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Announceaent letter 

January J9, 1984 

8 lOGO SYSIEMS 

DITA "ANAGEMENl SYSTEM JI <DMSll> FUNCTIONAL DESCRIPTIDW MANUAL 

With this letter, we are announcing the avaitiability cf the 

B 1000 Systems Oata ~ana~ement Sy~tesm II <O~SII> functional 

Cescr~ption Manual, form 11524441 dated Maret. 1984. This is ~ 

ne~ •anual. 

This manuat inctudes an cver~iew of the DHSII structure types and 

functionat descripticns cf the OMSlj update and reorganization, 

aucit and recovery, End <ata base security p~ocesses. 'lso1 tte 

[MSIJ •e~ory ~EQViresent~, OMS/DASOL code descriptions, and OMSII 

cata str~cture irfor•aticn is provioed. This operatin9 

instructions fer the OMSIDECOMPILER1 DMSDASDl~N~lY, DMS/DBEACK, 

CMS/AUDilA~ALY, and LMS/fBMAP programs are described for use by 

systems p~ograemers and 2natysts. 

This manual is relative to the Mark 11.0 System Software Release. 

Alt technical coamunication concerning this manuat stoutd be 

cirected to~ 
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Eurroughs Corporatior 
~anager. B 1000 ~of ttare 
Frod~ct Assurance a~t Support 
6300 Hollister A'en~f 
Goleta• California ~1111 U.S. ARerican 

Copies of this p~t~c~tior may be oroered from the Puttications 

CefltEr• Cearb0Tn1 Hichigin u.s. Ame1ican. 

~aymond J. Renzullo, Man~ger 

Cccuaentation - West 
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PREFACE 

The information containec in this m~nuat is relative to the Mark 

11.0 System Software Rettase. 

The B 1000 Data ~anasemert S~stem ll CDMSII> consists of the 

following components: 

l. A tMSII Cata Ard Structure Definition language <CMS/D4S0ll 

describes a [M~II <ata base. 

2. An A~Sl 68 COE[L, 'NSI 74 C03~l~ or RPGII language 

interface providin~ programmatic access to the data in t~e 

data basE. 

3. The [MSII access r<utines contained ~ithin the program 

OHS/ACR that centre( storage ~nd retrieval. 

4. The [HS/F£COVEFOE frogram automatically restores the 

integrity of a datt base that may have been corr~pted 

through a systEm f~iture. 

S. The DHS/~EORGA~IZE program us~d in conjunction with the 

D~S/[~SCL compiler redescribes portions of the data tase. 

6. Utility ~rcgra1s tc assist in debuggin~ the OMSII system 

anc CMSIJ cata basts. 
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lhEse ca•ponents fora thf nucleus ot the B 1000 Data Management 

System II. 

~ELATED OOC~MENTS 

The fotlo~ing documents ire referenced in this manual: 

B 1000 Systems System Softkare Operation Guide, Volume 1~ 

fora number 115198{. 

B 1000 S)stems COBCL Reference Manual• form number 1057197. 

B 1000 Systems COBCL14 Reference Manual, form number 

1108883. 

E 1000 Systems Repcrt Program Generator <RPGII> ~anual. 

form numter 115206!. 

B 1000 S~stems Oat! Management System II InQuirv Reference 

Man~at, for~ ntmbef 1108875. 

6 1000 S)stems D~Sll Data and Structure Oef inition language 

CD~S/CASCll Larguate Manual, torm number 1152089. 
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SECTION 1 

INTRODUCTlON 

Jhe CMS/CASDL compiler i! the progr~mmatic toot used by persons 

usually referred to is Deta Hase ~dministratcrs COB~>. One 

tunction of the EBA is tc describe a data base to the B 1000 Data 

~anagement System II. Tte overall oesign of the data tase is the 

responsibility of t~E ce~ and incluaes the following: 

1. Uncerstanding the Tequirements of att Lsers of the data 

base. 

2. Analyzing the ~aritus demands to be aade on the system. 

3. Producing a data dEscription ~apabte of fulfitting the 

needs of the s)stet. 

Jhe DBA must atso determine which applications reauire maximum 

opti•izaticn ir order to provide overall efficiency. Because 

[MS/tASCL alto~s the fte)ibitity of many atternative sotutions to 

a given problem, the OBA is always in a position to monitor anc 

cptimize the uses of t~e data base. The CB~ must be aware of ill 

factors ano once the system is desi~ned, must be committed to 

tailcrin9 its struct~res. 
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Typicatly, the OBA produces a data Ca$e design by usin9 the 

CMS/t~SCL compiler dtfaLft o~tions to create t~e data tase 

structures. The CBA can then atlow users to test thE various 

ap~ticaticns. 4s ex~erifnce is gained and the performance of the 

system is evaluated, the OBA can experiment with alternative 

solutions. The end fesL1t. therefore• reflects the decisions cf 

the CBA in deter•ini~g wtat is needed to produce the optiaum 

us~gE of the data ba!e fer the entire organization rather than 

for cny o~e appl1cation. 

The types of decisiors tte OBA makes are based on evaluation of 

the critical resourcts. For example, at the cost of increasin~ 

wemory useo du~irg program execution and increasing secondary 

stcrage space, the DEA m~y decide that sc•e cata should be sto~ed 

in more than o~e loc~tior so att related information can be 

retrievec kith one accest. The OBA may atso decide that the 

seQuEncirg requiremErts cf one appljcation are used so r2rel~ 

that an ~dditionat SEt t< maintain that ordering is not 

worthwhile. 

Jhe CBA atso evaluates tte system requirements in terms of the 

structures and their phy!icat parameters, depending on the neecs 

of the installation. Initially, motit questions relating to the 

~hysica• parameteTs cf tte data base are less i~portant than the 

logical structures rEQuired by the application programs. This 

reQuir ement mate es t hE ta !k of the Db A twofold: 
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J. Selectin~ structurfs based on their capabilities for 

suppcrtinq the logical ~eq~irements of the applications. 

2. Optiaizing the periormance of the structures selected. 
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SECTION 2 

DM~ll STRUCTUkE TYPES 

A cata base is ccnstructfd by a DMSID~SDL compitation. The 

contents of the data bast are usuatty the responsibility of thE 

[ a t a H a s e A d a i rt i s tr a t of' CD B ~ J • T he 0 M S ID A SD l co mp H er • u s 1 n g o 

cescription of the dita tase <DMS/OASOL source stateae~ts), 

rrcduces a data base dictionary fite containing information abcut 

each structure described within the data base. 

Cata base structures are either disJoint or embedded. ~ disjoint 

structure is free stindirg. A structure is considerEd embeddea 

~hen it js decla~ed as ar item within some other structure. A 

structu~e can be one of three types: data set, set, or subset. 

DATA SEI SlRUCTUfiES 

A cata set is similaf to a conventjonat file in that it contains 

the actuat recorcs of in1ormation. However• it is different from 

a convent~cnat file in ttat items w~thin the record can 

themselves be struct1res• in which case these items are 

considered as embeddEd structures. A record of a data set which 

cortains an emtecdec strtcture is referrec to as the owne~ record 

cf the eabedcec st>r&.1cturf:. Jf the embedded structure is a data 

set • a f' e c cir o c f t: h e em b f d de d d at a set i s cons i de r e d a de t a i t 

record of the cwner. Thf OBA defines a data set, thE items that 

form data set records anc their att1ibutes, ~~ well as the 

1152444 2-1. 01/19184 



physical organi2ation of these records. The application 

program•E~ must be a~are of these record items and attributes 

prior to acces!irg a dat~ base. Knowledge Df the phvsicat 

crganizaticn of the oata base is not required in order to access 

the cata base. 

SEl AND SUBSET SlRtCTUFES 

Sets and subsets are str~ctures for optimizing access to the 

records of a data set ba!ed on the ~atues of particular cata 

items~ tnown as ~ers. ltey can also be used to organize t~e 

records of a data set into some logical seQuence basEd o~ the 

vatues in the ~e) items. 4 set pro~i~es access to att of the 

records of a data set. ' subset provides access to a limited 

co•tection of ~ecords of the data set. Since severat sets or 

sutsets can exist for thf same data set1 t~e same cata can be 

~ccessed ir several ciffErent sequefices. for example• gjven a 

cata set containing em~lcyee records, one set could orde~ the 

cata in ascending secuence by the last name and another set cotld 

crcer the cata in descencing sequence by employee number. Those 

cata ite•s of a cata reccrd that are used to control the ordering 

of a set or subset are krown as the key of the set or subset. 

There are two aethod~ of accessing ~ data set through a set o~ 

subset. The first mEtho<, accessing of records based on the 

~atue of tey fields• is catted the random access method. An 

exampte of the randow access syntaK is: 

1152~44 2-2 Ol/l9J84 



FIND U~Iv-cou~SE~ VII UNI~-C-SEi AT CRS-NO = 1234 

lhe second methoc• acces!ing of records seauentiatly based on the 

value of the key fields, is the serjal access method. An exam~le 

cf the serial access syntax is: 

FINO UNIV-COURSES VI' NEXT UNIY-C-SET 

~ecords can atso be ~cce!sed based on the physical ordering of 

the records kithin tte d2ta set. Ttie physical ordering ~ay or 

1ay ~ot co~respord tc thE order in khich the records were 

created. An example of iccess baseo on the physical orde,ing of 

a cata set is: 

FIND ~EXJ UNIV-CCURSfS 

Auto•attc Sets 

~lt sets are automatic ir that as new records are stored• the 

system automatically c~e2tes entries in t~e set for those new 

records ~f the data set. Deleting records from a data set also 

automatically remo~e! thf entry fro• the set. Sets can be either 

Emtecded or disjcint str~ctures. 
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Auto•atic Subsets 

Subsets can be manuat or automatic. Auto•atic subsets specify a 

condition for •e•ber!hip in the subset; the condition is chec~ed 

each time a record i! to be added to the data set. If the 

corditiofl is met, thE sy!tem automatjcatty creates an entry in 

the subset. Those data ~ecords that meet the condition can be 

accessed b~ the auto•ati< subset. ~eleting a record fro• the 

cata set removes the entry from the automatic subset if the 

sutset eotry exists. Curing an upd~te, the condition is checked 

anc the subset entr, ca~ be created or deleted. ~utomatic 

subsets can be disjoint !tructures onty. 

~anuat Subsets 

A manual subset requires the applic•tion program to insert the 

~eco~d in the 1anual sub~et after c1eating and storing a recorc 

in a data set. This reQLiTement establis~es an entry in the 

&anu~l s~bset for thE record in the data set. When deleting a 

record• it js necessiry 1or the application program to remove the 

entry from the manual sutset prior to deleting the rEcoTd from 

thE cata set. Hanuat sutsets can be embedded structures only. 
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StrfUClllRE IYPES 

Some exaaptes of the str~cture types that 1orm a dat~ base are 

iltustratec in the fclloting text: 

Cata Set with No Sets 

A cata set with no sets wight be illustrated using a payroll 

~pptication• in ~hict evEry record in the data set is accessed 

curing the processins cf the payroll progTam. 

Cocirg Exa1rpte: 

PAHCll DATA SEl 
( . 

• <~ata set it~msl 

• 
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Physicat Structure: 

Fecord -ccess: 

1. New records are sttred in the first avaitabte location. 

2. lhe records car be accessed b~sed on the physical orde,ing 

of the data set. for exampte: 

FINO f IRSl PAYfOLl• FINO ~EXT PAYROLL ••• 

!. Reccrds ca~not be 2ccessed ba~ed on data vatues. 

Data Set with Crdere~ <lrdex Sequential) Set 

A cata set with an ordered set coulo be used for an employee file 

with the last rame a! thf ~ey. Jhe entire data set could be 

accessed throu~h the set in alphabeticat order by usin9 the last 

name as the key. or iny individual 1ecord could be accessed ty 

~sing the tast na~e cf tte individual as the key. 

Cocing Exaapte: 

EMPLOlEE CAlA SET 
Cl•ST·NA~E ••• 

• 
• 

),MAXFECORCS = 1oro; 
L-~AME !El Of EMPtOYEE KEY CLAST-NA~E), INDEX SEQUENTIAL; 

Fhysicat Structure: 
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f;ecord -ccess: 

1. Records can be accfssed based on the ~hysicat orde~ing of 

the cata set. For example: 

FINO NEXT EMPLfYEE 

2. Records can be accE~sed based on the ordering sequence of 

the set. For Examrte: 

FINC EMPLOYEE VlA NEXl L-NAHE 

3. Records can be acctssed based on the data value cf a ~ey. 

for e.xampte: 

FIN[ EMPLOYEE Vl~ t-NAHE AI LAST-NAME = "JONES" 

Cata Set with Embedded Data Set <No Setsl 

4 cata set with an enbedted oata set coutd be used for an 

emptoyee file in which ar embedded data set ~as used to account 

for each of the emplcyee•s dependents. 

Coe in91 Example: 

EMPLU~EE [~JA SET 
(. 

OEPENOE~T UNOFOERfD DATA SET 
{. 

>•~4XRECQRCS = It; 
>•MA~RECGRCS : lOOfJ 

2-7 01/19/84 



Physical Structure: 

~ecord t\ccess: 

1. Records of data set DEPENDENT can be accessea taseo on the 

physicat ordering cf the embeoded data set. for exampte: 

FINO NEXT CEPE~OENT 

2- There must be a valid EMPLOYEE current record in order to 

access a OEPENCENl record. 

llata Set Mith ~·roe.rec E•tedded Oat.a Set 

This data structure coulc be used with the employee file as the 

cata set and the emptoyeE job history as the embedded data set 

crcered by the job pcsition. 

Coting £xa1pte: 

EMPLCYEE CATA SET 
c • 

• 
• 
JCB·HISTOFY CFDERfD DATA SET 

CPCSITION ALFHA f20) 

• 

J,~AXRECCROS = 1r; 
JOS-FOSITICN ACCESS TO JOb-HISTORt KEY CPOSITICNJ 

J,~AXRECCRCS = lOOfJ 
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Physical Structure: 

~ecord AccEss: 

1. Records of dat~ set JOB•HISTOhY can be accessec based on 

the ordering SEQuerce of JOB-fOSillCN· for exampte: 

FIND JOB-HI~TOR, ~IA NEXT Joa-POSITION 

2. Records of dati set JOB-HISTOkY can be accessed tased on 

the cata vatuEs of the key. for example: 

fJN[ JOE-HISTOP1 ~IA JOB-PLSITION ~T POSITION = SYSTE~S-AN~LYST 

3. There must be ; va,id EMPLOYEE cu~rent record to access any 

JOE·tISTCRl record. 

1152444 2-9 01/19184 



Cata Set ~ith Index Fand~• Set and Auto•atic Subset 

• ~ata set with a retrie~at set coutd be used with an employee 

file so that given a title and depart~ent• the recorc for the 

employee who holds ttat rosition could be accessed. 4n automatic 

subset provides access tr alt the records of exempt employees. 

toeing Exampte: 

EMPLCYEE D~TA SEl 
<TITLE ••• 
CEPA~l~ENT ••• 
EXEMPT-STATUS 
~4ME 

• 

)1M4XfiECORDS = 1oro; 
FOSllICN SET Of EMPL£YEE KEYCllllE,OEPARlHENl) 

CUPLICAJES1 INDfX RANDOM; 
EXE~PT SUBSET OF EMPlOYEE WHERE CEXEMPl-ST4TUS = !) 

KEl IS CNAME>• fUPLICATEs; 

fhysicat Str~cture: 

Record Access: 

1. Records can be acc~ssed based on the physicat ordering ot 

the cata set. For exa•ple: 
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FINC NEXT E~PLO,EE 

2. ~eccrds can be accEssed based on the value of a retrieval 

key. For exam~te: 

FIND EHFLOYEE VJA POSITION AT TITLE = SECRETARY 
AN[ DEPAFT~E~T = SYSTEH~-PROGR4H~ING 

3. Records that s~tis1y the automatic subset condition can te 

accessed based on the physicat o~de~ing of the automatic 

subset. 

Example: 

FIND EMPLOYEE VJA NEXT EXE~PT 

~. Records that satisfy the automatic subset condition can te 

accessed based en the value of the subset key. for 

example: 

FJN[ EMPLOYEE VIA EXEMPT AI NAME = •JOE DOE• 

Cata Set with Multiple O~dered Sets and One Retri~wat Set 

lhis data set could be ar employee tile orde~ed by both name and 

employee r~mber and ~etrteved by title aflC department. 

Cocing Exawpte: 

EMFLtYEE CATA ~ET 
Cf IFSTNAME ••• 

LASTNAME ••• 
EMFLOYEE·NO~·· 
111LE ••• 
CEFART~E~T ••• 
• 
• 
),~AXRECO~CS = 1000; 
~A~E SET Of EMflOYEE K{Y ClASTN4M~·fIRSTN4~E>• INDEX SEQUENTJ~L; 

E~P-NO SET Of EMPLCYEE KEY (£HPlOYEE-NOl1 INDEX SEQUENlIAl; 
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FOSITICN SET OF EMflOYfE KEY CTIJLE,DEPARTHENTJ 
DUPLICATES, I~CEX fANDOM; 

Fhvsicat Structure: 

Fecord AccEss: 

J. Records can be accEssed based on the physical ordering of 

the cata set. For exa•ple: 

FIND ~EXT E~PLO\EE 

2. Records can be acc•ssed based on any ordering sequence. 

Exam~te: 

f INC EMPLCYEE VI4 NEXT E~P-NO 
) 

The crder1 howEver• is based on the values within the 

records• net tte ptysicat order of the records. 

3. Records can be accessed based on data values of the order 

key. for examite: 

1152~44 

FINO EHPLOlEE VJA NAME AT LASTNAME - •SMITH• AND 
FlRST~•~E = "JOtN" 
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4. Reccrds can be acctssed based on data vatue of a retrievil 

key. for exam~le: 

FINC EMPLOYEE ~J~ POSITION AT TITLE = MANAGER 
AND CEP-RlMfNT = f INANLE 

Two Data Sets• One Refertnced by a Hanuat Subset of the Ot•e~ <No 

This data structure coutc represent the relationship between 

ce~aTtments anc employee!• with each department having a manual 

sutset referencing all tte employees of tt~t department. 

toeing Exaapte: 

OEPAFlMENT C~TA SET 
(. 

OEP1-EMflCYEES SUfSET Of EMPLOYEES 
• 
• 

)1MAXRECCRCS = 10; 
EMPLClEES O•T~ ~ET 

( . 
>·MA)RECOR[S = 1oor; 

Physical Structure: 
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Record Access: 

J. Records cf dati se1 EMPLOYEES can be accessed tased on the 

physical ordering cf a subset for a data set. fer Example: 

f INC EMPLOYEES \IA NEXT DE~T-EHPLOYEES 

2. Records cf data set EMPLOYEES can be accessed by the 

physical ordering cf tte data set. For exam~le: 

FINC ~EXT E~PlOlEES 

lwa Data Sets• Eac' ~efe•enced br a Subset of the Other 

The preceding Exampte co~ld be expanded to order the employees 

~ithin a depart•ent by tteir last naae. Also, there could be ~ 

Ranual subset ~ithin eact record of data set EMPLOYEES 

referencing the departmert in which the e•plcyee worts. 
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Cocing Exaaple: 

OEPA~lHENl DATA SEl 
( . 

• 
OEPT-EMFLCYEE~ SUfSET Of EMPLOYEES KEY Cl4SJN4ME1 

>~~A)RECCRCS = lOJ 
EMPLClEES D41A ~ET 

CLASTNAME ••• 

• 
E~P-DEPl SUBSET Of DEPARTHENl 
>~~A)RECCPDS = lOOCJ 

Fhysicat Structure: 

Pecord Access: 

1. The reco,ds of data set EMPLOrEES can te accessed tased on 

the ~hysical ofdering cf a suLset of a data set. for 

exampte: 

FIND EMFLOYEES 'IA NEXT DEPT-EMPLOYEES 

2. The records of dat2 set EMPLO~EES can be accessed tased on 

the data value of tn ordered key of the subset. for 

exam~te: 
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FIND EMFLOYEES \IA DEPT-EHflOVEES ~T l~STN~ME = •JONES" 

3. Records cf data se1 OEPARTHENI can be accessed based on the 

physical ordering cf the data set. For exam~le: 

FINC FIRST CEPAFTMENT 

4. A •aster data set •ust have a curre~t record to access its 

sutset. 
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SECTION J 

tPDITE AND REOR~ANIZATIDN 

The update and reorg~niz2tion processes changes the physical 

~nd/or to9icat descripticn of an existing cata base with the 

•aximum system assistancf in the actual restructuring of the dita 

tase and t~e minioum imp2ct en the appticaticn programs that 

access the data base. 

tJ!PllATE PROCESS 

The update capability of DMS/DASDL redescribes an existing data 

tase, and toth the dicticnary and the structLre tiles are changed 

to reflect this new cescription. The changes are always effected 

ty running the D~S/~EORG-NIZE program following a DMS/DASDL 

upcate CS CPC~TE option) co•pilation of the data base, and never 

ty the DMSIDASCL com~ile~ itself. 

lo use the update capabilities of the DHS/O~SOL compiler• the 

programmer compiles ~ de~cription of the new data tase. This 

cescriptio~ is prececed ty a SUPDATE statement which indicates to 

the CMS/C~SDL coapilEr ttat this is an existin~ data base. 

Specific reorganization commands controlling garbage cotlectio~ 

~nc file allocation can ilso be included in the update run. ~ 

reorganization contrct f ite is prod~ced b~ t~e update run khich 

is used by the DKS/REORG•NIZE progr~m in creating the revised 

cata base. 
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lhere is cnly one recrgarize programP and it is named 

C~S/~EORGA~IlE. Att infcrmaticn necessa~y to perfor• the 

reorganization is cortaired in the control fite • The 

CMS/~EO~GA~IZE progriM it then executed and the na•e of the data 

tase is entered by mEans of an accept mess2qe. 

Reorganizaticn Process 

Jhe reorganization proce~s consists of two steps; an update 

c0Epile1 follokeo b) a rtn of the OHS/REORGANIZE P'ogram. The 

cata base cesc•i~tio~ is read by the OMS/OASDL compiler. ~ 

compariscn is made bEtwe£n the old gescription and the ne~ and a 

reorgani2ation contrcl fi4e is built to affect the changes. The 

general syntax of thE CH~/D~SOL input to perform an update 

compile is: 

!UPDATE 
<attered data base dfscription> 
J;EQiHi~~IZEi 

<reorganize comm2nds> 

lhe ~EORGA~l2E state1ent signals th~ beginning of the reo~gani2e 

cperation to the CMSJDASCL compiler. There are two basic 

furctions khich can te r£Quested in the reorganize operation; 

EE~EF4TE and PURCE.Tte CfPY and INT~RNAl FILES are used to 

cort~ot thE altocaticn of temporary fites during the 

recrgani2aticn p~ocess ard can appear in ttis section. Jhe 

generat synta~ of thE RECRG~NIZE statement is: 
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•<------------------------------------· 
RECFGANl1EJ --·---·------------------------------------------9 

t-·- <generat~ statement> ---------1 
I 

•--- <purge statement> ------------1 
I I 

1--- <copy statement> -------------1 
1 

I-·- <internat files stateeent> ---1 

If the data base description has not changed and onty the 

generate and/or purgE f~rctions are needed, it is not ~ecessary 

to incluce the SlPOAlE statement ano the dat2 tase dEscription. 

In this case• cnty tte R~ORGANIZE statements• beginning with the 

RECRGANIZE; keysymtcl i! used as input to the OMS/OASOL 

comp i I. er. 

GE~EFAIE State•ent 

Cu~ing the nor•al upcatirg of a dat~ base~ the efficiency of tte 

cata base ftay cetericratE both ~n terms of the amount of IJO 

required tc access p~rts of the ~ata base and the aecunt of 

kasted dis~ sp~ce. lhe tENERATE statement can be vsEd to cebuild 

structures to increase tteir efficiency and make excess cisk 

space avaitabte. Althou~h atl structures return unused dis~ 

space to their avail~bte storage list. there is no mEcharism fer 

returning ~nused filE artas to the system. Thus, if a structure 

at one time included a vEry tar9e n~mber of records and 

sutseQuentty retu~nec to a mere typical size, none of its unusEd 

physicat areas are returred to the system. A GENERATE operation 

en this structLre coap<e!ses the structure and returns unused 

file areas to the system. 
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A GE~ERAIE operation on ~ structure, besides garbage cottectin~ 

vnused space, ca~ses the structure to be reb~itt, thE~eby 

restcring it tc a mGre e1ficient state. The specific effect is 

cependent en the strLctuTe t)pe. 

Syntax: 

G[N£~ATE <disjoi~t data set> ------------------------------ ; -1 
I 
I 
I 
•- <emteod£d structure> 
I 

I J 
I- ORDERED BY cjndex set> -I 

I 

---------------------------· 
J- <incex !equentiat set> -------------------------· 

1- LSING <same set> -1 

Se~antics: 

<disjoint data set> 

The <disjoint data set> field specifies that the GENE~4TE 

operation causes thf records to be read from the old data 

basE anc stcred in the new. The order in which the ~eccrcs 

are placed in the nEw data base is gvaranteed only if the 

ORDERED BY keywcrds are spe~if ~ed. The <index set> f ietd 

specifies the name cf the set that spans 

<disj~int data cata> and the index cannot itself be 

logicatty changed <1or exampte, key or ordering change> in 

the same reorga"ization. 
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<index sequential set> 

The <indei sequEntilt set> f~eld specifies the naae cf an 

index seqLentiat se1 and causes the set to be rtbuitt eitter 

fro• the object datt set <no U~ING option> or from the 

existing fine t~ble! Cthe USINb optivn>. - gener~te 

operation on an ind~~ seauential set with the USING option 

is Q~icke~ and causts the set to be balanced kith 

SPLITF,CTOR entries per table. Howe~er. existing integrity 

errors Cfor exawple• entries o~t of order> cata mis•atch, 

dead cbject reccrc, are carrieo over to the new data tase. 

Generating the inde> without tbe USING option causes the 

index ta be rebiitt by reading the otject data set and th€ 

above mentionec inttgrity errots to te corrected. 

<eabed~eo structure> 

The <embecded structure> field specifies the nase of an 

embed~ed structtre, for exaapte, an eabedoed data set, anc 

causes the records telonqing to each parent record in the 

otd data tase tc te found and stored into contiguous tattes. 

~ gEnerate operaticr on an e•bedded structure c~uses a 

generate cf the parEnt structure to be performe~ if the 

pare~t ~tructurE is also an emLedded data set. If the 

parent structure is a disjoint data set, it is recreated; 

that is1 alt re<oro1 Cinctucing dead ones> are stored at 

thei~ current lcgicil address in the new file. This 

operation dces ~ot cause addresses in sets or minual subsEts 

of thE cisjoint dat1 set parent to need fixing up. 
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PURGE State•ent 

The PURGE statement remo~es all records from a data set or breaks 

att relationships thit h~ve teen establis~ed for a manual sutset. 

When the PLRGE state1ent is specified and the reorganization 

process is ccmptete, the purged structure still exjsts in the 

cata base with the same !tructure number and version stamp it had 

tefore the reorganilitior. Ho~ever, there are now nc entries in 

the ttructvre. fhe ~urgf operatjon takes prEcedence over ~tl 

ether reor9ani2e functiors. P~RGE <index set name> causes a 

generate operation. 

Syntax: 

FURGE -·-----·--·-- •data set>----------------------; -·-·--------1 

1--- •manual subset> --------1 
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Sem an't i cs: 

The <data set> and <marual subset> fields specify the names cf 

the str~cturEs to te p&rged. 

Fr a g •a t i c s : 

A FU~GE operation on a structure ca~ses its file to be 

reinitiati2ec ~nd all oa'a to be removed f'o• ~t. Whe~ an 

emtecded structure is purged and its parent is not purged- the 

structure head of thE emtedded structure is set to nutt in the 

parent data record. 

A FUFGE cperation of a dita set causes an i•plicit purge Qf att 

its embecded structures ind att index sets and manual subsets 

which reference it. 

CQFY Stateaent 

lhe COPY co•rand control! file allocation during the 

~ecrganizaticn proce~s. By default• the structures created by 

the tMS/~EGRG~Nl2E pfogr1m as a result of store operations into 

the temporar) nek data bEse reside on the sase pack as the final 

structure in the new dat! base. The COPY st2tement ch~nges this 

cefault. ~ith the CCPY !tatement1 temporary files can be built 

en any pack or tape. At the end of the reorganization p~ocess• 

the temporary file is cofied, with the appropriate nime change. 

to its pe~1anent pac•· 
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Syntax: 

COPY ----- All -----·------------- TO --------------------·-----> 
I 
I 
t 

I<----·- • -------1 
1 I 

• • 
J 1----- <str~cture> -----J 

>----- TAPE --------------------------------------------------------1 
I 

1-- FlN•L HEDIU~ --·----------------------------------------1 
I 
1-- fA~JLYNAME = ----- DISK --------------------------------1 

1-- <familyname> --1 
t 

, __ I COPY BACK --1 

1----- <pack id> ---1 

The FINAL MEOIU~ ketwords are the default for all generated 

anc recreated str~ctures and cause alt temporary files to be 

built on the pack wtere the final• per•anent file resides. 

FA~ILY~A~E 

Jhe FAMILYNAME •eywcrd causes the OMS/REORGANIZE prograa to 

build the temporary file on the pac~ named <famityname>. 

The DISK keyworcs dtnotes the &ystem pac~. The tiles buitt 

on the te•pcrar) pack are copied to the final media cnty at 

the end of ~he Entire reorganization procedvre. 
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COF'f BACK 

The CCPY EACK kEywo~ds cause tbe temporary files huitt on 

the specified pie~ 1o be copieu bac~ to the finat medium 

Cdest,01ing the old cooy of the structure> at the end of the 

reo~ganize procEdurf for each cluster. This attows the 

reuse of the te1por2ry pack for another ctusterJ however. 

it aakes ~~ccessing after a lo9icat failure more cifficutt, 

since the origirat tata tase files ke~e destroyEd a~d neeo 

to bE reloaded tefofe the logical error can be resolved 

<either b~ redefinirg tte reorganization or fixing the 

data). for thi! reison• it is recommen~eo that this opticn 

only be used ~hEn atsotLtelyh necessary due to severe space 

ll imitation. 

l'AFE 

The TAPE ~eyworc cat·ses the input structures to be read with 

the C~SII access ro~tines and ~ritten tc tape in a special 

format. The structlres are then deleted from dis~' reao 

back from tape ~nd then stored on the final medium. This is 

done en a clvstEr bisis so the tape need only bE large 

enough to hold the largest cluster. lhe tape is then ~e~sed 

for each succeecing cluster. lhe TAPE keyword is intenoec 

for syste~s that co not have enough disl space for two 

copies of thejr lar~est struct~re. It the TAPE option is 

specified fc1· a date seh it is imp·lied for any eabedced 

structures that are generated. The TAPE option is not 

implied fer a p~rent which neeos to te generatec as the 

result of gener~tin~ an esbedd~d struct~re. lhe TAPE option 
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All 

cann~t be speci1ied for an index whic~ is used in an CROE~ED 

BY statement in the gene~ation of its data set. 

The ALL key~ord cau!es any required tem~ora~v files needeG 

duri~g reorgani2aticn to be created on the specifie~ medi~m. 

If the data basE hat a structure named ALL, only that 

structu'e is af1ectfd by the C~PY state•ent. 

Pragmatics: 

• warning is incluoec in the OHS/D~~Ol listing when the COPY 

option is spEcified en a structure hhich is not being generatec 

er rec~eated. A warring is also included when the TAPE option is 

implied for an embedced !tructure. Address fixup only occurs 

~hen the object of a mantat subset JS generated. These f ixups 

are cone inptace and reQtire no add~tionat dis• space. 

JNlERNAL FILES Stateaent 

The INTERNAL FILES stateeent controls dis~ file allocation for 

the )REF cross-reference fite used ~hen the object of a aanuat 

sutset is gene~ated. Ey default, tne XREF fite 9oes to the 

system dis~ <DIS~). 
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Syntax: 

INTEF~4l FILES = CFA•IlY~•ME - ----- DISK ------------ ); ·-------1 
t 
1-- <fa•ilvname< --t 

£MS/~EORGANIZE Progra• 

After a successf~l D~S/O,SOl compite using the SUPOATE option, 

~hether the FECRG4NI2E statement was used or not• the 

[M!/REORG•NI2E progrim mtst be run to effect the specified 

changes. The sy~tax for executing the OMS/REORGANIZE program is: 

EXECLTE tMS/~EO~CA~I2E; AX <dat~ base name> ---------------------> 

>------------------·--------<&witch settings> -------------------1 
j 

1-- ON <familynawe> --1 

The entire data base shottd be back~d up both tefore and after 

the CMS/~EOR6A~I2E progrim is executed. The ON <familyname> 

cption is cnly necessary if the data base cictionary resides or a 

user pack. The <switch !ettings> are optionat. 4ll switches 

cefault to a value of zeTo. Tabte ~-1 give the possible values 

anc weani~g~ for the various switch~s: 
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Tabte 3•1. DtSIRfORGlNIZE Progra• Switch Settings 

Switch ~clue 

1 0 

1 

2 

2 0 

1 

3 1 

2 

4 0 

1 

5 0 

1 

2 
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Description 

Perform the reorganization. 

