri tten us ing the ID of the previous record 
f or reference ( AF TER or AFTERID ) . It would 
have to be read f or process ing with the 
READ f il ename , I D. The ID f i eld , howeve r ,  
wou ld not norma ll y  be available to the 
processing prog ra m. 

D IRECT-ACCESS STO RAGE DEVICES 

I BM 2 31 1  DISK S TORAGE DRIVE 

The I BM 2 3 1 1  Di sk-Storage Drive f eatures 
removabl e ,  interc hang ea bl e  disk packs , 
off er ing vi rtua lly unlimited data-storage 
capacity . A disk pack can be eas ily 
removed and repla ced with another pa ck in 
l es s  than a minut e .  Thes e units have f lex­
i bi li ty compa ra bl e to a tape system , plus 
the a dvantage of dire ct-a ccess proces sing . 

Cyl inder Concept 

The corres ponding recording tracks on each 
dis k surf a ce are phys ically l ocated one 
above the other , and may be pi ctured as 
f orming 2 0 3  conce ntri c cylinders of 1 0  data 
t ra cks ea ch . Figure 2 4  is a schematic 
r epre sentat ion of the cyl inder concept . 

203 
C y l i nders 

F ig ur e  2 4 .  C yl inder Concept 

4 0  

Access Mechanism 

Ten read/write heads are mounted on a ver­
ti cal ass embly .  The heads are aligned 
vertica l ly and are a l l  moved together hori­
zontal ly to any of 2 0 3  positions . There­
fore , each time the read/write heads are 
moved into position , one enti re cyl inder of 
ten data tracks is access ible f or rea ding 
and writing. Only electronic s witching of 
the heads is neces sary to s elect a particu­
lar track within the cyli nder . Figure 2 5  
illustrates the access mechanism and the 
di sk pack . 



000 Cyl inders 202 r - - - - - - - - - - �  
I 
I 

F igure! 2 5 . I BM 2 311 Access Ass embly and Disk Pack 

Per Per 
Track Cyl inder 

Disk Storage Drives 

Cylinders 

Tracks 1 0  

Bytes (Alphameric Characters )  3, 625 36, 250 

Packed Decimal Digits ( Numeric On l y )  7, 250 72,500 

NOTE:  A l l  figures are based on one record per track .  

F igure 2 6 .  2 31 1  Disk Storage Drive Capacity 

Storage capacity 

T he 7 . 2 5 million byte capacity of each di sk 
pack is ba s ed on 200 tracks per disk sur­
f ac e .  With the high- dens ity recording of 
t he 2 31 1 , minut e  contamination partic les 
can aff ect data r eading and 1Writing . 
The refore , 2 0 3  tracks per disk surf ace are 
provi ded to ens ur e that the stated capacity 
is maintained f or the life o :f the dis k 
pack. 

Be caus e ea ch r ecord has certain non- data 
chara cters , s uch as disk addresses , the net 
dat a- storage capa city of tracks may vary . 

Per Disk Per Storage 
Storage Drive Control Unit 

8 

200 1 , 600 

2, 000 16, 000 

7, 250, 000 58,000,000 

14, 500, 000 1 16, 000, 000 

Figure 2 6  indi cates that on the bas is of 
one 3 6 2 5 - byte record per track ea ch disk 
pack can store 7 , 2 5 0 , 0 0 0  bytes . Figure 2 7  
s hows t h e  number of bytes per r ecord 
according to the number of equa l- l ength 
records per track . The f igure is us ed only 
f or i l lustration; in a ctual pra ctice 
records on the same t rack can vary in 
length in both the key ar eas and the data 
areas . Formulas for determining record 
capacity per track are available in the 
publication, IBM 2 8 41 Storage C ontrol Unit , 
Form A2 4- 3 2 54 . 
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Number of Equa l - Length Records per Track 
-

1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 

Maxi mum N umber of 
Bytes per Recor d 3625 1 740 1 1 31 830 651 532 447 384 334 295 263 236 2 1 3  1 93 1 77 1 62 1 49 1 38 127  1 1 8 
without Key F i el d  

-- --- --

Maximum N umber of 
Bytes per Record 3605 1 720 1 1 1 1  81 1 632 5 12  428 364 3 1 5  275 244 2 1 7  1 94 1 74 1 58 1 43 1 30 1 1 9 1 08 99 
with Key F i el d  

-

Figure 2 7 .  Bytes per Record vs Records per Track ( 2 31 1 )  

Per Track 

Disk Storage Dri ves 

Cy l i nders 

T racks 

Bytes (Al phameric Cha racters)  7, 294 

Packed Decima l  Dig i ts (N umeri c On l y ) 1 4, 588 

N O TE :  A l l  fig ures are based on one record pe r track . 

• F igure 2 8 . IBM 2 31 4  Storag e  Capa city 

IBM 2 31 4  DISK ACC ESS STORAGE FACILITY 

The I BM 2 3 1 4  Di rect Access Storage Fa ci lity 
consi sts of eight on- line dis k  storag e 
modul es , one spar e (off-line)  module , and 
an integra l contr ol unit . The s pare module 
is availabl e  for immediate use if servi cing 
or routine ma inte nance is necessary on any 
o f  the other modules . Of the total of nine 
modul es , any eight ca n be on line at a 
t ime . Each disk storage module has an 
i nd ividually addr essable access mechanism, 
and uses a remova ble and interchang ea bl e  
I BM 2 31 6  D i s k  Pac k to provide programming 
f lexi bility a nd virtual ly unlimit ed o ff line 
s torage capacity. 

Acces s Mechan is m and Disk Organi zation 

I nf ormation is wr itte n  on and read from 
disk surfa ces of the 2 3 1 6  dis k packs by 
r ea d/write heads in the 2 31 4 .  The 2 0  
r ea d/write heads a t  each di sk- module loca­
t ion are pos i tioned by a movable combli ke 
acc es s  mechanism. Ea ch disk module has its 
own access mechan isma Two read/write hea ds 
are atta ched to each arm of an access 

• 4 2  

Per Disk 
Per Cyl i nder Storage Module Per I BM 23 1 4  

8 

200 1 , 600 

20 4, 000 32, 000 

1 45 , 880 29, 1 76, 000 233 , 409, 000 

291 , 760 58, 352 , 000 466, 8 1 6, 000 

mechanism. Because all 2 0  read/wr ite heads 
are a lways positioned in the same vertical 
plane , 20 tracks are avai lc:t bl e  for reading 
or writing purpos es without� movement of the 
ac�ess mechanism. Figure 2 4  shows how the 
entire disk pack cons ists of 2 0 3  concentric 
cylinders of information. The numbering is 
f rom 0 0 0  ( outermost cyl indE�r) to 2 0 2  
( innermost cyl inde r > . Tracks in cylinders 
2 0 0  through 2 0 2  are alternate tracks that 
can be us ed if any of the t:racks in cyl in­
ders 0 0 0  through 1 9 9  should become def ec­
tive . 

Storage and Record Capacity 

Because ea ch record has c ertain nondata 
areas < such as count f ields and gaps ) , the 
net data storage capacity of tracks va ries 
with the number of records . With one 
record per track , each track has a data 
capacity of 7 2 9 4  bytes . 

Becaus e of the high- dens ity recording 
method used by the 2 3 1 4 , mi nute contamina­
tion parti cles can aff ect data reading and 
writing and may cause los s of bits . There­
fore,  2 0 3  tracks per disk surface are pro-



Track Capacity in Bytes Bytes Per Data Record 
. Storage ---- - -

When R o  i s  Used a s  Spec i fied Data Records (except for l ast record) Last Record 
Device --

By I BM Prog ramm i ng Systems Without Key With Key W i thout Key W ith K ey --

23 1 4  7294 2 1 37 2 1 37 1 01 + 2048 (DL ) 1 46 + 2048 (K L + DL ) D L 45 + K L + DL 

Record Ro used as specified by Number of 'Equal Length Records That Can Be Stored on a 231 4 Track 

I BM Programm i ng Systems . No --- ---�-

::l�lE appl ication data; K L == 0; D L == 8 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  
.---·· 

Bytes per record wi thout key 7294 3520 229B 1 693 1 332 1 092 92 1 793 694 6 1 5  550 496 450 41 1 377 347 321 
-··- · ---·· -·-·-· 

Bytes per record with key 7249 3476 2254 1 649 1 288 1 049 877 750 650 571 506 452 407 368 333 304 277 

Ro == Record 0 (track descriptor record) 

D L == Data Length 

K L == Key Length 

• Fig ur e  2 9 . Recor d Capaciti es 

vided to ensure that a capa city of 2 9 . 1 7 
million bytes ( ba s ed on 2 0 0  t.racks ) is 
maintained for th e li f e  of the disk pack 
( Fi gure 2 8 ) . 

Re cord capacities for the 2 3 1 4  are list­
ed for records wi th k eys and without keys 
i n  Figure 2 9 .  Fu rthe r informat ion on the 
2 31 4  is available in the publication , I BM 
§_ys tem/ 3 6 0  Compon ent Descrip!: ions_- 2 31� 
D ir ect Access Storage Faci l i  t:y and 28 4 4  
Aux il iary Storage Control , Form A 2 6- 3 59 9 .  

IBM 2 3 2 1  DATA CELL DR IVE 

The I BM 2 3 21 Data C el l  Drive is a device 
f or s toring data on magnetica ll y  coated 
s tr ips . Two hundred s.trips are conta ined 
in a s ing l e  r emovable and int:erchangeable 
cell assembly ( se e  Figure 3 0 ) . T en cel l  
a ss embl i es , each containing t:wenty sub­
cel ls , can be mounted on a data cell drive 
at one time . A rotary positioning system 
pos it ions a s el ected subcell of ten s trips 
ben eath an access station . At this s ta­
t ion,  a s electe d  stri p is wit:hdrawn f rom 
the s ubcell a nd rot at ed past a r ead/write 
h ea d  element for data trans f e r .  The strip 
is then returned to i ts orig i nal location 
i n  the subcel l .  

Read/Write Head Block 

The read/write head block conta ins 2 0  mag­
netic el ements . It can be posi tioned to 
one of f ive pos iti ons , creating f ive cylin­
ders of 2 0  data tracks ea ch and providing 
read/write a ccess f or the 1 0 0  recording 
tracks per strip . The head block i s  posi­
tioned during access time . 

-

--
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Drum Drive 

Doto Cel l  
(Conta ins 
200 Strips) 

Read/Write 
Head 

Figur e  3 0 .  Data Cell and Strip S election 
( 2 3 21 )  

Storage capacity 

Fig ur e  31 illus trat es the capacity of a 
2 32 1  data cel l ,  bas ed upon 2 , 0 0 0  bytes per 
t ra ck . Formu las for determining record 
capacity per track are avai lable in IBM 
2 8 4 1  Storage Cont rol Unit , Form A 2 4- 3 254 . 

MODEL 1 
Capacity 

8 - Bit Packed Decimal 
Alpha - numeric Mode D igit tv1ode 

Track 2,000 4, 000 
Cyl inder 40,000 80,000 

r----· 
Strip 200,000 400,000 
Subce l l  2,000,000 4,000,000 
Data Ce l l  40,000,000 80,000,000 

Ful l  Array 400',000 1000 800 1000 I 000 

Figure 3 1 . 2 32 1  Data Cell Capacity 

4 4  

DASD TRACK FORMAT 

The 2 3 11 Disk Storage Drive and the 2 3 2 1  
Data C e l l  Drive use a t rack format consist­
ing of an index marker , a home address , and 
one or more data records . An a ddress mark­
er precedes each data record ( except the 
f irst one , as explained later > to indi cate 
the beginning of a new record . Each track 
area is  s eparated by a ga p. Fi gure 32 is a 
s chemat ic representation of a DASD track. 
The various areas of the track format are 
described as follows : 

Index Marker : The index marker indicates 
the phys ical beginning of each track. 
There is one index marker per track . 

Home Address : There is one home address 
per track. This address is 7 byt es in 
length and is recorded in binary code . The 
home address def ines the location of the 
track in t erms of the phys i cal pa rameters 
of the f i les.  Home addres s es are writt en 
on the track by an initia li zing uti lity 
program , which wi ll be explained later . 

Figure 3 3  is a s chemat ic repres entation 
of the home-address area. 