Perform table analysis only. 

P€rform comptete tabte ~natysis only. 
Tbe comptete table analysis includes 
hex output of the table entries~ and 
includes table entries that ~ppear to 
be irrelevant. Primarily usec in 
debugging problems. 

Include the table analysis in the 
listing. 

Exclude the table anatysis from the 
tisting. 

P1int data before and after 
t1ansformations. Also prints more 
status information. This c~n produce 
a very large tisting. Used to track 
d~ta transformation er~ors. 

Print the same output as when SW3 = 11 
and print cetait on the tape creatjon 
phase if COPY TO TAPE is usec. Used to 
t1ack data tGansformation erYors. 

Print status messages in the line 
printer file only. 

Oisptay alt status messages at the OUT 
in addition to writing to the tine 
pi inter. 

Stop at first DMSII togical error 
Ctor exa•pte, duplicates). 

Continue beyond first logicat error, 
printing a message for each• but do 
not create a usable data basE. 

Continue past att errors and create a 
usable dats base. The final cata base 
is missing the records which 
c~used the problems and can have the 
integrity error or write errcr flag 
set on some structures. Any •issing 
records are printec in hex o~ the 
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6 1 

1 0 

1 

2 

3 

8 0 

1 

9 1 

1152~44 

l~ne printer listing. 

Use the one data base mode. This means 
onty one data base is cpened at a 
time. Att intermediate files are 
built on dis~ be1ore opening the new 
data basE files <as though JAPE was 
specifieo for all structures and the 
tape was file eouated to d1s~>. 

The DMS/REURGANIZE p~ogram performs 
atl f ite copies. 

~TIY tiles having only their name or 
pack changed are net changed by the 
OMS/REORGANIZE prog~am 

4nv tiles which are to be deleteo 
after the reorganize are not 
deleted ty the OMSIREORGANIZE proqram. 

fhe DHSIREORG,NIZE progr~• does not 
perform litrary fite name changes. 

Printeo output is in lower case. 

Printed output is in upper c~se. 

Enable pause function. A pause causes 
DMS/REORG~NIZE to stop and w~it for 
user input• typically to take a 
progra• OU•P• There is one per•anent 
pause at tte beginning of the 
reorgani2e program• after the tables 
have been loaded but beforE the cata 
b~se is opened. 4t this pause- the 
user can reQuest his data base be 
r~stored to its pre-reorgani2e state. 
This is ~one by entering <jot I> ~X 
RLSTORE. This is useful when a 
previous run of OMS/FECPG~~IZE aborted 
with a restartable error and the user 
wishes to ~eturn to his old cata base. 
0HSIREOPG4NIZE could be re-executed 
with S~9 = 1 and RESTORE could be 
entereo at the first pause. 

01/19184 



hhen using Skitch 9 to erable the p~use function• the operator 

1ust remember that tte ~fSTO~E operation is ontv valid at the 

1irst pause of the C~S/RfORGANIZE p1oqram. lhe onty other reason 

for enabling the pau~e f~nction is to atlow the user to take 

program c~mps at vario~s stages of the reorganize process. 

Reorganization Rvles 

(he following tist o1 rLles identif~ the capabilities and 

li•itations of the rforgsnization. Rutes marked with an asterist 

<~> character recuirE a change in the version stamps for the 

affected structures. CRtfer atso to the subsection Entitled 

Version Checking for a discussion of the changes which can affect 

the ~ersicn stamps for e~isting structures.) 

lhE fotlowing reorganization rules 1equire a change in the 

version stamps for tte affected structures. 

Adcing Cata Items 

Oata items can he a<ded to existing data sets. Ttese new 

items can be adced 10 the fixea format part as welt as to 

the variable format part. New items kithin the fixed format 

part of a data set can be REQUlREO or used as a tey item if 

an I~ITJ-l~ALUE cta~se is included ir the description of the 

iteR. Jf no INJTIAlVALUE appe~rs in an item dEscription. a 

syntax error is genErated when the item is either declarec 

with the ~EGUIRED ~fyword• or ~ppears in a KEY clause. New 

items acded wittin i variable format.part of a ~ata set 

reccrd car be rEquired if an IhITI~L~ALUE is inctudec in the 
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description of the item. 

~oving a Data Item trow Fixed to ~ariable format 

An item can be tovec fro• the fixed format part to a 

variabte format part within a oata set record. The data 

contained in th2t item is lost in any data set record which 

does rot contair thf proper va1iable format part. Items 

cannot be moved fro• one variable format part tc another 

variable format part. 

Oeletin9 Data Items 

Oata items can te d•leted from existing data sets. 

Changing the Descripticn of Data ~tems 

Data item dEscripticns can be changed as follows: 

1. Fielc lengths can be increased er oecreased, inctucing 

the fraction ard integer parts of numbers. CKey ite•s 

cf ordered mantat subsets must not be changed.> 

2. Signs can te arded to or oropped from numbErs. CKey 

items cf o~de~Ed manual subsets cannot be changed.) 

3. Cccu1rences car be changeo Cincreased or decreased). 

4. ltem types can be changed except for RECORD TYPE ite&s. 

lhe length of the RECORD IYPE f ietd can be changed. It 

is the user's fesponsibil1ty to avoid any problems or 

a•tisuities hhich aight arise from decreasing the 

tenqth of i RECORD TYPE field. CKer items of crcerec 

•anuat subsets cannot be changed.) 
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Changing Groupings or levels 

The groupings ard/or te~els can be c~anged. lhe items must 

be used within the 'cope of the same data sets in the otd 

and the new dat~ bate. 

Changing the Ordering cf Data Items 

The orderint of the items can be changed. 

Changing the Oescriptirns of Sets and Automatic Subsets 

t. Sets and aLtomitic subset5 can be deleted. 

2. The cuplicites clause can be changed. 

3. Cata items can be added to- or deleted from- a key 

specification. 

4. The crder cf tie key item~ can be changed. 

5. ~scending and <escending specifications on key items 

can be changed~ 

6. ln~e, sequEnti~l sets can be changed to index random 

sets or a~tomatic subsets. 

1. Index ran~cm sets can be changed to index seQuentiat 

sets o~ automatic subsets. 
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6. Automatic substts can be ~hanged to index sequentiit 

sets or incex tandom sets. 

9. lhe WHERE clau~e can chan~e on 2n automatic subset. 

E•bedded Data Sets and Manual Subsets 

Embedoec cata sEts ~nd manual subsets can be deleted. lhe 

version of the ~arert data set is changed. 

Embedced cata sEts ind manual subsets can be changed from 

ordered to unorcerec or from unordered to ordered. 

Key specificaticns can be changed on ordered embedded dat~ 

sets. The alto~abtf changes include: 

1. Cata items can be added to or deteted from a key 

specification. 

2. The crder cf tie tey items can te changed. 

3. The QUplicates clause can be changed. 

4. Ascending ~nu <escending specifications on key items 

can be charged. · 

hHERE anc VEFIFY 

WHEAE and VERifl corditions can be changeo. 

When comparing the fHERE and V~RIFY clauses, the DMS/DASOL 

compiler chec~s fir!t for an ioentical expression• anc if 

that co•parison faifs, the com~iler then chec~s for an 

equivalent exprEssicn. Because of this• compile times are 
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increased if an) of these clauses are ctanqed• even if the 

resuttant clause is equivalent to the o~iginat. Dependin§ 

upon the si2e, rumbfr, and complexity of these clauses• t~e 

increase in DMSIOASfl compile time can become substantial; 

therefore• the ~ser should avojd un~ecessary changes to 

these clauses. 

lhe fotlowing rec~gani2a1ion changes do fiCt reQuire a change in 

the version stamps fer tie affected structures. 

4ccing Sets anc 4uto•atic Subsets 

Sets and automatic !Ubsets can be added. 

Accing E•bedcec Data S~ts and Man~at Subsets 

Changing Pcp~latiors 

Changing Structure 4ttf ibutes 

The follo~ing structure attrib~tes can te changed. 

1152444 

4 R.E4S 
ARE4lENGTH 
SPLITFACTOR (reofgani2ation not required) 
IAELESIZE 
~COULUS 

BLCCKSIZE 
FA~ILY~AME 

llllE 
SECURIJYJYPE 
SECURI1Y~S£ 
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Earbage Collection 

Any structure wtich exists in Loth the old ana new cata tase 

can be garbage cottfcted (qeneratedJ or purgea. 

Data Transformations 

Curing the reo~ganizEtior precess. aata ite•s within a data set 

can change in size, type. offset• and number of occurrences. 

sutject tc certain rEstrictions ~hich are ciscussed later. In 

cr~er to appear as a charge <rather than as a oeletion and 

~doitionl• the item •ust appear in the same cata set in the clc 

~nd new cata bases. 

Ad~~tiofl and Deletion cf Data lteas 

tata items can be a~ceG to or deleted froa t~e description of a 

cata set. When a data item is deleted• the cata associated ~ith 

that ite1 is remcved fro1 att records in the data set. When a 

cata item is acded. a data field containing high-values Cnvtt> or 

the value specified in tte INITIALVALUE clause is insertec into 

ill ~ecords in the dita ~et. for this reason, items which are 

2dcec canrot be Lsec as Jeys or be required fields1 unless the) 

have INIIIALVALUE ctiuse!. 
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Item Size Changes 

Cata item si2es can te ctanged. If the new size ~s greater th~n 

the cld size, then a filler is addeo to the field in accorcancE 

with the rutes outtirec in tabte 3-1. Con,ersety, ii the nek 

size is tess than thE otc si2e, then data is truncated from the 

item. This conditior is detected b~ the DMS/OASOL compiter anc a 

~arning message is gEnerited. 

Signed Data 

Sign fields can be acded to or deleted from a cata item. 

£elet~on cf a si~n fielc is cetecteo by the DMS/OASDL compile' 

anc i warfiing 1essa9E is generated. 4 positive sign is generated 

for existing items which have a sign added. 

Cccurrences 

lhe number of occurrence! of a data item can be changed. If the 

ru•ber of cccurrences decreases in the new data base, only the 

1irst n occurrences •~e noveo to the new recorc~ where n is the 

ru~ber of cccurrences of the data item in the new data set 

record. This condition is detected by the OMS/OASOL compiler ~nd 

a warning message is genErated. If the nusber of occurrences 

incYE~ses in tte new dati base, onlr the firs~ m occ~rrences ~~~e 

cata movEd into them fron the old data set recora, where • is the 

ruuber of cccurrences of the data item in the old data set 

record. The remainirg occurrences of the item are set tc nult. 
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Cccurs nesting can gc to three levels in the OMS/O~SOL source 

file. If an item is nested, its number of occurrences can be 

comp~ted by aultiplying the number of occurrences of alt its 

outer levels. Alt data items are transformed on an elementary 

level basis. If a c~ange is made to the number of occurrences at 

the group level, thif ha! the effect of changing the number of 

cccurrences cf all of the elementary items within th~t group, and 

transfornation is ~ore or that basi~. 

Regroupiftg of Data Itees 

Jhe groupings and/or tevEls of data items can be changed. subject 

to the fcttowing restrictions: 

J. Regroupinq of <ata items cannot cause data to be 

duplicated. 

Example: 

Old Groupjng 

A G~OUP 
CB AlPfiA(l); 

C AlPHAClll1 

New Grouping 

A ALPHAC2); 
B ALPH4(1); 
C ALPHA{!); 

In the e~aftple abo-e1 the data represented by 4 is 

duplicatEd in the rew oetinitjon since B and C both contain 

data contained in '· Therefo1e• the above regrouping ~o~ld 

not be attowed by the DMS/CAS~l compiler. 
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2. Reg~cupirg of item! cannot ca~se muttipte mapping of 

information into ar item. This regrouping would occur it 

the ne~ cefiniticn were transformed into the old definition 

in the prev~ou~ exzmple. 

Item Trpe Changes 

Item types can he changec. The onl) restriction here is that 2 

ceci•at o~ signec decimal item cannot be changed to an elementary 

al~ha ite• <a COBOL rutel. 

Data l~•nsfo~•ation R~les 

hhen the D~S/OASDL ccmpiler detects that an item must be 

transformec• it effectively generat~s a MOVE which conforms to 

the COBOL conventions. 1he rules for data transformations are 

shown in table 3-2. 

Tabte 3-?. Data Transfor•ations 
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I Truncation or 
I Space I Zero I Zero 

~eve I fill Ifill lfitl 
llruncatelGeneratellranslate 
I Sign 1Positivel 

-----------------------1 on I on I on I I Sign I 
Frew I Tc I Right IRightlleft I I 

= = === -=== == = ·=== ·= = = ==== =: =~= = = =~= = = :: :: =·= == == == =·=·= = = = == = = =·= == = = = = ::: == =-= ::= == = = = = 
Group IEroup I x 1 t I I I 
Group IAtpha x I I I I I 
troup ISisned i rt. I x I I I x I x 
Ero up t Integer I x ' I I I )( 

tir cup ,1 Signed dee. • x I ,, I x ' Group ICeciaat ' x I 1 I 1 x 

-----------·----------- -------·-----·-----·-------- ~-~---~-,~----~---
AlphG I Gr cup x I I I 
.Alpha I Alpha x I I 1 
Alpha I Signed i rt. I 1 x I )C x 
Alpha llnteger I I x I x 
Alpha I Signed dEc.1 I I x I x )( 

Alpha IUecimat I I ' )( I x 

-----------1-----------1-------1-----1-----1-------- --~--.- _, _ 
____ '9 ____ 

Signed ir:t.IGrcup x I I I x x 
Signed i11t.Ulpha x I 1 I x x 
~igned int.ISi:gned irt.I I I JC I 
Signed int.llnteger I ' x l x 
;Signed int.I.Signed dEc.I I I )( ' Signed ir.t.IDecisal I I I x I x 

-----------1-----------1-------1-----1-----1-------- -.. , .. ._ ... -.-
__ ._ _____ ~ 

Integer I Gr cup I x I t I x 
Integer I Alpha I )( 1 I I x 
Integer I Signed irt.I 1 x I I x 
Integer I Integer 1 I x ' I 
Integer 1S'i~ned <lEc.I 1 x I I x 
Integer ICeciwal ' I x I I 

-----------·-----------··------ -----1-----1--------1--------
______ .__ .... _ 

Signed dee., Gr cup 1 x I I x I 
Signfd dee .. Alpha l'l£rror• I I I 
SignEd dee .. Si9ned i rt. I I J( ' I 
Signed dee .. Integer I 1 I )( j x I 
SigtHd d.ec. Signed dEC. I 1 I x I I 
Signf.d dee. Deci•al ' I I x 1 x I ______ _,_._ ____ 

-----------1-------1-----1-----1--------1--------··--------
teciaal Group x I 1 I I ) 

Cecimal Alpha I •Error• I I I ' I 
Cecimat I Signed irt.t I I x I I )( I 
tecit&at 11 n t eg er I I I x I I I 
Ueci~r,at I Signed dEc.I I I x I I x I 
[eciwal ll:ecia:al I 1 I x 1 I I 

-----------------------------------------------------------------------
int. - in te ge1 
dee. = decimal 
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~a.·s io·n Checfc i ng 

Each structure and rEmap has associated with it a version which 

reflects the last tiae ttat a change was made to the loqicat 

c e s c r ii p t i on c f t h ai t ! tr tJ ct u re • f o·r pro gr ams con ta i n i n g 

cesc,iptiors of that strLcture with an earlier version• a version 

erro.- results if an itte"pt is made to use ttat program to access 

the ~lterec structurE. , recompilation of t~e progr~• is 

~ecuired to brins it up to d2te with the current description of 

th~t structure. This re<ompitation must take ptace after the 

successfLI ccN~leticr cf the reorganization process. The version 

of a structure is cortaired in the library file which describe~ 

that structure and tte library files are net changed until the 

succEssful completior of the reorganization process. 

Sowe of the changes that are allowatle with reorgani2aticn 

require that the ver!ion! of some ot the structures change. The 

user must te akare of an' changes requiring recompilatio~ of 

existing programs anc tht magnitude of the reco•pilation effort 

required before makirg ary changes to the data base. 

lhe rutes khich detefminE version changes follow: 

1. If ary of the cata or group items in a data set change or 

the ~ERIFY ctaise rhanges1 then the ~ersion of that data 

set and att sets ard subsets that reference it change. 
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2. If a set or sutset logical description changes then that 

set er sLbsat \ersion must chanqe. 

3. If the W~E~E ccncition on an automatic subset changes then 

that subset ve~sior must change. 

4. If an ~mtedded datt set changes froe ordered tc uncrcere~~ 

or froa unorderec lo ordered• if any of the data or group 

items in the d~ta !et change• or if the key items cf the 

access set cha~ge. then the version of the embfdded data 

set must changE. 

In summary, atl of tte r~organization rvtes marked witt an 

asterist <•> require a vtrsion chanye• and any user programs 

accessing struct~res who~e versions have changed m~st te 

recompiled. 

Earbage Collection 

Curing the nor1al upcatiTg of a dat~ base the efficiency of the 

cata base can detericratE, both in terms of the number of 1/0 

operations reQuirec to access parts of the data base and the 

amcunt of hasted dis• spice. The b~nefit obtained fro• garbage 

cotlecticn is a function of the type of structure <disjoint data 

set. indE~ rancoa set• i~dex seQuentiat set or subset, embed~eo 

cata set, er manual subsEt> ano of the dynamic entry of cEta. 

Garbage collection is petforaed automaticatly on any structure! 

khich require reorg2ri2a1ion. The need for garbage collection 

~nc the result obtaireo ire d~scribed• by structure type• in the 
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fottowing paragraphs. 

Dis~otnt Data Sets 

The algorithms used ty tte DHSII system to •aintain disjoint data 

sets do not have a mtcharism for returning file areas as the 

ru1bEr of vatic recc~ds tecreases. Thus, if a data set once 

included a very ta~gE nurber of records, but tte population of 

the cata set has since rEturned to •more typical si2e, flOne of 

the oist areas would be returned to the operating system C~CPII>. 

lhE cetetec records ~re ivaitable for reLse but may never be 

reeded. Garba5e coltection returns the excess dis~ ~reas tac~ to 

the cperating system C~CfII>. 4tso, it optionally orders the 

records by an existirg irdex designated by the user. If a 

cisjcint data set is gartage collected, t~en all the sets and 

subsets that reference ttat data set are atsc garbagE cottectec 

Cthe aodresses which the1 contain m~st all be changed to reflect 

the new record locations). 
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Ia~ex Sequentia~ 

The algortihms used by tte DHSll system •aintain balanced index 

seQuEntiat coarse anc fire tables. The number of entries per 

tatte is •ept betweer tht value of IA6LESI2E and TABLESl2E -

SPLITFACTC~. littte is 1cco•ptisheo with the garbagE cottetion 

(gEneratedJ of an incex ~equential ~etJ however~ a purge 

cperation rebuitds tte stt from the data set. This can etimin~te 

~ny INTEGRITYEFROR e1ception condit1o~s. 

Inoex Rando• 

The algorithms used ty tte OMSII system to maintain an index 

random set de not ta•e acvantage of deletec entries in the base 

tab1es to corsotidatE ant overftow. 4tso. overfto~ tattes which 

have become empty arE ne\er returneo to the system. Garbage 

cotlEcticn perforus toth of these fynctions. 

Lists <"anuat Subsets and Embeddeo Data Sets> 

The atgorith•s used to •iintain tists dynaaicatty Teturn empty 

records to available space within ttie file. However• the exce~s 

cisk space is nEver retLfned to the system. Garbage collectioTI 

returns the e~cess disk !pace, consotjdates the list in a mini•um 

numbEr of ~ecordsP a~d groups recoros wit~ the same parent in 

cortiguous blockso -ny 1ime a list is garbage cotlected, the 

parent structure is ~lso garbage cotlected to change the list 

head pointers to reftect the new list record locations. If a 

manu~l subset must have •ts addresses adjusted because the otject 
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oata set was garbage collected~ then all of these functions 

except the garbage ccltection of the parent structure also ta~E 

pt ace. 

Finally. all manual subsEt entries pointing at delet£d records in 

the retated data set are re•oved. ~imilarty, if the ~ey itees 

within an entry of ar or<ereo manuat subset do not match tte 

coFrespondjng te~ itEms tithin the object data set record, the 

entry is rEmoved fro• thE manual sutset. 

File Na•i~g Conventicns 

Eoth O~S/D~SDL and O~S/RfORG4NIZE g~nerate a number of temporary 

cis• files that are LSed during the reorgani2ation p~ocess of a 

cata base. The user shotld avoid n~ming the fites in such a w;y 

as to conftict with the rames of these temporary files. 

A teeporary copy of the cata base dictionary has the following 

name: 

<data-tase·pack>J2<nfw data base name>IOICTION~RY 

lhe <data-base-pac~> and <new data tase name> come from the 

CC~PILE statement specifi~d in the LMS/D4SCL compilaticn. 

~tructurEs that are retuilt through O~S are created in files 

raaec: 
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2<ne~ cata base rame>/REORG-<st1ucture n~mber> 

lhese tiles resice h> oe1ault on the final medium tut can te 

reassigned with the COP~ statement. 

fhe tape f ite is named RfORGl<o{d data base name>. 

lhe libraries are be asscciated with the new data base after tte 

[MS/[ASOL reorganize run have the fottowirg ~aminq conventions. 

COECL libraries are name<: 

<data base pack>J3<nfw data base name>l<structure name> 

FPC tib~aries are named: 

<data tase pack>J4<ntw data base name>l<structure na•e> 

lhe Teorgani2ation ccntrct fite created by ~MS/DASOL, which 

cescribes the reorgani2ation operat~ons to D~S/REORGANIZE is 

namec~ 

<data base pack>l2<nfw data bas~ name>IREORG-CNTL 

ThE ~REF file• if needed• is named: 

2<ne~ cata base rame>/XREF 
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The )REF file reside! on the system pack by default but can be 

reassigned with the lNTEfNAl FILES ~tatement. 

Atgorithas 

The CMCP1 er D~S AccEss foutines CDHSIACRJ, is used for most of 

the fite creation perforwed tr the ~HS/REORGANIZE program. 

fic~e~er• there are sever~l special algorithms jmplem~ntec in the 

reorganization p~ogram tc provide f~nctions that are not 

available in the DMSII s,ste•• or to increase efficiency of 

freQuentty used function!. The details of these algorithms are 

cescritet in the fottowirg parag~aphs. 

Index Sequential 

Cne such atgorithm is usfd for the ~atancing of an index 

se~uentiat set. The bal~ncing is called for when the GENERArE 

<set> USI~E <set> sy"tax is used. or if only the block or irea 

size has changed in the ~ew index. 

Io balance the index seqLentiat set. the CMS/REORG•NIZE program 

reads most of the ol< anc new fite para•eters directly from the 

cictionaries, rather thar using the ones in the control file. It 

first buitos the new finf table level fro• the old fine tables, 

to~ding Each table SFLITF4CTOR futt. If the addresses are tote 

fixec UP• then this is dcne as the tine tables are loaded. 
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Each higher level is m~d£ by reading the pre~ious tevet and 

waking another level tha1 indexes it• again titting the tables 

SPLITFAClC~ tutl Catthouth t~e tast table in each tevet aa, te 

more or tess fullJ. Thi~ is repeat~d for as many le~els as 

reQuired urtil o~e table is created on a tevet. This table 

tecomes the nek root tab~e, and the next table contains the new 

~A and HC. ThESE values are placed in the Fite Control table ~nd 

the cictiorary fixer put! them in the new cictionary at the enc 

of the reorganizE prcces!. 

Index Rando• Sets and Je~ Index Sequential Structures 

When a new i~dex st~Lcture is added, or when keys are changed on 

an irdex structu~e, the fMSII acces& routines in the operating 

system are usec to bLild the new inaex. first the structure 

records are adjusted to indicate that only the changed index is 

to be buitt. At the co•fletion of the operation• the structure 

'eccrds are correctec. 
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If an error occu¥s ~tile performing the reorganization of a data 

tase, the reorganization program terminates. The termination of 

the reorga~i2e progrim ctn be initiated externally (program 

abcrted, clear/start• anc so forth> or internally. When 

internatty initiated. th~ reorganize program notifies the user 

whether c~ net it car be restarted. In general, when the 

termination is exterratt) initiated, the reorganization is 

restartable. Specifically, the reorganizaticn process can be 

rest~rtable, depending uron which ot the fol towing categories of 

~bnormat ccnciticns ccc~rs: 

J. Cata base cescription e~rors. 

2. System hangs. 

3. I/C errors. 

4. Recrgani2ation p~o,ram errors. 

Cf these• the first cate~ory (data base description errors> 

carnet be restarted, the seccnd category (system hangs) can be 

restarte~, and the t~st two depend ~pon the exact nature of the 

probtem. An 110 errcr cin normally be restarted~ unless the 110 

error is on the tempcrar, data base dictionary, labeled 

2<cata·base-name>/DICTIO•A~Y or a w1ite error occurrEd in the ne~ 

cata base. Program errors due to insufficient dynamic memory or 

ove~tay cisk, for examptE, can be restarted. 
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lhe reorgani2aticn p•oce!s has two ~hases. In the first phase. 

the rew oata base js bui1t and no modification is ma~e to the 

existing tata base. In the second ~hase, the reorganization 

'ewoves~ acdifies, and atds files. If the reorganization 

terminates ir this sEcon~ phase and the reorganization is not 

rest2rtabte, the user ca~ reload his bac•~P copy of the cata tase 

tefore rervnning the reo~ganization or continuing to process 

against this data base. The user c~n identi tv what phase the 

rec~ganization was ir ty exawining the printer output file 

created by the DKS/PEOFGJNIZE program. If this is not availabte 

(due to a clear/sta~tl tte ODT log ~ay be inspected for the 

fotlowing ressage: 

•••• BEEih f!LE MODIFlLATION •••• 

NOJ[ 

This message orly tppears if the OMS/REORGANIZE 

prograe was eJECUtfd with program switch l = t. 

This message indicatES tte reorgani~ation process has begun phise 

two. 
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'on-Restartabte Conditions 

If a non-restartable errcr occurs during the reorganization 

process~ it is the vier•! responsibitity to guarantee the 

integrity of the existin! Coldl data base before attempting 

reorganizaticn again. Tte action tdken by the user to insure the 

cata base integrity ceperds on when the condition occurs Cas 

incicate~ er the prirt files productd by the reorganization 

programs), and what type of e~ror actually occurs. fhe integrity 

cf the existjng data bast can be rebtored by either cf the 

follcwing: 

J. Doing nothing. Tht reorganization program discoverec thE 

error anc has 1artfd tte old oata base as usable. 

2. Restoring the cata base dictionary. The reorganization 

program cic not oitcover the error (for exampteP the 

program ~as abcrtet>. 

If the abn~rmat conditior was a data base description error, tte 

vser must also mate apprcpriate changes to the OMS/DASOL sourcE 

file befgre atteaptirg r£organization again. Possibie 

cescription errors are: 

l. Duplicates occirrec but were not specified as atto~ed in 

the new cata bise. 
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2. A LI~IfEFRUR occurred on a fite in t~e new data tase Cfor 

ex~mple, the miximtm level of coarse t~bles wa5 exceeded. 

or m~ximum file si1e was exceeded). 

3. A CA14ER~OR occurrfd because of a fail~re to meet the 

~E~UIRED, WHERE• or ~ERIFY conditions specifiec in the new 

data basE• or ~ vafiabte format record type was wrong. 

If any of these cescription errors vccu' during reorganization, 

the Cata a~se Adm~ni~trator (06~) must change and. reco•pite the 

CMS/OASDL source filE1 or co~rect the offending reco~ds in the 

cata base to begin tte rforganization process aqain. 

Restartable Conditions 

If, curing the reorg~nizttion process• an exception occurs which 

is restartable, the tisting generated by the reorganization 

~rcg~am s~culd be corsul1ed to determine what phase of tbe 

reorganization was ir precess at the time of the excEption and 

hhat actio~s, if any, nefd to be ta•en befcre re-e~ecuting the 

CMS/FEOR~A~IZE progrim. The following paragraphs descrite the 

possible situaticns ~hict might arise and an) additional action 

which the vser may h~ve to take: 

1. If a specific structure ~as b~ing reorgani2ed, either 

beca~se cf an Explicit GENERATE• or because of a change in 

the cescriptior of the struct~re Cinctuding att changes in 

the togicat de~crirtion of the structure, ano alt changes 

in the physical ce!cription except a change to t~e number 
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of areas for ar existing fiteJ• no aoditional action neecs 

to bE taten. Fe-e,ecute the UHS/REORGANIZE prog~am. 

2. If the D~S/REOFGAN1ZE program was in the process of 

changing the nLmber of areas tor existing files (the 

message EUMP ~FEAS FOR ~str#> appears in the listing 

followed by onE or more file names; the message EhD BUMf 

APEAS FO~ <st<•> dces not appear in the listing>• then alt 

of the f ites wtich were to have their areas changed must be 

restcred tc thEir rre-reorganjzation state. This change 

only applies tc ti•es for which the only change was to tte 

numter of area~. 

3. If the excepticn ccndition occurs after the DM5/REORGANl2E 

prcgram has rerovec the otd d~ta base dictionary, but 

before the name of the tempor~ry dicticnary ~as teen 

changeo, the uter can change the name, and it is not 

necessary to r£start t~e reoryanization programs. 

Systea Requi~e•ents 

Ce~ending up~n the speci,ic functiohs of reorganization being 

requesteoP the demancs uron the system in terms of memory~ time 

anc cisk s~ace can be extremety high. Users should be a~are of 

these requirements befor£ attempting a reorganization ~hich may 

"ot te atte to complEte in a given time frame or which reo~ire~ 

•ore disk space er eemcr~ than is on the system. The 

requireeerts fer reorganization• includins memory, ti•e• and disk 

sp~cE, are discussed in thE following paragraphs, in terms of the 
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type of reorgani2aticn tc be done. 

Purge 

lhe impact of purgin~ a !tructure is minimal. The purge process 

normally ccnsjsts of operjng the fitst area of the file 

containing the structure and adjusting tte Next Available and 

~ighest Cpen C~AHOl information for that file within the d~ta 

tase dictionary. For incex randoa structures~ all base tatles 

are initiatizec. 

~eorganiiation of a Data Set or Manual Subset 

Reorganization of a cata set, whether caused by a change in the 

cescriptior of the dita !et• or by an exptic~t GENEFATE, results 

in the untoacinq of the <ata set from the old data base and 

reloading it irtc the net data base. This procecu~e is ~sed tc 

reorganize both cisjcint and embedded data sets. -dditionatly

manu~t sutsets are ~rloaced from the otd data base and retcaoec 

into the new dcta base. 

The amount of time1 cisk space, and memory required for this 

~recess is approximately the same as if tte ~ser were to write 

programs tc ~nloac and rtload the data set, atthough there are 

scae toots avaitable to the user to reduce these reQuiTe~ents. 

1hese toots are discvssec in the fotlowinq paraqraphs: 
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t. The CHS/~ECRGA~IZE program is very sensitive to dynamic 

mewory a~d sholld te executed with as •uch ~emory as 

possible. Wher setting the d1naaic mesory for the writer 

prcgram, however, the user must consider the aaount of 

memory on the systtm1 as well as the a•ount of memory 

required by thE CM~Ii system to process the two cata basEs 

which are acti~e a1 the time of the reorganization. <Refer 

to appencix E cf ttis aanual tor a discussion of the memcry 

recvjred by thE C"!II system to perfora various functions 

on a data base]. 

~. There must be two copies of a data set present on dis• at 

the ti•e of thE recrganization process. If there is 

insufficient disk tpace avaitable on the disk pack on which 

the cata set file rormalty resides• an inter~ediate ~or~ 

f ite can be assignfd to another disk pac~, by usins the 

COPY syntax. lf s~ace restrictions are severe, the COPY 

B4CK or COPY TC TAfE s~ntax can be used. 

Jhe time ,equirec fof a feorgani2atjon of a data set should be 

stightty tcnge~ than tha1 of the original toad• but still on the 

saie order of 1a9nitLde. Jhe facto1 which deteraines ho~ much 

tonger the reor9ani2atior takes is the number of sets and subsets 

which refe~ence that dati set, since the acdresses must be 

correctec after the cata set has been rebuilt. This address 

fixu~ is performed using simple reaos and writes on the cis• 

tites containing the tist, and reads of the ~REF fit£ created 

curing the generatior phase. Speed depe"ds vpon tablesi2e. 
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bloc~ing. and entrysi2e cf the relevant sets and subsets. 

Balance of an lndea Set or Subset 

As in the case of recrgarization of a data set, there must be 

Encugh dis~ space a~~ilatte to hold two copies of each file to be 

balanced. If there is irsufficient disk space available• an 

intermediate wcrk pac~ cin be specitied to the DMS/OASCL compiler 

using the COPY synta•· 
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SECTION ~ 

AtDIT AND RELOVERY 

lhe CMSII audit and reco,9ry system consists of the code wit~in 

the cperating system (MCfII> which ~udits alt updates to a data 

base• and the CHS/RECO,EFOB program which processes this auditEd 

info,mation to resto~e tte integrity of a Cata base once that 

integrity has been ccmpr<mised whether by a ~ser program•ing 

faiture. system erroT~ or ~ardware malfunction. Aaditionatty, 

aucit and recovery it de!igned to accomplish this task ir much 

less time~ and with 1uch less user ~rogram•ing or oper2tionat 

effort than ~outc be reqtired by an~ user-~ritten recovery 

~r~cedures. 

fhe relevant eleaents of the DMS/OA~DL source file and the CCBCL 

source fite ~hich arE recuired to i~plement auoit and recovery 

for a DMSII data baSE• ard which have already teen dEscrited i~ 

~revious sections~ are dtscribed in greater cetait in this 

section. In acditior• tte various types of ~eco~ery and the 

implications of each typE are descrjbed. Finatty. some 

recoemencations concErnirg the use of audit and reco~ery in 

various systEm ervircnaerts are included in the sub~ection titled 

Festart Prccedures. 
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SYlTIX ELEMENTS 

The elements of the CMS/fASDL syntax necessary to implement aucit 

~nc recovery in a CM!II cata base, •s described in the B 1000 

5ystems C'SII Data a~d S1ructure Detiniticn language (0MS/DA50ll 

lanquage manuat, are as 'allows: 

1. Auait trail. 

2. Restart cata stt. 

!. Transactions. 

4. Syncpoint. 

Each of these items is dfscribed in detail i~ the fottowing 

~aragraphs. 

audit Trait 

The audit trail is a history of atl updates performed on a dat~ 

baseJ it consists cf a 1ite. or se1ies of files. containing o~e 

record fer every charge to the data base. fhe first eight bits 

of e~ch record is a f ielc khich rep1esents the type of change 

teing auditec. Exce~t f<r control 'ecords <those representing 

~ata base CPEN or CLCSE~ SYNCPOINJ, CONTRCLPOINT• or PROGRAM 

ASCR1 - thEse record! corsist of ju£t the lYPE field), this 

'ecord type is repeateo ~t the end of the record. This 

repetition e~abtes tte CtS/RECOVEROb progra• to read the audit 
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trait either fcrwaro or tac•ward. folto~in9 the TYPE field is an 

e-tit fielc cortaining tte number of the structu~e being updated. 

Again~ this fiElc is repEated at the end of the record• just 

prior to the TYPE fiEld. The remainder of the record is variatle 

in tength cepending Lpon the structyre t~pe ~nd the actuat change 

taking place. for eJample. khen a new record is addEd to a data 

set• the audit recorc de~criting the operation reo~ires four 

tytes for the address cf the new record pl~s the actval record 

teing adced. lo audit tte update of an existing data set reco~d 

requires the 4-byte adcrtss plus copies of tte recorg tefore and 

after thE ~poate. le au<it the insertion of a key into an index 

recuires 13 bytes of control inform~tion C~ s-tyte address wtich 

specifies thE tocaticn o1 the ne~ key within a specific index 

tatce, a 4•byte addrEss ior the cata set reccrd hhich contains 

that tey, anc four bttes for an audit serial number) plus a copy 

cf the actLal kev~ 

Jn creating the audit triit• there •re usually se~erat distinct 

changes to the data tase1 and therefore several audit rec~rdsr 

for any sinqte D~SII updrte operation <store, delete). for 

example. whe" a new recotd is storea in a cata set1 the D~SII 

system must aucit, in acciticn to the simpte store of the record, 

such things as the s~ace allocation for that record. the 

insertion of the key fields into al! of t~e paths hhich refererce 

that recorc• a~d any indfx table attocation or table splitting 

hhich is ~one to com~tetf those inserts. 
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CperEtionatty, the C~SII system use~ two buffers for t~e audit 

tr~i~- which are hritten out automatically when they a~e fitlec. 

NOTE 

White switchins au<it files <closing t~e current file 

and opening the nelt one), the DHSII s~ste• can 

attccate overflo~ tufters for the audit trail. This 

enables the co1pte1ion of update operations which are 

currentl) in proce!S# so that programs can continue 

to perfora inquiry operations against the data base 

white the file s~i•ching is in process. As soon as 

the fite Skitcting is comptete, any fitted audit 

buffers are writter to the new fiteJ all overf1ow 

buffers are thEn dfaltocated as soon as they have 

been written OLt• 

Adoitionatty- hhen a s~ntpoint occurs~ any u~dated audit buffers 

in memory are ~ritter out whether 01 not they are futl. Refer to 

the ciscLssicn of syrcpoints in the subsection entitled 

SY~CFOINJ. Audit record! can ove~l~p physicat blocks. 

lhe audit trait can te a!signeo to either disk or tape. If disk 

is to be usec, then the cisk pack or cartrid!e on which the aucit 

tr~it resices shoulo not contain anr other data base files since 

the failvre which corrupted those files coulc also corrupt tte 

aucit trait, •aking reco~e~y impossible. 
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Ii est a1· t ll at a S e t 

Every data base whict usts audit ano recovery must include 

ex~ctly one restart cata set. This data set is physicatlv the 

sa1e as a~) ctte< data Sft ano is t1eated as a simpte data set by 

toth the C~SJI syste• an< the DMS/RECOVERDB program. Logicall)r 

this data set is the mears by which a user program can deter•ine 

if a recovery has occu~rEd and to what point tbe dat~ tase has 

teen rec~vered. Adcitioratty, the ~ser data fields within the 

rest~rt record are tc be used to ma~ntain the inform~tion 

necessary to rEstore ttie program's own internal cata to the point 

cf the recovery. 

Transact ions 

A transaction is a serie~ of OMSII operations which can or cannot 

update a oata base. Wittin a user program• this series cf 

oper2tions must begir ~ith the begin-transaction 

CBEGIN-TFAhS~CTICN vErt in the COBOL and CGBOLl4 langu~ges and 

lREEG operation code in the RPGII t~nguageJ operation. Upon 

executio~ cf a begin-trarsaction operation. a progra• is in 

transaction st~tEti - prtgrau •ust ~erform all of its updates to 

an audited data base white in transaction st~te. To teave 

transaction state~ a pro~ram must perform an end-trans2ction 

<E~D-TRANSACTICN vert in the COBOL and COBOL74 languages and 

IRENC operation code in the ~PGII l~nguageJ operation. 

1r~nsaction state is usec for the following functions: 
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Co•pletion of a Sirgte Transaction 

A progr~m uses the fnc-transaction operation to notify the 

DMSII s~stem th~t a1l of the updates ~hich comprise a sinste 

transacticn have co1pleteo. It a program aborts Cgoes to 

EOJ or is discortin~ed <OS or LJP) by the operating system 

CMCPll) white ir trinsaction state, then the DMSII system 

assumes ttat a tran!action is 1ncomplete, therety 

jeopardizing thE stitus of the data taseJ therefore• the 

OMSII systea mtst •~rk ~uch a uata base as reQuiTing 

recovery. An ECJ o' OS of a program not in transaction 

state dces net ;ffect t~e stat~s of the data base. 

Closing a Cata HasE 

No progra1 can closf the data Lase, either implicitly or 

expticitty, white arother prog1am is in transaction state. 

frogras Aborts in lran~action State 

If a CMSil proqram 1borts white in transaction st2te, the 

DMSII systea carnet allow the uMS/RECO~EROB program to begin 

white ether p<osram! are stilt in trans2ction state. Refer 

to the subsecticn ertittec Pro~ram Abort Reco~ery 

Aucit function 

The [~SJI syste1 pe1forms a store operation on the restart 

data set ~eccrd of the program whenever the audit f~nctiofi 

is requestede lhe iUdit functjon is in\o~ed for a 

begin·transacticn oreration by specifying the AUDIT cptior 

with the EEGIN-lR~N~ACTION verL for t~e CCBOL ~nd CCECL14 

tanguages and tEavirg the f~CT~R 2 field blank with the 
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TRBEG operation cod£ for the RfGII language. The audit 

function is invckec for a~ end-transaction operation by 

specifyin~ the AUCll option with the EN0-1RANS4CTION ~erb 

for the CCBCL ard C(80l14 languages and leaving the FACTCfi 2 

f ietd blank witt thf TREND operation code for RPGII 

programs. It is thf store operation to the restart data 

reccro of the p~o~rEm which altows the program to save an) 

infor11ation that is needed tc1 restart itself in the event of 

a reccvery. Becaust of this implied stcre operation, each 

program m~st estab•fsh a loc•ea record within the restart 

data set by perforring either a lock• create, or recreate 

operaticn prior to the first begin-transaction or 

end-transaction operation. 

NOTE 

A s s t a t e d ab o v b t Ii e re st ar t d a ta s e t j s 

treatec as a simple data set by toth the 

CMSIJ systEm ard the OHS/kECOVER08 program. 

It i s t hr· o t g h th 1 s i mp l i e o s t or e op eT at 1 on at 

ejther begin-ttansaction or end-transaction 

operation •ith the AUDIT function set that 

the contents o1 the restart record get 

aucitea anc car be subseq~ently restored by 

the [MSIRECO~EFDB program as part of the 

overall recovery process. 
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Counting Transacticns ~nd Syncpoiots 

The [~SII syste1 co~nts the number oi transactions whic~ 

have cccurred ir or<e~ to perform syrcpcints and 

controtpoints. 

Syflcpoint 

A syncpoint operation is a quiet po1nt• a time at which no 

~rograms are in transaction state and up~ating the data tase. 

Sirce the~e is nc upcate activity occurring at this time, 

syncpoint operations ser•e as a point of reference. for tcth the 

CMSIJ system a~d the O~SIRECOVEROB prog~a• which insures that 

changes on either sice of the svncpoint are togicatty and 

furctionatty irdepencent of each other. Refer to the subsection 

entitled forms Of Recovery for a description of the use of both 

syncpoints and ccntrclpofnts ty the DMS/RECOVEROB program. 

A syncpoirt operatior occurs when the number of transactions 

specif iec to the OMSJOASfl compiler have completed. Tbe number 

cf transacticns per syncfoint can atso be changed through use of 

the SM input message. Rffer to the a 1000 Syste•s Software 

Cperatior Guide, VotLme 1, for info1matic~ on this messase• When 

the requi,ed n~mber cf tfansactions has occu~red• the OMSII 

system writes a speciat !yncpoint record tc the aucit trail anc 

forces any updated atdit buffers to be written out; if any 

~rograms are in tran!action state, the syncpoint cannot cccur 

untit these programs havf performed an end-transaction operaticn. 

~lso• no program can entEr transact1on state untjt t~e svncpcint 
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cperation has coapteteo. ~fter the syncpoint operation has 

completec, the O~SII systea increments the S)ncpoint ccunt1 in 

crcer to deteraine wten 1he next controlpoint should be 

performec. 

In acdition, the DMSII Slstem forces a syncpcint operation 

whenever a program close~ the data base, or when a program abort 

cccu~s. The p~ogram•e~ ran also request a S)ncpoint operation at 

an end-transacticn o~erafion. Each of these types of syncpoint 

cperation is hancled in the •anner ~revio~sty outlinEd. 

Finatty, whene~er thE nu1ber of programs in transaction state 

returns t~ zero, the CMSlI syste• performs a pseLdo syncpoint 

cperation. Jn this case• the syncpoint record is written to the 

~ucit buffer ir aemcry, tut none of the othe' syncpoint functicns 

cccuru lhe auait buffer~ are not forced out• nor are the 

transaction or syncpcint counts affected. To the CMS/RECOVE~DB 

~rcgraa• this pse~do syncpojnt operation is indistinguistable 

from a true syncpoint opEration, so that tte amount of data 

tetween syncpoint opErations1 and therefore. the amount of dat~ 

which might be backec out by a reco~ery operition can te 

significantly reducec. 

NOfE 

Although the p~ogr~mmer shouto be aware of the 

existence cf pseudc syncpoint operations and their 

fu~ction in recucirg the amount of data which might 

be tacteo cut~ the prog,am«me¥ shoutc not rely on 
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their occurrence since it is not possibte to 

determinE if or ~hfn a pseudo syncpoint operation has 

occurred• except ir a single ~rog~a••ming 

environmenta; it i! also not possible ·fo.r the 

prograamEr to cetef•ine when an audit buffer 

cortaining a pseudc syncpoint record is full1 and 

thereforE written cut. 

Contf'otpotnt 

A controlpcint operation is a speci~l type at syncpoint operation 

~hich onty occ~rs when tte svncpoint co~nt has reached the numter 

specifiec to the CMSI04Sfl compiler Cthis parameter can also te 

•ocified b~ the SM input message). After the DMSII system has 

coapleted such a syncpoirt operation• it forces to dis~ a data 

tuffer updated prijor to the last controlpoint record• but not )et 

~ritten. Also, the CMSil system maintains a series of fields, 

catted the Next •vaitablt and Highest Open CNAHOl fietds~ for 

each fite in the dat~ ba~e. These ~AHO fields are stored ~ithin 

the cata tase dictic~arv and controt the allocation and 

ceattocaticn of cisk filf space. At a controtpoint operation, 

any ~AHO field updated pYior to the last controlpoint record can 

2lso be Mritten out to tle dictionary. lhese processes insure 

that no updatec buffEr OT NA~O fielo can remain in memcry for 

more than two controtpoirt recorcs ~ithout being written to disk~ 

After alt of these hrite operations have compteted1 a 

cortrotpcirt record is also ~ritten to the audit trail. 
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FO~MS CF fiECCIERY 

lhe recovery program. nared OMS/RECu#EROB. is invoked by the PC 

in~ut message. Refer to the B 1000 Systems Software Operation 

EuidE• Votume l• for syntax. At be~inning of job, this prograw 

reads up the data base dictionary and determines fros the 

informaticr containe< in the first segment• catted tte OMS 

GLCBALS, which of thE to•towing thr~e main t)pes of recovery 

cper~tion is tc be pErformed: 

1. Program abort •eco\ery. 

2. clear/start recovery. 

The operator c~n rfQuest a form of recovery known as a 

partiat cu1p rEcovfry by specifying a list of files hhich 

are to be reco\ere<. 

Progra• Abort Recove~y 

A program abort reco\ery operation ~s required whene,er a program 

is aborted by the opErating system iMCPII> or goes to end of job 

<ECJl while in transacticn state. ~hen th~s occ~rs~ all inQuiry 

programs 2re suspen~Ed at their next OMSII operation and markeo 

as waiting reccvery; thf onty exce~tion tc this is the close 

cp~r~tion, which the OMSJI system allows to complete. The update 

prcgrams which are net ir transaction state at the time of the 

~rogram abcrt are alfo s~spended at their next DMSII operation. 
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Any update program wtich is in transaction state is atlowec to 

complete t~at transactior before being SLspended. If such a 

~~cgraa pe~foras an Ena-transaction operation kith syncpcint at 

this time, an A80Rl CMST,TUS exception is returned immediatelr 

ann the syrcpoint opEration is not ~erfor•ed. When all prograas 

in transaction state havE performed an end·transaction operaticnP 

the tMSii system forces t syncpoint operation• performs a 

~seuco-ctose operaticn or the data Lase• and then generates t~E 

~C input messase. Ttis !equence of operations is the only form 

cf recove~y operaticr hhich is automatically invoked. 

Upon reccgfii2ing a pfo~r~m abortP the DMS/RECOVEROB program finds 

the end-of•fite CEOfl fof the cur~ent audit file and processes 

tackward from that pcint• backing out all updates which cccu,red 

between the program abort and the tast valid syncpoint record. 

NOTE 

Since the EMSIJ sy?tem forces a syncpoint operation 

prior to the pseudc-ctose operation• the 

OMS/~ECO~EFDB ~rogTam expects a srncpoint record at 

the enc of th~ fitE. This syncpoint record is 

ignorec1 as is the cont~otpoint which could have been 

generatec by t~is !yncpoint operation. 
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All of the vpdates •~st te backed out fo~ twc reasons: 

1. There is no ~a) to identify tne program responsible for a 

particulaT audit rfcord or to sing4E out the reccrcs 

generatec by t~e program that aborted. 

~. Another ~rogra1 ~hich was in transaction state at the tiae 

of the program abort could ha~e processed data which was in 

some w~y affected ty the program abcrt. 

After the updated record~ have been backed out, the CMS/RECOVEFOB 

program issues a special comaunicate to the operating system 

C~CFII> informing it that atl progr~ms waiting for recovery can 

te restarted. Upon tein~ restarted, alt of the current-record 

anc current-path poirtert of the programs are in a deleted state, 

as if the cata base ~ac Just been opened. In addition• an ABO~T 

£~STATUS exception is returned to every progra• khich hao 

completec any transactior prior to the progrim abo~t; this 

exception is returnee at the next begin-transaction operation cf 

these programs or khEn ttose programs attempt to close the d~t~ 

tase. 

NOTE 

Whenever a profram receives ao exception on any CMSll 

operation, that opEration has not been performed. In 

the case of an ~EOfl exception• if tte operation was 

a begin-transactior operation, the program is not in 

transact~on stite. If the operation was a close 

operation• the dati base is not closed. The only 
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variation from t~i! js when the operation is an 

enc-transactior opEration in ~hich case the DHSII 

system completes tte end-transaction operation, tut 

the ~pcate is subsfQuently backed out ty the 

O~S/~ECO•ERDB ~rog~am in spite of the requested 

syncpoint cperitior. 

Lpo~ recei~t cf an AEORT exception, a p~ogfam should locate 2no 

tock its restart reccrd and take whatever action is necessary to 

restart itself, basec upcn the infor•atio" contained in that 

restart record. Program~ which opened the data base INQUIRY are 

not notified of the reco~ery operation. 

When any program attEmpt~ to open a data base white a recovery 

operation is rtQuirec or in process, the OMSII syste• suspends 

that progTam either st dita base open time if the data base is 

inactive or at the first OMSII operation after the open operation 

if the data tase is currfntly active. Such a program is 

reinstate~ at the co1ptetion of the reco~ery operation. 
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Ctear-Start fiecovo~r 

lhe clear-start recovery operation is reQuired whene~er a 

clear/start operatic~ occurs while a data base is being updatec~ 

or a FAT~lER~OF Exce~tior occurs. ~hen a program atte~pts to 

open such a data baSE• clear/start 1ecover) is initiated 

auto•aticatty. For i cl£ar/start recovery• cnly those files 

which neeri recovery E~E iccessed. Previously. all dat~ tase 

files were reQuired to bf present for a clea,/start ~ecovery. 

for most clear/start reccvery situations• operator intervention 

is no longer necessary. 

As in the case of prcgra1 abcrt recovery. the OMS/RECOVERtB 

program must back out att upoated records between the end of the 

~ucit trail anc the tast syncpoint record. However. tecause of 

the clear/start operatior, no close operation ~as performed on 

the cata base• as is donE at a program abortJ therefo~e, the 

recove~y operation mLst insure that all upcated records prior to 

that last s~nc~oint cper2tion have Leen written to the data base. 

Since an updated CMSJI b~ffer can remain in memory as tong as two 

controtpoint o~eraticns tefore bein, written out to disk1 the 

[~SIFECOvE~DE ~rogra• mu!t process Lackwaro through the a~oit 

trail until it ha$ ercourtered t~o controlpoint records or dat~ 

base open. and then it rea~pties alt changes from that point 

forward to the last syncfoint recoro. ~fter ttat has teen done. 

the CMS/~ECO~EFDH prcgraw restarts ~ny programs which can be 

waiting for thE reco\ery operation. 
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Eu•p Recovery 

A cu•P recovery restcres a data base to a given state tased Lpon 

a ~revioLs ccp) cf tte d2ta base ano att of the au~it files which 

were created between that cop~ and the desired state. The copy 

presEnt at the start of the process must represent an inactive 

cata base which was succtssfulty closed. The copy cannot itself 

reQuire Either program atort or ctear-start recovery. A d~mp 

recovery operation might be needed for one of the fottowing four 

re~sons: 

1. A system failure h~s occurred which precludes the execution 

of a clear-start rtcover~ operation. The fajture coutd te 

a cc~rupticn o1 thE data base dictionary or the entire disk 

on which it reside!. An 1/0 error on a write operation to 

any ~ortion of the data base requires a duap recovery tc 

recover the data blse. 

2. Either a ctear·start or program abort ~ecovery has been 

unabte tc ~uccEssf~lly comptete. For example, an 110 

error. read or ~rite1 has occurred dLring the recovery 

operatiof, or the iudit trail cannot be read or contains 

recoTds khich ~re invalid. In the tatter two cases, a dtmp 

recovery operation can only restore the data base ~P to the 

last syncpcint reccro prior to the error in thE au~it 

trait. 
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3. 4 hardware fai4ure has occurr~d· corrupting some or all of 

the cata base. This failure coutd have cccu~red at any 

ti1e1 not just white the data base was active. 

4. An error in a irogram has cor1upted data, and it is 

necessary to rEstore the data base tc a point prior to tte 

executio~ of ttat rrogram. 

To initiate a cu•p rEcov~ry operation, the operator must lo~d i 

bac~~P copy of t~e ertirf data base, inclLcing the data base 

cictionary. and then entEr the RC input message. 

NOTE 

A data base shcutd be backed ~P• whether to tape or 

disk, onty wher thE entire data base is inactive; an 

atteapt to copr an active dat~ base. w~ether it is 

opefled update er irquiry• can cause thE bactup 

precess to fait• or result in an unusable copy of the 

data base after an apparently successful bac~up. 

The CMS/RECOVE~OE prcgra1 reads forhard through the audit trait• 

applying all of the chan~es against the otd data base. Each time 

the CMS/~ECO~EFDH prcgrat encounters an enc-of-file record in the 

aucit f ite. it attem~ts 10 open the next seQuentiatly tatelted 

auoit tile. If this filE is not present, the fo4lcwing Gessage 

is displayed: 
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IF <ob-name>/AUOllnflrnn EXISlS• ENTER v, ELSE N 

lf the fite reouestec coes not exist, the ooerator enters ~. and 

the ~ecove~y process is complete. ~f the file does exist, the 

operator aates it prEsent and enters Y~ recovery proceecs at 

that point. If neither , nor N is entered, o~ if t is ertered 

~nc the fite is stilt not present. the DMSIRECOfERDO progr~m 

repeats the message, loorin9 until the appropriate response is 

entered arc/or the file is present. 

NOlE 

Eecause cf the mectanism which the CMSIRECO~fROB 

program LSES tc determine what type of recovery 

operatio~ to PE~foTm, if recovery is ever in~oked 

unnecessarilyr the OHS/RECOVEkOB progr2m attempts to 

perfor• cu•p ~Ecovtry operation, and the preceding 

message ap~ear£ on the OOT immediately. The operator 

shcutd enter N• calsing the OHS/RECO~EROB progra~ to 

ter1inate. At no time should the CMS/~ECO~ERDE 

program be discontinued <OS or OP input message). 

If C~SJRECQ~ERCB atorts with ~ stack overflow 

conditi~n, or is di5continued because the oper~tor 

er~oreousl) enterec YES when no other audit file 

existed, then the cata base is marked as 

irrecoveTabte. To override this, re-execute the 

D~S/~ECO'E~DB progfam ~ith swjtch 3 = 1: 
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RC <data-base-nime>;swITCH 3=1J 

This way1 a du1p rfcovery operation can be avoided. 

If a prog~am abort recorc is encountered, OU•P recovery operation 

is temporaritv s~sperded, and progr~• abo~t recovery must te 

performec. When thi~ is complete~ oump reco,ery operaticn is 

resu•ed starting witt tht next audit file. Similarly# when the 

C~S/FECOvEFDE ~rc9ra• en~ounters the end-of-fite record in tte 

~ucit trait, o~e of thref following conditions must te true: 

J. The last recor< in the file w~s a cata base close record. 

2. The last recorc h2! a program abort ~ecord. 

3. The first record ir the next tile represents a continuation 

of the file jL!t processed; that is1 the next fite ooes 

not begin kith a dtta base open record. 

If none of these are truf, it implies that a clea~lstart 

cperation ~as the caLse <f tte end-of-file record in the audit 

fite. anc progra• abcrt recovery must be performed at this time 

<clear-start recover) is not necessary, since the ch~nges tetwEen 

the last syncpoint recorf and the p1ior t~o controlpoint recoras 

have atreacy bEen apflie<>· Afte~ the backing out of the records 

is ccmptete, the du•~ recovery oper~tion is resumed with the nExt 

cuc1t tile. 
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If anv ccnciticn arises ~hich make jt impossible for t~e 

t~S/~ECOVE~De prcgra1 to proceed {for exaa~te. a read er~o~ on 

the audit file), ther it must back out all ctanqes from that 

point to the last syrcpoint record. The following message is 

then displayed on the ODl: 

INCCMFLETE RECOVER~ • AUDIT fll~S WHOSE ~UMBERS ARE GREATE~ THAN nn 
~UST EE PU~GED OF REtO~EC NOW 

lhe cata ba5e is restoret only to the point of the error. 

Partial D~•P Recovert 

The partiat dU•P reccvert operation is a special case of the dLmp 

recovery opeTaticn1 ~hict can be perfor•ed when the operator 

~nows that only a su~set of the tiles within the data base~ 

Excluding the cata bise tictionarv• need to te recovered. as in 

the case of a hardware f2iture on a single dis~ drive. Before 

initiating the partial dtmp recovery operation, the operator mLst 

toad the backu~ copiEs ot the files to be recovered. The current 

cata base cictionary must be present, as well as another copy of 

thE cicticnary, labelled <data-base-name>/OLD.DICT~ khich is ot 

the same versicn as the files to be recovered. 

To initiate the partiat cump recove'y operation, the list of 

files tote reco~erec is appended to the RC input message. The 

user must specify thE cowplete file name to te recovered, 

including pac~·id~ if thE lite resioes on a user pact, and d~t~ 

base name. for exa~ile• if the use1 wishes to initiate a partial 

cuap reccver~ on two filEs naaed FILE! anc fllE2 which reside en 
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a usEr pack naaec USER, ~nd the data base is named DEr the 

fotl~wi~g commanc is use<. Assuming the data base dicticnary 

resices on the syste1 pack, the user enters: 

RC [6 USER/CB/FILE1 USER/OB/f~LE2 

Assuaing the data base oictionary resides en a user pack named 

USERJ, the user enters: 

RC CE ON USERl USEf/OB/fILEl ~SER/VB/flLE2 

lhe CMS/RECOVE~DB prcgraw onty processes changes against the 

structures sto~ed in tho~e files, automatically terminating whe~ 

the specifiec f i4es ta~e been brought up to the same version as 

the remainoer of the datl base. If either a clear-start recovery 

er a progra• ab-0rt rtcovfry operation is required at tte end o1 

thE last a~dit file, it is oerformeo against the entire data 

tase. If any condition <ccurs which fo~ces an inccmptete 

recovery, a full due~ reco~erv oper~tion m~st then be performec. 

lhe cata tase is unusabtE at that point. 
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Mrjte Errors and Partial Du•p Recovery 

A write e~~or cnly a1fects a particotar file and its jmmediate 

offspring (for example, 2 write error on an index prevents 

~pcating of its cata setl. Processjng against the rest of the 

cata base can continte. The write error can be cleared ty 

running partial dump rectvery against the affected structure. 

Any atte•pt to access a ttructure which has had a wrjte er~oT 

results in an IOERROF exception being returned to thE program. 

NOTE 

A write error to tte data base dictionary still 

·renders the entire data base ~nusabte and requires a 

futt d~m~ recc,ery. 

THROUGHPUT CDNSIDERATICNS 

Cepending ~pen the a1ount and types of update activity being 

perforqeo en a data tase' the overhead in~ol~ed in auditing 

vpcated ~ecords can tecore ve~y substantiat. It is possible 

through the settings of the various physical parameters of the 

aucit system, to •·edLce the totat a~ount of overhead reQuired to 

aucit a given cata bise~ thereby improvin~ total system 

throughp~t. The parimetErs which can be adjusted are: 
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Audit f ite media 
audit tlocksize 
Curatic~ cf transactions 
Settings for syncpoirts and controlpoints 

Auait Media 

The amount of time s~ent waiting for audit buffers to te written 

car comprise a significart amount ot the total audit overhead. 

It is possib4e1 thro~gh 'he settings for s,ncpoint records and 

iudit blocksize, to recure the n~mher of ~rite operations which 

cccuf. In addition• to ainimize the time actually spent waiting 

for these l/C ope~ations to complete• the audit files can be 

assigned tc ~hichever av~ilable device has the highest transfer 

rate1 anc in the casE of disk, whicbever cevice tas the teast irm 

eoveKent and rctatioral cetay (latency rate). If there is a disk 

crive available ~hict ha~ no othe~ aata base fites assigned to 

it• the aucit files can te assigned to that oisk. If magnetic 

ta~e is to be ~sed a~d tte tape dri~es have varying transfer 

rates~ the drive witt tht highest rate s~ould be used. 
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Aucit Btocksize 

Cne major effect of the iize of the audit ttock is the freQuency 

with which ncn-syncpcint write oper~tions of the audit buffers 

cccur. •s the size cf tte audit block decre~ses, the protabititv 

increase~ that any given audit operation can fill an audit buffer 

Cfcrcing it to be writte~ out>. If the otter audit tuffer js 

already in the process o1 being written ovt when the current 

tufter fills, then tte C•SII system must wait for the first l/C 

operation to ccmptetE be1ore it can proceec. for example~ assLme 

a restart data set recorc 200 bytes in lengt~. Since auditing of 

~n update to a data set record includes a tefore and after imafe 

of the record• the bfgin·transaction and end-transaction 

~peratio~s atone consu•e ove~ 40C bytes each in the audit trait. 

EvEn with a •inieum ~mourt of updating within a tr~nsaction 

ope.-ation,. the defautt at·dit b·locksize of 1800 bytes can be 

f ittEd by as few as two transaction operations. Therefore, in 

o~de' to minimize thE nuwber of physical krite operations to the 

aucit trait as well ,es tte acditionCiat. overtead requ·ired to 

attocate and majntaifl ov~rflow audit buffe~s, the oefault setting 

fer blocksize should be 1he absolute minumtm used. If the 

setting is much less thar this, any single transaction can 

conpletety filt an aLdit buffer. 
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A second major effect of audit buffer size is on the tength of 

tiue required for s~rcpoint 110 ope1ations. Optimally, syncpoint 

l/C operations shoutc gererate a small percentage of the tctat 

ru1ber of ~rite cperatiors to the audit fite. If this is true• 

the ~mount of time s~ent at a syncpoint operation waiting for a 

partiatly-filled aucit btffer to be written is insignificant. If 

svncpoint cperations occ~r rather frequently, or the great 

sajoritv of thE ~p~ate oJerations being performed require very 

little aurlit space~ then it is possjbte for syncpoint l/G 

operations to become a ttrge enough fraction of the total kritE 

cperatiors tc the aucit file that throughput is noticeabl) 

iffected by the time reQ~irec for those I/O operations. This 

cegridation cf syste1 perfor~ance can be cor,ected by increasing 

the number of transactior operations per syncpoint operation. If 

thE [ata ease Adwini!trator COBA) hds reasons for maintaining a 

relattvety lcw settirg fer the numh~r of tra~sacticn operations 

per syncpoint• tten the fize of the audit blocks shoutd not 

exceEd the default SEttirg of 1800 ~ytes. This is especiatty 

true if the upcat€ pro9r2ms use Cata Comm• since response time is 

so critical in an on-tinf environment. If syncpcint operations 

cccur infrEQ~entty and tte update operations being performed 

require very littte iudit space. then it is possitle in tatch 

environments t-0 significintly inc~ease t~rcughput by doubting er 

even tripling the aucit ttoc• size. 
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A thi~d 1ajor effect of iudit block size is on •emory 

utilization. Each time ~n audit operation occurs, the DMSII 

systEM inc~ements an audit serial n~mber1 ~hich is stored within 

thE globals for the cata base. There is another field within the 

globals. callee the inreleased audit serial number; each time an 

aucit buffer is ~ritten• this field is updated to reflect the 

encing a~dit seriat rumtEr for that buffer. Acditicnatly, there 

is a~ audit serial nLmber associateo with each OHSII dEta buffer 

which is set to the currEnt audjt serial numter whenever a butter 

is updated. 8) compirinf the audit serial nLmber of the data 

tuffer with the unreteastd audit serial number~ the CMSII system 

can insure that no urdatE operations are physically written to 

the cata base until the audit recoros corresponding to ttose 

uocate operations ha\e bEen written to t~e audit traitJ hence, 

if a failure occurs• no rortion cf the data tase is ne~er than 

the audit trait, which wcutd render the data base irrecoveratte. 