�Record Zero: Ro Record One: RJ ] G� 
Index Home EJ � Address Count ~ Marker Gap Address Gap l Gap Area Gap Marker Gap Area DATA AREA Gap Gap 

__, Record Two: R2 I �  Record Three: R3, etc . 

Address Count Address Jop Marker Gap Area Gap�Gap l DATA AREA IGap Marker Gap 
Count 
Area � E  Gap Gap Data 

Figure 3 2 . Sche mati c Representation of DASD Track ( with Key Area ) 

The Flag Byte : The f l ag byte is record­
ed on the track during a write-home­
address op eration . This f lag infor­
mation byt e indicates the condition 
of the tra ck and is automatica lly 
propagated to all records as they 
are record ed on the track. 

The Address : The four byt;es containing 
the cylind er number and head number 
given the phys ical location of the 
tra ck . 

T he Check Byt es : Two check bytes con­
tain the 1 6  check bits us ed to veri­
fy the val idity of reading and wri t­
ing . Thes e check bytE�s are a func­
tion of the re cord- verif ication 
circuits of the systems . They a re 
automatica lly appended to each s ep­
arate area written on a DASD t rack. 
The two bytes are not included in 
the count f i el d ' s key length and 
data l engt h when the l ength of the 
corres pon:i ing areas a1�e def ined. 

J Index 
Gap 

'--

M

-

ar

-

ke

_

r

___, 

Gap 
Flag 
Byte 

Home Address 

Cyl inder Head Check 
Bytes 

c l c H I H I 
Figure 3 3 .  S chematic RepresEmtation of the 

Home Address 

Record Z ero ( RO >  

The f irst record on every track ( record 
number z ero : RO ) is used primarily to 
f acil itate the us e of an alternate trac k ,  
when t h e  original t ra ck is found to be 
def ective . Ref er red to as the track­
d es cr iptor record or re cord :�ero ( RO ) , this 
r ecord is unique in that it :Ls not preceded 

by an address marker and does not contain a 
key area ( key l ength is a l ways zero) . 
Figure 3 4  is a schematic repres entation of 
the Record Z ero . 

The count area is s imi lar to other 
records as des cribed in the f ol lowing para­
graph . The data area can be us ed to main­
tain updated information about the data 
records on the track. A discus sion of the 
capacity- record portion of this data area 
is contained in the s ecti on Dir ect-Access 
Method . 

DASD RECORD FORMAT 

There are three bas ic parts to ea ch DASD 
record : the count a rea , the key area 
( optiona l ) , and the data area . Figures 3 5  
and 3 6  are schemat ic repres entations o f  a 
record with a key area and without a key 
area . 

The Count Area : The count a rea consists 
of the f lag byte recorded f rom the 
home addres s f lag byte , the iden­
tifier f i eld , the key length , the 
data l ength , and check bytes . This 
area is recorded in binary notation . 

The Identif ier Fi eld : The i dent if ier 
f i eld ( record !D) of f ive bytes 
contains the cylinder number ,  the 
head number and the record number to 
define the phys i ca l  loca tion of the 
record . The record number is the 
s equential pos ition of the record on 
the track. Record number zero ( RO >  
i s  the f irst record on the track and 
each succeeding record is numbered 
in ascending order . 

The Key Length : The k ey l ength is one 
byte and denotes the number of bytes 
in the key portion of the record , 
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but does not include the two c heck 
bytes . If�he record does not con­
tain a key area , key length is 
recorded as zero . 

The Data Length : The data length is two 
bytes long and speci fies the number 
of byt es in the data portion of the 
record , but does not include the two 
check bytes .  

---

The Key Area : The key a rea consi s ts of 
the key fi eld and two check bytes . 
The key is an external number , s uch 
as part number or employee number , 
that i dent if ie s  the information 
stored i n  the data portion of the 
record . r hi s  f i eld wi ll usua l ly be 
the ma jor control f i eld of the log i­
cal data r ecor d to which it is 
appended . The key l ength can va ry 
f rom z ero to a maximum of 2 5 5  bytes . 

The Data Area : The data area contains 
the information stored in the fi le , 
plus two check bytes . The data area 
can be one log ical record or many 

Count Area I 
I 

lde�ti fier 
Data -£ Check 

2 '"0 Length Bytes Cyl inderi Head 5 Ol >.. c: c:c u Q) 

c t c H I H 
� ...J I I 8' >.. 
R Q) u:: � 

Gap 

l ogica l  records blocked together . 
Records on the same track can vary 
in length in the key area and in the 
data areas . The l ength of the data 
area is defined by i:he data- length 
f i eld. 

DASD INITIALI ZATION AND MA�[ NTENANC:f'� 

INITIALI ZE DISK/DATA CELL PROGRAMS 

Initialize- disk and initialize- data-cell 
utility programs are provided a s  part of 
the IBM System/ 3 6 0  Disk Operat i ng System 
package . Initiali z ation programs are pro­
vided to prepare disk packs and data cells 
to be used. As the packs and cells are 
received by an instal lation , the programs 
are used to write standard home addresses 
and tra ck descripti on records ( record z ero) 
and to make a s urface ana lysi s to identify 
defective recording s urfa ces ( i f any) . The 
program wi ll write the volume label and 

1-+------- Data Area --------j 
Th is area is used for the 

l Capacity Record Option (DTFDA) Che k 
or the Cyl inder Overflow Byte� 
Control Record (DTF IS) 

F ig ure 3 4 .  S chemat ic Repres entation of Record Zero 

r----- Count Area -----t t----Key Area --J 1�---- Data Area -----1 

Gop Address 
Marker 

Gop 
Q) >.. 

<0 
0> 0 u:: 

Identifier 

"'0 Cyl inder Head 0 
u 

c 1 c H I H 
� 
R 

Data Check 

..t: 
Length Bytes 

g, 
Q) 

I I -l 
>.. 
Q) ::..:: 

Gop 

Key Check 
Area Bytes 
(Variable Gop 

Length) 

I 
(Variab le Length) 

F ig ure 3 5 .  S chemat ic Repres entat ion of a DASD Record with a Key Area 

Check 
Bytes 

I 

1-'��------Count Area ------.-1 t-o-------Data Area --------+il 

J Address 
Gap 

'---

Mar

-

ker

__, 

Gap 

Identi fier 
Data Check -£ Q) � Ol Length Bytes >.. Cyl i nder Head c: c:c 0 Q) u ...J Ol 

c I c H I H 
� >.. I I 0 
R 

Q) u.. � 

Gap (Variab le  length) 

F ig ur e  3 6 .  S chematic Representation of a DASD Record Without a Key Area 
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establish the vol ume tabl e  of contents 
( VTOC ) area to be used fdr cata loging f il e  
l abel s .  For further details on the VTOC 
s ee t he s ection �abel�. 

The initia li zation programs are a l so 
used to reinitial i z e  di sk packs or ce ll s  
whe n j ob requirem ents chang E! . T o  gua rd 
a ga inst accidenta l re initia li zation of 
devices conta ining va l i d  dat�a fields , the 
VTOC is checked f or l a bels reflecting unex­
pir ed data f i les. 

Home Address and Record Zero Generation 

When the init ia li zati on programs writ e the 
home address and record z ero f ields on each 
tra ck , a veri fica tion of the accuracy of 
r ecording is made . I f  a home address and 
r ecor d  z ero { RO )  cannot be success ful ly 
wri tt en on a track ,  a messa ge wi ll be 
print ed indi cat ing the error . The 
pack/ cell wil l  be del eted from the j o b  if a 
home address and/ or record z ero cannot be 
writt en on one or more tracks . The rema in­
d er of the storag e area will be ana ly zed 
befor e the devi ce is  deleted.  The prog ram 
wil l continue process ing the next device ,  
i f  pr esent . 

PHYSI CAL I OCS AND DEFECTIVE DASD TRACKS 

Dis covery of a De fect ive Tratck 

Whenever a record cannot be successfully 
r ea d  from a DASD track with s tandard error 
r ecovery procedures , a messatge indicating 
t he e rror conditi on and the address o f  the 
t ra ck which f ailed is i ss ued to the opera­
tor . If the error condition is  not a cc ep­
table to the prog ram { process ing cannot 
conti nue > , the prog ram is terminated . DASD 
I OC S  provides t he facility , in the Verif y  
Opt ion, t o  read each record a s  i t  is  writ­
ten to verify tha t it was written correct­
ly.  The user mus t request t:he Verify 
Opt ion by speci fy ing VERIFY==YES in hi s DTF 
e nt ry for the f il e. The cc�J S kip bit pro­
vides this verifi cation capat bility without 
r equiring an I/O area f or the record . I f  
t he Verify procedure i s  not used , wri te 
data checks wil l not be dis covered until 
t he r ecord is l at er r ea d  for processing .  

Correcti on of a Def ective Track 

The operator should note the address of the 

I def ective track and later process the I BM 
System/ 3 6 0  DOS Alternate Track As signment 
program which f lag s the def ective tracks 
and ass igns a lternate tra cks to replace 
them. A portion of each DASD volume is 
res erved for alternate tracks , i . e . , the 
last three cylinders of each disk and the 
last f our strips of each cell . 

Previous ly Establis hed_ Defective Tracks 

Whenever a DASD device detects that a 
f lagged def ective t rack i s  being acces s ed 
( every count field on the t ra ck contains 
this f la g ) , it indicates the rrack Condi­
tion Check error condition . When this 
condition occurs , phys ica l  roes error reco­
very procedures retrieve the address of the 
assigned a lternate tra ck from record z ero 
( RO )  of the def ective track and restart the 
cha nnel prog ram on the as s i gned a lternate 
track . 

Whenever a channel program operating in 
multiple t rack mode reaches the end of an 
a lternate track,  the DASD device detects 
this and indicates the Track Condition 
Check error condition .  Physi ca l  roes 
retrieves the a ddress of the de fective 
track f rom record z ero ( R O )  of the alter­
nate track and restarts the channel program 
on the track following th e defective track. 
The problem program is therefor e never 
concerned with f lagged defective tracks or 
a lternate tracks . 

DASD LABELS 

The IBM System/ 3 6 0  Disk Operating s ystem 
provi des pos itive i dentif icat ion and pro­
tection of all DASD f iles by recording 
labels on each volume < pa ck or cell ) . 
These labels ensure that the correct volume 
is us ed for input and that no current 
information is destroyed on output . 

Certain standard label s are required for 
a l l  DASD f il es , although it is possible to 
process f iles with the phys ical I/O ma cro 
instructions ( EXCP ) without process ing any 
labels . When using any of the log ical roes 
routines , labels must be proces sed for each 
data f i l e .  A s pecial roes fa ci lity < DTFPH> 
is  also provided to allow label process ing 
when us ing phys ical I/O macro instructions . 
In addition to the requir ed s tandard 
label s , logica l  roes provides f acil it i es 
f or optional user labels .  
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The s tandard label s include one volume 
label for eac h  vo lume and one or more f il e  
Iabels for ea ch l ogical f i l e  on the volume . 
There may be us er vol ume labels and , in 
s ome cas es , user header labels and us er 
tra il er labe l s .  

Note : User f il e  la bels a re proces s ed by 
IBM S ystem/ 3 6 0  Operat ing System. 

S TANDARD VOLUME LABEL 

The s tanda rd volume l a bel i dentif ies the 
entire vol ume ( ce ll or pa ck ) . Every volume 
used in the Disk Operating System environ­
ment must have a standard volume labe l .  It 
is always the t hi rd record on cyl inder 0 ,  
tra ck 0 .  The f ir st two records on this 
t ra ck of every re sident pack are IPL 
records , otherwis e the records contain 
binary z eros . The vo lume- label record ha s 
a 4 - byte key fiel d  and an 8 0- byte data 
f ie ld . Both the key f i eld and the f i rs t  
f ou r  bytes of the data field contain the 
l abel identif ier VOL1 . The format of the 
data f i eld is s ho wn  in Appendix A .  

The volume label contains a volume s eri­
a l  number .  This number i s  assigned when 
the volume is pre pa red for us e in the sys­
t em ,  and the number is never changed.  It 
is repeated in th e la bels f or all files on 
t he volume . 

Th e only other f ield in this label that 
is us ed by the Di sk Operating System pro­
grams is the address of the area containing 
t he f ile l a bels . 