As the size cf the aidit buffers increases. the freQue~cy with 

which those buffers irE •ritten out decreases. Because of the 

~nreteased audit serial rumber mechanism, increasing the tengtt 

cf the audit buffer 2lso increases the tengtt of time which a 

cata buffer eust re~2in in memory, thereby requiring more memory 

to p~ocess the data tase. Therefore• the 084 should be a~are 

th~t atthough targer aucit buffers can impro~e tt~oughput hy 

airi•izing the awount of time spent waitirg for au~it I/C 

operations, there is alsc a chance ~hat such a gain can te more 

th~n offset by memor) thrashing. decause of this1 extreaely 

large aucit buffers Clar~er than 35~0-4000 bytes> should be 
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avciced on alt but tte t~rgest systemsr and even on these large 

systems# if a high dtgreE of memory utili2ation atready exists. 

very large audit block sizes should be avoided. 

logicat l~ansactions 

the concept of a logical transaction is very important in the 

cocing of apptication prcgrams. Th~ begin-transaction and 

enc-transaction oper~tiors should occur immediatetv before and 

~fter~ res~ectively# ewery update o~eration to a dat~ tase which 

is the result cf a ccmmor input• rather than every singte upoate 

cperatjon. Each begin-transaction ~nd end-transaction operaticn 

~lso causes a stcre cper~tion to th~ resta~t data set Cassumins 

that the AUDIT optior is specified on one or the other of the 

tegin-transaction or enc-transaction operation). Since each 

stcre operation is atditfd, the gro~ping of logicatty relate~ 

upcate ope•ations into a single transaction can greatly reouce 

the totat auciting o~eThEad necessary, in terms of both time and 

aucit file space. Acditionatty, the use of logical transactions 

can simplify the pro~ra•ting coding effort for the fottowing 

reasons: 

1. The amount of cocjrg needed to perform a restart is 

~ini~ized, since tte OBA does not need to be ccncerned with 

the ~ossibitit) of partially complete logical transactions 

ana the necessity to back them out. 
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2. At the end-t~ansaction operat~on1 the DMSII systea performs 

an i1plicit frEe oteration on all records currently toc•ed 

by a prosram. If ~ prcgram perforas severat 

begin-transaction lnd enc-transaction cperations fer a 

singte irput, it i! possible that records which were 

mocified at ttiE he~inning of the p'ocess can have been 

freec. The prcgra•mer m~st then reloc~ any record b€fore 

attenptirg to ipoate it• or possibly receive a NCTLCCKEC 

exceptior en t~e store operat~on. 

Firally• a program stoutc use as little time as possible in 

transaction statev espectatly in a multi-pro~ra•ming environaent. 

1his tenas to •i~imiie tte probability of several pTogra•s b~i~g 

suspEndec at the begin-tfansaction ~peration because a syncpoint 

operation is due white ere program ~s perforsing an excessivel~ 

tong trans~ction. Tc this end, proyrams in transaction state 

should do ~othing th~t ccutd result in lengthy delays~ such as 

cpening o~ closing a fitf or ~aitiny to receive in~ut from the 

CDl or remote terminal. Atso, a program sho~to do as much as 

possible of the procEssirg relative to a trapsaction before 

entering transaction state, including as many of the non-update 

C~S functicns <find• loct• and create>. 
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Syacpoints and Ccntrctpofnts 

The number of transactiors per sync~oint and syncpoints per 

controtpcint affects the system throughput white the data base is 

active an~ atsc affects lhe amount Qf tiae necessary to perfor• a 

recovery o~eration. For purposes ot processing a data base. the 

greatest thrcughput can te achieved if sy"cpoint and controlpoint 

cperations occur as infrtque~tly as possible• thereby minimizing 

the ~mount of time p~ogr;ms aight b~ suspended at a 

tegin-transaction opEration. If syncpoint operations occur toe 

freq~ent(y, much timE car be spent ~aiting for partiattv-fillec 

aucit buffers to be •ritten. By ~eoucing the amount of time 

tetween cortcotpcint opeJations• thti probability that an updated 

cata buffer can remain ir me•cry for two controlpoint operations 

is much greater• res~ltir9· in many more 1/0 operations occurring 

2t a contrclpoint opEration. fhe optimum setting for svncpoints 

~e~ controtpoint resLlts in updated NAHO fields being the only 

items written cut at a ccntrotpoint operation. When reccvering, 

the opposite is true. Mtre freQuent syncpoint operations 

minimize the a•ount cf time spent b~cking transactions out, for 

both progrBs atort ard ctear-start recovery. Si•ilarty, freQuent 

controlpcirt operati~ns Teduce t~e amount of time consumed by the 

clear-start recovery operation to reapply the changes between the 

tast sy~cpcint recorc anc the two prior controtpoint records. 

Adcitioratly• freQue~t s,Ticpoint operations can dramatically 

recuce the amo~nt of ti•E recuired to restart a prog~a•P since a 

shorter period of ti1e bEtween syncpoint records aeans that there 

~re fewer lost transacticns ~hich n£ed to be re-enterea. 
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khen settirg the syncpoirt and controtpoint parameters, the total 

~otu•e of Lpdate activit' Gccurring in an) period of time must be 

taken into ccnsideration. Fer tow votuaes of updates, the 

settings can bE relative1y smatt. As the ~Dlume incre~ses, these 

settings might be increa!ed such that a svncpoint opEration 

~e~resents a ccnstant percentage of the woTk load for a batch job 

er a constant respon!e time at remote terminals in a data 

con•unications envircnaert. It i~ possible. t~rough the S~ in~ut 

mess~qe, fer the operator to change the settings for s~ncpoint 

inc controlpoint ope~aticns as jobs change or work loads 

incrEase. It is reccmmerded that several settings of these 

parameters be tried in order to determine the best settings for 

any ~articLlar work toad. 

NOTE 

The subsection entitled Bacteo Out Transactions 

further oiscusses fhe settings for t'ansactions per 

sy~c~cint in rElation to minimizing thE amcunt of 

data which the user can afforo to lose in the event 

of a recovery. 
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RESTARl PRDCEDURES 

cnce an application ~rogTam determines that a reco~ery operatiGn 

has occurced1 the prccedtres to restart itself are a functio~ cf 

not just that ~rog~at b~t of the entire system environ•ent in 

~hich the cata base ind rrogram are being run. Some of the •o!t 

important factors to be considered are: 

1. Is it a batch job1 Ooes the program process an external 

card, oisk• or tapf file, or does it update the data base 

without EXtern2t otta? ls the program dri~en by input from 

a cata cc••unicati<n terminal~ 

2. Do several program~ update the data base concurrently, or 

is o~ly cne prcgra1 which updates the data base atlowec to 

exec~te at any one time? If only one update program is 

alto~ec to execute at an~ one time, then reprocessing an) 

trarsactions wtich were backea out by recovery should 

produce resuttf which are identical to those ottained MhEn 

these transactions were originally processed. However, 

whE~ sevEral ~fogrfms update the data tase concurrentlyP 

tbe cperito~ m1st take steps to insure that thE upcate 

records to be rerur are re-entered in exactly the same 

orGer as origiralll done, thus insurin~ reproducibility of 

results. Fefer to the subsection entit•ed Progr~m 

Synchrcnizatior fof additicnal information. 
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3. In the case of data coaaunication appt ication ~rograms, ~ow 

is the networ~ imptemented? ls there a single program 

handling all remote transactions or arE the~e several 

programs! If sevefat programs, do ttey have dedicated 

terminals or is thEre a Messa9e Control System {MCS> 

run~ing to hancle ~tatjon ass1gnmenti If there is an ~cs, 

is it particip~tin, or non-participating1 Both types of 

MCS ~erfors such ftnctions as remote file open and close 

operations• as well as station assignments to a remote 

f ite. A participating MCS also processes every •essage 

which passes ttrou~h t~e data communication networ•~ ~hite 

a no~-participatin1 MCS only ~rocesses special control 

messages which eitter the station ope~ator or data 

co•munication ~rogram can specify by means of a signat 

character at t~e hfginning of the message. 

~. In att fcr•s oi recowery oper~tions• e'ery change made tc 

the ~ata base after the tast syncpoint record is backed 

out. The numtEr oi upcate records w~ich are actuatt~ 

backEd oLt can be 1inimi2edJ however~ the cost of reducing 

the a•~unt of 1ost data inc~uoes aoditional overteac w~ite 

performing the upd~te operations as welt as longer periocs 

of time reouirEd tc actually recover the data tase once a 

faitur~ cccurs. Tterefore, the trade-off betweer the ti•e 

required to restart the data base and the reprocessing of 

transacations •hict ~ere back~d out by the recovery 

operatio~ •ust be considered. 
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Jhese factors must be talen into consideration when the cata tase 

is being cesignec anc whtn the appt~cati~n programs ;re teing 

kritten, especially •hen detersin~ny such things as nutber of 

tran5acticns per syncpoirt operation• the nuaber of syncpoint 

operations per contrclpoint operation• and t~e duration cf 

transacticns. 

Some suggestions for restart procedures• based upon va~ious 

gefieraljzec svstEm ervir<nments. are outlined in the remainder of 

this secticn. ~tthoigh 1he routines described below can te used 

as a starting ~oittt• and ther modif~ed to iit the specific neecs 

of an installation, the intent of tnese para~raphs is not to 

specify rigid wethoos of implementing audit and recovery 

~rccedu~es. Rather• the~e suggestions shoulo serve ~s gcicelires 

in i~entifying some cf tte factors ~hich must be ta~En i~to 

acco~nt khen d£signirg ar application. 

Basic Procedures 

TherE arE a fe~ restirt rrocedures ~hich apply to all 

environments. 4t te~st cne set. oroered or retrie~at• should te 

~eclared fer the re~tart set. For Latch pTograms, the key field 

for this index might typically be the Program-Id. For data 

communjcation ~rcgra1s, the ~ey migtit identify the station 

respcnsible for the input. 
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Since a store operation is performeo on the restart data set at 

either the begin·trarsac1ion or end-transaction oper~tion. the 

program sh~uld updatE att of the retevant fields in its restart 

record immediately btforf executing that operation. The~e shoLld 

~e sufficient cata storec within the restart record to enable ~ 

program to restart itsel1 in each ot the fol toking areas: 

Internat Proced~res 

Items which arE req~ired to maintain consistency and 

re~'cducibility cf rtsults1 such as control totals or preprinted 

form numbers for checks er invoices, must be accessible thro~gh 

the 'estart record. 

£ • t er n at Pro c e d ur e 1 Rell ate d to the DH SI I S y st e • 

The progra1 must be able to restore any critical reccrc or path 

pointers tc their state ~t the point of tte recovery. This is 

~s~atly acre i•portart fer batch programs than data cowmvnication 

~rograms since successivE cata communication transactions are 

typically ~nrelated. whefeas batch programs can process 

seouentiatty thrcvgh an Entire stru,ture. 
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Ext er n a t Pr o c e ct"" es no 1· R et a t e d to t h e DH S 11 Sys t e • 

Input anc outPLt tilEs ard non-DMSl1 managed files such as 

COBOl74 ISAM files mtst te present so that they can be 

reposition Ed. 

Generat Procedures 

Interaction among thE arfas previously described must 2tso be 

t a le en i nt c con ~ i ct e,- at i on • For ex ample·" i t 11 a y be n e c es s a r y to 

reprccess the payrolt fof se~erat employees, repeating the upd~te 

operations tc alt of the relevant d~ta sets within the data base 

anc ~ossibly creatinf or adding to other tape or disk files which 

are used by another ipptfcation program; towever~ if payc~ec~s 

were physicatty created frior to th~ failure, then the program~ 

white in restart modE, m•st either not produce any new checks (if 

previousty generated] or a~tomaticatly voic any previously 

generated chEcks and genfrate new cbecls to replace them. The 

r es t a r t pr o c e d Lr e s for s l c h an a pp t i c at i on pro 9 r am mu s t a l l o"' for 

the entry cf t~e last form number physically assigned. By 

comparing the numbers being assigneo to tte last number actually 

issuEd prier to the failtre1 the ap~licaticn prog~an deterrine~ 

when to start issuin~ ne~ chec~s. 

NOT£ 
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This example assumfs a stand-~tone mix. In designing 

the ~rccedures reQtired to restart such a program 

when several p109rEms are updating tte data base~ the 

interaction among atl programs must be considered in 

orcer to guarartee reproducibility of results. 

lm~eciately after openin{ the data oase. a pro9ra• shoule locate 

~nc lock its restart reccrd. If the operation is successfut. the 

prcgram shculd examire ttat record to determine if a recover~ tas 

cccurred• anc if so• the restart procedvres should be executed. 

If the tee• operatior is unsuccessf~t. a create or recreate 

operation &ust be perforwed at this time to establish a locked 

record for this program rnd prevent the p~ogram from getting a 

~CTLCCKEC exce~tion then it atteEpts its first beqin•transaction 

er end-transaction ~ith iudit operation. 

Just beforE ctosing the cata base, the fottowing CCBCL or COECL14 

coce can be performec to delete the resta~t record of a prograc. 

(<exc> refers to excEpticn-handling code): 

6EGI~-1RAN~ACIIO~ NO•AUOIJ <restart-data·set-namE> <exc>. 

DELETE <restart·cata•set-name> <exc>. 

ENO·TRANS~CTION ~O-~lOIT <~esta1t-data·set-name> SYNC <exc>. 
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Ey deleting its restart record, the program insures that its 

restart p~cced~res nEed to be executed after data base open only 

when the initi~t toe• op£ration OTI the restart set is successful. 

~ate that AUDIT is sipprtssed on both begin-transaction and 

enc·t~ansaction operEtiors since there is no need to restart ttis 

cperation. ~lso, thE spEcification of SYNC insures th~t, if 

ancther p~ogram aborts after this end-transaction oper~ticn tut 

tefore this prcgraq can close the d~ta base, the ABORT exception 

at the close can be igno~ed. 

Anot~er method which can be used, r~ther than the deleticn of the 

'estart ~ecord, is tc maintain a batch nu•ber within the restart 

record. The current batch number is qiven to the program• eitter 

from the COT or an e>terral file• and compared to the number 

within the restart recorc. If the two numbers match, this run is 

a co~tin~aticn of an intfrrupted batch• and the progra• must 

~erfcrm its restart Joutines. If the two numbers do not match# 

this is a new batch• and no restart is necessary. 
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Eatch Progra•s 

Batch prcgrams are mich Easier to restart than data 

communications progrims ~ince they ysuatly deal with Ofie or no 

~rimary input souvce• a~t it is ~elativety simple to mairtain 

information concernirg t1e position of that input file as well as 

any cutpLt or secondiry input files. Also. there is typic~lty 

ve~y tittle interaction 2mong batch programs which might 

complicate the resta~t. AcditionaliY• because the input d~ta 

~hich ocives a bate~ p'o~ram is reaoily retrievable• as cpposec 

to that of a d~ta co1munication progra•• tte importance of lost 

cata is mifiimi2ec since the lost transactions can be e~sily 

rege"eratec. 

A physical count of the rumber of input records precessed can be 

~sEd to repositicn a~ inrut file, and upon restarting• ttiat many 

records can te passec ovfr. for or~ered DMSII structures or any 

ether non-tMSll crdered 1iles1 a ~er field accomplishes 

repositioning. Howe\er, output files other than dis~ cannot be 

physically repcsitiorea. Therefore, multi~te output care or tipe 

files must be werge~, ant line printer files. especially in the 

case of prepri~ted forms• ca~ requi1e operator intervertion. 

Cue to the relative Ease of recapturing lost trans~ctions in a 

tatch environment, it is possible to reduce the amount of 

cverhead i~vctve~ in auditing a batch program by grouping many 

togical transactions int< a single ~hysical transaction. Since 

the store operation en tle restart oata set at either a 

tegin-tra"saction or enc•transaction is audited• and the audit of 
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a store operation on any data set consists of a before image and 

~n after i~age of thit drta set1 then a program which grcups 

several tcgical transactions into a singte ptysical tr~nsaction 

can reduce the a•ount of time required to audit the changes to 

the cata tase as well as minimize the physical length of the 

aucit trait. If thi~ is done and a fa~ture occurs, the number of 

records ~hich wust bE rerrocessed c~n b~ •uch higher~ tut the 

sa~inqs in overall r~n time usuatly more ttan offsets this. 

If the batch jcb is running kith se~erat othe~ orogra~s whict 

upcate the data base. thf length of a physical transacticn should 

te shorter than that for a program running alone. This prevents 

the ~ossibility cf tte o1her programs waiting for a svncpoint 

operation which cannct occur untit this prograg has completed its 

current transaction. If the transaction is too long, the cver;ll 

system dEgradaticn c~nce1s out any gain to a singte program. lf 

thE ether prngra•s irclure data communication appticatjons1 it is 

test that the batch frograms perform a single physic~l 

transaction fo~ each togicat transaction. It a batch prcgram 

runs in several diff€rent environments, the number of logical 

transactions per physica• transaction should be flexibte. 

The initiat toad of ~ data base is a special case of a 

st~nc-alone tatc~ jo~. lt is not necessary to audit the toad of 

a cata set containin9 re1atively fe~ recorcs. This is true in 

the case of any cata set which is s~att enough that the length of 

time necEssary to re~un the entire lunaudited) load in the eve~t 

of a failure is so start as to offset the overhead reouired in 
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orcer to make the prcces! restartable. In sue~ a case, audit 2nd 

recovery sho~lc not te irctuued in the original descripticn of 

the cata base. After the load has completed, an UFOATE CrS/CASCL 

compile can be run tc ad< audit and recovery to the data tase. 

If the toaa cf a dat2 ba!e is tong enough to warrant it being 

~udited• it is stron~ly recoamended that a large number of 

logical transactions be troupec into sjngte physical 

transactions. The nLmber of loqicat transactions can te as hish 

~s 1% of t~e total nlmbet of records to be loaded, up to a 

aaxi1um of aboot 500 logical transactions per physical 

transact1on. 

Eata Co•aani~ations frograms 

Eecause cf the complExitl of data communications environ•ents1 

the ~rocedures reQui1eo to restart ~MSII programs using 'emote 

files arE Ruch more complicated than the methods batch programs 

car use to repcsitior inrut files to the point of the restart. 

The factors ~hich recuirE the more complex rEstart procedures 

~nclude: 

J. A progra1 can te rEceivinq inputs from several independent 

tervinals and wust therefore be able to restart each of 

these terminal!P ctmmunicatin9 to t~e• their individual 

restart points. 
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2. A remcte file is a conceptvat entit~. The input data to a 

program exists onll in the data communication tufters anc 

only for the dtration of the transaction. There is no 

simpte way to repo~ition such a file. 

3. There arE aan~ prottems which arise when several programs 

are updating a dat2 base concurrently. For example, the 

ti•ing in ~hict thf original transactions were generated 

can affect eact otter~ and the same seauence of 

transactions mLst therefore be duplicated by tte restart 

prccedures. Atso1 if an MCS js present to hancte station 

assign~ent, thE prcgrams must maintain a record of which 

stations tbey ~ere dealing with at the point of the 

faiture. 

Restarting Re•ote Statfons 

RathEr than the record ntmber or sy~bolic •ey which tatch 

prvgrams use tc restart themselves, data comeunicaticn program~ 

1ust have a methcd cf coneunicating to the remote operate~ the 

tast co~plete transactior. This is normally accomptisheo ty 

storing ifl the restart rfccrd either the last full screen input 

or some part of that inptt which contains sufficient infcrmaticn 

to communicate the rEstart pcint to the operator. The operator 

•ust then re-enter arv ttansactions which can have been lost 

curing the reccvery. 
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There are twc approaches that data communications programs can 

~se when auditing: 

Audit by P~ogra• 

~ single restart reccro txists for each program• as is done in a 

batch environmento Jf a program is processing data from sever~t 

st~tions• the restart record should include an a~ray whic~ 

co~tains an entr~ fo~ each of those stations. The program must 

use the RE~OTE.KEY file ~ttribute in order to determine the 

source of each input. Tte relative station number c2n then te 

used as a subscript into the array. 

Audit hr Statfion 

A restart reco~d exists 1or each station in the network. The 

station number• or tte rtmote operator•s namE or log-on code, can 

te used as a key field fer this approach. ~lso. the OBA can 

eithEr dEf ine a special ~et for the restart data set to maintain 

the restart records ty station, or the same set used by batch 

programs can be used tv <ata communicatio~ programs. In the 

tattEr case. batch progrims can ptace their Program-Id ir the ~ey 

f ielcP white Oata Ccnm ptograms can place the station number in 

the key f iela. 
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General Restarti~g of Data Con•unication Programs 

~hen auditing by station• there is additionat over~e2d in that 

the progras •ust perform a lock operation on the restart data set 

tefore perfcrming a tegir-transaction operation, if the prograa 

~etects that the current input is not from tte same station as 

the last input. If in MCS is present• whether participatinq o~ 

non-participating• and i1 allows stations to be detached from one 

remote fitE anc reattachfd to another file• then it can also be 

recessary for a program to perform ~ free operation on the 

restart record after eact end-transaction operation to prevent 

the rext program hhich accesses that station f~om receiving a 

CEADLOCK exception. Jn this case• the Loe~ operation at the 

tegin-transactio~ opEration becomes unconoitional. 

NOTE 

The unconditjoral 1ree and lock ope~ations can be 

avoioed if the MC5 contains a mech~nism for informing 

prcgrams when stations are being detached• possitty 

by passing somE fofm of log-off message to t~e 

program. Jf this is done, a station being detachea 

needs to be frEEt <nly if it was atso the last 

station to senc a transaction, and the lock operation 

is ~eces!ary as in the case of a non-HCS environ•ent. 
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Au~iting by program is s~fficient it a program is receiving data 

1rcm very fev statiors. However, when sany stations are en thE 

tine• the size of thE re!tart recoro can become prohibitively 

large if this wethcc is 1sed. In most multi station environments, 

therefore. auditing ty station is usually more effecti~e. 

~hen a batch p'ogram is 1irst executed• it should attempt to find 

anc tock its restart reccrd. If that restart record exists. the 

pr~gram takes ~hatever action is necessary to restart itself, as 

incicatec by the content! of the re5tart record. When a dat~ 

co•sonication progra• is first exec~ted• it shoutd fellow the 

sa•e general proceoure. Howe~er. wbite oper~tor interaction 

tends to be •irimat •hen batch prog1ams are teing restarte~ anc 

is ncr•atl) for the ~urp<se cf restoring external meci~, data 

co•munication ~rcgra1s •tst inform the remote operato~ of the 

last transacticn processtd• a~d the operator must then re-enter 

~ny transactions lost. fdditionallr• whether the data 

comavnication ~rcgra1 is auditing b~ program or by station• it 

aust perform this prcces! for every station which it was 

accessing at the timE of the failure. 

Whether auditi~g by program er by station• ttere shoutd be some 

sethod of notifying a prcgram that one of its stations has gone 

cfftine. If an ~cs is rtnning• the MCS can perform this function 

through ; special in~ut 1essage. Without an MCS• it can te 

necessary to enter SLch 2 messaga through the 001 er another 

station on the line. If a station 9oes offljne, the restart 

record, whethe~ for the frogram or the particular statio~, must 
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te updated to reftect tht loss of a station. In the case of an 

~b~ormat less cf station~ the restait reccrd shoutc indicate that 

the station needs to be Testarted when the station is trought 

back ontine. In the casE of a station togging off, the restart 

record shoutc indicate ttat the station is inactive. This 

includes the case of an tCS detaching a station from one pro9r~m 

~n~ reassigning that station to another program. failure to m~r~ 

such a station as inicti~e when auditing by prog,am coulo result 

in a single station receiving restart messa~ES f~o• several 

programs rather than just the last ~rogram to which it was 

attached. 

If auditing by program, the array of station information shouto 

inctude a flag indicitin, that a station is active, or that the 

st~tion has abnormally gene offtine. When a program first 

wooifies its 'estart recrrd immediately after opening the data 

tase• it m~st restart £ach station tor which there is vatid 

restart i~formation is irdicated by this fla~. As in the case of 

a batch prcgra•, the res1art record can te deleted just tefo~e 

the program ctoses t~e data tase untess tte program recognizes 

that it hao abrormatty lest one or ~ore stations. 

hhen auditing by station, each time a prosras encounters a new 

station, it should atteait to modif1 the restart reccro for that 

station. If the fine ant lock operations are successful~ the 

restart record shoul< be examined to determine if the station 

~ee~s to be restartec. lf the find and tock operations are 

unsuccessfLt~ a create o~eration must be performed or the rest~rt 
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cata set tEforE the rrogfam attempts to execvte a 

begin-t~a~sactjon op£ratfon. The restart record shoutc include a 

f ielc to indicate which rrogram was accessing the station. There 

is no need to celete res1art records when auditing b) station. 

Backed Out Yransacticns 

As stated earlier in thi~ sectionr ~tl fcras of recovery result 

in some transactions beirg bcc~ed out. ltis loss of data is 

usualty not very critical in a batch envircnwent• since the in~ut 

file is ncrmalty still a~ailabte. however, since the lost input 

is not reacily avail~ble in a remote environment• the 

1iri1izaticn o1 lest traTsactions becomes very important. It is 

possibte tc accomplish t1isP at the expense of some throughput, 

by aojustiFg the frecuen<v with khich sync~oint ooerations are 

per for me~. 

frEquency of SJncpcintt 

It shoulG be apparent th~t the minimum data loss can be achieved 

ty performing a svnc~cin, operation after every transaction. 6ut 

cue to the asount of o~etheac this operation can reQuire, in 

acdition to the aMourt ott tiae prog1ams ko~ld spend waiting for 

svncpoint cperations to comptete• this setting i~ ~suatly not 

feasible. However~ it stould be possible to determine• if not a 

precise SEtting for trsn~acticns per syncpoint operation• at 

least a range of setting! which take into account alt of the 

factors •entionec abcve. 
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In order tc prevent ~rog~ams from contin~atl~ waiting for a 

syrc~oint operation to cc•plete• the minimum setting for 

transactions per syncpcirt operation sho~ld te the numter of 

frcgrams ccncu~rentl) uptating the data base. Since the 

tr~nsactior count is incremented at the enc-transaction operation 

rather than th£ tegir-trinsaction o~eration• it is possibte for 

the rumber of progra1s ir transaction state to be larger than the 

sett1ng for transactions per syncpo1nt operation. If this 

setting is less than the number of programs updating the d2t~ 

tase• it is vEry liketv that one or more pro~rams are in 

tr2nsacticn state evEry 1ime that a syncpcint operation is 

schecutec. thereby cElaying that syncpoint operation until tho!e 

programs h~ve cowpteteo their current transactions. Hence the 

~eco•mencec minimum setting. 

If the nuwber cf P'csram! which are updating the data tase 

ch~nges severat times each day, the number of transactions per 

sync~oint operation can te set to the averagE nuaber of prograas 

active at any one ti•e· 4lternativety, if ttere are a series cf 

ciscrete job mixes• the ~M input message can be used to adjust 

the setting between·1i~e!. 

The maximum setting for transactions per syncpoint operation 

should rEflect the gteattst amount of data that the user can 

afford to lose• ~hict is typicatly one trans~ction per station. 

The setting of transacticns per syncpoint operation should 

therefore te set to insufe that the maximum ~umber of 

transactions bEtkeen tho syncpoint operations is no greater th2n 
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the number of actijve tertinats. The largest number of 

transactio~s w~ich c2n occur between two srncpoint operations is: 

<transacticns per syrcpoint + u~date programs running - 11 

The rumber gene~ated by the above fGrmula would result if ever) 

up~ate program was i~ transaction state, and the current 

transacticr cocnt haf on~ tess than transactions per syncpoint 

oper~tion. When the next end-trans~ction operation is performed, 

a svncpoi"t operation is scheduted, but it cannot occur until ~tl 

of the remaining prosramt are out ot transaction state <once t~e 

syncpoint operation is scheduled, no more programs can erter 

transactjon state until 1he syncpoint operation is compteted>. 

Between these two extreNfS, the determinins factor for the actLal 

setting ~f transacticns fer syncpoiot opeTation should be tasec 

en the vclume cf updite ictivity occurrin9. In a low-~otume 

environment• ttie setting can be at the tow end of the rarge for 

two reasons: 

1. Given inf~eouert tYansactions, the likElihcod cf programs 

waiting for a syncfoint operation is minimal. 

2. The to~er setting <an reduce the possititity of auoit 

recorcs reeaining in memory for long periods of time, 

which• in the event of a failure• could cause transactions 

to be tacked oit e~en thoush they had cccurred QLite a 

white before tte f~tlure. 
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As t~e vclvme cf activit, increases, the setting for syncpoint 

cperatiofls sho~lc at~o ircrease since the overhead invol~ec in 

performing frecuent syncfoint operations can quickly become 

prohibitive. hokever. regardless of the ~mount of activity 

occurring, the upper bourd fer t~ansactions per syncpoint 

cperatior shcutd onty be use~ if the oumher cf stations is 

relatively s•all (ap~roximately 25 or tessJ. and the transactions 

are evenly distributed a1ong att of the stations. If this is not 

the case• the tikelitood of auttiple transactions from one 

station tefore a syncpcirt operation increases dramatically. 

As statec above, it is tte station ~perator•s responsititity• 

once the ~eccvery operation is compiete• to re-enter any lost 

transactions. Altho~gh it is possiLle to significantly recuce 

the amount of tost d2ta through the settins of SYNCPCINT1 length 

cf transactions, and ever audit buffer si~e· there c~n be some 

instances in which it is necessary to completely eliminate any 

cata toss. This can be iccomptisheo within DMSII ty reQuesting a 

syncpoint at the end·trarsaction operation, or independe~tty of 

the UMSII system by •aintaining a separate audit trait of alt 

It a sepafate data coamunication aucit is use~P 

anc a prograw recognizes that a recovery operation has occurrec, 

it can use the data •ithin the restart record to identify its 

restart point. The ~rogram can then use tte data coamunication 

audit trait to aLtomsticilly reproc~ss any transactions ~hich 

cccu~red tetween that re!tart point and the system faiture. 

lherefocE• by combining the two typ~s of aLdit traits, a user can 

accosptish a tctal recovEry operation in a much shorter period of 
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ti•e thar ~outd be pcssitte using ejther cf the two forms of 

aucit by itself. fhf usfr must be aware, towever• of the 

incrEase in system o'erhead either uf these aethods entails. The 

enc-transaction cper~tiors with syncpoint should be used 

sparingl~# only for 'ery critical t1ansactions. Simitarty. data 

co•~unication aucit ~houtd not be used on smatler systems whict 

cannot afforo the e~tra cverhead un,ess it is absolutely 

nece~sary to rem~ve the Tesponsibil1ty fc~ data re-entry fro• the 

station operator. 

j!IDDITJONAL MltlllfROCiRAftMINI CONSIDERAJIONS 

rhe fottowinq ~aragraphs describe the use of an Messaqe Control 

System C~CS> anti pro~raa synchronization for DHSII programs. 

Use ef an Message Cortrot Syste• <HCS> 

The aost iwportant factor to consider when multiple data 

cc1municatior ~r<gra1s are updating a data base is the presencE 

cf an MCS. If each irog1am is independent of the others, and 

stations ire dedicatEd tc a program as lorg as that prograe is 

running~ then the prcced~res reouir~d are ef tectively the same as 

those outtined above ~egirdless of the nvmber of programs running 

cofic~rrentty. If~ hcwevtr1 an MCS 1s runnin~ to handle station 

assignment, and the ~CS allows attachment and detachwe~t whilE a 

~rcgram is r~~ni~g1 er tte program cannot determine. fro• one 

execution to the next which stations are assigned to it, then the 

restart ~rccedures bEcomt more compticated. 
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~hen a net~ork is brcught UP• any active stations for which 

restart records exist shcutd te rest~rte~ immediately since a 

station can be assig~ed to a program other than the one which 

createa its restart reccTd. Speciat restart procecures should be 

Mritten to acccmplish th,s. These proced~res can te part of the 

~CS if it is written in <OBOL. lf the HCS is not written in 

COEOl• the proced~re! car either be embedded within one cf the 

ap~tication ~rograms or •ithin a specially written restart 

program. In eit~er cf tte latter two cases, the MCS must execute 

the progra• containiTig tte restart 1outines tefore executing ary 

ether programs. It is tte restart ~rogram~s function to exaaine 

att restart records and rotify the programs which originally 

crEated these records th~t a recovery has occu~red. Ttese 

programs can then pe1for1 their specific ~estart routines. 

It is also the f~nction cf the restart program to initiatty 

create each restart record of the station if no record exists 

hhen a station comes on tine. When a station becomes inactive, 

~r the network is sh~t dcwn, the restart program can either 

celete the appropriate rfsta<t reco1ds or vpdate those records to 

incicate that the stitiors are inactive. St~tions which are 

inactive when the networ• is brought up shoutd be ignorec ty the 

restart pr~gra• ~ntil thEy are made ready, at which ti•e the ~cs 

can notify the restart pvogram of the event. When using this 

approach, the restart records must jnctude beth the station 

number and the Progrim-Ic. It can be necess~ry in this iPstance 

to dEclare t~o oaths intc the restart data set: one by 
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frograa-ld for batch pro~rams and one by station for data 

co•municatior ~rcgra•s-

frogra• Srnchronization 

If a reccvery has occurrfd• and it js necessary to rerun 

transactions which were tacked out• it can be ~ery critical that 

the transactions are re-Ente~ed in exact(~ the same orcer in 

Mhich thEY were criginally created. This is especiatty true wten 

many programs are upcatirg a common data set. or several copies 

cf the sase program 2re ~unning, since it is very likely in such 

circumstances that a trarsaction against a qiven data set can 

have an Effect on sutseotent transactions against the sa•e data 

set. If these trans~cticns are rerun in a different o'der~ the 

~et results can be Slbst~ntialty different. for exa•ple• an 

invertory item might havf been out of stock when an order was 

criginatty entered, but 1he same item could te in stock on the 

rerun if the transactinn~ were entered in a cifferent seQuence. 

In order to insure t~at the updates are rerun in the same order~ 

either time st~mps o~ secuentiat tr~nsaction numbers should be 

assigned to each trarsaction. These time stamps can be 

•aintainetj in a cata co•tunication ~udit trait, if one exists. 

If no data com1unication audit trait is being used, the time 

st~mp can te returnee to the station operator part of the aata 

~aticatic~ process. 

te used: 
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J. Alt records which ire to be updated must be modified prior 

to the assjgn•£nt cf the time stamp or transaction nLmter. 

2. Alt of the acttat LPdates must be performed after the tire 

sta•p is generited. 

lhis procedure insurES ttat when reprocessin9 transactions after 

a recovery, if the L!e~ rrogra•s include the originat ti•e stawo 

with each transactior Ceither automaticattv provided from the 

cata com•vnication atdit or entered by t~E station operator as 

part of the restart ~~oc•dure), then the ~estart program can 

require that all upd~tes (rather th~n just the input for those 

trarsactions> are perfor1ea in exactly the same crcer as they 

were originally cone• th~s guaranteeing reproducibility ~f 

results. 
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SECTION 5 

D•TA BASE SECURITY 

The Cata Ease ~d•ini!trator <DB~J can contfol security of a data 

base at three levels: item level• cecord le~el, and structure 

te~et. Item level stcurity controls which items within a record 

i prograa can access or wodify and can be actieved using the 

~ICDEN and REACONLY cata item options. Record level sec~rity 

cortrols which recorcs within a data set are visible to the vser 

~nd which records~ if ~~l• the pro91am can alter. Reccrd level 

security can be achiEv~d by using the SELECT and ~ERIFY 

conditions. Structure lfvel security controls the str~ctures a 

user can i~voke. In short, remaps ~rovidE item and record levEl 

security• ~hite togicat cata bases provide structure level 

security. 

There are severat wa)s tr enforce security on a data base. 

cepeflding en the levtl o1 secLrity oesired. Through the use of 

the SECURllYTYPE and SEClRITYUSE fite attributes• total access to 

the CMSII cata base can te restricted. Usins REM4PS1 LOGICAL 

CAJAHASES1 and SECtRJTYGlARO fites limited portions of the data 

tase are made accessible. 

1152444 5-1 01/19184 



Secu~itJ features 

lhe following cescrites the types ot security avaitabte with the 

cpErating system <MCF111 and the OM~ll system. 

Cl-perating Srste11 Security <Non-IDMSll Access> 

lhis capability is avaitible through the use of the TITLE• 

SECUFif VlVFE1 and SECUfiilYUSE attritutes. 

Each structure Ccata set• set, and ~udit trail> say te secured by 

the use cf the terms mentionEd prev1ousty. These terms• being 

part of the ph~sical spe(ification• are reQuired for each 

physical structure ttat wust be sec~red. 

lhe cictionary and tibra~y files, after beins created by the 

£MS/t4SCL compiler c~n also be protected fro• non-privileged 

~se~s by use of the ~H irput message. 

Ey using TITLE, it i~ po!sible to gjve any structure <data set, 

set, an aucit trail> a mtlti-file-io of ~sercode rather than a 

cata base ~aee. The usercode must be enclosed in pare~theses 

whjch must theaselves be enclosed ifi quotatiQn mar~s. 

Exampl.e: 

lITlE = "CUSCODEl"I~ 
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~efer to Ccmpiting The D;ta Base in this section for restrictions 

en data tase compilation under the secu~ity system. 

Alt fites• with or witho~t usercodes• can be protect£d using tte 

SECUfH'J'tlYFE· and !SECl:RIT'lUSE optl<>ns. 

~iECUltITYT YPE 

SECU~ITY1YFE has two settings: PRl•ATE and PUBLIC. 

f~l~.\TE 

The PFI~AJE option !pecifjes that only ~ privilEged user, or 

a user whcse ~sErcore matches the useTcode of the fjte, if 

any, is atloweo to ~ccess this file. Therefore, to copy, 

Listi or remove thi! file CCOP•, DMPALL~ or REMC~E> ~ust te 

run under a pri\ite,ea usercode or the usercode of the file. 

It is not possitte to access this type of file even from the 

OUT except by mEans of a privileged vsercode or a usercode 

which matches tte fite. This inability to access the file 

protects the file from accidental removal. 

P UBt IC 

The PUBLIC opticn stecifies that access tc the file is 

unrestrictec~ ~Epencing on the setting of SfCURITYUSE. 
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SECUR11YUSE 

SECU~ITYUSE has threE se1tings: 10, IN· and o~r. 

10 

The JO option enable! both reading from ano writing to the file 

ty anv user. 

IN 

JhE IN option allows reac-only access to the file. 

CUl 

lhe CUT option allows write-ontv access to the file. This 

setting h~s no signi1ica~ce for dat~ base files. 

~henever the SECURiftUSE and SECURIIYTYPE attributes are not 

specjfiec• sec~rity cefaLlts to tte security attributes of the 

iirst •atching userccde in the SYSTLH/USERCODE file. For files 

~ithout ~sercode JITLES• the default sec~rit~ attributes are 

FUEL IC/IC. 

Example: 

A CATA SET C 

)J 

E [~f ~ SET C 

S SEl QF B ; 
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A CSECURITYTYPE = P~l~~l[); 
E CSECU~I1~1YPE = PUBLIC, SECURITYLSE = IN); 
S <SECUfilTYlYPE = PUBLIC. SECURIIYlSE = IN); 

U"Sll ACCESS 

Secured access to data b~ses may be define~ at two levels, as 

1. Protection at the !tructure and item level. 

2. Protection at the cata base Cand logical data base> level. 

Structure and Jteu P•otection with Logicat Data Bases and Re•aps 

It is possible tc intibit access to any item .. record, or data set 

~Y the use of reaaps and logical data bases. Remapping providEs 

the facitities of hieing an item1 making an item reac-onty. anc 

~era•ing ar item. It al~o attows records to be hidden by the Lse 

cf SELECl. If a pro~ram is using a remap of a data set ano that 

rema~ has a SELECT clausf attached to it1 then the DHSII syste1 

cecices ~hEther that pro<ram may access a certain record ty 

valicating it against thf selection crite~ia. 
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E:ic211pte: 

PEFSOt-NEL 
FEFS·NO 
fE~S-SAl 

FE I'S-AGE 

CA1A SfT ( 
~UMBER 
~UMBER 

~UMBER 
H 

(fi)i 

(fr,. £H 
(2); 

PE~S-RE~Af ~EHAP! PERSONNEL C 
FEflS•NQ; 
FE~s-s•t READO~LYJ 

) 

SELECJ CPERS-~Al < 1000); 

This exa1pte woutd attow a program •nvoking the PE~S-REM~P d~t~ 

set to accEss only PERS-JO and PEPS-SAL and to change only 

fERS-NC to' all records •here PERS-~Al has a value less than 

1000.00. 

Io inhibjt access to PER~-SAL, the tottowinq ~emap could be used: 

PERS-REM~f RE~IPS FERSONNEL ( 
F'EFS-N(; 
FE~S-S4l tICDfN; 

SELECT <PERS-~4l < 1000 ); 

) 

The HIDDE~ keyword allow! the item to be usec in a SELECl 

st~tement while remajnin~ hidden from the program. 

Logical cata bases cin also i~hibit access to data sets. 
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Exams::te: 

CUSTCMER [41~ SET ( 

1; 

J;CUSTOff£R RfMAF~ CU~TOHER ( 

) .. 
J• 

FRODUClS OA1A SET ( 

H 

INVOICES CA14 SET ( 

LOBl CATABASE CRCt!TOM£R, INVLICESJJ 

lhe program using thE to~ical data base LDBl cannot access the 

FRCCUCTS data set~ 

frotection of Entire Phrtical and Logical Data Bases Using 

SECU~ITYGUARD Files 

JuGicious ~se cf ~emappirg and logical data tases effectively 

inhitits access to sEnsitive data. Howe~erp specificaticn of a 

logical aata base in CCBCL o' RPGII requires the naming of the 

physical cata base. Therefore, bee.use tte physical data tase 

ra~e is kncwn1 acces! to it can be gained. This probtem can be 

solved by the use of SECtRIT~GU~RD tiles. ' SECURITYGU~~C fitE 

may te applied to a logical data base or physical data base. 

Each data base may h~ve i separate ~ECURITYGU~RO file specifiec 

in the O~SIDASDL source. It js necessary to specify the name of 

the SECU~IlYGUARD fite fer each data base to be protecte~. 
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To apply a SECURITYGtARD file protection to the data base in t~e 

previous example• thE following sta~ements •ay be adced to the 

EMS/CASDL source: 

Example: 

lDBI 
EXDE 

<SECtRITYGtA~D 

CSECURITYGUARC 
= LDBlGUAhO) ; 
= EX08GUAk0) ; 

EXCB is the naae of the fhysicat data base given in the compile 

statement. 

SECU~llYGUARO files 

The SECURIIYGUARD fifes ere data fites containing usercodes 

positione~ bEt~een cctumrs 1 and 72 and in free-form coding. ~ 

iercent sign C2l charactfr at any point ir a record terminates 

the scan of that reccrc. 
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Syntax: 

-----------------------------------------------------------------> 
I 
1-- CEFAUll = ----- ~O ----- ; --1 

I 
1-- fO --1 

I 
1-- fW --1 

>---------------------------------------------------------------· 
I 

1<-------------------------------------------1 I 
I I 

I·-·--- USEFCOOf = <usercooe> ----- NO ----- ; ----·I 

Semantics: 

DEFAULT 

I·- RC --1 
I I 
I·- RW --1 

The CEF-ULT key~ord specifies the access alloweo for 

programs not exEc~ting ~ith a usercode• er for programs 

runniflg under a use~code not included in the SECURIT~GU~R[ 

file. The usercooe! included 1n the SECURIJYGUARD file are 

tre~ted as eKceJtiors to the O~FAULT statement. 

<user cede> 

The <~sercoce> tielc specifies the name of the userccde tc 

be stcrEd in thE SEfURilYGUARD file. T~e OMS/OASOL compiter 

does ~ot verif~ that any <usercode> specified in a 

SECU~JfYGU~AC file is a valid usercode• that is• containec 

in the SY!TEM/U~ERCfOE file. 
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RW 

The <Lsercoce> can te specif~eo with or without enclosing 

parentheses. 

The NC keyword specifies that the named <usercode> cannot 

access the data bas~. 

The FC keys~mbct spEcifies that the ~a•ed <usercode> can 

open the cata b~se in a reao-onty Cinquirr> manner. 

The FW keysyrabct spfcifies that the n2med <userco~e> can 

open the cata tise fn either a read/krite (update> or 

reac-onty Cinqui~y) manner. 

It no SECU~IfYGU~RO file is specified for a data base• the 

cefa~tt access atlowEd fer atl users of that data tase is 

~E4DIWRIJE. This is eq~ivalent to jnctuding a SECURITYGUARC file 

~ith onty one entry: CEf~ULI = RW. 

If a SECLFITYGU4RO file is included for a oata base, but no 

CEFAtll statemEnt is includec in th•t fite, then DEFAULJ = NC is 

assumed. 
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A SECURIJVEU4~[ file sho~td be created as a private fite and need 

only be avaitable dvring DHS/OASOL compilation as the information 

is transferred to thE aictionary. lherefore, to ma~e changes to 

this part of securit) recuires changes not ~ntr to the relevant 

SECUFIJYEUARC file b~t atso a DMS/OASDL SUPOATE compilition. 

Example: 

EEF~Ull = NO; 
LS£RCCCE = USERl RW; 
LSERCC[E = USER2 Ro; 

Co•piting the Cata Base 

A data base "ay be ccmpi•ed by two methods as fottows: 

l. from the G[J, kithcut fite security. 

2. 6y a privitegec prcgraa Ca non-privileged p~ogram cannot 

create files with ~ multi-file-id ot~er than their ohn 

use~codel. 

lhe resuttant titrar) fifes and the dictionary are public and 

unsecured <they have no tsercode attached to them). However, 

they can be protectec with the MH input mess2ge. The data base 

tiles are either pubiic tr private oepending upon tte status of 

SECUFITYTYFE as mentione< previousl) in ttis section. 
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Coap i ling frogra•s 

lf protection ~f the libfary fites 1s not changed with the MH 

in~ut message, no security p~obtems are encounterec white 

co1piti"9 ~rcgra•s· The MH input messagE car be used to make 

titrary files privatE. 

Exampile: 

~H l[B/CSA SEC PFIVA1EJ 

The prograa must thEn be compiled under a priv~teged usercode to 

access this library. 

Executing frograas 

lhe program can be e•ecu1ed if: 

1. The cata base tas ro SECURITYbU\RO file or tte usercode 

uncer which thf prfgram is executed is contained within the 

SECU~ITYGUARD file for the data base invoked Ctogicat or 

physical), and 

~. Access to the cata base is consistent ~ith the setting fer 

that usercode in tte SECUR!TY~UARO file. For Example• if 

the entr> in tte SfCURITYGUARO file is USERCGOE <usercode> 

= ~c, then the profram can open the cata base input only. 

Ope~ing the data bise update ~outd give a security error. 
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the CMS/J~QUIR~ ~roqram tas its own security system offering 

irctecticn in additicn tc the SECUR•TYGUARO file protection. ~t 

execvtion time~ the CMS/fUILOINQ program ~sks if securit~ is 

required. Ans~ering YES causes the OMS/6UILDINQ program to 

~eauest vatid userco<es fvalid for the O~SIINQUIRY program but 

not necessarily in tte C~YSTEMl/USEhCOOE file). The data tase 

car then crty be accEssec through the OMS/INQUIRY program if the 

CMSJINQUJR~ program is e•ecuted with a usercode valid for that 

cata base <a use<cod£ given to the ~MS/BUILOINQ progra• anc 

entered in the SECURJTYGIARD fite). 

Conclusion 

It is possible to intibit any unautborized user from accessing 

the physical data base, ~ny logical data base, any d2ta set• any 

record, ~nc any item. Ttis access criteria applies to atl 

programs• whEther usEr-written or ttie OHS/INQUIRY program. It is 

~lso possible to inhibit any data b~se file from bei~g copied• 

tistEd, or remcved bt ar' non-privjleged ~ser includin~ a user at 

the CDT. 
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SECTION 6 

DMSIOECOMPILER PROGRAM 

lhe GMS/DECO~PILER progrim is a decompiler. Its function is to 

~ecc~struct the original DMS/D-SDL source of an existinq C~SII 

cata base, based upor thf informatiGn containeo in tte dictioniry 

cf that cata base. lhe reconstructed source includes all 

parameter anc option settings~ non-oefautt physical attributes 

for ill structvres, ~nd lny co•ments enctcsed within Quotation 

ma~ks in the original so~Tce. CoMments denotea by the percent 

sign<%> charactEr are net included, nor are the original dollar 

(S) ~pticns to the D~SIDISOL comp~ter. 

Cpe~atjng Instructions 

Enter through the Opfratcr Oisptay Terminal <OOJJ: 

~yntax: 

COMPILE <data-base-n~me> OMS/DECOMPILER ------------------> 
l<-------------------------------1 

>----- SY~TAX ---------------------------------------------------1 
J 
I 
1-- LIERA~Y 

I 
I 

--1 

I 
1--1 1 
J 
I 

·--1 1 

6-l 

, __ 
SWI1Cf1 1 = <n> --1 

I 
I 

\-- SW I lC H 9 = <n> --· 
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Semantics: 

SY~TAX 

The S~NTAX keywc~d ~pecifies the generation of a source 

listing only~ 

LIERAFY 

LIBFARY or LI s~ecifies the generation cf a source tisting 

and a cop~ of tte nfw source file on disk. The new file is 

tit lee: 

<data·base-name>ISOURCE 

SWITCH 

Setting Switch 1 > r causes DMS/DASDL compile' options to be 

incluoed in the new source through the OOT. 

Setting Switch 9 = r specifies the n~aber of spaces the 

source listing is tc be indented for each nested level. If 

Switch 9 = Ov tte dffautt is five spaces. 
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SECTION 7 

DMSIDASOLANAlY PROGRAM 

lhe CHS/CASOLA~ALY p~ogr~• decodes the contents of the data 

stTuctures wit~in a CMSIJ data base dictionary. The types of 

cata str~ctures khict art anatyzed ~re: 

CHSII Gtcbals 

The t'SJI gtobai iniormation i~ stored in this struct~re, 

which contains ~ointers used b~ both the operating system 

CMCPIIJ and the DMSIOASDL compiler t~at point to other areas 

in the dictionary. Data fields use~ by the DMSII systea in 

the operation o1 thf data base are also containEd i~ the 

DMSII glotals. 

CMSIO~SCL Gtobats 

Jhe C~S/DASCL g1obal information is storec in SEgaent three 

of the oictionafy. This information is a snap shot of thE 

OMS/CASCL memor) fiflds at the end of a compite. The 

DHSIDASDL global in1ormation include ~ointers to the varicus 

DMS/[AS[l tables ~ithin the dictionar)• such as the DDL 

table, name table, rath table, key table, attritute tabte

and fetish tablE anc are used Ly the OMS/DASDL compiter 

during an updatE co•pile to reload these tabtes into memo~v. 
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Aucit Fite ParametEr Elock CFPBJ 

The audit file ~araweter block is a 5ystem fite p~ramete~ 

block CFPE> that is always containec jn segments 1 anc 2 cf 

the dictionary. lhfse are used by t~e operating system 

CMCFJJ), the OMS/~ECOVEROB progra•, and the OHS/AtDITANAL~ 

program tc procEss the audit file. 

COL Table 

The CCL tabte ccntains information about every item 

described in thE OM!/DASOl source, incl~ding structures. 

data items~ and gro~p items. Entries within the path, key. 

attribute and titeril tables refer back to the OOl table. 

~ame Tabte 

The name table cont2ins every identifier used in the data 

base. Entries ~ithin the OOL table point into the rase 

tabte. If two er mere data items have the same identifier, 

the respective COL tntries for those ite•s point to a com1on 

name tahte entr). 

Fath Table 

The path table relates the various tables relevant to a 

given structure. 
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Key Tabte 

The ~ey table ccntains information about every cata item 

use~ in a KEY dEctaration within the data base description. 

Attribute fable 

The attribut~ tabte describes every physical attrihLte 

explicitly set ty tte user within the D~S/OASDl source. 

Polish Table 

The Polish tablE cortains encooed veTsions of every WfiERE, 

VERIFY• and SELECT !tatement in the DMS/OASDl source. 

Dfh Table anc Fite Reccrds 

The CFH tabte ard file records descrite all of the physic~( 

files in the data bise. The f1le records contain the 

avaitable space inf<rmation used by tte operating system 

(MCPII> when alto~ating records• as well as the version 

sta•ps for each fit£. The OFH tabte is pointed to by the 

DMSII global inforaition, and contains static information 

about eact fite. such as number of areas declared and 

seqwents per arEa. Eac~ entry in t~e DfH tabte points to a 

correspcnoing file record. 

Structure Reco<ds 

The structure recorts describe the physical attributes of 

every structure in the data base. Pointed to by the CMSII 

globals, the structtre records are used by the operating 

systen <MCPJI> to pfocess the aata tase. 
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Structure Nase Tab4e 

The structure ~Eme tabte contajns the n~me of e~ery 

structure definEd fer the physicat Gata base. 

Invoke Jable 

The irvoke tabtt cortains one entry for every physicat data 

set or re•ap which is invo~ed in any logical or physical 

data tase. Every ptysicat ~ata set is implicitly invo~ed in 

the physical c~ta b~se; all other in~o~es. of toth physical 

and logical str~ctuwes, are explicit tv means of a DATABASE 

state1ent in the OM!/04SOL source. Thefe is only one entry 

in the invo~e tsbte for each invoked structure; each entr~ 

desc~ibes all o1 thE data bases in ~~ich that structure is 

invcted. 

literal Table 

fhe titer~l tabte ccntains eve1y titerat, numeric, 

atphanueericP or he>adecimat which appears in the data base 

descripticn. literil table entries are pointed to ty OCL 

and Polish tablE entries. 
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Cperating Instructio~s 

Enter through the OpEratcr Display Terminal COOT>: 

COMPILE <oata-bise-rame> DMS/OASDlANAlY SYNTAX ---------------> 

,------------------------------------------------------------------· • 1-- <switchEs> --1 

<switches> 

The fcllo~ing s•itctes can be set to any non-zero vatue to 

suppress the anilysis of the stated structure: 

Skitch 
Number 

0 
1 
2 
1 
4 
5 
6 
1 
6 
9 

Structure 

G~S Gtobals 
D~S/DJSOL Gtobats 
ALdit FPB 
DCL Tibte 
Path labte 
KEy TEble 
Attritute Table 
Fctist Table 
Structure Records 
DFH Tibte and Fite Records 

NOT£ 

Because of the intfrrelation of the DFH table and the 

f ite reccrds, thest items are decoded together. The 

name table and str~cture name table are used in the 

decoding of thE CDt tahle and structurE records, 

respecti~ety. littral table entries are used in the 
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decocinq pf thE ODt anc Potisfi tables. The 

DM5/CASDLA~Al~ profram does not decoae the invote 

tat le. 
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SECTION 8 

D'S/DBLOCK PROGRAM 

The £MS/tELOCK prograa lccis the data base dictionary. whjch 

prevents updating dvring a specific time period. The cata hasE 

cictionar~ is not locked when openea inquiry. This me2ns that 

white SYSTEM/CCPY is beirg used to backup the oata base. the 

cictionary is not tocked and it is vossibte to run an update 

program against the cata base. fhis is highly undesirable since 

this can ~esult in vErsi<n misaatch~s in the bac~up copy of the 

cata base. Jhereforf• it is recommended that the OMS/CBLOCK 

program te run just tefofe the data base is to be backed up. 

Syntax oictionary~ 

EXECLTE UHS/[8LCCK f1LE CICTIONARY NAME ------------------------> 

>--- <famityname>/dita tase name>/CIClIONARY --------------------1 

If the data base dictioniry resides on the system pack, the 

<famity name> is not nec£ssary. To send the DMS/OBLOCK progra1 

to e~d of job <ECJJ, thereby unlockjng the dictionary• a ttank 

accept CAX or ACl S)Stem com•and is enterec: 
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The CMS/CELOCK progr;m ctn be used at anw time to tock the 

cictionary file and irevEnt updating. It can be useo. fer 

ex~aple~ white troubteshcoting a data base problem to prevent 

users at remote stations from signing on to an update program. 

lhe user shoulc remeube~ that the d~ctionary is not locked 

agiirst upcatirg whe~ a fUPD~TE DMSi04SOL cospile is running~ the 

DM~/CBMAP program is runring, or when the SYSTEM/COPY program is 

accessing the data base. Therefore, if the cperator does not 

kish the cata base tc be updated while any of the abcve programs 

~re running• the OMS10SLfCK program must te used. 
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SECTION 9 

DfS/DBBACK PkOGRAH 

lhe DMS/CBEACK progr~m c<nverts the data tase dictionary fros the 

~art 11.0 release bac~ tc the Hark 10.0 release. lhe OMS/DEBACK 

program is rvn against a Ma~~ 11.0 oata base dictionary and 

converts it to a halfway point. Once this has been cone, an 

upcate CS UPDATE option) com~itation of t~e data base must be 

~erfor•ed against the da1a base dictionary under the M~rk 10.0 

operating svstem. lte D~S/09BACK p1ogram is r~n br file-equating 

the ~rop~r dictionar). 

Syntax: 

EXECUTE tMS/CBBACK F1LE CICTIONARl NA~E -----------------------> ---
>-- <family nam£>/<~ata base name>/OICTIONARY -------------------1 

lhe operator must tate tte resulting dictionary anc perform an 

upcate CS UPDATE option) compilatiofi of ttie data base ~gainst the 

cictionary under the Mar• 10.0 oper~ting syste•· This creates a 

usabie Mart 10.0 djction2ry fite. lhe c~efator must be certain 

the cata base sourcE fit£ is used as input to the update 

<S UFOATE cpticnl cc1pjt2tion of the data base and the source 

fite contains no other ctanges to the data bise. There can te no 

FU~GE or GENERATE stitemtnts• the data base descriptio~ cannot 

have changed ir any •ay. nor can there be a IREORGANIZE state•ent 

in the source. The cictionary must be tte onlv data base file 
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~ffected ty this procecure. If the <data base name>IREORG.REAO 

anc <data base name>IFEGfG.WRIT pro~rams are created as a result 

of the SLPC~TE compite1 the procedu1e was not successful and tte 

cictionary is not usable with the Mark 10.0 operating system. 
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SECTION 10 

DMS/IUDITANALY PROGRAM 

lhe CMS/-UCITANALY p6ogrim decodes~ DMSII audit fite• printing 

the contEnts of each audit record• including recorc type. 

structure nu•bEr• anc co~trol information such as togicat 

adcresses. pre~ious audit serial numbers, ~ext ~vaitable Highest 

Open CN~HOJ fietos1 ~n~ •ey values. As an option• the contents 

cf data records• bott be1ore and after iaages. are also printec. 

The operator can atsc spfcif~ criteria ior t~e inclusion or 

exclusion of aLdit rEcoTcs from the printec listing and/er 

specify that the audit files are to be fourd on a hardware device 

other than the defautt dEvice. 

The printed tistin9 incl~des the auoit type in hexadecimal format 

~nc the structure nu1ber in decimal. These fields are followec 

ty a description of the ~udit recoro type, a 32-bit auriit serial 

rumber, anc the logical Eddress of the btock affected ty the 

~pcate being a~ditetj~ ttese fields are fot4owed by informatiofl 

specific to the auoit record type. ~ddition~ttv, wheneve~ 

intormatio~ is prfinted fTom iny given bloc~ within an audit f ite, 

the relative lccatior of that block within t~e audit file is 

identified; alonq with the tlock n~mber, the listing includes 

the beginning and encing audit serial nuaters for the records 

within that block~ The cu~rent audjt serial number for each 

aucit record is printec it t~e right margin of the listing. 
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OPERATIH6 INSJRUCTJONS 

lhe CMS/AUCITA~ALV progrim can be executed by •eans of an EXECUTE 

or CCMPILE statement. 

Syrtax: 

COMPILE <data base nime> OMS/-ULITANALY SYNTAX ·------------------1 

er 

EXEClTE OM!/AUDilANAtY 

N01[ 

If executec• a OATAE~SE er 00 statement m~st be entered prior to 

cny other options 

DMS/AUEITANALY OPTIONS 

After thE ~rogram ha! befn executed by the compile or execute 

statement, the 0~5/AlOIT#NAlY progr~m expects options to be 

entered• either ty tte accept CAX 01 ~C> ~ystem command er 

throLgh a card reader. lhe format of the options is the same 

hhEther erterec by accept C4X or ~CJ systea coeaand or through a 

card f ite. 
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Syntc.K: 

I<·---• •im .. ·•--1 

-----<option>----------------- • 
I I 
1--- ENO ---1 

Serant'ics: 

<option> 

The <cption> fiEl~ !pecifies the option to be used. Refer 

to Cpticn Specifications for tne complete description of 

1each cpt ion. 

ENC 

The E~O key~ord tertinates input of the options for the 

OMS/AUOIT~NLY progr~m. 

The perioc Cn) charicter terminates input of the options for 

the C~S/AtOlTAN~LY rrogram. Several options can be entered 

at cne tiae by 1ean! of one ac,ept <AX or 4Cl S)stem 

comaa~d· er individtal options can be entered with separate 

accept CA~ er AC> ststet commands. If the options are 

enterEd thrcugh a cErd file, they can be entered with 

severat options per card or one opticn ~er card. I~ either 

case, when entering severai options at once, the options can 

he separated by a ctmma (,)or semicolon c;J character. 
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Fragmatics: 

frinteJ Cutput 

~tt printEd out~ut is directed to a tac•up print file 

labeled: 

<cata base rame~/~UOITLISf 

Both printed anc oi!p(ay output default to tower case but 

can te changed to urper case by setting switch 3 to a 

non-zerc vatue. 

The internal file n~me for print file is LINE. In order to 

make the print file vie~able at a te~minal1 the reccrd size 

of the file can be wodified as follows: 

~CCIFY O~S/AlDITINAlY FILE LINE RECORD.SIZE eo; 

Minimum record si2e altowed is 70. Maximum is 132. 

STATUS 

Entering the ST•TUS command by means of an accept <~X or ~C> 

systew after att options have ueen entered, causes the 

OMSIAUDll-hALY irogram to display ho~ far it has processec. 

The fcllo~ing shows the format of the status message: 

Etock <btoc• nuwber> of Auoit file <audit file rame> - serial 
n~mber <audit seriat number> 

If errors exist in the audit fjle~ then the fottowing is 

also ~isptayed: 
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<nvmber> er~crs in the auditfile 

Cptions and Commanc Strinqs 

Options ard coa1and strings ma) be split across inpct lines. 

but no word may be troken across input tines. Valid 

com•ands to the DHSJAUDlTANALY program consist of the 

foltc~ing: 

DA148ASE state•ert 
FILE <f ite cftiors> 
ASNS <asn option!> 
ST" <str options> 
IYFE <type oitiors> 
CPTICN <print options> 
~E~If Y 
STATISTICS 

frograa Switches 

If switch 2 is Equa1 to a non-,ero vatuE, commands are 

expectec througt an unsequenceo data file or ca~d file ~awed 

CAR[. lhE defaLlt tard~are type for this file is dis~ tLt 

can be cverriddEn bt a MODIFY system co•mand or file eQuate. 

~PTICN SPECIFICATICNS 

Ihe syntax and functions of the various options which ~ay he 

specifiec to t~e 0MSIAUD1T~N4LY program follow: 
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CATAEASE Stateaent 

The C~T~EASE stateme~t i<entifies the name of the OMSII data t~se 

in which the audit files are to be analyzed. 

khen the D~S/AUDJTAN-lY rrogram is executed, the DATABASE 

statement avst be thE fifst statement enterec prior to a~y other 

cptions. lhe tATABA~E statement is not used when the CO~PILE 

syntax is specified. 

Syntax: 

DATABASE <cata t1se rame> -----------------------------------------1 
I 
1-- ON 

Sewantics: 

CN 

1--

<fa•ity name> --a 
I 

DISK ------·-·--1 

The C~ keyword specifies the location of the data base 

dictionary file. 

DISK 

The teyword DIS• refers to the system p~ck. 

<data base name> 

The <cata base rame> field specifies the name of the cata 

base. 
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<family name> 

The <family namE> field spec~fies the pack name of the D~SII 

data tase. 

FILE Stateeent 

lhe FILE statenent s~ecifies which ~udit files are to te anaty2ed 

ty the O~S/~UDITANAL' prcgram. 
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Syntax: 

FILES --------------·---------------------------·-----------------> 
I 

1---- <nu•ber1> ----------------~------------------·-• 

1---- GNLY ------------------------1 
I 

• I 

' I 
' I 

t ·--I 
I 
1--

f ORW4RO 

REVERSE 

I 1 
--.1 I 

' I 
I I 

·--1 I 
I 
I 

1---- 10 <numter2> ----------------1 

>--------- ON ------·-- DISK -----------------------------------1 

Semantics: 

<riumber l> 

I 
1-- P-CK <famity n2me> --1 
1 I 
1-- TAPE -------------·--1 

The <number!> field specifies the sta~ting audit file 

number. This nLmbeT must be a deci•al literal. 

<number2> 

The <rumber2> s~ecifies the enaing a~cit fite name. This 

number must be i decimal literal. 

f IJ~WAR[ 

The FCRW,FD key•oro specifies that the audit fite is to bE 

processed in thE fofward direction. If the starting audit 

file ru&ber <<~~mteYl>) is g~eater than the ending file 

number (<rumber2>), the files ~re processed in reverse oroer 

sta<ting with tte higher audit file n~mter. The 

DMS/AUCJTANALY ~rogram processes audit files forwarc ty 
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, default. 