Add it ional Vo lume Lab�ls 

The s tanda rd volume l a bel can be followed 
by one to s even a ddit ional volume l a bel s 
( starting with the fourth record on cylin­
d er 0 ,  track 0 ) . These labels must contain 
the l abel ident if ier VOL2 , VOL3 , etc . in 
t he 4 - byte key fi el ds and in the f irst four 
byt es of the data f ields . The other 7 6  
byt es can conta in whatever informat ion the 
user requi res . r hese labels a re not read 
or processed by roe s .  If requi red , they 
mus t be read by using phys ica l I/O ma cro 
ins tr uctions . 

Cre ation of Volume Lapels 

All volume la bels ( the standard label and 
a ny a dditiona l la bels ) a re written by the 
initi aliz e- di sk or in itiali ze-data- ce ll 
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ut ility programs at the time the pack or 
cell i s  prepared for use. The inf ormation 
in the s tandard volume label is checked , 
but never altered , by roes during f ile 
processing . 

STANDARD FILE LABELS 

A standard file label or s et of f ile labels 
identif i es a pa rticular log ical f i l e ,  gives 
its location ( s )  on the pa ck or cell , and 
contai ns informati on to prevent premature 
destruction of current files . The indexed­
s equential f i le management system also 
supplies and ma inta ins info:cmat ion in the 
file labels to further def ine an indexed­
s equential f i l e .  Other f i elds within the 
f ile labels are s et aside f or use by the 
Operating System/ 3 6 0  manag ement f eatures . 
The number and format of labels required 
for any one f i l e  depends on the f il e  
organi zation struct ure and the number of 
s eparate areas ( extents)  us ed by the f ile 
( see Standard File Label Format s ) . 

Volume Tabl e  of Contents ( V�roc > 

All standard file labels are grouped 
together and stored in a specif ic area on 
the pack or cel l .  Beca us e •=ach f i l e  l a bel 
contains file limits , the g roup of labels 
i s  essentially a directory of a ll data 
records on the volume . There fore , it is 
called the volume table of cont ents ( VTOC ) . 
The VTOC itself is a f i le of re cords ( one 
or more standard label records per log i cal 
f i le)  and is defined as s uch wi th its own 
f i le label . The la bel of the VTOC is the 
f irst record on the VTOC. This label iden­
t i f ies the file as the VTOC f i l e  and gives 
the f i le limits of the VTOC .. 

Preformatt inq the VTOC : The VTOC i s  pre­
f ormatted by the initializ e--dis k or 
initial i z e- data- cell prog ram. The user 
speci f ies its locat ion and length when 
initia l ly prepa ring the volume for us e .  It 
can be pla ced anywhere within the volume 
with the following restri ctions : 

1 .  For the 2 3 1 1 ,  it must b e  wi thin cyl in­
ders 0-199  ( cyl inders 2 00- 2 0 2  are us ed 
as the a lternate track area ) . For the 
2 3 2 1 ,  it must be within �ubcell � 
strip 0 ,  cylinder 0 and subce ll 1 9 , 
strip 5 ,  cylinder 4 ( s tri ps 6- 9 are 
used as the a lternate t rack area) . 

2 .  If  it is on a system res idence disk 
pa ck , it must be outs ide of the res i­
dence a rea . 

3 .  I t  must be one or mor e full tracks , 
with the single except ion noted in 



number 5 .  
4 .  I t  must be contai ned within one cylin­

der .  It cannot overf low onto anoth er 
cylinder . 

5 .  I f  it is on a dis k  pa ck that is not 
used for syst em r es idence ,  it can beg in 
on cylinder 0 ,  track 0 ,  immediately 
f ollowing the last volume label . 

The utility progr am used f or pref ormatting 
writes the foundation records that are to 
be fi lled in la te r .  Each record locati on 
is wr itten with a 4 4- byte key f ield and a 
9 6- byte data fiel d .  Both these f ields in 
each record a re f il le d  with binary z e ros . 
The initializ ing prog ram then writes the 
label for the VTOC it self in the f irs t 
r ecord location . Thi s label is described 
as Format 4 under Standard Fi le Label For­
mats . 

The s econd r ecord in the VTOC is a ls o  
r es erved at this time by ins erting a hexa­
d ecimal 0 5 in each of the f i:r·st f our bytes 
of  the key f ield and a EBCDIC value 5 i n  
t he f irst byt e of the data f i eld . This 
label is used by the Direct- Acces s Device 
§.pa ce �anagement ( DADSM) facility of Oper­
ating System/ 36 0 .  It is not used or ma in­
tained by the D is k  Operating System pro­
g rams . The label i s  descri be!d as Format 5 
in the next s ecti on . 

S TANDARD FILE LABEL FORMATS 

All s tandard fi le l abel s  are written in the 
preformatted 14 0- byte r ecords in the VTOC 
( 4 4 - byte key and 9 6- byte data ) . The fi eld 
typ es contain ed w ithin the labels wri tten 
f or data f i les follow three s tandard for­
mat s .  I n  additio n to these t:hree f ormats , 
t here are the two s pe cial labels : the one 
used for the VTOC its el f , and the DADSM 
l abel ( s ee P r ef ormatt ing the VTOC ) . The 
f ormat of a l abel i s  identif ied by the 
value i n  the f i rs t  byte of the data f ield . 
This is an EBCDIC value f rom 1 to 5 i ndi­
cat ing label format 1 to 5. 

Format 1 :  This f ormat is us «�d for a l l  
l og ical f i l es . I t  is a lways the f irst of 
the s eries of labels when a f i l e  requires 
mor e than one l abel ( as dis cussed in for­
mats 2 and 3 ) . 

The format-1 l abel i dent i f ies the log i­
cal f i.le j ( by a fi le name ass i gned by the 
user and incl uded in the 4 4 -byte key area ) , 
a nd i t. contai ns f ile and data-record speci­
f icat ions . I t  al so provides the addr es s es 
f or three s eparat e  areas ( ext.ents ) for the 
f il e.. If the f il e  is · s ca tte:ced over more 
tha n  three separate a reas , a format- 3 label 
is also required. In this case , the 
f orma t- 1 labe l  po ints to the second label 
s et up for the fi le on this ·volume . 

If a logical file is recorded on more 
than one volume , a format-1 label is always 
in the VTOC for each volume . The f orma t- 1 
label is illustrated in Appendi x B .  

Format 2 :  This f ormat is requi red for any 
f i l e  that is organized by the indexed­
s equential file manag ement system. The 
4 4- byte key area is not us ed by the Disk 
Operating System prog rams . Ope rating 
System/ 3 6 0  us es this area to descr i be the 
second- level and third- leve l ma ster 
indexes . The 9 6- byte data area contains 
additi onal speci f i cations uniqu e to this 
f i l e  organization ( such a s  the tra ck res­
erved f or indexes ) . 

If an indexed- sequential f il e  is record­
ed on two or more volumes , the format- 2 
label is used on the f i rs t  vo lume only . It 
is no� repeated on the additional volumes 
( a s  the f ormat- 1 labe l  is ) .  The format-2 
label i s  illustrated in Appendi x c .  

Forma:£_]_:_ I f  a log ical f il e  us es more than 
three extents of any volume , this f ormat is 
used to speci fy the addres s es of the addi­
tional extents . It i s  us ed only for extent 
information , and the enti re 1 4 0  bytes pro­
vide f or as many as 1 3  extent s )  

The format- 3 label is pointed t o  b y  the 
f ormat- 1 label f or the log i ca l  f i l e  or by a 
preceding format- 3 label.  It is included 
as required on the f irst volume or any 
additiona l volumes if the log ical f il e  is 
recorded on two or more volumes . The 
f ormat- 3  label is illustrat ed in Appendix 
D .  

Format 4 :  The format- 4 label i s  us ed to 
def ine the VTOC its el f . This is always the 
f irst label in the VTOC . This la be l  i s  
a lso u s e d  t o  provide t h e  locati on and num­
ber of availa bl e  tracks i n  the alternate 
track area . The f ormat- 4 label is illus­
trated in Appendix E. 

Format 5 :  This label is us ed by the 
System/ 3 6 0  Operating system f or Di rect­
Access D evice Space Management ( DADSM) . 
The Disk Operating System programs do not 
us e or maintain this labe l ,  a lthough it is 
reserved by t he initializ e- disk and 
initialize-data- cell util ity programs . The 
f ormat- S label is illustrat ed in Appendix 
F .  

DASD USER HEADER AND TRAILER LABELS 

The us er can include additional labels to 
further define his f i l e ,  if he des ires , 
provi ded the f ile i s  process ed by the rou­
tines of either the s equent ial or the 
direct-a ccess methods or with t he phys i ca l  
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I /O macro i nstructions ( DTFPH} . The DTFSD 
a nd DTFSR routines allow as many as e ight 
user header label s and as many as eight 
user trailer labels . The DTFDA a nd DTFPH 
r outines a llow as many as eight user header 
labels ,  but no us er-tra iler label s .  The 
DTFIS routine ( for indexed- s equential 
f il es } makes no provi sion f or any user 
l abel s .  

Not e :  Al l eight addi tional user labels may 
be used wi th a 2 31 1  f i le . Five 
additional user labels are the maxi­
mum poss ible with a 2 3 21 f il e .  

Us er header an d trai ler labels a r e  not 
s tored in the VTO C .  I nstea d ,  they are 
writt en on the first track of the f irst 
extent allocated by the user for the log i­
cal f il e .  The us er label t ra ck is defi ned 
by IOCS as a sepa rate extent in the 
f ormat-1 label for the file . I f  a fi le i s  
wri tten on two o r  more volumes , the user 
label track is re served i n  the f i rst extent 
of ea ch . 

The us er hea der la bels a re read after 
t he s tandard file labels are processed. As 
each user header la bel is rea d ,  t he DTF 
routine branches to a routine supplied by 
the user to process the label . User trai l­
er la bels are r ea d  when DTFSD or DTFSR 
rea ches the end of the last extent on each 
volume. They a re furnished to the us er ' s  
routi ne i n  the sa me way as the header 
l abel s .  

Al l use r  label s must be 8 0  byt es long 
a nd they must contain s tandard inf ormation 
in the first four bytes . The remaining 7 6  
byt es may conta in i nf ormation des ired by 
the user . 

The standa rd i nf ormation i n  the f i rst 
f our bytes of a user header label is us ed 
a s  a key when rea di ng or writing the la bel .  
The header la bels a r e  identif ied by UHL1 , 
UHL2 • • • UHL8 . The trailer labels , when 
a ppli cabl e ,  are i dentif ied in the key f ield 
by UTLO , UTL1 • • . UTL7 , although the f i rst 
f our bytes of the 8 0  byte labels contain 
UTL1 , UTL2 • • •  UTL8 . Each us er label set 
( header or trai le r >  i s  termi nated by an 
end-of- f i l e  r ecor d (a record with data 
l ength 0 ) . For example , if a file has f i ve 
header labels and f our trailer labels , the 
user label track contains : 

50 

RO 

R1 

R2 

R3 

R4 

RS 

R6 

R7 

R8 

R9 

R1 0 

R11 

Standard Informa tion 

Key 
Field 

UHL1--us e r ' s 1st header label 

UHL2--user' s 2nd header label 

UHL3--user' s 3rd header label 

UHL4 --us er ' s 4th header label 

UHLS--user' s 5th header label 

UHL6--end-of- fi l e  record 

UTLO- - us er ' s  1st trai ler label 

UTL1--us e r ' s 2nd trai ler la bel 

UTL2--us e r ' s 3rd trailer label 

UTL3- - us er ' s 4th trai ler label 

UTL4- - end-of- f i le record 

When f i les a re process ed by the direct­
access method , or by phys ical I OCS defined 
with the DTFPH sta tement MOUNTED=ALL, only 
user header labels can be used. I n  this 
cas e  the us er labe l track conta ins � 

RO 

R1 

R2 

R ( n) 

R ( n+1 ) 

R ( n+ 2 )  

Standard informat ion 

Key 
Field 

UHL1--us e r ' s 1st header label 

UHL2--us e r ' s 2nd header label 

UHL ( n) -- user ' s nth header label , 
whe re n s 8 

UHL ( n+ 1 ) - -end-of- file record 

UTLO- - end-of- f i l e  record 

DASD LABEL PROCESSING 

All DASD label proces s ing is perf ormed by 
the transi ent label-process ing routines of 
the supervisor. Thes e rout�ines us e the 
information stored in the label inf ormation 
area of the res ident pa ck . This 
inf ormat ion i s  suppli ed by the DLBL and 
EXTENT j ob cont rol ca rds . A DLBL card must 
be suppl i ed for each logi ca l f i le ,  and an 
EXTENT ca rd must be suppl i ed for ea ch 
extent in which the f i le is located . 