REVERSE 

The FE~ERSE keykord specifies that t~e 2udit file is to be 

processed in thE re~erse direction. If the starting audit 

file ru•ber C<nLmte~l>> is gre~ter than the ending file 

number (<.number2>J, the fi tes .are p:rocessed in reverse cf'ce1r 

starting ~ith tte higher audit file nc•ter. The 

DMS/AUCJlANALY irogram process€s audit files forwarc by 

1defautt. 

tu 

The keyhord TO is rfquired when specifying an ending audit 

·f He numb er. 

Pr.agm.atics: 

If only the starting filE nu•ber is entered, the DHS1ALOITANAL~ 

p~ogram processes alf au<it files• Leginning at the specified 

fite numter, until ttere are no mor~ audit files. When t~is 

occurs, the fottcwin~ se!sage is displayed on the OOJ: 

ftlf -udit fite <ntmter> <title= <audit file name> is 
available, then Erter •y" else enter •N• " 

If the file exists1 it stould be maae present and the tetter Y 

enterea through the COT. If the letter N is entered. the program 

ter111inates. 
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If the audit files are tccated on media other than that on which 

they we~e createc• tte Of <DISK, P~CK• or 14PE> opticn c~n be 

specif iec. CISK refErs to tte system disk. PACK specifies E 

user pack. If TAPE is siecified, tbe audit files en tape must be 

in the samE format as on dist (including tte same bloc~ size). 

lhis means that SYSTEM/CCPY library tapes cannot be processed ty 

the GMS/AUCIT~~ALV pfog~tm. 

If the audit file is a ctntinuation audit ii le Caudit files 

~reduced avtcmaticatty dtring a run when the previous iudit f ite 

teco•es futt), t~e REVER!E option m~st be specified. 

If no FILE specification! are entered, the D~S/\UDIT'N~LY program 

uses the audit file faraweter Block <FPBl in the data base 

cictiona~) tc oetermine the default devicE type and the starting 

cucit file numter. 
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STfiUCTURES Stateaent 

lhe STRUCTURES state1ent specifies individual structures or types 

cf structures to be ~nat,zed. 

If the SIRLCTU~ES stitemtnt is not specified• data i•ases are 

printed for att stru<tur£s in the a~dit fite by default. If tte 

operator wishes to print alt structures kithout the data image!• 

the STRUCTURES ~ll kEykOYdS •ust be specified. 
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Svntax: 

STRUCTURES <stTuctvre type> 

~-- 4ll -------------------------------
u 
~--

' u 
4 
~ 

• 

DISJOINT ---------------- SET ---·-

·--I 
1--

I 
DATA --1 I 

I 
OAJASEl----------1 

m-- DDS -------------------------------
I 

1-- OS ·-------------------------------
1 

·-- [[5 -------------------------------

3-- £5 --------------------------------
~ 

~-- E~BfDDED ---------------- SET -----1 
1 
I 
I 
D 
1 

I 
1--
1 
1--

1 
OATA --1 I 

I 
DATASE1 ---------1 

~-- IDX -------------------------------

J-- IDXJAN ----------------------------

d-- ICX!EQ ------------------------·---

~-- INOfX -----------------------------
I 
I 
9 
1 
J 

1-- SE~UENTIAL --1 

1-- RAhOOM ------1 

I 
I 
I 
I 
I 

I 
I 

1-- M-NtAL SUBSET ---------------------1 
1-- MSS -------------------------------1 
1 

1-- <structure name> ------------------1 
I 

1-- <structure number> --------------·-I 

--------~~--> 

>------------------------------------------------------------------> 
I 
1-- DATA ------------------1 

t-· IMJGES --1 
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>------------------------------------------------------------------> 
I 
I 
I 

I<--- • -------------------------------------------1 
1-- ARE~S --- <numter> TO <numbe~> -----------------------1 

I 

I- BLLCKS <numter> -------------------1 
----- I 

1-- TO <number> --1 

>-------------------------------------------------------------------· 
J 
I 
I 1 

I 
1 
I 

1--- STWPE5 ------- BEfORl -------------------------------1 
I - - A f T ER - - - I 

1-- SPACE ---1 

Se1r.antics: 

lhE fottcwin9 vatic sttucture types can he entered: 

Keywcr·ds StructurE! lype 

lDDS Disioint data sets 
OISJCIN"f C: ~ T 1' SET Disjoint data sets 
OISJCJNT CAlASE.I Oisioint de.ta sets 
OISJCINl 5£1 All indexes 
OS .\ny data set• d·i s joint or ·embedcec 
EDS Embedded data sets 
EMBE££ED [AJA SET Embedded data sets 
E~HECCED CAT'lSEl Embedded data sets 
EMBEC£EC SET Mana..at subsets 
ES Any enibe dded structure, EDS or MSS 
JCOX ~ ll inde":es 
IDXfiAtc Index random sets 
JCDXSEQ Ind.ex seQuent i al sets 
1[ N DEX SEQU.EtHI~l Index seQuen ti at sets 
HA NU AL SUE SET Manual subsets 
HSS Mant1al subsets 
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AREAS 
({,'11 (\ 

The A~EAS ~eyword srecifies ranges ofnaddresses for a 

structure. The <nu1ber> field can be either decieat or 

hexadecimal literals. 

BLCCKS 
YJ.OtKS ~ck .~/n; tt't((" oi 1ta;,~;' ;'": , -,,~. 

TheAkeyword ~pecifif5 ranges of addresses for/\-a structure. 
/' /i 

The <nu•bEr> f iEla <an te either decimal or hex~decimat 

literals. 

The CATA ~eyworc ca~ses both before and after imases to be 

printed. For ar i"<ex structure, the individual tabte 

entries are prirted. 

CAU IMA<:ES 

If the DAJA 1MACES teywords are specifi£d• both before anc 

aftet inages arE printed. 

SYlPES 

The SIYPES keywcrd !pecifies that BEFORE• 'fTER, or SP4CE 

kev~ords folio~. SlYPES BEFORE causes the before imases to 

be printeo• STVFES fFTER causes the after images to be 

printed• and 51\PES SPACE causes the space attocaticn 

reccrcs tc be printtd. 
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<structure name> 

The <structu~e rame> fiela specifies the name of the 

structure to be anafyzec in 1the audit file. /If the 

<structvre rame> f iEtd equals any of the keywords for 

structure type1 the <structure name> fietd is used to pri"t 

the audjt recorcs 

<structure number> 

The <struct~re rumber> field specifies the structure number 

to te anatyzeo in tte audit fite. 
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AShS State•ent 

The ASNS state1ent ccntr<ls printiny by using a range of audit 

seriat numbers withir thf scope of the files specified with the 

FILE statEaent. 

If the -SNS statement is not specifjed, values for minimum and 

eaxi•um aucit serial ncmters are ~O~ and ~FFFFFFFF~~ 

respEctivety. 

Syntax: 

~SNS ----- FRUM ;cst;rt number>~ TO ~<end number>~ --------1 
I 

1-- FFOM ~<st~rt number>~ --------------------1 
I 1 
1-- TC acend rumber>a ------------------------1 

Semantics: 

FRCM 

The f~OM ~eyworc ca~ses the an~lysis to begin with the aucit 

serial nu1ber s~ecitied by the <start number> field. 

10 

The TC keyword causes the analysis tc end with the avcit 

seriat nuwber siecified ty the <end numter> field. 
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1YfES Stateaent 

The TYPES statement specifies which audit types are to be 

~ri~ted. lhe operatcr can specify that specific audit record 

types be pr~nted or that alt audit records relating to a 

particula' str~cture typt be printeo. 

Syntax: 

I<---------- • ----------------1 
lYPES <aldit reccrd tvpe> ---------------------------------• 

1152444 

I 
1~~ AFlER -~~---~-~----~--

• 
1-- BEFORE ---------------

1-- CC~T~Ot --------------
I 
I 

1-- SP-CE ·---------------
1 
I 
1-- TAELE ·---------------1 
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Semantics: 

<audit reccrc type> 

The <audit reccfd t,pe> field must be ente~ed as a two-~ifit 

hexadecimal literal enctosed in at sign ca> characters• and 

must reference 'atir audit record t)pes. A list of valid 

audit reccrc ty~es fan be founo under ~udit Types in 

appenGix f of this wanuat. 

AFTER 

The AFTER keywcrd prints after images. 

EEFORE 

The BEFORE keywcrd frints befo1e images. 

CO~TROL 

Jhe CCNTRCL key~ord prints control records. Cont~ol records 

include data base cren ard ctose, syncpoint• contTolpoint, 

and program abort rEcords. 

SPACE 

The SF~CE keyword p~ints space altocation records. 

TABLE 

The TABLE keywcrc pfints recoros relating to index tables. 
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CPf l~NS State•ent 

fhe CPTIONS statesent cortrots the tormat of the printed output. 

Syntax: 

CPTICNS ----------------------------------------------------1 
I I 

1--·· SJNGlf ---1 1--- UPPER ---1 
I 

1--- DCUBLf ---t 1--- lOhER ---1 

Seman1t i cs: 

CCUBLE 

The CCUELE keywcrc fauses the tine printer tisti~g tc be 

doubted siaced. ThE default is single spacing. 

LOWER 

The LCWE~ keywcfd allows the tjne printer output to use 

tower·casE letters. The default is tower-case letters. 

SOGLE 

fhe SINGLE keywcrc causes the line printer listing to be 

single spaced. The default is single spacing. 

LP FER 

The UFPER keykoTd ciuses the l1ne printer output to use 

upper-case tetters cnty. The oefault is tower-case tetters. 

Upper-case tettErs rntv can be specified permanenttv ty 

settirg program switch J to a non-ze~c vatue using the 

MOOIF~ (M() CO&Rand. 
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STATISTICS State•ents 

The ~TA1IS11CS command prints certa~n statistics about each OMSII 

aucit f ite,. 

Syn t2x: 

STATISTICS ---------------------------------------------------1 
Pr a,geat ics: 

The STA11S1ICS commard ciuses statistics to te printed fer eac~ 

auoit file specified in the FILE statement. T~ese statistics 

include the number o1 each data base structure accessec i~ the 

aucit file~ as well ~s tte total number cf s1ncpoints• 

controtpcints• and error! in the aucit fite. The ST~TISJICS 

capability is set by def~utt if no ~TRUClURES or TYPES statement 

is e11tered. 
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VE~IFY State•ent 

The VERIFY statewent verifies the integrit) of OMSII audit fifes. 

Syntax: 

VERIF1 -------------·---------------------------------------------1 
Pragmatics: 

~hen the VERIFY coms~nc fs s~ecifieo, no a~dit records are 

printed. Instead~ e~ch 2udit file specified in the FILE 

st~tement is r£ad anc vefified to determine if errors exist. 

Mhen the ~ERJF~ commind is specifieo. the ST~TISTICS capability 

is SEt by cefaLltu 
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F tte Nawes 

The following are the internal and external fite names used by 

the CMS/AUCIT~~~LY progrcm. 

Internal External 

JUDI1flLE fUDI'JFILE 

lINf •data base name>IAtDITLIST 

CICTJCtt~lf Y •data base name>IDICIIONARY 

CARO CAR 0 
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S11itch Settings 

Table 9-1 shows the ~alic switch settings for the OMS/AUDITA~ALY 

program. 

labte 9-J .. , E'MS/,UOITANAL Progra• Switch Settings 

Switch ~olUE! Result 
-···-- .. - ---~--··· 

2 0 lnput is expected 1rom the OCT. 

2 1-15 lnput is expecteo from the file C4RO. 

3 0 •tt output 1s in tower case. 

3 1-1s Jtl output js transl~ted to upper case. 

NOTE 

An AX systeo ccaaard overrides switch 2 and input is 

expectEd from the COT. 
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CMS/AUDITA~ALY Exa•ples 

The following are ex~mplEs of vario~s ways to run the 

CMS/AUDIJ~~~LY progr~•· Note that a a perio~ (.) chiracter 

fottowing an o~tion !trirg terminates the entry of optiors to the 

£HS/AUCITA~ALY progrEm. The key wo1d END can also be used to 

terminatE the entry cf oftions. 

Frint Aucit files J Through 5 

To print the cortents of audit files 1 throuqt. 5, the 

fotto~i~g co•mards can be used: 

EXECUTE DMS/,UOI1ANALYJ4X Ob <data b;se name> FILE 1 TC 5 • 

EXECUTE CHS/,UCI1AN~LY;4X Ob <data b~se name> CN <pac~ name> 
FILE 1 TO 5. 

EXECUTE tMS/~UCI1ANLY;Ax DB <data base name>; AX FILE l TO 5; 
A) ENf" 

CC~PILE <dati ba!e name> DM~/4UDITANALY FOR SYNTAX 

<job I> AX fill 1 ro Sr END 

Print Aucit Files 1 lhToug~ s. Betore/After Images 

To precess audit fifes 1 through s~ b~t only print entries 

for disjoint data sEts with their before ano after images, 

the fcllo~irg ccmmards can be ~sed: 

1152444 

E~ECUTE UMS/-UDil~NAlYJAX Db <data base name>JAX FILE 1 TO 5; 
AX STR DISJOINT DATA ~ET DAlA IMAGES; A~ ENO" 

EXECUTE CMS/~UCI1ANAlYJ4X Db <data base name> FILE 1 TC S 
CN PAC~ <p~ck> SIR 00~ D4T~ .• 

CC~PILE <dat~ ta!e name> DM~/AUDITANALY FOR SYNTAX 

<job I> A~ fILE 1 TO 5 ON PACK <pac~ na•e> 
<job I> AX ~TR DOS DATA IMAGES 
<job #> ~x FNO 
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Frint Aucit file 14~ S1ructure #7J 

ro a~atyzE only audit file numLer 4 and print only aucit 

recorcs for strlcture number 1 with statistics and nc d~ta 

images, the fottowirg commands can be used: 

1152444 

EXECUTE CHS/JUCilANLYJAX DB <data base name>JAX FILE 4 ONLY; 
AX 5TR 1; IX STATISII~s; ~x. 

EXECUTE DHS/~UOl1ANALYJAX Db <data base naee>~ FILE 4 CNLY~ STF ~ 

ST4TS3 
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SECTION 11 

fMS/DBMAP PfiDGRAH 

lhe CMSICE~AP program chtcks the integrity of a data base. It 

can be ru~ against a D~Sll data bas£ if that data tase is not 

currently opened updite. Aoditiona•lv• the OHS/DBHAP program 

~rints st~Lctu~e infcr•afion from the data base dictionary in ~ 

more reacabte form t~an that given LY the OMS/04SDLANALY pro9r£m• 

performs population !Umm2ries, and prints cata from the Gata base 

Cin hexacecimatl. T~e virious options possitle are given to tte 

CM~/DBMAP ~rcgra• by mears of accept (AX oT AC> syst£m command!. 

fhe tollcMinq terms ~re ~sed by the DMS/DeM'P program to refer to 

the various data basE stTuctures. 

~eysyabct 

cos 
cs 
EDS 
ES 
IDX 
IOXR~t 

IOXSEQ 
~SS 

1152444 

Structure l)pe 

Disjoint data set 
Any dat~ set, DDS or ELS 
E•bedaec data set 
~ny embfd~ec structure, EDS or MSS 
IndEx StQuertiat set or subset or an index random set 
Index r~ndo1 set 
lndEx s£otertial set 01 subset 
Manual subsft 
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OPERATING IWSTRUCTIONS 

The DMS/Ce~AP proqra1 car be initiated wit~ a COMPILE statement 

or EXECUTE state•ent. With the EXECUTE statement, the data tase 

raee must te svppliec atcng with the commands ty means of a 

co~~~nd f ite or accE~t <'X or AC) s~stem command. With the 

CG~Pll£ Stitementv tte c~ta base name is specified within the 

CCMPJL£ statementP irdepfnaently of all other commmands. 
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Synt;x: 

CCMPILE <Cata basE nate> DMS/DBMAP FOR SYNT4X--··-----------------> 
I 
I 
I 
I 

E~ECUTE LMS/DBMAP ------------------------------------1 

I<··--------- ; --------------t 
>--------- <switchEs> ·---------------------------------------------• 

J 
I·- <file ecuatfs> -------J 
1-- <~irtuat Qi!~> -------1 
I 
t-- <AX or •C ccmmand> ---J 

Semantics: 

<AX or AC coamano> 

Refer to the Accept CAX or AC> Syste• Ccmaand in this 

secticn for a ccmptfte description. 

«file eoLates> 

Refer to Fites in tlis section for a complete description. 

<s~itch settings> 

Refer to Switch Settings in th1s section for a complete 

description. 
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<virtual disk> 

RefE• to 'irtuat Di~k in this section fer a complete 

description. 

fragmatics: 

Executin~ the CHS/CBMAf Program 

If thE CMS/CBMAf prcgram is ex~cuted rather than compiled, 

the na•e of the datE base must be entered through the OOJ. 

The C~SIOB~AP progrEm must be executed if more than one d~ta 

base is to be mippe<. When executed, t~e OHSIOSMAP progr~m 

reQuests a new cata base name ~t the coapteticn of the 

mappi~g of Each oatE base and proceeds to end of jot CECJ) 

wher ttanks are entfred. If the switch settings are to be 

different for esch cata base~ the settings must be changet 

prio' to enterirg tte new data base name. 

Compitirg the CMS/CBM•f Program 

If the CHS/CBMAF prcgram is compiled, the <data-base-name> 

inclucec in the comf~le statem~nt is usEd tc autoaaticalt) 

locate the data bas1 cictionary. 

Oictioflary on User Pac• 

It the data basE cictionary resides on ~ user pact~ the 

<data·b~se-name> in the COMPIL~ statesent must te of the 

form: 
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<pack•id>/<dt-nawe>/ 

If the CMS/CBMAf prcgram is executed. the seconc virgute (/) 

character is optionit wten entering the na•e of the Cata 

base througt thE 001. 

SWJTCff SElll~GS 

~atic switch numbers for the 0MS/DBH4P program are l• B1 and 9. 

These switchEs contrct wtere the DH5/DBHAP program loo•s for tte 

coamands ard some of the prirting parameters. These SMitches can 

cntr be set to boolean vituesJ that is• 0 or 1. latte S·2 shows 

thE va{ue ~nd result of fach switch setting: 
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Switch ___ ,... __ 

1 

8 

9 

tab t e 9··2. IJ.M ~/DBMAP Pro gr a• Svi t ch Settings 

'4atue 
... om~-·• 

0 
1 

0 
1 

0 

1 

Result 

Cotmands are txpectec from the OCT. 
Co1Mands are expected from the file CARO. 

Ol.i-1put is in tower case. 
Output is in ~pper casE. 

Alt blank lines and page s~ips are 
included in tbe output listing. 
Bt2nk lines and page s•ips are 
surpressed in the o~tpLt listing. 

If s~itch l is net set, 1he commands are expected ty •eans of 

accept CA~ or ACl systea com•ands and are prompted for if 

rece~sary. The exc€~tior to this is the use of the CO~PILE 

st~tement. lf the CCMPllE statement is entered without an early 

iccept message, DMS/lBMAf performs a default run against the d1ta 

tase and d~es not attow ~ny commands to te entered to it. The 

presEnce cf an early accept aessage overri~es any setting of 

switch 1. When usin~ thE COMPILE srntax under a usercode, the 

~CF automaticatly sets s•itc~ 1 to !. In this situation' the 

operator mLst explicitly set switch l to 0 if so desired. 
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FILES 

lhe three files used by the DMS/DBMAP prograa are describeo here. 

They can be wocified by 1eans of file eQuates. 

LINE 

This is t~e out~ut trinter fit~. Its external name is <d~ta 

base rame>/~AP-lISl ON <data b~se pac~> but can be changec 

by a file e~uatE at run time. 

CAFD 

When the CMS/VB~AP trogra• is run with switch 2 = 1, the 

data base name (if the EXECUTE statement is usea> and the 

co•aands are reid from this file. The default exterral name 

is [MS/DB~AP-CO~, b~t it can be fite·equatec to any cisk 

file. lhE d•s~ filf must not jnctude SEquence numbers. 

FICX 

File FICX reads indfx tables when performin~ ~ati~ity 

checking. Fer speec and optimization, it is best for this 

f ite to h~ve one •ore buffer than t~e number of levels in 

the oEepest indEx sfquential set in the data base. However, 

since index tables can te very targe. ttis coutc prove to be 

too •vch space fo~ !ome systems. The nvmber of bufiers for 

this file is set to 5 by defautt• but can be modified with a 

fite EQuate. 
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UIRTUAL DISK 

Virtual disk ~s ~equired to save paged arrays. fhe amount of 

wirtual cisk assignee to a program can be controlled by the 

~IfiTUAL DISK program att~itute. It is not normall) necessary to 

alter virtual cisk, tut then doing an extended vaf jdity chec~ en 

a large cisjcint dati set the value of the VIRTUAL_OISK program 

~tt~ibute 1ay need tc be increased. During extended vatidit~ 

checiing of a cisjoirt deta set COO~), a titnap of the avaitabie 

chai~ ~s buitt. The vir1uat disk required for this is: <number 

cf open records> I 1440. 

ACCEPT <AX or ACJ SYSTEM C£MHAND 

Jhe accept <4X or ACl sy!tem commana can be used in the COMPILE 

stitEment to sLppty comminds to the OMS/D8MAP prog~a•~ anc in the 

EXECUTE statement to supfly both the data tase name anc the 

commands. ~ period (.) character concludes the coemand string. 

If the perioc (.J ch~racter is not 1ncludec, the O~S/OEMAP 

program ex~ects acditjo~rt input. 
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Coa•ands 

The commancs control the tevel of checking apptied to each 

structure er g~oup 01 structures. Lomaands can be entered froa 

the COT by means of ~CCEft co•mands, or from the CARD file Cas 

cescribe~ in the paragra~hs entitiled Switch Settings). In 

eithEr case, t~e syntax is identical except for the co•ma (#) or 

seaicolon (;) character, which is optional between comaands 

entered by aeans of iccert syste• co•mands. 

Cosmands can bE in ~iper or lower case and c2n be artitrarity 

split across lines, 2lthcugh words cannot be split. If t~e 

commsnos are entered frow a card fite- the end-of-file record 

terminates comwand irput. If the commanes are being ertered 

through the oar, the pro~ram keeps prompting for morE coamands 

~ntil the ~ericd (.) chafacter is enterd. Atl commands entered 

are printea en the first page of the output listing 2tong with 

any errors the~ can seneTate. 
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Syn t4iK: 

tc------------- ; ----------------------------------------------1 
I 
I I<-·---·- • -----·1 
I 

------ <oata base na•e> ·------------------------------------------ • -1 
I 
I 
I 
1-·---

I 
I 
t 
I 
I 
I 

' 1-

11524114 

•tl 

<str 

I I 
1-- ON <pack name> -----1 I 

I 

------------------- .. .. EXTENDED ~llIDITV -------1 
I I , .... I)[ s --· I 

1 I I 
1- .• E~ --··1 I 
I I I 
1- .• ICX --1 I 

I 
i c> ...... -.,;. - - ... • - 49 ._ ... ·- I 

I I 
1- CL U ~TER -· 

11-11 

I 
I 
1-
1 
I 

I 
I 

EXTENDED V-LIDITY PRINT -t 
I 
I 

I- KA 
I 

----------------------. 
I 
1-
1 
I 
I
I 
I 

·-I 
I 

NAHO COUNT --------------

51A1IC INFO 

VALIDITY 

I- VALIDITY PRINl ----------
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Seaantics: 

<data base name> The <cata base name> f ielc aust appea~ as the 

first coamand Entered if the EXECUTE statement is 

All 

specif iec. ThE <dita base name> field must not te ente~ed 

if the CCMPILE statement is s~ecifiec since the name of the 

data base is s~ecified in the COMPILE statement. 

The All keyword cau!es alt data base structures to te 

incluced. 

All DDS 

The All DOS keysyab<ts cause ail disjoint data sets to be 

inctucec. 

All ES 

The ~LL ES keystmbols cause all embedde~ structures, toth 

embedce~ cata SEts and manual subsets to be included. ~hen 

the VALJClTl ke)worc is specifjed for an embeddEd structureP 

validity checkirg i! also applied to the parents 2nd 

grandparerts of tha, structure as welt, meaning this 

operation can hive far-reaching effects. 

ALL IDX 

The All ICX teysymbcls cause all index sets~ toth index 

sequertiat and ince> random to be included. 
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<str i<t> 

The <str id> fiElc wust be a d~ta set and includes the 

str~cture. <str io> can be the structu~e name er structure 

nunter. 

ClLSJEJ1 

The CLUSTER key•ord causes alt the descendents for <str i~> 

to te included. Thf descendents of a structure incluce alt 

embed~ec structLres for that data set as ~ell as their 

embeoced structLres. ~tso~ anr index structure which has 

<str id> as its objfct is included. 

The KA option CiUSe! the structure to be inctuded in the KA 

summmary at the beginning of the listing. There is no w2) 

to exclude a st~ucttre from the KA s~mm2r~1 but specifying 

this cpticn ass1res that no greater a•ount of checking or 

printing is per1ormtd. This is the default for any 

structures rot ~eferenced by any coocand. 

STA'flC I1':Fo 

The STATIC JNFO option causes the static infor•ation from 

the dicticnary structure record to be printec. This is the 

defavtt when no comwands are entered. 
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~AHJ CCttH 

The ~AHG CO~NT cpti<n verifies the NAHO chain for the 

structure to be and prints a s~mmary of the pop~l2tion. 

VAll[O!lY 

The VALIDITY option checks the inte9rity of the structure. 

This inct~des f4a9ging all errors tisted in the errcr 

secticn e)cept thGSE few only ~vailatle when the EXTE~OEC 

VALICITY CHECKI~G ortion is sp~cified. When the V~LIDITY 

option js reQuested on an e•beaded st~ucture• chec~ing is 

alsc perfor•ed en tte parents of the structure and so on• up 

to the ~isjcint dati set. If the VALIOIT~ opticn is 

requested o~ an indtx1 t~e N•H~ COUNT option is 

automatically i~vo~ed for its object disjoint data set. 

VALIDIIY PfHf\f 

The VAllClll PRlNI cption is similiar to the V4LIDITY option 

with the adoiticn ttat all data in the structure specifieo 

is printec in a hex2deci•al fo~mat. Keys1 where they exist• 

are <lECcdEd ano p.rirted in atpna or nt»meric for•at. Th·is 

option can be rEQue~ted on any struct~re. jnctuding 

embedcecs; however• the output can be confusing ~ith 

embecced tables cut of context. Without this optio~· dat~ 

is Gnly printe~ preceding anv 1eported error. 
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EXTEND££ ~4LIDITY 

The £)f[N[EC VALICl1Y option rtiports alt errors as with the 

the V~llDITW option and includes the following: 

The object disjcint data set record pointed to ty an inde• 

set entry is de~d. 

The •ey i~ the cbjett disjoint data set record pointed to by 

an incEx set entry <oes not match the key in the entry 

itsetf. 

A disjoint oata set record containing a dead fl~g is not in 

the N-HO chain. 

The otject oisjcint data set record pointed to ty a •anual 

subset entry is deat Cwarning only). 

The key ir the cbject disjoint data set recGrd pointed to by 

an orcerec •anaLl s1bset entry does not match the key in the 

entry itself <warnirg only). 

EX1ENDEU V~lIDJTY FRINl 

fhe EXTE~CED UALICI1Y PRINT option ~~rks exactly the sa•e as 

the WALJOllt PfilNT cption and prints alt data in the 

specified structure in hexadecjmal for•at. 
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Fragmatics: 

As the options becomE mote complex, they tecome more time and 

space co~suming. Therefcre• care snoutd be takefl not to specify 

aore options ttian is nectssary <refer to Per1ormance in this 

section>. 

fhere are a few intesritt errors whjch the D~SJDBHAP program does 

~ot report. These a~e errors whose detection relies on 

£~5/CASDL-generated coae. The DMS/~BH4P pTogram does not detect 

the fottowin9 €rrors: 

J. Data does not aeet a verify condition. 

2. A ~eQuirEd field i! missing. 

3. ~ ~ecord beton~s ir an automatic sutset tut is missing or a 

recorc is evroreoutly includeo in an automatic subset. 

~. A variable fo~•at yecord type is wrong. 
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fEFFCRMANCE 

for i data base that contains no embedded structures• that is• a 

flat data base, a QLick ~nd full validity chect can be 

iCCO•Plished with thE cot•and: ALL IOX:EX1ENDED 'AlIDIT•· ThE 

cnty check that is c1itt£d from this map is the population check 

for cisicint data set structures. however, problems witt 

cisjcint data set populations can be seen in the checking of 

their incex structu~Es. Using this comwa~c avoids an extra re~d 

of the disjoint cata set str~ctures and isr therefore• much 

Quicker. 

A sjmilar advantage can te ac~ieved fGr data bases that are 

cefined as disjoint cata sets {flat data tasesJ with the 

fotlowing cowman~: 

All ICX:EXlENDED ~Al10IJY, ALL ES:EXTENDEO VALIOITY 

In this case• cntr tte oisjoint data set structures that contain 

emtecded structuces ire fead, aakin~ the saving in time 

~~~pcrticnal tc t~e flatress of the data tase. 

In anv case, e~tEnoec validity chec•ing on disjoint data set 

structu~es onl) provides one additional ctecl than simple 

vaticity checking. E•terded validity chec•ing shows w~ich 

records co~tain dead fta~s but are not in the avaitatle chain. 

~imple validity checting on a disjoint data set structLre tetlf 

the cperatcr that such rEcords exist without shoMing which 

records they are. 
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If an er~or is ercounterfd while re~ding commands from the C~R[ 

f ite, the D~S/CBMAP irogram is aborted. If an error message 

ether than TEXT FOLLCWS FERIOO is disptayeo on the OOT1 ~ mess~ge 

is displayed and the comwand is ski~ped an~ the remaining 

co•~ands are processed. '" additional prcmot is then given, e~en 

if the perioG (.) character has beeo encountered to ~ttow 

co,rectic~ of the er~or. The possible er~ors and their aeaninss 

are listed next. ThE JE>T FOLLOWS PERIOD message always causes 

the CMS/DB~AP progras to abort. The error messages are in the 

form: 

ERROR IN CCM~AND INPtT. <error msg>, SEEING: <last co•«and read> 

lhe possible ccsmand errcrs and their meanings follow: 

CllSJE~ EXPECTED 

Neither the ClU~TE~ keyword nor a colon <:> character was 

found following a kro~n structure name. 

~ISSl~G CGLO~ 

No coton (:J ch~racter was found following a tegat grouping. 

~ISSI~G CO~HA 

No coema(,)p se1icolon(J). or period C.) character fottowed 

an ctherwise valid command. 
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1EXT FOLLOWS PERIOC 

Att cc•nards were v~lid• but aoditionat co••and text was 

founc on the last t~ne after the period C.l character. 

LNKNOW~ All ~ARIANT 

fhe wcr~ following fll was not IDX• ODS• E or a colon {:) 

character. 

UN~NOW~ ST~UCTURE 

No legal grcupirg o• known structure name began a command. 

U~FECOGNIZED OPTIO~ 

folto~ing a vatid gfouping and colon (:) char~cter. no vatid 

optiofi wa! tounc. 
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EXEC~TJON EXAMPLES 

The fottowing are so1e e>amples of how the DHS/OBMAP p~ogram c~n 

te run. 

In orde~ to produce ; oe1autt map ot the data base MYOB on the M 

pack* the following synt~x can be used: 

COMPILE DBFACK/lESICE/ WITH DHS10BHA~ FOR SYNTAX 

Since switch 1 is not set and there is no accept <AX or AC) 

systEm co•1and, a de1autt run is pe1formed. Ttis prints the KA 

listing cf each structurE and the static infor•ation contained in 

the data base cictiorary for each struct~re. lhe sare thing 

coutc also be accomplishfd with the statesent: 

EXECLlE [M~/DBHAFJAX TESTDB ON LBPACK. 

lo perform validity thecling on a d~ta set and alt its related 

structures, thE follcwin' command could be used: 

COMPILE JESTCB WITH fMS/DBMAP FOR SYNT-X; 
AX Alt:KA, CSI (lUSTER:VAL~DITY. 

This accepts the com1and! from the accept C-X> syste• comnand. 

The KA option is inwcked for atl st1uctures and data set DSl and 

its related structurEs aTe checked tor validity. 

lo perform extenced ~aticity chec~ing on alt structures in the 

cata base1 use the fcltoting syntax: 
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EXECllE CMS/UBHAPJAX TESlDB ON LBPACK• ALL:[. 

lhe following coananc petfor•s extended validity checking on atl 

cisjcint data sets ard ircreases virtual disk for this run of the 

C~S/CRMAP program to 250( segments: 

EXECllE CM!/CHMAfJ V1RTUAL_DISK 2500; ~C OEMOOBJ ALL ODS:E. 

lhe following co•manc ca~ses the DM~/OBHAP program tg lock for a 

cis~ file raaed DMS/CBMAP-COM for the options in order to analyze 

the cata base lESTOB on fack 08PACK: 

COMPILE CBPACK/JESTCf/ WITH DMSJOBMAP FOR SYNTAXJ SWITCH 1 lJ 
SWITCH 8 1; FILE fIOX BUFFER~ = 3 

This cowaand atso caLses the output to be printed in upper-case 

letters only and changes the number of buffers for file FIDX tc 

3. 
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STATUS INFCR~ATICN 

lhE CHS/[E~4P ~rogra1 car ta~e a considerable amount of time 

coing valicity chackin9. The current stat~s of the CHS/CB~AP 

~rcgran car be deter1inet by entering the following coemand: 

<job number>AX SlAlU! or <job number> AX ST 

The response to the ~TAltS command is in the following format: 

~APPI~E <stT na•E>. ~EEN <number records read> Of <tot~t non-dead> 
CVENALL ERRORS: <tot~t errors seen>• WARNINGS <total warnings given> 

<str name> is the na1e of the current disjoint data set or indEx 

set that is teing chec~e(. The <total non-dead> records is 

cete~mined from the rext•avaitable1 highest open CNAHO> chain. 

]f an error occurre~ in the NAHO chain, the response to t~e 

SIATLS cowmand is in the following format: 

~~PPINE <str namE>. !EEN <numbe1 of records read> CF OPENEC 
<wax records> 

In this case, <aax recorfs> is deter•ined from highest open C~CJ 

anc gives an upper bcund to the numDer of records that are 

Exa•ined. for indeJES, the number of record~ is eQuat tc the 

number of tabtes. 

When using the STATU~ co1mand to estimate ti•e towards 

compteticn' it is usEfut to •now the order in which the DHS/DB~AP 

prcgram perforas its various fonctions. lhe OMS/OB~AP program 

~erforms its work in the same order no matter what optjons h~ve 

teen set. first. thE ci~joint data set structures are examinec 

in numerical order. 'f ttr each disJoint d~t~ set has teen 
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examined. all of its indEx set structures are examinEd ir 

ru•eTicat crcer. PrEsence of the STATUS co••and is Queried Each 

tiwe the [~S/DEMAP progr~m reads a record <or table> fro• a 

structure file. Ouring 1he loading and summary <KA) phases of 

the DHS/DB~AP ~rograa, tte STATUS commanc is not seer anc no 

response ts given. -fter that• towever1 t~e response is usuatty 

Quite rapid. 
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IMS/CB~Af fROGRAM OUlPUT 

The line printer out~ut ilways consists of ttree heading pages 

(page stips can b~ SLPPrEsse~ with switct 4 set to 1> followed by 

the cata base map. Jn tte map portion, each disjoint cluster ~nd 

each index structure staTt on a new page. The disjoint clusters 

are mapped in numerical crder, fottowed by the index set applying 

to that cltste~, alsc in numericat order. fhe end of the listing 

inctudes an error su•mar1 showing each strLcture, the numter of 

errors detecteo per !tructure• and the nuster of warnings per 

structure. 

hithin the disjoint ctuster map. the static information for the 

cisjoint data set ant it~ embedded sets <in numerical oroer), and 

their embecdEd sets ~re irinted first. After each struct~re 

he~ding, any errors founc in the N~hO chain are reported. 

fottowing this, any Errofs occurring in t~e ~ata of the disjoint 

cata set or its eubecded sets are reported, and the data is 

printed for those struct•res which have t~eir print flaqs set. 

Finatty. the pcputation !umma~ies for the disjoint data set anc 

its embecded sets ar£ printed in the same orcer in which their 

he~dings appeared, ard ary population consistency errors are 

reported. 

Within the map for an incex set str~cture1 the order is similar 

but less ccmptex, sirce <nty one structure is involvEd. 4gain, 

the static infcrmaticn i! printed first, folto~ed by any N~HO 

chain er~ors. The irtegrity errors and opticnat tabte data 

follow this. finatl•• pcpulation s~mmaries and any population 
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inconsistency Errors are printed. 

lherE can be gaps in thi! overall orderirg where validity chec•s 

have not been requestea for some structures. No mention at att 

is made of strLcture~ thit have onlr their KA options set. 

Structures that have onll their static infor•ation options set 

have onty thEir static irformation 1eported; no NAHG errors. 

cata errors, or populaticn summary ~re printEd. Structu~es ~hich 

have onty their N'HO court option s~t have NAHG errors and a 

shorthanc form of thE porutation suaaary printed. Ne ether 

integrity errors are repcrted for these structures. 

A co~plete atphabeticat fisting of the errors and the~r meanings 

is given i~ the paratrapts titted Error• Warning. and Abort 

"essage in this section. Each error message also has a number 

that is used in this aantat for easy reference to each message. 

lhe nu•ber appEars withir parentheses in text, but does not 

appear with the er~or •e~~age in the OHS/DBM~P output. 
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Heading Pages 

Three heading ~ages alwa1s appear for the OMS/OBH~P program 

outp~t. 

Fage 1 

The ccamands arE ti!ted exactly as they were read, 

interspersed with ary error messages they generated. 

f age 2 

The data tase hEadet consists of up to three boxes. The 

first bcx contains the data base name• structure count anc 

switch settings. Tte second box appears only if any 

abnor•al status fla's are set in the OM glotats section o1 

the ~icticnary ind contains these status flags as welt as 

the audit serial n~wber. The third tcx appears onty if any 

options were set in the OM gto~ats, and contains these 

opticns in addition to the audit serial number. 

f age 3 

The su••ary CKAJ of data base structures is tisted. This 

incluces the OMS/DB~AP program option in effect for each 

str~cture1 the structure type and file information. A 

warning message (141 is given jor any data base fite that is 

~issing. An er,or (45> is reported for any version 

uisaatch. The irea addresses ~re not printed but they are 

checked to eate surf none are zero (46>. The next avaitatle 

<NAl1 highest o~en fHQJ, ano root table addresses are atsc 

vatidated c11, 18). Warnings ~re given for any flags set in 
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the status fielc of the file records {4f• 49• so, 51. 52). 

Static lnfar•ation 

The static inforaaticn fer a structure is 1oun~ in the structure 

record of the cata tise <ictionary and is printe~ in a reacable 

format by the [MS/OB~~P frogram. For data sets• the static 

information inctudes a list of embeoded structures as welt as 

their embeddeds. for o'i,~joint dat:a sets, it inctuces a list of 

incex set anc aanual sub!et structuJes which point to that 

cisjcint data setu 

If any errcrs are fo~no •hile processing tte NAHO chain• they are 

printed i•mmediatety att~r the static information. Possible 

er~or messagEs occurring here are n~mbers 4, 6, 19, 37. and 38. 

~tso. if a disjoint cata set file n~eded to pe~form an extencec 

vaticitv check fer ar in~ex set or manual subset cannot te 

opened, then a warnirg mtssage C5J 1s reported here and the 

extended validity option is converted to a validity check opticn. 
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Cat a f>r int ing 

Cata is p~inteo for any 'tructure which has its print option s~t 

in acditicr to a vatiditl option. if the print option is not 

set, then cata is printec only preceding an error. As many as 60 

tines can be printed in tuch a case. fewer can be printed if ~ 

precedjng error has streidy caused oata to be printed or if the 

print opticn is alternatively turneo on an~ off on various 

emtecded structures •ithin a disjoint cluster. 4tl data set d•ta 

is printed in hexadecimal. using as many tines as reQuired. All 

keys a~e ccnverted to re~dabte format and ~arts of complex keys 

~re concatenated together. ~ll addresses are printed in 

he•aceciaat notation. 

Oisjcint Data Set <DfSJ Fecords 

lhe printo~t of disjcint data set <~DS> records consists of a 

tire with the hex adcres! <new format> followed by one or more 

lines containing the dati Cin hexadecimatl. For deleted reccrcs, 

cnly the a~aress and the message ** OELElED ~· are printeo. If 

error 8 is rep<1-rted.• the recc 1rd containing tte dead f laq ·is 

printed. The Gata tines do not contain the listheads. The cnlv 

error that might be repoTted for OD~ data is number 6. Following 

the cata tinES• the tisttead for ea£h emteaded is printed 

corsistirg of the emteodtd structur~ name and the head and t2il 

idc~esses founc in tte pi~ent. The listheads are considered pirt 

cf the parent recor~ for both printing ano validity chec~ 

purposes. If the t ist hfad or taH is in"at id• it is reported 
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here wjth error 17. 

E•~edded S~ructure <ES> fables 

Fo~ each esbedce~ structcre <ES> with a vali~ list head <and for 

~hich valicity chec~ing is requiredl the chains of t~btes are 

~rinted. for each t;ble• its add~ess Cold fcrmat> is printec in 

hexanecimat fottoued by its next ano prior pointers and its entry 

count~ An~ Errors ccncetning these values are repcrted here 

inctuding error numb£rs 11, 22, 34, 36, and 17. If the entry 

count is too targe, the waximua is ~sed for purposes of printi~g 

anc checting. Each Entrl of the ta~te is printed. For an 

emte~ded structu,e, the cata is printed in hexadecimal prececec 

by the tey Ccn a seperatE line> if it js ~~dered. The key is 

identifie~ as coeing fron the data jf it is simple or• if it is 

coap1ex, from the tatte. For a man~at subset1 the otject address 

is printed in both otd ard new for•s• fotlowed Con t~e same tine> 

ty the key if thE maruat subset is ordered. Following each 

emtecded structure e~try• any relev~nt errors are re~orted. 

lhEsE inct~dE cbject rec<rd ~arningb for manual subsets if the 

EXlE~OED VAllDITl option is set C41 or 42>~ and key ordering and 

cupticate errors if the ~tructure is ordered C30 or 32). for 

emtecded str~ctures •ith complex kers, an error is reported if 

the key ~oes not match tte data C43J. Any embedded structures 

with an enbdedcec structtre are mapped follo~ing th~ data line in 

the same •anneT as e1becced structures within disjoint data sets. 
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In~e• Sequential Tables 

For inde~ sequential <IX~EQl structures, the tables are printec 

in depth•first orde<. Tte root table is printed first. followed 

ty the leftmost tabtE within it Clable 1)1 followed by the 

teftaost tabte withir it Clabte t-1), and so on• untit the finE 

tatte is reached. This can te seen in the following diagram. 

I Root I 
I TaLle I 

• ----------------------+-----------------------
I labte 1 I 

I labte 1-1 I 
I <Fine) I 

1 labte 1·2 t 
I Cfine> I 

1 table 2 I 

I 
j 

I 

I Table 2-1 I 
I (fine) I 

I Table 3 J 

I 

I Table 3-1 I I f~ble 3-2 I 
I (fine> I I Cfine> t 

lhe tables are name~ as !hown and are printed in the order: ~oot 

TabtE• Tabte 1~ lablE 1•1• Table 1-~, rable 21 Table 2-t, Table 

A heading1 in a box• precedes each table. The infor•ation in the 

heading includes the table na•e• address• prior and next 

pointers• table type, ertry count and audit serial nuater. If 

the address is invatid• then only the name and address• along 

~ith a message, appeEr ir the box. The invalid address that 

caused this error has befn reported earlier. 
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Errors concerning informition in the table header and trailer are 

reported after the headifg box. These incluce ertry count ctiecks 

<error nuaters 11 anc 221 and checks on the traiter infor•ation 

<error n~mbers l~ 25, an~ 26). Errors are given if the prior and 

next pointers are not thE addresses appearing in the adjacent 

p a r en t en t r i e s C e r r o r n u 1' b e ·r s 2 1 an o 2 4 l • I f a pr· i or or n e x t 

~ointer cf a parent •as tad- then these chec•s cannot te made for 

the first ant tast t2ble! belonging to that parent. A message is 

printed hhenever the chect is not made. The table trpe is 

chec•ed to make sure that it is the one indicated tr t~e parent 

tabtE type {error nu•ber 23). If the type is wrong then no to~er 

tevet tables fer this pafent are checked. ~ message is printec 

when this happens. 

The table data follo~s tte heading box. As many entries as fit 

are printec on each tine, anc fotlohing each line, any errors 

retating to these entrie~ are printed. Each error is preceded by 

a tine pointing out the cffending entry. Entries are printec in 

key/address pairsg with the address enctosed in sQuare bractets. 

For fine tables, the adcresses are ~2-bit addresses in the object 

cisjcint d~ta set~ For ~ther tables, the ad~resses are 24-bit 

adcresses in the indtx s£t. 

The tast entry on each tEvel of the tree must have a nutt key 

Catl ~F~s). Error nLmbe~ 34 is reported if this is not so. The 

tast fine table entr) mu!t also have a nutl address. and 

therEfore 1ust be entirely null. If this is not true, errcr 

rullber 35 is rEpcrte<e lhese null ._eys appear as question mar•s 
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i n t h e pr i fl t c u t • £ r f or s i n I< e y or d er i n g C er t' or nu m b er 3 2 > an d 

tiupticates (error nu1ber JO> are reported Also, each ~ey is 

co1pared to the key in tte parent entry pointing to this table. 

~o ~EY in the table 1ust be greater than this parent key <error 

r:umber lt). If exterded validity cnecks are being performed# 

then the otject record if read1 and errors concerning its 

Existence Cer~cr n~mter £1) and key Cerro~ number 42) are 

reported. 

If, whjte processing tab1es. an attempt is m~de to rea~ more 

tables then there arE• tten a circutar tabte pointers error 

<e~ror nuater 71 is repoftEd• anc processing o1 the structure 

ceases. Usually there afe quantities of other errors ty the time 

this is cisccvEred. It is more an escape for the OMS/DBMAf 

prcg,am than a useful e~ror by itself. 
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lncex Rando• Tables 

for index random CIO)RNDl structures, the tabtes are printed in 

tasE-tabte order. Eich ran-empty base table is printed• fo4towed 

ty any overflo~ tablEs it can have. An empt) base table actLattv 

cortains ore entry, the cmega entry <atl ~F~s>. Error numter 10 

is reporte~ if it is mis!ing. 

For att nor-empty tables and for empty base tables that have 

errors• a heading• ir a tox. precedbs each table. The 

information in the hEaair9 includes the table name, address• 

prior anc next pDintErs• and entry count. T~e base table for 

hash value n is namec latte BASE-n :o; its overflow tables are 

~a•ec Table fASE-n :J, T2bte BASE-n :2, ano so forth. If the 

adcress is irvatid1 then only the name and address, along with a 

eessage, appea~ in tte brx. The invalid rext address ca~sing 

this is reportEd earlier. 

Errcrs ccrce~ning in1o~•ition in the table header and trailer ~re 

reported ~fter the hEacirg box. These include ent~y c~unt checks 

<err~r nu•ters 11 anc 22l and chects on the trailer information 

<error nu~bers J, 25• an< 26). The prior pointer must be the 

idcress of the base tabtt (error number 24) as well as a valid 

~dcress (e~ror nvmber 111. If the next pointer is invatid <error 

rusher 11), an invalid nfxt address error (error numter 20> is 

clso repcrtec. lhe type must always be 2ero for index rancom 

structures (error nusber 28). Where there is more ttan one tatle 

in the base chain, a linE su•marizing the total rumber of ent~ies 
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in the chain follows t~e last table of the chain. T~is sum 

includes the final o•esa entry. 

lhe tabte data printcut is similar to that fer index sequentiat 

structures, consisti~g o' ~ey/address pairs. as many per line as 

fits. lhe last entr) of each base chain is supposed tc be an 

c m e g a e n t r ) < a l l ;~ f as > , 2 n d a n err o' i s r e po r t e d i f i t i s m i s s i n g 

Cerror numter 331@ lhis entry is atso printed, appearing as 

CI·omega·ll. A nutt entfy in any other ptace shows as question 

marks. following each line of entries• an~ errors occurring in 

the entries are reported. These include Errors concerning the 

keys Cerror rumbers 29, !O, and 32)1 and errors concerning tte 

adcresses Cerror numter 17). Extenaed validity errors <error 

ruabers 41 and 42) ard circular table pointers Ce~ror number 1J 

are reporte~ as 1or inde> seQuential structures. 

foputation SM•aary 

lhe population sL•maty c~nsists of two parts. The first part is 

~rinted fer structurEs with the NAH~ COUNT option set. The 

second part is printEd orty for str~ctures ttat ha~e t~e VALIDJTY 

option set. The fir1t pert tells how many tables or records have 

teen openec. This i~ ceter•ined from the ~ighest open CHO>• and 

if the HC is bad. ze•o rfcords are considered open. The count of 

tables or records on the N4HO chain is repartee and the resulting 

population computed 1rom these two numbers is printed. If an 

tir~or was e"counterec i~ processing the NAHO chain, then the 

popu1aticn is reportEd a! meaningless. If tte file ~as missins 
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then no poputation cin bf reported. 

The second portio~ ccntains statjst1cs acc~mutated w~ite 

processing the structure during validity checking, and is 

cifferent for each strvc1ure. 

Disjoint Data Set fDDSl Population 

Counts of ~ead and active records encountered white reading 

se~uentiatty throug~ a disjoint cat~ set ~re maintained. These 

counts are p~inted ir thf population summary. The totat dead 

records seen shovtd te tte sa•e as the number on the available 

chain. If this is net true1 error number 9 is reported. If t~e 

Extended validit~ chEc~irg is perfo,med en t~e disjoint Gata set, 

the ~ctual number of rectrds which appeared dead but were not on 

the availatle chain are frinted. The totat active rEcords seen 

shcutd be the same as thf population co•puted from the 

next-avajtab4e ano highe!t-open CN,fiO). Error number 1 is 

reported if this is ~ot true. If tbe NAHC chain was bad, this 

chec• cannot be made and an approprjate message is printed to 

inform the operator. 
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E•bodded Structuf'e <Es·) Population 

lhe nu•ber of active tabtes encountered. and the total number of 

entries t~ev contaj~td• is printed. The total number cf tables 

Rust eQuat the expecteo ~opulation lerror number lJ. The numter 

cf t~btes that are rEQUired after a generate operation (I 

EE~EFATE D~S/OASCl ccmpiter option) is also printed. This is 

cetermined by considtrin! the minimum space required to house ~tl 

the entTies of each iarert. Sumaarjes by parent recor~ include: 

number of parents with n~lt tistsJ number of entries for the 

parent that had the wost entries; number of entries for the 

parent that hac the 1ewe~t entries (excluding fast subsets ~nd 

null tists); andP fer urordered manual SLbsets, the number of 

~arents with fast sutsett. If the parent data set file was 

missingp then this SLmma~y cannot be given. 

lnaex Sequentiat <IDXSEQ> Poputatjon 

lhe total number of acti~e tables and entries is printed and 

chected, as is dcne for Embedded structures. The tatle and entry 

counts are then bro•en dcwn ty table type: ~igh levet coarse 

tattes, lo~ level co2rse tables, and fine tables. The last 

<nutl> fine tabte entry is not counted as an entry here. so the 

total nuabEr of fine table entries should eqval the object 

cisjcint data set <er~or number 15) for sets. For subsets, the 

1ine tablE entry court sfould not be qreater than the disjoint 

cata set population lerrcr nvmber lb). Chec~s cannot te made 

against the object cisjoint data set pop~lation if the object 
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cisjoint data set oi< not have its ~~HO COUNT option set, or if 

its NAHO chain was bid. In such a case, a message i! printed 

telling ~f the omission cf this check. 

Inaex Rando• <JOXRWDJ fopulation 

The totat nu•ber of tablfs and entries is printed and checked, as 

is done for incex secuential struct~res. lhen the table and 

Entry counts are bro~en rown by base table and overflow tabtes. 

Jhe cmeqa entries arE not included in these entry counts. T~e 

total number of entries !houtd be equal to the object eisjoint 

cata set pcpulation Cerrrr number l~). As tor index sequential 

<ICXSEQ) structures. no chec• can be made against the object 

cisjcint data set pofulation if it js unavai labte. 

At the end of alt D~~/DB~AP listings is an error summary 

cont2ining the data base name and tbe tot~t number of errors and 

~arnings. As 5oee etfor~ can be encountered in the KA summary, 

any tHS/DB~AP run car hawe some errqrs. 4cditio~al Errors are 

encounteret in the NJHO count operation. Most errors. of course, 

are encounterea in tte v~lidity checking ope~ation. Fellowing 

the totals• a hrea,dcwn is •~de by structure. For each structure 

having any errcrs or warrings, the struct~re number• name ano 

Error anc Ma~ning co~nts are printed. Key comparison errors for 

manual subset or inctK structores are attrib~ted to the wanuat 

subsEt or inde, ard rot to the object disjcint data set. Er~ors 
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in a listhead are att~ib~ted to the parent record containing the 

tisthead, and not to the embEdded to whic~ t~e tisthead refers. 
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Error• Warning• and lbort Messages 

The following paragraphs describe tbe error. warning. and abort 

1essages fer the OMSIOBMJP program 

Alt error and harnjng me!sages produced by the DMSIDBMAP progr~m 

ire tistEC atphabetitatl) on the following p2ges. Warning 

•essiges occur for sit~a1ions that can legitjmately occur but 

which should be bro~~ht to the user•s attention. Errors are 

f laqged for situations wtich must not occur; thev are the resLlt 

cf ccrruption. Their ei,ects on the system vaTy in severity. 

~ost of thEse errors pro<uce either an integrity error from DM5• 

er result in the fetchin' of wrong records. 

A message is displayEd fcr t~e first error or warning• to tet the 

cper~tor kno~ that tte listing must be exaained. The total 

rumber of Errors <but not warnings) is inctudec in the end-of-job 

<ECJJ statement. 

In the ~rintEr listirg, if the print option js set, error an~ 

karning •essagES appEar ~s follows: 

or * WARNING * <text> 

org if the print ~pticn is not set• as 
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For some errors, those ir index tables for instance• the error 

tire is preceded by i tire contaifiiog a string of ''' characters 

uncerneath the f ielc ca~!ing the problem. 

Error List 

In the pages that fotlow* the number to the left of each error 

sessage identifies t•e error number. The nuaber does not appear 

~ith the e~rcr i~ thE DM!/DBM4P line printer output. The code 

<Kl or C~J or <Vl or <P> following the messa~e indicates whethEr 

the error is repcrtec aufing the KA, NAHO COlNT- ~AllOITY, or 

fCFULATIC~ SU~~-~Y operations. ~ and P errors are reporteo ontr 

if the VALJOITY opticn i! set for the rete~ant structure. The 

structure types for ~hict each erro1 can te reported are enclosed 

in sQuare trac~ets. 

53 •BNC~~~L SJ4TUS IN 1Af4 BASE GLOB~LS 

CK> IAlll <warning) 

One or more of the ~bnormal status ftags is set in t~e data 

base globats. lhis warning fotlows the hEading box that 

prints the flags. Cften1 when one of these flags is set, 

integrity error! car be expected in the data base. but the 

DHSJCBMAP progr~m •tps atl str~ctures anyway. 
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1 ACTIVE RECCRt CCLNJ f IFFERS FROh NAHO POPULATICN 

CPJ lCCSJ 

The NAHC population• determinea by subtracting the number of 

recc~cs found or thf available chain from the numter of open 

recorcs. differ~ frcm the actual numter of live reccrcs seen 

when ~eadin9 thE oisjoint data set sequentiattv. This 

difference can cccur if there ~s a live record on the 

available chain• khich is repo,ted with error nomter 31, or 

if there is a dead fecord not on the ~vEilabte chain- which 

is to be reportEd with error 8 if the e)tendec vaticitv 

option is set fer tte disjoint data set. 

2 ACTIVE TABLE COt~T DJFFERS FROM NAHO POPtlATION 

Error number 2 is otite simila1 to error number 1, except it 

refers to index and embedded slructu~es. The n~mter of 

tables actually enccunte~ed while re2~ing the structure 

differs from thE NAfO population. T~is difference can occur 

if there is a livE fentry count greater than iero> table en 

the available ctain~ which is reported with error numter !8, 

or if chains of tab,es intersect• which is li~ety tc ca~se 

err~rs in ordering. 
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3 AUDll hU~BER: <rumbfrl> > GLOBAL AUDII NUMBER: <number2> 

Cv> tJOX,£51 

For an aucited cata base, an index or eabeddea struct~re 

block was found in thich the a~dit number <numberl> wis 

greatEr than thE aucit number in the DHS globals <numter2>. 

For e1bedded stfuct~Tes, this is repctted every time ~ t~tle 

fro• the bad btcck is read. 

4 A~Ail~fLE CHAIN JS CJRCUL~R 

CNl lAlll 

More records ha~e bEen found on the a~ailabte chain than 

have Ever been cpentd. There is no indication of the point 

at which the ch~in •~nt bad. When this error occ~rs1 no 

NAHC ~oputation can be computea and some population chec~s 

cannot be made. 

5 CAN'T CPEN FILE FOR •str name> fOR EX1ENOEO VAlIOilY CHECK 

The file for thE obiect disjoint data set <str name>• neeced 

to perfor1 exterded validity checking for a manual su~set or 

index str~cturE• coLtd not be opened. Therefore, the 

extenced validity cteck could not be aace, and a regular 

validity check is mide instead. 
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6 CAN'T CPEN FILE FOR cstr name> FOR NAHO COCNT 

The f ite for struct~re <str na~e> could not be opened and so 

the requested NJHO COUNT option• as well as any vati~ity 

checting, could not be perfo~med on this structure. 

1 CIRCLLAR 1A8LE PCINlfRS 

White processins an index or m~nuat subset structure, more 

tabtes were seer th!n were ever openec. No indic2tion is 

given of ~here the table pointers went circular. Usvalty, 

quantities cf ether errors (key orderin~, wrong next 

pointers, afld sc forth> are reported before this error 

occ~rs. This error is more an escape for the DMS/DBMAP 

program t~at an int(grity e~ror in itself. 

8 CEAO ~ECCRD NOT JN A\AILABLE CHAIN 

(~) ICDSl 

A disjoint cata set reccrd containing a dead flag was net in 

the available ctain for this djsjoint data set struct~re. 

The recorc is VTittfn out preceding this error Cncrmally 

dea~ records arE not written out). This error is repartee 

onty if the extence< validity option is requestEd on this 

disjoint data set. Making this check can reQuire ext~a 

virtual disku Fefer to Execution Examples in this sectjon 
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for acditio~al information. 

9 <numbe~> OEAC RE(OfiD! NOT FOUND ON AVAILABLE CHAIN 

(p) ([051 

Whefl reading a cisj<int data set seqvential(y, <number> more 

dead records were rfad than were founo on the available 

chain. If the Exterded validity option is requEste& on this 

disjoint cata sEt• then error number 8 is reported for each 

~•uch record. 

10 E~P1Y BASE T~BtE DOfS NOT CONTAIN Ntll ENTRY 

(V) tlOXR~Ol 

Index ranco1 files ire initialized with an omega Catl ~f~!l 

entry i~ each base ,able. Error number 10 occurs if the 

base tabte ~as cnly one entry dnd no overflow titles~ and 

that one entry is net the omega entry. T~is does not hincer 

the use ot the cata base. 

11 ENTRY CCU~T - 0 IS lNVALID 

An active table has an entry count of zero. This is an 

errc~ because e•pty tables should be put tack on the 

avaitable chain, bvt this erro' does not affect p~oper use 

of the data basE. 
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12 ENl~Y CCU~T DIFFERS FROM 08JECI ODS POPllATION: <number> 

CPJ lJDXfi~OJ 

The sum of att Cnon•omega) entries in a index random 

CIDX~NOJ structbre wust be equ~t to the pop~lation of the 

disjoint cata sEt it sp~ns. Jhe disjojnt data set 

poputation that is <ompared is <number> and is the ~~HO 

poputition for that structure. Refer to error numbers 15 

and 16, atso. 

13 ENT~Y OUT Of ORtER JN TABLE: <address>. LASl ~EY: <key> 

CV> lEDS<simptel 611290001 

In an ordered enbed<ed data set, an entry in thE table at 

<address> is ovt of orde~ with respect to the prior key 

<key>. The key in trror is printed just above this error. 

The acdress ijs incttded here only to help locate the key in 

err-0r in case tte pfint option was not set ano 60 lines wcs 

not SLff icient to irctude the table header. <refer to error 

number 321 also). 

14 FILE ~ISSING 

The file for a aata base structure is not present when the 

data tase is ma~ped. Possibty1 the disk pack for the fite 

is ~ot on tine. lf the file js also required for the NAHC 

COU~TS option, ~r a! an object structvre needed for an 
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exterced vatioity cteck• then ~arning nuabers 5 or 6 are 

generated. 

15 FINE TABLE ENTFl COlNl DIFFERS FROM OBJECT 

DOS population: <n~mber> 

(Pl IICXSEQ set] 

The sum of all fine tabte entries Ce,cluding the final nLtl 

entry) cf a sparnin~ ~ndex sequential set shoulc equat the 

population of t~e disjoint data set t~at it spans. The 

disjoint data SEt pcputation <number> used for comparison is 

the ~AHC ~opulation. Refer to error numbers 12 and 16, 

at so. 

16 FINE TABLE ENTfi' cot~T GRE4TER THAN OBJECT 

DDS population: <n~mber> 

CPJ CIOXSEQ subset] 

For an incex secuential <IDXSE~> subset• the sum of fine 

table entries mtst rot te la~ger than tte N'HC population 

<nuBher> of its objfct disjoint data set. Refer to error 

numbers 12 and 15, 2lso. 

17 IN ADDRESS: <acdre!s> <INVALID DISK •RE~ NUMBE~) 

CBEVC~C HJGHESl OPE~> CIN~'LID RECOfiO NUMBER> 

<INVALID ELCCK CFFSfl) 
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(everywhere> (Alll 

This error can cccu' ir many p~aces whenever a neh format 

address a~pears in r structure. Soaeti•es an acditional 