Note : Job Control informat ion previous ly 
supplied on VOL ,  DLAB and XTENT 
statements should now be suppli ed on 



the simpli f ied DLBL and EXTENT 
statements . However , DOS wi ll con­
tinue to a ccept the information in 
the pr evio us f orm . 

DASD Output Files 

The DTFSD and DTFS R routines process the 
label s of a s equentia l  f i le ( input or 
out put )  one vol ume at a timE� . For DTFS R ,  
a s  ea ch extent is che cked , IOCS c a n  pass 
control to a us er ' s  ext ent- E�xit routine . 
Whe n the end of t he l ast ex1:ent on a vo lume 
is reached , an automati c OPEN is i s sued f or 
the next volume . The DTFDA ( direct-acces s 
method) and DTF IS < indexed sequential ) 
routi nes require that all volumes be on­
l ine for the init ia l OPEN . DTFPH can be 
used to process S equential or Direct Access 
f iles . 

The act ual label process ing cons i s ts of 
the f ollowing che cks : 

DAS D Input Fi les 

• 

• 

• 

• The f i l e  name ent ry is ithe only one t • 
required for the DLBL control card. 

• 

• 

• 

• 

• 

All other entries are optiona l .  I f  any 
optional entr y is speci f i ed ,  it i s  
checked as des cribed in t h e  f ol lowing . 
Any entry not s pe ci f i ed wi ll not be 
checked.  

The volume se rial numbe:rs in the volume 
l abels are compared to ·the f i le s erial 
numbers i n  th e EXTENT cards . 

• 

Fields 1- 3 in the f orma·t- 1 label ar e • 
compared to t he corresponding f ie lds in 
t.he DLBL card . F ields ,ij- 6  are then 
checked . 

Each o f  t he e xt ent definitions in the 
f ormat- 1 and format- 3 labels is checked 
against t he l imit f ields supplied in 
t he EXTENT ca rds . 

I f  user header l a bels a :re indi cated 
( when us i ng DTFSD , DTFSR, DTFPH , or • 
DTFDA) , they are read a :s  each volume is 
o pened . After reading each label , the 
OPEN rout ine branches to the us er ' s  
l abel routine to perform any proces s i ng 
n ecessary . 

I f  us er t ra il er l abels are indicated 
C when us ing DTFSD or DT FSR) , they are 
r ead after reachi ng the end of the last 
extent on eac h volume or an end-of - f i le 
r ead by l og ical roe s. .As with the us er 
h eader la be ls , the trai ler labels a re 
proces s ed by the us er ' s routine . 

The f i le name entry is the only one 
r?quired for the DLBL control card . 
Al l other entries are optional . I f  any 
optiona l entry is speci f i ed , it is 
checked as des cribed in the fol lowing . 
For any entry not speci fied,  roes f il ls 
in the required inf ormation with 
default opt ions . 

The volume serial numbers in the volume 
labels are compared to the volume s eri­
al numbers in the EXTENT cards . 

The extent def initions in a ll labels in 
the VTOC are checked to det ermine if  
any overla p into area s def i ned in the 
EXTENT cards . If any do overlap,  the 
expi ration date i s  checked aga inst the 
" today ' s  date"  in the communi cation 
region . I f  the expiration date has 
pas sed , the old labels are del eted . I f  
not , t h e  operator is noti f i ed of the 
condition . 

The new f ormat- 1 label is written with 
information suppl ied in the DLBL card . 
I f  an indexed- s equent i a l  f i l e  is beinq 
proces sed , the DTFIS routine suppl i es 
i nf ormation f or the f ormat- 2 label . 

The i nformation in the EXTENT cards i s  
pla ced i n  the f ormat- 1 labe ls and , i f  
necessary , additional f ormat- 3 labels . 

I f  us er header labels a re i ndicated 
( when using DTFSD or DTFS R ,  DTFPH , or 
DTFDA) , the us er ' s label routine is 
entered to furnish the labe ls as each 
volume is opened. This can be done f or 
as many as eight us er header labels per 
volume.  As each labe l  is pres ent ed ,  
I OC S  writes i t  out on the f irst tra ck 
of the f irst extent o f  the volume . 

I f  user trai ler labels are indi cated 
( when us ing DTFSD or DTFSR ) , the us er ' s  
label routine is entered to furnish the 
labels when the end o f  the last extent 
on each volume is rea ched . This can be 
done for as many as e ig ht user trailer 
labels . As each labe l  is pres ent ed ,  
IOCS writes i t  out o n  t he f irst t rack 
of the first extent o f  the volume . The 
CLOSE macro instructi on mus t be i s s ued 
to create tra i l er label s for the last 
volume of a f i l e. 
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TAP E  LABELS 

A t ape f i l e  proce s s ed by the logica l  IOCS 
routi nes must conform to certain standa rds . 
These standards conce rn labels , pla cement 
of ta pe marks , an d th e grouping ( or 
blocking ) of tape records . Cons i derations 
of blocked records we re dis cussed previous­
ly under Types of Records . This section 
( TAPE La bel s )  dis cuss es the topics of tape 
label ing and the placement of tape ma rks 
( on both labeled and unlabeled f i les ) . 

Ta pe f i l es can be proces sed with or 
without label s .  If l a bel s are present , 
they are clas s i fi ed a s  either s tanda rd or 
nonstandard . The s tandard label set 
i ncludes the foll owing types of label s :  

1 .  S tandard volume l a bel - fixed in length 
and format,  processed by IOCS . 

2 .  Additiona l vo lume label s - fixed in 
l ength and id enti f ier , but not f i xed 
f ormat ; bypas sed by DOS / 3 6 0  I OCS . 

3 .  Standard file l abel - f ixed in length 
a nd f orma t ,  proces s ed by IOCS . 

4 .  Additiona l fi le l a bels - f ixed in 
l engt h ,  ident if ier , and forma t ;  
bypa s s ed by DOS/3 6 0  IOCS . 

5 .  User labels - f ixed in length and iden­
t if i e r ,  but n ot f ixed format ; read and 
written by IOCS , proces sed by user 
routine . 

The a dditiona l vo lume labels , additiona l  
f il e  labels and u s e r  labels a re c la ss if ied 
a s  pa rt of the standa rd label set even 

load 
Point 

Volume 
label 
(80 Char) 

Standard 
Header 
label 
for F i le A 
(80 Char} 

TM 

F i le 
A 

TM = Tape Mark 

� Standard 

) Trailer 
label for 
Fi le A 

� TM 
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TM 

though they are not fixed- f ormat . They 
are , however ,  standard in lengt h ( 8 0  bytes ) 
and have standard label i dentif ier f i elds . 
Nonstanda rd labels , on the other hand , are 
unrestrict ed in s i z e ,  f ormat, or identifi­
cation . All these label types and the 
rules governi ng their pos itioning are des­
cri bed in the following s ections . 

STANDARD TAPE LABEL SET 

When s tandard tape labels are s pecified in 
the DTFMT or DTFSR entries , the minimum s et 
of la bel s ( Figure 3 7 )  all owed f or DOS/ 3 6 0  
consists of : 

1 .  One s tanda rd volume label per reel . 

2 .  Two standard f i le labels for each logi­
cal f i le on the reel ( one h eader label 
preceding the f ile and one tra i ler 
label following the f il •e> . 

The us er has the option of addi ng addition­
al header and tra i l er label s ( s ee example 
in Figure 3 8 ) : 

1 .  U p  t o  s even additiona l volume labels .  

2 .  U p  to eight user header labels and up 
to eight us er trailer labels . 

Note : On 7-tra ck tape , standard l a bels are 
written in the same dens ity as the 
data on the tape . 0�1 1 information 
on a tape reel mus t be written in a 
s i ng le dens ity . >  These standard 
la bels are written with even parity 
in the trans lation mode.  

Standard F i le ( I Stand<:Jrd 
Header 8 I 
labe l for 
F i l e  8 

Trai ler r-r labe l for 
Fi le 8 

( ( � 
TM TM TM TM ...... 

�� 



load 
Point 

Volume 
label 

Standard 
Header 
labe l 
for F i le A 

User 
Header 
Label 
for F i le A 

TM = Tape Mark 

TM 

F i le 
A I 

\ TM 

Standard User __.., -
Trai ler Trai ler 
label labe l  
for Fi le A for F i le A 

TM TM ) 

� .J 
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S tandard Volume Label 

T he s tandard volume label identif ies the 
e nt ir e  volume C or ree l ) . I f  standard 
l abel s a�e spec if ied for a f i le , every reel 
used for the f i le must have the s tandard 
volume label . It is always the f irst 
record on the ree l .  I t  i s  B O  bytes l ong 
a nd f ollows a f ixed f ormat . The f irst f our 
byt es contain the label identifier VOLl . 
The s tandard ta pe vol ume laloel is identical 
to the standa rd D ASD volume label except 
tha t  the DASD label contains the addr ess of 
t he f ile label ar ea on the vo lume . The 
f ormat of the s tandard volume label is 
s hown in Appendix A.  

The s tanda rd volume label contains a 
volume s erial number.  This number is 
a ss igned to the r eel when it is prepa red 
f or use in the system .  Thi s number i s  
never changed . I t  is repeated in the f i l e  
l abel s f o r  a l l  fi les on the reel . 

when bui lding output files . If an output 
tape s pecified to have standard labels is 
found to have no volume l abel by the OPEN 
routine , a diagnost i c  mes sage is is sued . 
This gives the machine operator an oppor­
tunity to supply a volume s er ia l  number so 
that, a volume label can be wr itten on the 
output tape . 

STANDARD TAPE FILE LABELS 

Standard file labels are written before and 
af ter every log ical f i l e  on a r eel . Thes e 
labels are referred to as f il e  header 
labels or file trai ler labels , depending on 
their pos ition and us e .  They are always 8 0  
bytes long and a lways have the same f ormat 
and content , with the fol lowing exceptions : 

1 .  The label ident i f ier field ( bytes 1 - 3 >  
Addit ional Vo lume Label s  conta ins : 

T he s tandard volume label can be followed 
by up to s even additional volume labe ls . 
The se labels are 8 0  bytes long and must 
conta in the l abel ident if ier VOL2 , VOL3 , 
etc . in t he firs t  four byt es . The other 
7 6  bytes can cont ain whatever inf ormation 
the user requires . These labels are not 
processed by roes . roes bypasses a ll addi­
t iona. l volume labels on input files . 

Creat� ion of Volume La bels 

All volume la bels ( the standard label and 
a ny a dditiona l la be ls ) are ·written by an 
I BM-suppli ed ut il ity program at the t ime a 
r ee l  is prepa red for us e .  'The information 
in the standard volume label is checked , 
but never a ltered , during f i l e  proces sing . 
roes bypas ses a ll additiona l volume l abels 

a .  HDR t o  indi cate a header label 
( precedes the data file> . 

b.  EOV to indi cate a n  end- of - volume 
( end of reel )  t ra i l er l abel 
( written at the end of a reel , 
indicating that the f i l e  is conti n­
ued on another reel > . 

c .  EOF t o  indi cate a n  end- of - f il e  
trailer label ( written at the end 
of the logica l  f i l e > . 

2 .  The block count f ield is us ed only in 
the EOF and EOV t railer labels . This 
f i eld is blank in the HDR label . 

The s tanda rd tape f i le label i s  il lus­
trated in Appendix G .  

DOS Data Management C oncepts 5 3  



ADD ITIONAL FILE LABELS 

Each standard f il e  la bel ( one header and 
one t railer)  can be f ol lowed by up to s even 
additional f i le l abel s .  These la bels are 
8 0  bytes long and mus t contain the label 
identif ier HDR, EOV ,  or EOF in the f i rs t  
t hree bytes . The f ourth byte should con­
tain a character 2 ,  3 ,  • • •  8 ,  indicat ing the 
s econd, third • • • and up to the e ighth f i le 
label . These labels are not proces sed by 
IOC S .  I f  requi re d ,  t hese labels must be 
wri tt en in the us er ' s  LABADDR routine by 
usi ng phys i ca l  I/ O ma cro instructions . 
IOCS bypas s es a dditional header label s on 
i nput f i l es . 

USER HEADER AND r RAILER LABELS ON TAPE 

The user can incl ude additional header and 
trail er label s to f urther define his f i l e ,  
i f  h e  des ires . As many as ei ght addi ti onal 
heade r  labels can be written after the 
s tandard . f ile header label , and as many as 
eight additional trai ler labels can be 
writt en after t he standard file t railer 
label ( EOF and EOV) . Each additional label 
in th e s et is 8 0  characters long. The 
f irst four characters of each additional 
label must contai n st andard ident ifying 
i nf ormation . The remaining 7 6  characters 
can contai n a ny i nf ormati on and arrangement 
des ired by the us er . The user header 
l abel s are identi f i ed by UHLl , UHL2 • • •  UHL8 
in bytes 1 - 4 . The us er trailer labels are 
ident ified by UTLl , UTL2 • • •  UTL8 i n  bytes 
1 - 4 . 

TAPE MARKS WITH S TANDARD TAPE LABELS 

F igures 37 and 38 i ll ustrate the us e of 
tape marks with f il es that use the standa rd 
label sets . The sequence o f  items on the 
tape is : 

1 .  No tape mark preceding header label 
s et .  

2 .  Header label set : 
Standa rd volume label ( required) 
Additional vol ume labe ls ( none to 

seven , optiona l >  
Standa rd f il e  header label 

( requir ed ) 
Additional f il e  labels ( none to 

s even ,  optiona l )  
Us er heade r labels ( none to eight , 

opt iona l )  

3 .  Tape mark between header labe l  set and 
f irst data re cord • 

• 5 4  

4 .  Phys i cal records for f i le . 

5 .  Tape mark between last data record and 
trailer label set . 

6 .  Trai l er label s et : 
Standard file trai ler la bel 

( required at end of f ile and end 
of volume > 

Additional f i le la bels < none to 
s even , optional ) 

Us er tra iler labels ( none to eight ,  
optiona l )  

7 .  Ta pe mark after trailer label set . 

8 .  I f  multi- f i le reel , ( EOF la be l )  next 
standard f i le header label follows 
here . If s ingl e- f i l e  reel ( EOF label ) 
or i f  last file of a multi- f i l e  reel , 
another tape mark f ol lows her e .  I f  
multi- reel f ile (EOV label) , one tape 
mark follows the EOV labe l .  

STANDARD TAPE LABEL PROCESS ING 

Standa rd tape label process ing is performed 
by the IOCS trans ient routines . Thes e 
routines use the informat ion stored in the 
label information area of r es ident pa ck. 
This informat ion is suppl i ed by the TLBL 
job control cards . Note that only one TLBL 
card need be suppli ed for ea ch logical 
file,  regardl es s of the number of reels 
requi red to make up the f il e .  

Note : J o b  Control information previous ly 
suppli ed on VOL and TP LAB stat ements 
s hould now be suppl ied on the sim­
pli fied TLBL s tatement . However , 
DOS cont inues to accept the inf orma­
tion in the previous f orm. 

The actual label process ing cons ists of 
the f ollowing checks : 

Tape Input File 

• 

• 

The f i le name entry i s  the only one 
requi red for the TLBL control ca.rd . 
Al l other entries are optional . I f  any 
optional entry is speci fied , it is 
checked as des cri bed in the fol lowing . 
Any entry not s peci f i ed wil l not be 
checked. 

The volume serial number in the s tand­
ard volume label on the f irst or only 
reel is compa red to the f i l e  s erial 
number in the TLBL card . All other 
volume la bels on all reels of the f ile 
are bypassed .  



I 

• 

• 

• 

• 

The contents of the TLBL, card are com­
pared to the corresponding fields in 
the standard file header labe l on the 
f irst ree l.  For success ive reels of  a 
multi- reel f i le , the vo lume sequence 
number is increas ed by one for ea ch 
r eel . 

I f  us er label s are indi cat ed , they are 
rea d  into main storag e by the OPEN 
routine f or p roce ss ing by the use r ' s 
l abel routines . The us er labels are 
r ead one at a t ime , unt il all have been 
proces s ed .  

When a standard f ile tra iler la be l  i s  
r ead , the blo ck count i s  compared to a 
count a ccumul ated by roes . 

I f  us e r  tra il er l a bels are indicated,  
they are read into ma in storage by the 
C LOSE routi ne f or process ing by the 
user ' s  label rout ine. The us er tra i l er 
l abels are read one at a time unt il a ll 
have been pro cess ed . 

• The f i le name ent ry i s  the only one 
r equi red for the TLBL control card. 

• 

• 

• 

• 

All other entries are optiona l . If any 
o ptiona l entr y is speci f ied , it i s  
checked a s  de s cri bed in t h e  fol lowing . 
For any entry not speci f i ed ,  roes f i l ls 
i n  the required i nf ormation with 
d efault opt ions . 

The volume se rial number in the s tand­
a rd volume la bel on the f irst or only 
r eel is compa red to the f i le seri al 
number in the TLBL card . All other 
volume la bels on all reels are 
bypass ed .  

The expirat io n  date i n  the standard 
f il e  header l abel is checked agains t  
the " toda y ' s date " i n  t h e  communi cation 
r egion . If the expiration date has 
passed,  the r ee l  is backs pa ced to write 
t he new s tandard file label . I f  not 
the operator is notif i ed of the condi ­
t ion . This c heck i s  performed on each 
r eel of a multi-ree l  output f il e . If 
no file label i s  pres ent , the tape i s  
consi der ed expire d .  

The new s tandard f i le label i s  written 
with the informat ion supplied in the 
T LBL card . For mul ti-reel f i les , the 
volume sequence n umber i s  increas ed by 
1 for each succes sive reel . 

I f  us er header la bels a re indi cat ed , 
t he user ' s la be l  routine i s  e ntered to 

• 

• 

• 

f urni sh the labels as each reel is 
opened .  This can b e  done f or as many 
as eight us er header labels per f i l e .  

I f  end o f  reel i s  sens ed be fore com­
pl eting the f i l e ,  an EOV trailer label 
i s  written with all f i elds pres ented in 
the TLBL card plus a block count . 

When end of f i l e  is r ea ched , an EOF 
tra i l er label is written identical to 
the EOV label previous ly me nt ioned. 

I f  us er trai ler labels are indi cated, 
the us er ' s label rout ine is ent ered to 
furni sh the label s after each trailer 
( EOV or EOF) label is writt en . This 
can be done f or as many as eight us er 
trailer labels )  

NONSTANDARD TAPE LABEL� 

Any tape labels that do not conform to the 
standard label specif icat ions are consid­
ered nonstandard. I f  they are to be rea d ,  
checked , or written , i t  mus t b e  done b y  the 
us er.  on input f i l es , th e nons tandard 
labels may or may not be f ollowed by a tape 
mark. Therefore , f our condit ions are pos­
s i ble : 

1 .  Nonstandard label ( s ) , f ollowed by a 
tape mark, to be checked . 

2 .  Nonstandard label ( s ) , not f ollowed by a 
tape mark , to be checked. 

3 .  Nonstandard label ( s ) , fol lowed by a 
tape mark,  whi ch are not to be checked.  

4 .  Nonstanda rd label ( s ) , not f ollowed by a 
tape mark , which are not to be checked . 

For conditions 1 and 2 ,  the DTFMT or DTFS R 
entries must s pecif y  nons tandard labels and 
the address of a user-written rout ine to do 
the reading or writ ing . 

For condition 3 ,  nonstandard labels mus t  
be s pecif ied , but t h e  address of a us er 
routine is omitted . roes ski ps a l l  labels , 
pas ses the tape mar k ,  and pos it ions the 
tape at the f i rst data re cord to be read.  

For condition 4 ,  nonstandard labels and 
a user a ddres s are specif ied. roes can not 
distinguish labels f rom data re cords 
becaus e t here is no tape ma rk to indicate 
the end of the labels . Therefore , to pos i­
tion the tape at the f irs t data record , the 
user mus t  read all labels . 

With nonstandard label s when an end-of ­
f i le o r  an end- of-volume condit ion exists , 
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the user indi cate s  to IOCS which condition 
it is . on end of f il e ,  IOCS branches to 
the user ' s end-of - f il e  addr es s .  On end of 
vol ume , IOCS init iate s the end- of -volume 
procedures to close the completed volume 
and open the next volume for process ing . 

On output f i le s , nonstandard label s  are 
writt en by th e us er ' s  routine by us ing 
physi cal IOCS . T he O PEN routine writes a 
tape mark between the user ' s nonstandard 
hea der labels and his f irst data record 
unl es s the DTF ma cro instruct ion has th e 
ent ry : TPMARK=NO. Th e CLOSE routine writes 
a tape mark a ft er the user ' s last data 
r ecord before he wr ites his nonstanda rd 
tra il er labels ,  and a fter the trailer 
laoel s . 

UNLABELED TAPE FI LES 

The DTF ma cro ins truction s pe cifies whether 
the f irst record of an unla be led f i le is a 
tape mark . 

5 6  

Unla bel ed input tape f iles may or may 
not have a ta pe mar k  as thE? first record . 
( I f the f irst record is no1: a tape mark ,  
IOCS assumes it is a data record. ) Any 
tape that is to be read ba ckward must have 
a tape ma rk as the f i rst record ontape . 
Unlabe l ed output tape fil es ( wh ich are 
wr itten by IOCS ) may be written with a tape 
ma rk as the first record . This allows for 
the use of the read- backward feature . 

Not e : S even- track tapes may be read 
backward only if  they were written by a 
Sys tem/ 3 6 0 ,  and they must not have been 
written in the convers ion mode.  

When an unlabeled output file is s peci­
f i ed ,  the OPEN rout ine assumes the mounted 
s cratch tape is also unla be led . Therefore , 
�!!Y��.!.�ting labelsL-inclufling the volume 
label , are destroyed. 



Volume 
Label 

Field Number 

I L l,t, 
Voiume 
Serial 
Number 

Data File 
Directory 
{Disk Only) 

Label 
Identifier 

Volume 
Security 

Volume Label Format (80 bytes) for Tape or DASD 

FI ELD 

I .  

2 .  

3 .  

4 .  

NAME AND LE NGTH 

LABEL I DE NTI FI ER 
3 bytes 

VOLUME LABE L NUMBER 
1 byte 

VOLUMESERJAL NUMBER 
6 bytes 

VOLUME SECURI TY 
1 byte 
(OS/360 only}  

Reserved Reserved 

DESCRIPTI O N  

Must contain VOL to indicate that 
this is a Volume Labe l . 

I ndi cates the relative position ( 1 -8) 
of a volume label within a group of 
volume labels . 

A unique identification code which is 
assigned to a volume when it enters 
an instal latio n .  This code may also 
appear on the external surface of the 
volume for visual identification . I t  
is  normal ly a numeric fiel d  000001 to 
999999, however any or a l l  of the 6 
bytes may be al phameric . 

I ndica tes security status of the volume: 
0 = no further identification for each 

fi l e  of the volume is required . 
1 = further identification for each fi le 

of the volume is required before 
processing . 

Owne r Name 
and Address Code 

F I EL D  

5 .  

6 .  

7 .  

8 .  

9 .  

81 

Reserved For Future Expansion 

NAME A ND LENGTH 

DATA FILE DIRECTORY 
10 bytes 

R ESERVED 
10 bytes 

RESERVED 
1 0  bytes 

OWNER NAME A N D  
ADDRESS CO DE 
1 0  bytes 

RESERVED 
29 bytes 

DESCRI PT I O N  

For DASD only . The first 5 bytes con­
tai n  the starting address (CCHHR) of 
the VTOC . The last 5 bytes are blank . 
For tape files, this field is not used and 
should be recorded as blanks . 

Reserved . 

Reserved. 

Indicates a specific customer, insta l ­
lation a nd/or system to which the 
volume belongs. This field may be a 
standardized code, name , address, etc . 
( OS/360 only ) 

Reserved. 

Note: A l l  reserved fields should conta in blanks to fac i l itate their  use in the future . 
Any information appearing in these fields at the present time wi l l  be ignored by the 
Disk Operating System programs as wel l  as the Operating System/360 programs .  



9 
Reserved 

�1 I I  I I I� 

Option 
Codes 

l 
10 1 1 1 2 1 3  

F i le 
Type 

� l"<t  10 -<l  r-;1� (X) (X) CXl CXl (X) (X) 
t t 

Record 
length 

i 

F i l e  Nome 

Key 
location 
i 

1 4  1 5 1 1 6 1 7  18  
Secondary 
Al location 

o;[o CXl 0. 0:: st� � g?l I 1� 
t Record Block Key LDoto Set 

Format length length Indicators 

1 9  20 First Extent lost 
Record Gl 2 1 22 23 0 lower 
Pointer Jr limit 

�1 I I I§ ;; I� -<> r-.  �I I 1:: - - 9 9 

J L�xtent 
Extent Type Sequence 

Number Indicator 

Upper 2425 
limit 

::1 I I� = 

Format l :  This format is common to al l data files on D i rect Access Storage Devices . 

F I ELD 

1 .  

NAME AND LE NGTH 

F I LE NAME 
44 bytes, alphameric 
EBC D IC 

DESCRI PTI O N  

This fie l d  serves as the key portion of 
the fi le labe l . 

Each fi le must hove a unique file nome . 
D up l i cation of fi le names wi l l  cause 
retri eva I errors . The fi le name can 
consist of three sections: 

1 .  F i l e  ID is  an alphameric name 
assigned by the user and identifies 
the fi le . Can be 1 -35 bytes if 
generation and version numbers 
are used, or 1 -44 bytes if they 
are not used • 

2 .  Generation Numbe r .  If used, this  
fie ld is  separated from Fi le  I D  by a 
period. It has the format Gnnnn, where 
G identifies the field us the generation 
number and nnnn (in dec imal ) identifies 
the generation of the fi l e .  

3 .  Version Number o f  Generation . 
If used, th is section immediately fo l l ows 
the generation number and has the format 
Vnn, where V identifies the field os the 
version of generation number and nn 
(in decima l )  identifies the version of 
generation of the fi l e . 

I 2 

Identifier 

Additional Extent 

Sequence 
Number 

Additional Extent 
28 29 

8 

System Code 

33 
32 Pointer 

I I I I I IE � I I I I I  I� �� I I 1§: 

NAME A N D  LE NGTH DESCRIPTIO N 

Note: The Disk Operating System 
compares the ent i re  field 
aga inst the fi le nome g iven in 
the DLAB cord. The generation 
and version numbers are treated 
different ly by Operating 
System/360. 

The remaining fie l ds  comprise the DATA portion of the fi l e  l abe l :  

2 .  

3 .  

' .. . 

5 .  

FORMAT I DENTI F I ER 
1 byte, EBC DIC numeric 

F I LE SER IA L  NUMBER 
6 bytes, alphameric EBC DIC 

VOLWv\E SEQUE NCE 
NUMBER 2 bytes, bi nary 

C REAT I O N  DATE 
3 bytes, discontinuous binary 

1 = Format 1 

Uniquely identifies a fi l e/volume 
re l ationship .  I t  is  identical to the 
Volume Serial Number of the first 
or only volume of a multi-vol ume fi le . 

l r1dic.otes the urdt:r of u vulurt'i.a: relutiv.:: 
to the first volume on which the data 
fi l e  resides . 

I ndicates the year and the cloy of the 
year the fi le was create d .  It is of 
the form YDD, where Y signifies the 
year (Q-99) and DD the cloy of the 
year ( 1 -366). 

I;!:>' 

I� 
I� 
tJj 

Cf.l 
� 
Is 

I� 0 ;!:>' Cf.l 0 
"'Zl H 
t"'l tz:l 

f; to tz:l 
� 
"'Zl 0 

� 1-:3 
� 



FI ELD NAME AND LENGT H  DESCRI PT I O N  F IELD NAME AND LE NGTH DESCR IPTIO N � 

6 .  EXPI RATIO N DATE I ndicates the year and the day of the Bit ('1) 
3 bytes, discontinuous binary year the fi le may be deleted . The form Position Content Meaning ::I 

of this field is identical to that of Field  5. 0.1 1-'· 
Blocked records >< 

7A EXTENT COU NT Contains a count of the number of extents tx! 
for this fi le on this vo lume .  If  user labels 4 0 No truncated 
are used, the count does not incl ude the records -
user label track. This field is maintained by 0 0 
the Disk Operating System programs. Truncated ::I 

records in file rt 
7B BYTES U SE D  I N  LAST BLOCK Used by Operating System/360 on ly for 

1-'· 
OF DIRECTORY partitioned (library Structure) data sets . 5 and 6 01 Control character I[ 1 byte, binary Not used by the Disk Operating System .  ASA code 

'>oJ 

7C SPARE Reserved . 1 0  Control Character 
1 byte machine code 

8 SYSTEM CODE Uniquely identifies the programming system . 00 Control Character 
1 3  bytes The character codes that can be used in this not stated 

fie ld ore l imited to 0- 9, A - Z or blanks .  
( OS/360 only ) 7 0 Records hove no 

9 RESERVED Reserved . keys 
7 bytes 

Records are 
1 0  F I LE TYPE The contents of this field uniquely identify written with 

2 bytes the type of data fi le: keys . 

Hex 4000 = Consecutive organization 1 2 .  OPTI ON CODES Bits within this fie ld are used to in-
1 byte dicote various options used in bui ld-

Hex 2000 =· Direct-access organization ing the fi le . 

Hex 8000 = Indexed-sequential organiza- Bit 

tion 0 = 0  
1 = Reserved 

Hex 0200 = Library organization 2 = Master index present 
3 = Independent overflow present 

Hex 0000 = Organization not defined in 4 = Cylinder overflow present 
the fi le label . 5 = Reserved 

6 = Delete record (O S/360 only) 
1 1 . RECORD FORMAT The contents of this field indicate the type of 7 = Reorganize (O S/360 only) 

1 byte records contained in the file: 1 3 .  BLOCK LE NGTH indicates the b lock length for fixed 

Bit 
2 bytes, binary length records or maximum block size 

Position Conte�t Meaning 
for variable length blocks .  

1 4 .  RECORD LENGT H indicates the record length for fixed 
0 and 1 01 Variable length 2 bytes, binary l ength records or the maximum record 

records length for variable  length records . 

1 0  Fixed length 1 5 .  K EY LENGTH indicates the length of the key portion 

records 1 byte, binary of the data records in the fi le . 

1 6 .  KEY LOCAT ION indicates the high order position of 

;J::ol 1 1  Undefined format 2 bytes, binary the data record • 

'0 '0 2 0 No track over- 1 7 .  DATA SET I NDI CATORS Bits within this field are used to 
('1) flow 1 byte indicate the fol lowing: ::I OJ 1-'· F i l e  is organized BIT >< using track over-
tJj flow (Operating 0 If on ; indicates that this is the 

System/360 on ly) lost volume on which this fi le 
norma l ly res ides . This bit is used 

t11 3 0 Unblocked records by the Disk Operating System . "' 



FIELD 

1 8 .  

1 9 .  

20 .  

NAME AND LENGTH 

SECONDARY ALLOCATION 
4 bytes, binary 

LAST RECORD POINTER 
5 bytes discontinuous binary 

SPARE 
2 bytes 

BIT 

2 

3 

DESCRIPTION 

If on, indicates that the data 
set described by this file must 
remain in the same absolute 
location on the d irect access 
device . (OS/360 only) 

If on, indicates that Block 
Length must always be a multiple 
of 8tpytes . (OS/360 only) 

If on, indicates that this data 
file is security protected; a 
password must be provided in 
order to access i t .  (OS/360 only) 

4-7 Spore . Reserved for future use . 

indicates the amount of storage to be 
requested for this data fi le at End of 
Extent. This field is used by Operating 
System/360 only. It is not used by 
the Disk Operating System routines. 
The first byte of this fie ld is an 
indication of the type of a l location 
request . Hex code C2 (EBCDIC B ) 
blocks (physica l records), hex code 

E3 (EBCDIC T ) indicates tracks, 
and hex code C3 (EBCDIC C ) 
indicates cyl inders. The next three 
bytes of this field is a binary number 
indicating how l)'l(lny bytes, tracks or 
cy l inders are requested. 

points to the last record written in a 
sequential or partition-organization 
data set . The format is TTRLL, where 
TT is the re lative address of the track 
containing the last record, R is the ID 
of the last record, and LL is the number 
of bytes remaining on the track following 
the last record . If the entire field 
contains binary zeros, the last record 
pointer does not apply . ( OS/360 only ) 

Reserved. 

FIELD 

2 1 . 

22 .  

23 .  

24 . 

25-28 . 

29-32 . 

33 . 

NAME AND LENGTH 

EXTENT TYPE I ND ICATOR 
1 byte 

EXTENT SEQUENCE NUMBER 
1 byte, binary 

LOWER LIMIT 
4 bytes, discontinuous binary 

UPPER L IMIT 
4 bytes 

ADDITIONAL EXTENT 
lO bytes 

ADD ITIONAL EXTENT 
10 bytes 

POINTER TO NEXT FILE LABEL 
WITH I N  THIS LABEL SET 
5 bytes, discontinuous binary 

DESCRI PTION 

indicates the type of extent with which 
the following fields are associated: 

HEX CODE 

00 Next three fields do not indicate 
ooy extent .  

0 1  Prime area ( Indexed Sequential); 
or Consecutive area, etc . ,  (i .e . ,  
the extent containing the user's 
data records .) 

02 Overflow area of an Indexed 
Sequential fi le . 

04 Cylinder Index or master Index 
area of an Indexed Sequential 
file . 

40 User labe l track area . 

8n Shared cylinder indicator, where 
n = l , 2, or 4 .  

indicates the extent sequence i n  a 
multi-extent file . 

the cyl inder and the track address 
specifying the starting point (lower 
l imit) of this extent component . This 
field has the format CCHH . 

the cyl inder and the track address 
specifying the ending point (upper 
I imit) of this extent component . 
This field has the format CCHH . 

These fields hove the some format as 
the fields 2 1-24 above . 

These fie Ids have the same format as 
the fields 2 1 -24 above . 

the address (format CCHHR) of a 
continuation labe l  if needed to 
further describe the file . If field, 1 0  
indicates Indexed Sequential 
organization, this field wi l l  point to 
a Format 2 file label within this 
label set . Otherwise, it points to a 
Fcm.ut 3 fi le �abe I ,  and then Uii�Y 
if the fi le contains more than three 
extent segments . This fie ld confains 
a l l  binary zeros if no additional file 
label is pointed to . 

0 
g rt .... 

ll 
-



Fie ld 

� 
K 1 

Address of 
K2 

last 2nd 
K3 

2nd level 
Master 

Key . Identification 

D 1 8  
Address of 
Cyl i nder 
Index 

Address of D 19 

lowest level 
Master 
Index 

K4 KS 
Address of 

last 3rd 

3rd level 
level Master 
Index Entry 
Address 

D20 
Address of 
Highest level 
I ndex 

last Prime 
Data Record 
Address 

D21  last 
Track 

Spare 

D22 

Highest " R" on 
Overflow Track 

" R" of last 
Data Record 
On Shared Track 

Number Tracks 
for Highest level 
I ndex 

D 1 1  D 1 2  D 1 3  D 14 D D 1 6  D 

Format 
ID 

Number Tracks Highest " R" on 
for Cyl i nder Prime Track 
Overflow 

High level I ndex 
Development 
Indicator 

last D24 

Number of 
I ndependent 
Overflow Tracks 

Tag Deletion 
Count 

Cy l i nder 
Overflow 

D30 
last Independent 
Overflow Record 
Address 

Spare 

1 5  Prime 17  
Record 
Count 

Number Bytes Status 
for Highest Indicator 
level I ndex 

Non-First Overflow 
Reference Count (RORG3) 

D3 1 

Pointer 

Format 2 :  This format is  appl icable on ly to Indexed Sequential data fi les . It is  always poi n ted to by a Format 1 labe l . 

K 2  

K 3  

K 4  

NAME A N D  l E NGTH 

K EY I DENTI F ICAT I O N  
I byte 

ADDRESS OF 2 N D  LEVEL 
MASTER I ND EX 
7 bytes, discontinuous binary 

LAST 2 N D  LEVEL MASTER 
I NDEX E NTRY 
5 bytes, discontinuous binary 

ADDR ESS OF 3RD LEVEL 
MASTER I ND EX 
7 bytes, d iscontinuous binary 

DESC RI PTIO N 

Th is byte contains the Hex Code 02 
in order to avoid confl ict  with a fi le  
nome . 

Th is fie ld contains the address of the 
fi rst track of the second level  of the 
master index, in the form MBBCC H H . 
( OS/360 only ) 
Th is fie ld contains the address of the 
lost index entry in the second I eve I 
of the master index, in the form 
CCHHR . ( OS/360 only ) 

Th is fie ld contains the address of the 
fi rst track of the third l evel of the 
master i ndex, in the form MBBCC H H . 
( OS/360 only ) 

FI E LD 

KS 

K6 

D1  

D2 

NAME A N D  lENGTH 

LAST 3RD LEVEL MASTER I N DEX 
E NTRY 
5 bytes, disconti nuous binary 

SPARE 
1 9  bytes 

FORMAT I DE NTI Fl  ER 
1 byte, E BCDIC numeric 

NUMBER OF I N DEX LEVELS 
l byte, b i na ry 

D ESC RI P TI O N  

This field contains the address of 
the lost entry in the third level of 
the master index , in the form 
CCHHR . ( OS/360 only ) 

Reserved . 

2 = Format 2 

The contents of this fie ld indicate 
how many levels  of index ore 
present with an Indexed Sequentia l 
fi le . 

� ttl ttl t'%J z 0 H >< 
() 

CJ) 1-3 � 0 � 0 
0 
� Cl'l 0 
tzj H t"t t'%J 

5: tx:l t'%J 
� 
tzj 0 � 

� 
N 



"' 
1\.) F I ELD 

D3 

D4 

D5 

D6 

D7 

DB 

D9 

D I O  

D l l 

D l 2  

D l 3  

D l 4  

D l 5  

D l 6  

D l 7  

NAME A N D  LE NGTH 

HI GH LEVEL I NDEX DEVEOP-
ME NT I NDICATOR 
I byte, binary 

FIRST DATA RECORD I N  
CYLI NDER 
3 bytes 

LAST DATA TRACK I N  
CYL I NDERS 2 bytes 

NU MBER OF TRAC K S  FOR 
CYL IN DER OVERFLOW 
I byte, binary 

H IGHEST "R" ON H I G H-LEVEL 
I NDEX TRACK I byte 

H IGHEST "R" ON PRI ME TRACK 
I byte 

HIGHEST "R " ON OVERFLOW 
TRACK I byte 

"R" OF LAST DATA RECORD O N  
SHARED TRACK I byte 

SPARE 2 bytes 

TAG DELETION COU NT 
2 bytes, binary 

NO N-FIRST OVERFLOW 
REFERENC E  COUNT 
(RORG3) 3 bytes, binary 

NU MBER OF BYTES FOR 
H I GHEST -LEVEL I NDEX 
2 bytes, binary 

NUMBER OF TRACKS FOR 
HI GHEST -LEVEL I NDEX 
I byte, binary 

PRIME RECORD COU NT 
4 bytes, binary 

STATUS I ND ICATOR 
I byte 

DESCRIPTI O N  

This fie ld  contains the number o f  tracks 
determining deve lopment of Master 
Index . ( OS/360 only ) 

This fie ld contains the address of the 
first data record on each cyl inder in 
the form HHR . 

Th is fie l d  contains the address of the 
last data track on each cy l i nder, in the 
form HH . 

Th is fie ld contains the number of tracks 
in  cy l inder overflow area . ( OS/360 only ) 

Th is fie l d  contains the h ighest possible 
R on track containing h igh- level index 
entries .  

Th is fie ld contains the highest possible 
R on prime data tracks for form F records . 

Th is fie ld contains the h ighest possible 
R on overflow data tracks for form F 
records . 

Th is fie ld contains the R of the last 
data record on a shared track . 

Reserved . 

Th is fie ld contains the number of 
records that have been tagged for 
deletion . 

This fie l d  contains a count of the 
number of random references to a non-
first overflow record . 

The contents of th is fie ld  indicate how 
many bytes are needed to hold the 
h ighest-level index in main storage . 

Th is fie ld contains a count of the 
number of tracks occupied by the 
h ighest-level index . 

This fie l d  contains a count of the 
number of records in the pri me data 
area . 

The e ight bits of this byte are used 
for the fol lowing indications: 

bit description 

0 last b lock ful l  
I last track fu l l  
2-7 must remain off 

FI E LD 

D l8 

D l9 

D20 

D21 

D22 

D23 

D24 

D25 

D26 

D27 

D28 

D29 

D30 

D3 1 

NAME AND LE NGTH 

ADDRESS OF CY L INDER I NDEX 
7 bytes 

ADDRESS OF LOWEST -LEVEL 
MASTER INDEX 7 bytes 

ADDRESS OF HIG HEST-LEVE L  
INDEX 7 bytes 

LAST PR IME DATA REC ORD 
ADDRESS 8 bytes 

LAST TRACK INDEX ENTRY 
ADDRESS 5 bytes 

LAST CYL INDER I NDEX E NTRY 
ADDRESS 5 bytes 

LAST MASTER INDEX ENTRY 
ADDRESS 5 bytes 

LAST INDEPENDENT OVERFLOW 
R ECORD ADDRESS 8 bytes 

BYTES REMAIN ING ON 
OVERFLOW TRACK 
2 bytes, binary 

NUMBER OF I NDEPENDENT 
OVERFLOW TRACKS (RORG2) 
2 bytes, binary 

OVERFLOW RECORD C OUNT 
2 bytes, binary 

CYLINDER OVERFLOW AREA 
C OU NT (RORG J) 
2 bytes, binary 

SPARE 
3 bytes 

POI NTER TO FORMAT 3 
F ILE LABEL 5 bytes 

DESCRI PTI ON I:J:ol 

This fie ld contains the address of the ('1) 
first track of the cy l inder index, in ::s 0.. 
the form MBBCCH H .  �· X 
Th is fie l d  contains the address of the () 
first track of the lowest-leve l index 
of the h igh leve I indexes, in the form ...... 

(') 
MBBCCHH . 0 ::s rt 
This fie ld contains the address of the �· 
first track of the highest leve l  master It index, in the form MBBCC H H . 

Th is fie ld contains the address of the 
'-J 

last data record in the prime data 
area, in the form MBBCCH H R .  

This fie ld contains the address o f  the 
last normal entry in the track index on 
the last cy l inder in the form CCH HR . 

Th is fie ld contains the address 
of the last index entry in the 
cyl inder index in the form CCHHR . 

This field contains the address of 
the last index entry in the master 
index in the form CCHHR . 

Th is fie ld contains the address of 
the last record written in the 
current independent overflow 
area, in the form MBBCCHHR . 

This fie ld contains the number of 
bytes remaining on current 
independent overflow track . 
( OS/360 only ) 
Th is fie ld contains the number of 
tracks remaining in independent 
overflow area . 

This fie ld contains a count of the 
number of records in the overflow 
area . 

Th is fie ld contains the number of 
cy l inder overflow areas ful l .  

Reserved . 

Th is field contains the address (in the 
form CCHHR) of c Format 3 fi !e !abe! 
if  more than 3 extent segments exist for 
the data fi le within th is vo l ume . Other-
wise i t  contains binary zeros. 
(OS/360 only) 



Fiel d 

I 
L..-.. 1 Extent 1 Extent 2 Extent 3 Extent 4 Extent 5 Extent 6 Extent 7 Key 2 17 1 8 19 30 I dent- Lower Upper 

ifi cation limit Limit 

-1 I 1� 1 10 -o  r-- 1 I le =I I -� � 1 1 I I 1 1� �  1 1 1  I I I;; � I I I I I I� � �  I I I I I l:g ;g I I I I I I� :g I I I I I �  t t Extent Sequence 
Number 

Extent Type 
Indicator 

Extent 8 
31  

� I I I I I 1:2 cg 

Extent 9 Extent 1 0  Extent 1 1  

I I I I I �� � I I I I l l� �  J l I I l l� =  

t 
0 0 F ormat l dent1 f1 er 

Extent 12 

I I I I I I� � 

Extent 13 55 
54 Pointer 

I I I I I J� �1 1 1 1� 

For mat 3: This format is use d to describe ex tra ex tent seg m ents on the vol u m e  if there are more tha n  ca n be des c ribed i n  the Format 1 (a nd For mat 2 if it ex ists) fil e label . This fil e label is 
poi nted to by a Format 1 ,  Format 2, or another For mat 3 file label . 

2-1 7 

1 8 .  

NAME AND L E N GTH 

KEY I D ENTI F ICATI O N  
4 byte 

EXTENTS (i n K EY) 
40 bytes 

F ORMAT I D E NT I F I ER 
1 byte, EBCD IC nu m er i c  

D ESC RI PTI O N  

Eac h  byte of th is fiel d contai ns th e 
H ex Code 03 i n  order to avoi d confl i c t  
with a data fi l e  nam e. 

Four g roups of fields i denti cal i n  for mat 
to fiel ds 21 -24 i n  the Format 1 label are 
contai ned h ere. 

3 = For mat 3 

F I EL D  

1 9-54 

55 . 

NAME AND L E NGTH 

AD D I T I O NAL EXTE NTS 
90 bytes 

POl NTER TO NEXT 
F I L E  L ABEL 
5 bytes 

D ESCRI PTI O N  

Ni ne g roups o f  fiel ds i denti cal i n  format 
to fiel ds 2 1 -24 i n  the Forma t 1 label are 
contai ned here. 

This fiel d contains the ad dress (i n the form 
CC H H R) of a nother For mat 3 label if  

additional ex tents m ust be described . 
O th erwise, it is al l binary zeros . 



Format 4: 

FIELD 

1 .  

2 .  

3 . 

4 .  

5 .  

6 . 

7 .  

8A . 

8B . 

Device Constants 9 

Key 

10 VTOC Extent 

1 1  
Reserved 

14 
Reserved 

This format is used to describe the Volume Table of Contents an.;! is always the first fi le labe l in the VTOC. There must be one and only one of these Format 4 file labels per volume . 

NAME A ND LE NGTH 

K EY F IELD 
44 bytes, binary 

FORMAT I D  
1 byte, EBC DIC numeric 

LAST ACTI VE FORMAT 1 
5 bytes 

AVAILABLE F I LE LABEL RECORDS 
2 bytes, binary 

H I GH EST ALTERNATE TRACK 
4 bytes 

NUMBER OF ALTERNATE TRACK S 
2 bytes, binary 

VTOC I NDICATORS 
1 byte 

NUMBER OF EXTENTS 
1 byte 

RESERVED 
2 bytes 

DESCRIPTIO N 

Each byte of this field  contains the 
Hex Code 04 in order to provide a unique 
key . 

4 = Format 4 

Contains the address (in the form CCHHR) of 
the last active Format 1 fi le labe l . It is used 
to stop a search on a fi le  name . ( OS/360 only ) 

Contains a count of the number of unused 
records in the VT OC • 

Contains the highest address (in the form 
CCHH) of a block of tracks set aside as 
a I ternates for bad tracks • 

Contains the number "of a lternate tracks 
avai lable . 

Bit 0, if on, indicates no DADSM (format 5) 
labe l ,  or DADSM label does not reflect 
true status of volume . 

Bit 1 -7 not used . 

Contains the hexadecimal constant 01 , to 
indicate one extent in the VTOC . 

Reserved. 

F I ELD 

9 .  

NAME AND LE NGTH 

DEVICE CONSTANTS 
14 bytes 

DESCRI PTI ON 

This field contains constants 
describing the device on which 
the volume was mounted when 
the VTOC was created . The 
following describes each of the 
subfields . 

Device Size (4 bytes) - The number of cyl inders (CC) and tracks per cylinder (HH) . 

Track length (2 bytes) - The number of avai lable bytes on a track exclusive of home 
address and record zero (record zero is assumed to be a non-keyed record with an 
eight byte data fiel d ) .  

Record Overhead (3 bytes) - The number o f  bytes required fo r  gaps, check bits, and 
count fie ld for each record • Th is value varies according to the record characteristics 
and thus is broken down· into three subfields .  

I - Overhead required fo r  a keyed record other than the last record o n  the track . 
l - Overhead required for a keyed record that is the last record on the track .  
K - Overhead bytes to be subtracted from I or  l if the record does not have a key 

fie ld .  

F lag ( l  byte} - Further defines unique characteristics of  the  device . 

bits 

0-5 
6 
7 

reserved 
CC and HH must be used as 1 -byte values, as in the case of the 
232 1 . A tolerance factor must be applied to a l l  but the last 
record on the trock . 



FI E LD NAME AND LENGTH DESCRIPTI O N  

Tolerance (2 bytes) - A value that is to be used to determine the effective l ength of 
the record on the track . The effective length of a record is calculated in the foliow­
ing manner: 

1 .  Add the key length to the data length of the record . 

2 .  Test bit 7 in the flag byte: 
a .  if 0 go to 3 
b .  multiply value from 1 .by the tolerance factor 
c .  shift resu lt 9 bits to the right 

3. Add overhead bytes to the resu l t .  

NOTE: Step 2 is not  required if  the calculation i s  for the last record on  the track . 

Labels/Track (l byte) - A count of the number of labels  that can be written on each 
track in the VTOC . (Number of fu l l  records of 44-byte key and 96-byte data lengths 
that can be contained on one track of this  device) .  

Directory B locks/Track (l byte) - A  count of  the number of d irectory blocks that can 
be written on each track for an Operating System/360 partitioned data set . (Number 
of fu l l  records of 8-byte key and 256-byte data lengths that can be contained on one 
track of thi s  device.) 

The fol lowing i l l ustrates the device constants fie ld  for the various direct access devices: 

Device CC 

1 231 1 
2314 
2321 
2301 
2302 
7320 

203 
203 
20 1 0  
0 
250 
0 

Track 
HH Length 

1 0  3656 
20 7294 
5 20 2027 
200 2061 6 
46 5070 
400 2 1 29 

Labels/ Dir B lk/ 
L � F lag Tolerance Track Track 

82 55 20 1 537 1 6  1 0  
1 46 45 45 1 2 1 37 25 1 7  
1 01 47 1 6  3 537 8 5 
1 86 1 86 53 0 51 2 63 45 
82 55 20 1 537 22 1 4  
l l l  43 1 4  1 537 8 5 

NOTE: CCHH for the 232 1  above are separate 1 byte quantities . 

1 0 .  

1 1 -1 4 .  

1 5 .  

RESERVED 
29 bytes 

VTOC EXTENT 

RESERVED 
25 bytes 

Reserved . 

These fie lds describe the extent of the 
VTOC, and are identica l in format to 
fie lds 2 1 -24 of the Format 1 fi le label . 
Extent type OJ (prime data area) . 

Reserved . 

-
0 
g rt 1-'• 
::t � (I) Q.. 



Field 

2 3  
Available Extents i n  Key 

t 
Key 
Identification 

Available Extents 

Format 5: This format is used for Direct Access Device Space Management (DADSM) only . 

FIELD 

1 .  

2 .  

3-9 

NAME AND LENGTH 

KEY IDENTIFICATION 
4 bytes 

AVAILABLE EXTENT 
5 bytes 

AVAILABLE EXTENTS IN K EY 
35 bytes 

I Note : Format 5 label used by OS/360 onl y .  

DESCRIPTION 

Each of these four bytes is a hex 05 . 

This field indicates on extent of space 
available for a l location to o data fi le . 
The first two bytes are relative track 
ocldress . The next two are the number 
of ful l  cyl inders incl uded in the extent . 
The last byte is the number of tracks in 
addition to the cylinders in the extent . 

These fields are identical to field 2 .  
They are in relative track oddress 
sequence . 

9 10 1 1  

t 
Format 
Identifier 

FIELD 

1 0 . 

1 1 -28 

29. 

Avai lable Extents 

28 29 Pointer 
to Next 
Format 5 

NAME AND LENGTH 

FORMAT IDE NT IFIER 
1 byte EBC D IC numeric 

AVAILABLE EXTENTS 
90 bytes 

POINTER TO NEXT FORMAT 5 

DESCRIPTION 

5 = Format 5 

These fields are the same as 
Field 2 .  There are 26 available 
extent fie Ids in the Format 5 
labe l . 

Contains the oddress ( in the form 
CCHHR) of the next Format 5 
file label if one exists . 



� ro ro (1) 
:::3 
0.. .... >< 
G1 

0'1 ....J 

Fi le 
Labe l 

Field Number 

Label 
Identifier 

File Identifier 

3 
Fi le 
Serial 
Number 

4 5 
Volume Fi le 

6 

Sequence Sequence 
Number Number 

7 8 

Version 
Number of 
Generation 

The standard tape fi le iabei format and contents are as foi iows: 

F I ELD 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

NAME AND LENGTH 

LABEL I DE NTIFI ER 
3 bytes, EBCDIC 

F I LE LABEL N UMBER 
1 byte, EBCDIC 

F I LE I DE NTI F IER 
1 7  bytes, EBCDIC 

F I LE SERIAL NUMBER 
6 bytes, EBCDIC 

VOLUME SEQUE NCE 
NUMBER 4 bytes 

F I LE SEQUENCE N UMBER 
4 bytes 

GENERATIO N  NUMBER 
4 bytes 

VERSION NUMBER OF 
G ENERATIO N  2 bytes 

DESCRI PTI O N  

identifies the type o f  label 
HDR = Header -- beginning of a data 

fi le 
EOF = End of File -- end of a set of 

data 
EOV = End of Volume -- end of the 

physical reel 

always a I 

uniquely identifies the entire fi le, 
may contain only  printable characters . 

uniquely identifies a fi le/volume 
relationshi p .  T h is  field is identical 
to the Vol ume Seria l  Number in the 
volume label of the first or only 
vol ume of a multi-volume fi le or a 
mul ti-file set . This field wi l l  normal ly 
be numeric (000001 to 999999) but may 
contain any six alphameric characters. 

indicates the order of a vol ume in a 
given file or multi - fi le set . This 
number must be numeric (0000 - 9999).  
Multiple volumes o f  a n  output fi le wil l 
be numbered in consecutive sequence . 

assigns numeric sequence to a fi le 
within a multi - fi l e  set . 

numerica l ly identifies the various 
editions of the fi l e .  

indicates the version o f  a generation 
of a fi l e .  

FI ELD 

9 .  

1 0. 

1 1 .  

1 2 .  

1 3 .  

1 4 .  

9 

Expiration 
Date 

10 i l  

Fi le 
Security 

Blo.ck 
Count 

12 

NAME A ND LE NGTH 

CREATION DATE 
6 bytes 

EXPIRATI O N  DATE 
6 bytes 

F I LE SECU RITY 
I byte 

BLOCK COU NT 
6 bytes 

SYSTEM CODE 
13 bytes 

RESERVED 
7 bytes 

13 14 
System Code Reserved 

DESCRI PTION 

indicates the year and the day of the 
year that the file was created: 

Position Code Meaning 

I blank none 
2-3 OQ-99 Year 
4-6 001 -366 Day of Year 

(e .g . ,  January 31 , 1 965 , would be 
entered as 65031 ) .  

indicates the year and the da y  o f  the 
year when the fi le may become a 
scratch tape . The format of this field ::t:" 
is identical to Field 9. On a mul ti- '"0 
fi le ree l ,  processed sequentia l ly ,  a l l  '"0 
files ore considered to expire on the I:J:J z 
some day . 0 H 
indicates security status of the fi l e .  ::< 

0 = no security protection Cil 
1 = security protection . Additional . 

identification of the fi le is en 
requ ired before it can be t-3 
processed . � 0 

indicates the number of data blocks ;J:>I 
written on the fi le from the last ::0 0 
header Iobel to the first trailer labe l, 
exclusive of tope marks . Count does � 
not inc l ude checkpoint records . This � 
field is used in trailer labe ls . ttl 

t'lj uniquely identifies the programming H 
system . � 
Reserved . Should be recorded as � 
blanks . G; ttl I �  
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APPENDIX H :  PLANNING INFORMATION FOR FUTURE SYSTEM RELEASE 

Thi s  appendix de scr i be s  a future release of 
the Di sk Operating Sys tem and i s  inc luded 
for p lanning purposes only. When coding 
for the future re l ease i s  avai lable , thi s 
appendix wi l l  be de leted , and the informa­
tion will be incorporated in the appropriate 
se ction s  of the publ i cation. A future 
re lease wi l l  provide : 

• A new system of DASD addre s s ing ,  cal led 
Re lative Track Addre s s ing. 

• Trai le r Labe l Proces s i ng for Dire ct 
Acces s Management. 

RELATIVE TRACK ADDRESSING 

Re lative Track Addre s s ing i s  more convenient 
to use than the physical addre s s  ( MBBCCHHR ) .  
In the new system , the programmer has two 
main advantages : 

1. The data in the f i l e  appear s to be one 
logically continuous area , a lthough it 
may be phys ical ly non-contiguou s. 

2. The use r  needs to know only the re lative 
pos ition of the data within the fi le ; 
its actual addre s s  i s  not requi red. 

The re lative addre s s  may be specified by 
the user in e ithe r of two format s : Hexa­
de c imal ( TTTR } , or Zoned Dec imal 
( TTTTTTTTRR ) .  In the hexade c imal format , 

TTT repre sents the track number re lative to 
the start of the data f i le , and R repre sents 
the re cord number on that track. In the 
zoned dec imal format , TTTTTTTT repre s ents 
the track number relat ive to the start of 
the data f i le , and RR repre sents the record 
numbe r on the track . 

The hexade c imal format requires 4 bytes ,  
whi le the zoned de c imal format require s 1 0  
byte s , as shown i n  the fol lowing i l lustra­
tion. In thi s i l lu stration the re lative 

e 6 7 . 1  

addre s s  of the 1 5th re cord of the 6 7 5 th 
track of the data fi le i s  used a s  an 
example : 

Hexade c imal 4 byte s ,  ( X ' 0 0 02A3 0F ' } 
in the form TTTR 

r - - - T - - - - r - - - - T - - - - ,  
: T : T I T I R : 
I I I I I 
I 0 0  : 02 I A3 l OF I 
I dd I dd I dd ' dd I 
I I I I L - - - � - - - - · - - - - � - - - - �  
� --� 

Re lative 
Track No. 

Re cord 
No. 

Z oned Dec imal -- 1 0  byte s ,  ( C ' 0 0 0 0 0 6 7 5 1 5 ' }  
in the form TTTTTTTTRR 

r - - -r - - -.- - - -,- - - -.- - - -� - --.- - - -.- - - -.- - - -,- - - -., 
1 T 1 T 1 T 1 T 1 T 1 T 1 'I' 1 T 1 R 1 R I 
1 I I I I I I I I I I 
1 I I I I I I I I I I 
1 I I I I I I I I I I 
I FO I FO I FO I FO I FO I F6 I F'7 I FS I Fl I c s  I 
I d 1 d 1 d 1 d 1 d 1 d 1 d 1 d 1 d 1 d 

I 
I Z I Z I Z 1 Z 1 Z 1 Z 1 Z I Z 1 Z 1 S 1 ... - - _, _ _  - _._ - - _..._ - - ...J- - - _..._ _ - -·--· - -·- - - _._ _ _  ...J- - - - .J 

-------------- �--------�------ � 
Re lative Track No. Record No. 

Spe cific information on the implementa­
tion of Re lative Track Addres sing can be 
found in the Supervi sor and I/0 Macros 
pub l i cation referenced on the front cover 
of thi s manual. 

DASD TRAILER LABEL PROCESSING 

Thi s new DTFDA option allows user standard 
labe l s  to be read or wr itten at CLOSE time. 
If used , thi s  option requ i re s  that header 
labe l s  mu st also be read or written. 
Spe c ific information on the implementation 
of Tra i le r  Labe l Proce s s ing can be found in 
the Supervi sor and I/O Macros publi cat ion 
refe renced on the front cove r of th i s  
manual. 
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INDEX 

Whenever one reference has more s i gnifi­
cance than the others for an i tem , that 
page number i s  li s ted firs t . 

Acce s s  Mechan i s m  ( IBM 2 3 1 1 ) 
Access Mechani s m  ( IBM 2 3 1 4) 
Acce s s  Methods 8 

Di rect Acces s 34 

40 
42 

Iridexed Sequent ial File Management 
Sys tem 2 5  

Sequential Acces s 1 0  
Additional File Labels TAPE 
Addi t ional Volume Labels DASD 
Addit ional Volume Labels TAPE 
Alternate Tracks 47 

54 
48 
5 3  

Appendix A :  Standard Volume Label , 
TAPE or DASD 5 7  
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