error message, for fxampte, INVALID NEXT POINIER• is 

generated. Addresses are chec*ed in several ways. If thE 

address faits a~y 01 the checks, then this error occurs and 

the appro~riate parEnthesized message<s> is printed. Refer 

to error nuabers 18 and 41, also. 

<Invatic cist a¥ea rumberJ: tne area number in the address 

is greater than the numter of areas attocated to the f ite. 

(Beyond highest oper): atthou~h the area number is Mithin 

the file, the acdre~s is beyona <or eQuat to> the highest 

ope~ec adcress aaintained in the dictionary. 

Clnvatid fecord numter): the record nu•ber in the addfess 

is greater than Cor equal to) the maximum number of reco,cs 

per ttoc~ f~r ttis !tructure. 

Cinvati~ btcck cffsEt): the block offset in thE address is 

greater thafi Cor eotal to> the maxi•u• PU•ber of tlocks per 

area times the rumbEr of segments per block; or the bloc• 

offset is not a multiple of se~ments per bloc•. 
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18 IN ~AfiO: <address> CAOORESS IS NULL) 

<INVALID CISK AFEA tUHBE~l <BEWOUND HIGFEST OPEh> 

CIN~All[ ~ECORC NUHfER> <INVALlD BLOCK OFFSET> 

<K> CALL] 

This error is vEry •uch li~e error number 171 except it can 

only be reportec whEn checking the next available <NA> anc 

highest open CHC> field in the KA phase. The rtstriction! 

on the ~A and HC fiEtds are slightly different than the 

restrictions on nor1at addresses. lte NA or HO fields can 

be EQ~at to the higtest open. In an HO field, er in an NA 

field that is ecual to the HO field of any of t~e fields, 

recorc• block er arta• can be equal to. but cannot e,ceed, 

the maximum. 

CADDRESS IS NULL): for a NA or HO field, a null address 

Catt ~F~s) is net vitid. 

~1 IN OLD ADCRESS: <a~dress> <FILLER Bit SET> 

CINVALID tISK -FEI fUMBER> <BEYOND HIGHEST OPEN> 

Cl~V~tIC FECORC Nt"fER> CIN~AllD BLOC~ OfFSEll 

CK> 

This error is si•ili~ tc error number 11, except the address 

bei~g checked i! an otd format address. The restrictions 

are the same as for a new address, with the a~ditior of t~e 

titter bit chec•: 
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CFillER 911 SETJ: the filler Lit Chigh-order bit of the 

bloct offset portior> is set. It must be zero. 

52 INTEG~ITY·E~RCR flAf IS SET 

CK> IALLJ <warning) 

~n i~tegrit~ error tas cccurreo in this structure. The 

DHSII syste• prccesYes the structure anyway and the 

OMSJDSHAP progrim •~PS it as usual. 

19 INVALID NAHG LI~K It <address>, ABORllNG NAHO SEARCH 

<N> CALL 604710C01 

In the available tatle at <add1ess>~ the next avaitable 

pointer is an i~val1d address. 4n address error Cerror 

nu•ter 171 precEdes this error. The N4HO popul2tion cannot 

be ottajned for thi~ structurei therefore• scme popLlaticn 

checks cannot bE ma<e. 

20 IN~ALID NEXl ACCRES~ 

CV> CIO~RNDl 

The next address pointer in an index random <IOXRNDJ tabte 

is an invalid ~cdre~s. This error follows an address error 

<e~ror ruaber 17>. 
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21 INVALID NEXT PCINTE~. EXPECTEL <address> 

(V) £10XS£Ql 

The next pointe' in an index random <IDXSEQJ tatte is not 

the saae as the add~ess in the adjacent parent entr~ 

<address>. Wher this occ~rs, the riBhteost coarse er finE 

address in this table cannot h~ve it~ next pointer checkec• 

ano a message i~ ~i,en stating this error. 

22 INWAllD NUMEER CF Ef lRIES -- U~ES <number> 

The entry ccunt in in index or embedded structure tabte is 

9reater than thE matimue entries per table. for printing 

and checking p~rposfs1 this maximum <number> is usec. 

23 INVALIC PARENT lYPE: <number> 

(~) CJOXSEQJ 

The type tabte encotntered in ~n index seQuentiat <IDXSEQJ 

table was not v~tid. 

24 INVALID PFICR FCINTER. EXPECTED <address> 

Embedced structLre 1abtes are ~rocessed by following next 

pointErs. TherEforf• the prio1 pointer in a table must te 

the <address> of thE tatle just read; if it is not• this 

error is generatec. 
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ln index sequential CIDXSEQ) structure, the prior pointer 

must te the samt as the address in t~e entry just prior to 

the parent entr) for this table Csiailar to error n~ater 

21). When this errrr occurs for an indEx sequertiat 

CIDXS£Q) struct1re1 the fjrst key of thE table cannot be 

chected for duplicates or ordering, nor can the table 

reached b) the first entry ~ave its prior pointer chected. 

For an incex rardom CIOXRNDl structure, the prior oointer of 

any table must te tte base tabte of that chainJ if it is 

not, this error is {enerated. 

25 INVALID SELF ACCRES~ IN TAIL: <address> 

CVJ CIDX1 

The tail of eact incex CIDXJ t~bte contains the address of 

that table. This error occurs when t~e <address> in the 

taif ojffErs frcm tte actual aadress of the table. 

26 INW4lIC SIRUCfUFE NlHBEfi IN T~ll: <numter> 

CVl IIDXJ 

The tait cf eact ID) tabte contains the structure number cf 

that IOX struct~re. This error occurs when the structure 

<nuaber> in the tail is wrong. 
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27 INVALID TAIL <acdrl> FOR EMBEOLEO <str name> IN RECORD 

<a<icr,2> 

EXPECJEC ~a~dre!s> 

~(~) lEDS•ftSSl 

In the structurE he2d for embeoded <str name> in the parert 

reccro at <addrl>~ 1he tail <aadrl> differed from the actual 

aodress of the last table in the chain. The last table is 

reccg~izec by ~avinf a null next pointer. Because this 

er~or follows tte printout of ~ll entries in the chain for 

this embecded structure. the parent record and tabte head 

cannot be inctuced in the last 60 tines Cwhen no print 

option is set), and so the par~nt address and offending tail 

address are repeate< in the er1or text. 

28 INV~tIO TYPE <ntmbe~ 1>. EXPELJEO <n~mber 2> 

CV) IIDXSEQ•IDX~NDJ 

For an intex secuentiat <IOXSEQ) tabte. the atlowabte types, 

<nuwter 2>• are dettrmined by the type cf the parent tabte 

<number 1>. ThE tatte heading giving the bad type 

imaediately precede~ this error. When ~n indeK sequentiat 

CIXSEG> table has a bad typer no attempt is made to access 

tables to whicti its entries point since it is unknown what 

strLcture Cthe in~e~ or its di5joint data set> they refer 

to. A message is given stating this error. for an index 

·r a n c o m C I C. X R NU > s tr \l'C t u r e, a U t ab le s • u s t ha v e a t y p e o f 

zero. 
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29 KEY I~ WRCNG BASE T'BLE. SHOULD BE IN <address> 

CV) IIDXR~OJ 

The value of thE te' <the partjcular key is pointed out with 

#II characters> plates it in a different base table Cor 

overfloh tabtel thar the one it belongs in. It must be in 

the tabte at <acdre!s>. 

30 KEY IS INWALID CUPLYCATE 

In ar ordered structure where oupticates are not allowed• a 

dupticate key h~s bEen found. for index <IDX> structures 

the tEy ir the ~recfding line js pointed out with a string 

of ''' characte~s. For embedded structures• thE cupticatE 

key is the cne in tte ismediately preceding entry. 

31 KEY IS TOC HIGH FOR JHIS f4BLE. H~X IS <~ey> 

(~) CIDXSEQl 

In an index seouential CIOXSEQJ tabte• no ~ey m~st be 

greater than the ket in the parent entry that pointed to 

this table. Tht parent key is <key> and the offending ~ey 

in this table i! id~ntified in the preceding line with ''' 

characters 
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32 KEY DLT Of GRDEF 1N TABLE: <aodress>. PRIOR KEY: <key> 

Within th£ tablt of an crdered struct~re. a key is not in 

order. In eqbecded structures1 the entries are maintainec 

in key crcer within each chain of tables of eac~ parent 

recc~c. In an inde7 sequentia! <IDXSEQJ structure• ~tl kEys 

at one level must bE in orde~. In an index random CIDXRNC> 

structu~e. alt key' in the base table chain must be in 

order. The precedirg key to which this tey is compared is 

<key>. fo~ ijndEX <lDX> structures the key in the precedirg 

line is icentified •ith Ill characters. for emtedded 

str~ctures. the key is the one in the i•mediately preceding 

entr~. Jbis erfor is related to error number 13 for 

embe~ced structLres. 

33 LAST ENTHY CF Ct41N SHOULD BE A NULL 

<VJ CIOXR~Ol 

The last entry cf a base table chain must be a nutl omega 

entry Call ~Fas]. 

34 L~Sf ENT~I CN lE~El SHOULD HA~L NULL KEY 

C~J CIDXSEQl 
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The tast entry en e2ch level ot an index seQuentiat CIDXSEQ) 

str~cture m~st tave a nutt (att aras> key. 

35 l~Sl FINE TABLE ENTfY S~OULO BE NULL 

(~) CIOXSEQl 

The last entry jn tte last fine table must be entirely nutt 

with all ~F~s fer b<th its key and address. 

36 NEXl LINK IS SELF CfOS,MSSl 

(VJ CEOS.~SSl 

The next ~ointer in an embeddeo strLcture table is the sa1e 

as the adtress cf tte table, ma~ing a stort circular list. 

31 NON-CEAD ~ECORD Ih ~EXT AVAilAbLE CHAIN AT <address> 

<NJ CCDSl 

Alt recorcs in the ~vailabte cnain of a disjoint data set 

Must have dead flag~. This error message is generated if 

the avait~ble '€core at <address> is not dead. The actual 

recorc can be seen if the data for the structure is printed 

out. 
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3B NON-E~PlY T~BLE IN ~EXT ~WAILAblE CHAIN AT <address> 

Alt tables on tie a'ailable chain for an indeJ <IOX> or 

embe~ced structLre 1ust have zero entry counts. This error 

occLrs when the available table at <acdress> is not dead. 

~1 OBJECT FECO~O I~ CEtD 

(I) C~SS<fssJ <~arningJ,MSS Cwarning>-lOXSEQ,IDXRND> 

This Error mess~ge is only generated if the manual sutset or 

index CIOX) strlctufe has the LXTENDED VALIDITY option set. 

The error messa'e occurs when the disjoint data set recorc 

pointed to from the index CIDXl or manuat subset has a dead 

flag set. For inde> structures this is an integrity error• 

but for manual subsEts it is only a ~arning, as nothing 

preve~ts a program 1rom deleting a record point£d to fro• an 

manuat subset. 

49 RECCVERY-Ih-P~UCESS FLAG IS SEI 

CK) IALLJ <warning) 

The FECO~ERY-IN•PROfESS flag is set ~n the fite reccrc. 

Jhjs is noreatl) onty set in memory during recovery and 

shout-0 not ba sEt ir the dictionary. 
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51 REORGANJZAJlON-JN-PfOCESS FLAG IS SET 

<Kl C~lll <warning) 

The REORGANIZATJ0~-1N-P~OCESS tlag is erroneousty set in the 

file ~ecord. Ttis flag must not be set. 

~2 TABLE KEY - OBJECT 'EY MISMATCh. OBJECl RECORD CONTAINS : 

<key> 

(~) C~SS (warning), IOXSEQ• IO~RNOJ 

This error messige is generateo if the manual subset or 

index CJD~> stricture has the EXTENDED VALIOITY opticn set. 

The er~or •essa~e o<curs when the <•ey> in the disjoint data 

set reccrc at ar adc~ess pointed to fro• an man~al sutset or 

index CIOX> str~ctu~e, differs from the key with that 

address in the •anu2l subset 01 index CIOX> table. for 

index CJDX> strLctu•es, this is an integrity error~ but fer 

manual sutsets, it is only a warning messa9er as nothing 

preverts a prog~a• 1ro• changing data i~ a record pcinted to 

by an MSS entry. ~Efer to error number 43, also. 

43 TABLE KEY - TABLE orTA MISHATCh. OAlA CONTAl~S: <~ey> 

C~l IEDSJ 

In ar ordered e1bedced data set with a co•ptex key• the ~ey 

composec from t~e d2ta is stored separatety in the table. 

This Error occu~s it the separately stored ke) differs from 

the <key> withir thE data. The keys in the dat~ anc in tte 
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table are printEd with the previousl~ printed entry. Refer 

to error number 42• also. 

48 UPDATE FLAG IS SET 

CKJ CALLJ (warning> 

The updating flig it set in the fite record for a structure. 

This file was bfing updated when the system hatted. 

RecGvery is reo~iret. 

45 VERSION MlSHATCt. \£RSION ON DISK IS <version> 

<Kl CAlll 

The f ite version in the dictionary differs from the 

<version> in ttiE Oi!k file heaoer for a O~SII structure 

file. This doe! prfvent the struct~re from being used ty a 

program. The D~S/DfMAP program opens the file for validity 

chec~1ng anyway. 

~O WRI1£•ERRCR FLAE IS SET 

CK) IAlll Charningl 

fhe W~IJE-E~RCR fta~ is set in the fite record• indicatin~ 

that an o~tp~t ErrcT has occur1ed on the file. The CMSII 

syste• does not altcw use of this fite. The DMS/CB~~P 

program maps it any~ay. 
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~6 ZERC ADDRESS fUF ARfA <number> 

(V) [All] 

Area <number> fer tte file has a zero address in the disk 

file heade~. Wten this occurs the fite is mark£d as missing 

~ntErnalt~ wjthin tte DHS/OBMAf proqram so that no attempt 

is ea(e to read it. Subsequent CAN•T OPEN FILE warning 

messages result. 
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Abcrt Messages 

Abort Messages are net Gita base integrity errors• but errors 

th~t mate it iwpcssitte 1o~ the DMS/DBMAP program to continue 

cpe~ation. They are fla,ged as errors in the output printer 

listing anc are atso disrtayed at tbe 001. They always result in 

a ~ewory du•p being ta•er and the OMS/OBMAP ~rogram being 

stopped. 

There are two general re•sons for aborting a OBM~P r~n. Either 

the proqram has encoLntefed some internal error• for exaapte 

2ttewpting to read a filE which has been openec once successfutty 

but is now missing; or in attempt has been •ade to run the CB~AP 

program uncer conditions which it cannot te run (for eia•~le, 

when the data tase is opfned updateJ. The abort messages in tte 

following list are icentified as one of t~e two types. For abort 

aessages cf the first tyre1 if the operate~ can thin• of no 

re~son for the abort Cif• for exampter the file has not teen 

removed• then a fietc Cowmunication Form shoutc be s~bsitted 

~lcng with the dugp ~nd ~s much of the line printer file as has 

teen made to ycur Burro~1hs representative. 

The following are thE abcrt messages. 
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C-~ O~LY MAP 11.0 CATAfASES 

The data base s~eci1ied is not a Har~ 11.0 data base. The 

OMSICEMAP progrim mtps Hark 11.0 data bases only. If the 

data base is to be ~sed with the Mar~ 11.0 operating system, 

it must be convE~tet usins the s CONVERT option. 

CA~NOT MAP ACTIVE CAJAEASE 

The dictionary f ite is tocked• indicating that it is 

currertly openec uptate• presumably ty the OHSII system. 

The C~S/DEMAP progr~m can acce~s this data base when the 

data base is no lonfer opened update. fhis is an abort of 

the seconc Cuser> ttpe and can occur frequentty if GM5Il 

prog~ams access the data base. 

CA~NOT ~AP DATABASE hilH ACTIVE F~LE: <filename> 

Atthcugh the dittiorary was not open update• so•e file 

reQ~ired for a ~AHO count <or validity chec•> is open 

update. The DM!/DB•AP program cannot run untit any programs 

updating the dictiorary files ~re finisted. This is ~n 

abort of the second <user) type -- no TR should be 

subaitted. 
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•CAN•T OPEfi FILE FOR <strl>: <str na•e>• 

The file for <str na•e> tas successfully been opened once, but 

later• when tryi~g tc re~d it, it is found to be missing. 

Eecause the CHS/CBHAF prcgram •ay need to switch between files. 

the fite fer a structure can be openedr closEd and reopened. Jf 

it ha!s been opened s~cce!sfulty oncf#• the DMS/DBMAP program 

exiects it to re1ain pre~ent, attho~gh it is possible fo~ somecne 

to remove it during its closed period. If this has teen done 

then this is an abort of the second type. H~wever, if the fi!E 

is present then this is in abort of the first type. Contact your 

Eurroughs representative for assistance. 

CA~'f FEAD DlCTIONIPY fILE HE•DER 

'lthough the dictiorary fite has alreadt been opened and 

rean• later its filE header cannot be read. Jhis is an 

abort of the first type and yo~r Burroughs representati~e 

shoutd be contacted. 

[~1ABASE OJCIIDNA~l: •title> IS ~ISSING 

The dictionary for the data base na•ec by the user <either 

in the coc•and strirg~ or in a comp~te statement> is not 

present. If thE <title> is the one specified by the user 

and if the file actt·atly is missing, then this is an abort 

of the second (lserl type. If the <title> is not the one 

specified by the usfr, then this is an abort of the first 

type. Contact rour Burroughs 1epresent2tive for assistance. 
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E~ROR I~ COH~~~o FILE. <msg>. SElING: <last thing read> 

If the cc1~ands are read from d f ite• then any commanc error 

causes an abort as (escribed in the paragraphs entitled 

Co••and Errors in ttis section. The acceptable s~ntax anc 

possible error 1ess2ges are described in the pa~agraphs 

entitled Co•nancs ir this sectjon. This is an abort of the 

seconc <user) t)pe, unless the complaint in <ms9> seems 

invalid. 

EPFOR I~ SET OPTIC~ 

This is an internal error in the command parsing routines. 

It •~st net be iossible. In 01der to ccntinue processi~g· 

trv atterjng t~E syrtax of the commanos• or using different 

commands. It i~ an abort of tbe first type. Contact your 

Burroughs respresentative for assistance. 

ILLEGAL ~ALIO_~AHO CAll <string> 

Thi5 is afi internal error in the adcress chec•ing routines. 

lhecrEticatty. it stould not be possitte. lt is an abort of 

the first type ino 1our Burrou~hs representative should be 

contacted. 

FEAO ECF OF FILE F<I>: <filename> 4T ADDRESS <address> 

An atte•pt ~as teen made to re~d a DMS file <filename>, 

which is switch fjlf nuaber <I>. <adcress> is the new 

format CMS togical iddress causing the error. Because atl 

addresses are ctect~d for valiaity be1ore use by the read 

routine- this is an error. This is an ~bort of the first 

type and yo~r Blrrotghs representative should hE contactec. 

1152444 11-65 01/19184 



APPENDIX A 

DftS/DASDL GLOSSARY 

The fot,lo.winq cefiinition~ are intenaed to give a worlcing 

cescription of the tErms used in this manual. 

ACCESS 

~ method to reach a desi~ed ~ecord of a data set. 

CO~TENTICN 

A concition in •hict a program is attempting to access a 

tabte entry or tosicat ~ecord kithin a physical btoc~ which 

lh a s a tr e a c y be er t o ck e d b y a no t he r u s er· • I f t h E pr o g :r am 

waits fer acces! to the block for more than MAXWAIT seccncs• 

it receives a tEACLCCK exception. Reier to DE4DLY EMERACE 

for acditional info~mation. 

CE~DL Y Ef'BfUCE 

A conciticn in ~hict a chain of programs exists, each of 

which is ~aitin~ for CONTENTIOh to be resolved on a block 

white simultanecuslt ha~inq locked a bloc~ which another 

prog~a• in the chair is waiting for. Upon reccsnizin9 a 

OE~Cl• EMER-CE, the OMSII system returns a DEADLOCK 

excEption to thE toiest priority prog~am in the chain and 

unlocks all reccrds toc~ed by that program. 
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CISJOl~l 

The ccnaition cf nor-reliance of data sets on the highest 

level, that is, a d2ta set which is not an item within a 

data set. Stancard data sets• sets• anc automatic subsets 

are the only struct~res that a'e disjoint. Disjoint sets 

can cnl) refer to disjoint data sets. 

EMBEDOEC 

The condition of be•ng dependent on a d~ta set th~t is on a 

higher tevelJ that is• a data set which is an item withi~ a 

data set. An e1bec<ed data set can only be referenced by an 

embedced set on the same tevet. 

lNtEX 

A tabte cf pointe~s to a data set used to provide specified 

access to a dat~ sef. 

INNER LEVEL 

See E~BEDCEt. 

~ASTER 

A data set record Mtich has de~endent data sets is referred 

to as either thE waiter, parent1 or okner of the reco~ds of 

the depenoent ~~ta !et. A master aav itself tea record in 

an embedded dati set. An embeaded data set cannot te 

accessed ~itho~t accessing the master. 

1152444 01/19184 



r;E~BEft 

An cccurrence of a record of a data set is a member of that 

data set. 

CJRDEREC 

Maintained in a seq~·ence depen~ing on tte value of user 

specified fiel~t ba!ed on a cottating sequence. 

C~,_Efi 

See MASTEfi. 

f A FEN J 

See MASJEf;. 

f4TIH 

~n access to a cata set record. One instance is 2 path. A 

set is an index of faths. 

POPUL~H ICN 

The ~~mter of r£corts in a data set. fer an emtecded dati 

set• the population is the numter of records in the embedced 

data set per occur~fnce of the master data set. 

F~CPERTIES 

T h e p h y s i c at s t r u c t t:r e an d p ar a 11 e t er s o f a d at a s e t .• s et _. or 

subset, such as storage requireaents or structure type. 
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REC ORO 

A recoro contairs atl the information ttat pertains to an 

entity. 

5CCPE 

5£1 

The range of influerce cf a data set, set1 or subset. 

An incex cf patts t< a oata set with a pointer to each 

recorc of that cata set. 

SPAN 

~n in~ex, wtethEr ordered or retrievatP which references 

every recorc in a data set is said to $pan the data set. 

Subsets, ~hetheY automatic or ~anuat• •av span a data set• 

although typicatly they are not spannins sets. 

SPLIT TINE 

The •etho~ of irserting a new table into a set. khen 

fitlec, O~SII s~lit! an index table intc two tatles rather 

than usins overflow techniques. 

SUBSET 

A cottectio~ of patts to some or alt of the records of a 

data set. lhe critfrion for membership in the subset can be 

specified to thE D'!/D-SOL compiler through a WHEfiE clause. 

in which case tte stbset js automatic and maintained throtgh 

an incex structtre. Alternatively, reccros can be 

programmaticall) in!erted into the subset• in which case it 
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is a manuat subset ~no is maintained by means of a list 

~tr~cture. 

UNCRDE~EC 

Not maintained in a user specified orde~. 

1152444 A-5 01/19J84 



APPENDIX B 

CMS/tASDl GENERATED CODE 

lhe CMS/CASOL coepilEr gtnerates cooe to perform the fotto~ing 

fu~ctions: 

~E~SION ANC SECURITY CtECKJNG 

ThesE functions are ierfcrmed by the operating system CMCPII> 

whenever a program itsue! a CHSII operation. This code validates 

any togicat data base nave inctuded in the open operation, checks 

the version stamps of att structures incluoed in tte path 

cictionary of thE prcgra1, and ensures that the user p~ogram 

1eets any security rEQUitements that are specified through use of 

i SECURilYEUARC file. 

K£Y-8UILDl'G CODE 

This code is catted •hentver the OH~II system needs to construct 

the ~ey fo~ an) str~cturf which has ley items dectarEd <incexec 

set er svtset~ or orcerE< list). 
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HfERE • llERIF y, AtiD RE Gt IR Et CL.AU SE CHECKING. 

Each time an update cper~tion is performed on a data set recorc 

<store operaticn aft£r either a tock or create operation>• the 

C~S/CASOL-generated coce is executeo to ti~st evaluate a"y VERIFY 

er REQUl~EC clauses (for both the f~xed anc variable fcraat 

parts). It any of t~ese checks fail• a D~TAERROR OHSTATUS 

Exception condition is gfnerated. ~f a store operation was 

2tte«ptec after a tock o~eration• tbe DMS/04SDL-generated code is 

then used to deterNire i1 an~ criti~al fields Cthose data item! 

~hich are ~sed in KEr or WHERE clauses> have changedi if not• 

the STORE is trivial. 11 any of the critical fietds has changed. 

er if it is a store cpef'<tion fotllowing a create operatico. each 

set ind auto•atic svtset must be examined in turn. 

for a stc~e cperatior fo1lowing a create operation, the [~S/C~SOL 

coce evatuates all oi thE WHERE clauses on automatic subsets. If 

the record satisfies any of these clauses• t~e recorc is inserted 

into the a~proprjate sub~ets in addjtion to ill of the sets 

ceclared for the dati set. The OMS/DASOL-generated key bvitding 

cocE is called durin! the insertion of the data set record intc 

these sets and subsets. 

For a store cperatior fottowing a lock operation• all sets and 

sutsets ~re examined to cetermine it the ~ey has changed. If it 

has, and the change is v~lid• the old key is removed froa the 

inGex ano the ne~ ke) is inserted. If the key has not changed, a 

~E~C~ANGEO D~STATUS E~cettion condition is generated. In 

aocition tc chEcking for key changes, the ~HERE clause for e2c~ 
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~uto•atic subset is re-e~aluated. ~f the value of that ccndjtion 

has changec~ then the record is inserted i~to or removed f~om the 

subset. 

for embecced data sets• the process is identical for both the 

store operatior after a create oper~tion and the store ope~aticn 

after a tock operaticn• ~ith two ex~eptions: 

1. A WHERE clause canrot reference an embedded data set. 

2. Key tielcs for an crdered embedded dat~ set c~nnot te 

char.gee. 

for both disjoint anc emtedded data sets~ the DHS/04SOL-generated 

coce is only used for thf key buildjng a~d fer the various 

testing being ~erforaec. None of the structure maintenance is 

performec ty t~is coce. 

ALL IWITIALIZATICN OF £All ITEMS 

This code is execute~ each time a c1eate operation is requestec 

by a user. 4n) item for which an I~ITIALV•LUE clause was 

s p e c if i e c r e c e i v E s t t a t ,, a t u e • l he R ECO R D T Y PE f i E l d , i f 

~rEsEnt• is initiati1ed to the value supplieo ~ith the create 

cper~tion. Alt ether itEms are initialized to nulls. If the 

vari&ble fcr~at valuE SUfptied with the CREAlE CCOBOL and COBCl74 

cnlyl vert does not •atct any of the values ~llowea for the 

~ECOFD llPE f ietd, the O•SIOASDL-generated code ~eturns a 

£A14ERROF £MSJATUS e1cepiion condition. 
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for ~ recreate operation, no initiatization js performed. hut the 

FECOFD llPE fielc is v~rified. 

SELECT CLAUSE VERIFICATION 

Any checking needed to screen data set records from a remap• are 

specif ie~ by a SELEC1 cltuse. Thjs code is functionally 

identical to that ~sEd f~r the WHERE and VERIFY clauses. If 2 

record fails to meet the specified condition, the DMSII system 

reprccesses the fino opeTation untit a ~ecord can be found which 

satisfjes the request. 

JAAWSFCRMAll~N CCD£ FDF R£fAP RECORDS 

Transformation code constructs a re~ap record from the contents 

of a physicat cata Sft rfcord. The format of the rewap record, 

~s presentEc to a usEr program. matches the oeclaration of the 

remap. and is totalt) intependent of the for•at of the physicat 

cata set reccrd. If the remap record exactly matches the 

physical data set rEcord (as in the case o1 a remap used to 

assign RPGII-compatitte rata names to an e,isting data set>• nc 

transformation is needed. In all other c~ses• a transfor·mation 

•ust be perforsec. 
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1RAISftRHA1JCN CGDE FOF PHISICAL DATA SET RECORDS 

lransformaticn cede fecorstructs the physical data set record 

fro• the contents of a remap. This code is the exact inverse of 

th~t usea to ccnstruct tte reeap, with the exception that alt 

FEADCNLY items are simp'' verified• rather than movec• as part of 

this reccnstruction ~rocfss. 

tOCE SEGMEIT ASSIGNMENTS 

The operating system <HCflI> assigns an entire code page to each 

cpen DHSII data base. Efch page can contain up to 64 in~ividu~l 

segmentsJ there are six such pag~s reserved within the cper2ting 

system C~Cflll fer C~SII data bases. When generatins cooe• thE 

DMS/D~SOL coapiter attemits to limit each code seqment to a 

length of 10240 bits C12f0 bytes). If the aeount of code 

reQuired for the dats ba!e cannot fit into 64 segments of this 

size~ then the size cf eich segment is incremented b~ 1024 bjts 

until 64 segse"ts can ac<omodate alt of the code. 
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:SY STEM/MARK-SEGS PROGRAM A'D DMS/DASD1. COMPILER 

If the CCDE cottar oitior has been set in the OHS/D~SDL compilEr, 

then the D'S/DASDl listirg describes the type and tocation Cty 

seg~Ent n~mber) of tte c<de generated for each structure. The 

SYSTEM/MAR~-SEGS prosram atlows the code segments. withir a data 

base dictionarr, to te mt~ked as important• for use ~ith the 

friority Memor~ Mana~emert routines in the MCP. To use t~e 

s·vsTEM/HAPft·SEES· :prosram for this purpose• the key word Dfi'S must 

te the first option specifiec to the program, followed by the 

rumbered list cf seg•ent! to be marked. 

User discretior is a<visEd when marking ~egments. ~ code segment 

which is usec infreQLent~y. such as the version chec~irg code. 

shcutd never be &arkEd. Code segaents to he •arked shoulc ont) 

include those that are rttated to highty vclatite data sets anc 

2re relatec to the SEts ino subsets which reference those data 

sets. 
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APPENDIX C 

COBOL GUILIF1CATION OF UHSll IDENTIFIERS 

Unioue idertifiers are r£Quired in LOBOL programs. If a data set 

is invoked more than oncf, separate internal names must be used 

so that items kithin the dat~ set c~n be ~ppropriately qualified. 

A variable dectaraticn with the same name as a data tase ite• can 

te useo c~tv if the itea is abte to be uniQuely quatified. 

Jn a selection expressior1 sets and subsets require Qualification 

if they arE not Lnia~e icentifiers. Data tase items in a 

selection Expression neec not be Qualified. 
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Exampte: 

CASOL:: 

0 l DA I~ SET< 
A ttUMBER (5 H 
8 NU~BER <3JH 

SJ SET CF 01 KEY (A), INDEX SEQUlNTIAL; 

cceou: 

oe DSASE. 
01 01 INVC~E Dl. 
01 CA lN~OKE Cl. 

WCRKl~G-STOFAGE SECTICN. 
11 4 FIC 99.<Invatid tecause it cannot te uniquely qualifiec.J 
0 l Q. 

03 A PJC 99. (\alic because it can te qualified.) 

FfOCECU~E OIVISIO~. 

1152444 

MCVE A CF Cl 10 t. CValid.) 
Fl~C 51 OF Dt AT I= L. CValid.) 
MC~E A 10 L. (Jns~fficient qualification of~-> 
FINt Sl 41 A= L. <Insufficient qualification of 51.) 
Fl~[ 51 Of DA Al I Of DA= L. <~alio tut ~ need net be c~alifiec 

in a selection expression.) 
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APPENDIX 0 

B 1100 - £ 6110/B 1700 DHSll COMPAflBILITY 

The relati~nship of E lOfO DMSII to B 6100JB 1100 DrSII is as 

follows: 

1. B inoo O~SII is a logicat subset Of B E700/B 1100 D~SII. 

2. Any COBOL constructs used to access B 1000 UMSII are 

syntactically ~nd temanticattr co•patitle with 

B 670018 1100 tMSI1. 

3. Any ~hysicat dita tases developed on the B lOOQ CHSII are 

not compatible witt B 6700/B l100 for•ats. 

4. fhe crce~e~ emteddfd data set1 together with jts access set 

of B 1000 tMSIJ• i! not supported by B 6700/B 1100 DMSII. 

Ho~ever, the icentical COBOL capability is prowidec ty 

matirg an crdered Embedded data set an unorcerEd emteddec 

data set toget~er tith a set on B 6700/B 1100 DMSII. 

5. fhe physical mappitg algorith~s on tte two systems d~ffer 

significantly ind 1he physicat mapping parameters must be 

reviewed carefLlly prior to transfer from B 1000 DMSII to 

6 6700/B 1100 CMSIJ. 
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6. Ordered and retrie~at set typ~s are not meanin~ful ~n 

E 6700/0 1100 tMSllJ they produce ~ regul~r B 670010 7700 

OMSII set. 

1. OHS/DASDL paraeeteYs differ significantly with no oirect 

correspardence bet•een 8 1000 DMSII and B 61001B 1100 

DMSIJ. 

8. B 1000 D,511 h2s nc structure comparable to the LI~K in 

8 6700/B 7700 CMSIJ. ~owever, the FASl SUBSET mechanism 

Cunordered manial tubset with only one entry). described in 

~ppendix B, car be used to accomptish the same function as 

a LI~K. 

9. fhe generalizec se1ection expression as it exists in the 

B 6700/B 7700 tMSIJ has been implemented for use by COBOL74 

anc ~P(IJ programs which access a D~Sll data base, as well 

as b) the [MS/1NQU1RY program. This impteaentation is 

expticitty limited to these three soft~are p~oducts, and 

prectu~es any cf ttese products from using the partiat key 

search <refer to tte B 1000 S1stems DMSII Host language 

InterfacE Man~2tJ. The generalizec selection Expression is 

vatia for the COEOl14 compiler and not for the CCBCL 

compiter. COBCL pfograms can use the partial key search. 
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The following CHS/CA~Ol ~nd COBOL statements can be used to 

procEss alt of the rEco~cs of the set St Mhich satisfy the ~ey 

condition: 

A = 100 A~D e > 0 ANf e < 50000 
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Example: 

CASDL:: 

CCBOl :: 

D 1 ll A I A SE 1' ( 

PAJ;.A-6. 

A tWHEER<3 H 
E ~UMEER<5 H . . . 

f INC 51 Al A = 100 AN~ B = 0 
O' EXfEPTION IF ~MSTATUS<~OlfCUNDl NEXT SENTENCE 
ELSE FERFORM <error-routine>. 

FERFOR~ P•FA-8 UNTIL A > 100 OR B > 50000 

FIND NEXT H 
Cl EXCEPTION If ~HSTAJU!C~OTFOUNOJ "OVE 101 TC A 
ELSE fERFORM <er1or-routine> 

ELSE If A = 100 4ND B NOT > 50000 JHEN ••• 

NOJE 

This imptementatior for partial kevs exists onty in 

the E 1000 DMSJI, ind cnty for inde• SEQuentiat 

structures.<aotomatic subsets and ordered sets). In 

the E 6700/e 7700 imptementatjon of DMSII• the 

current ~ath pcintEr for an index is not affected ty 

an unsuccessful opfration. Tnerefore• the preceding 

cocE dces not ~rod~ce the desjred result on these 

systEms• ard users upgrading to B 6700/B 1100 DHSll 

must modify an) prcgrams whicb use the preceding 

technicue befofe e1ecuting those programs on the 

E 6700/B 1100 systEms. 
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lhe techniQue cescYibed in the prior example does not 

prcdLce the de!irec results in the B 1000 OMSII for 

either ordered aan~at subsets or ordered embedded 

data sets. 

Cata bases must be rEmaprec and reloaded at the time of transfer 

to B 6700/E 7700 DMSJI. However. any OMSil statements in COBCL 

~rcgrams developed fer B 1000 DHSII are valid on e 6100/E 1700 

[~Sii• with the exce~tior previously noted for partial keys. 
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~PPENDIX E 

CMSl1 MEMORY REQUIREKENTS 

The aeount of •emery reQtired to process a D~SII data tase is ~ 

function of the complexity of the d~ta base• as well as the 

rature of the appticitio~ being run against that data tase. Fer 

example• a very complex ~ata ~ase containing many access metbocs 

for each data setr as weft as subse1s between the data sets1 

recuires •uch acre •emort to process than a very simple data tase 

cont;ining onty a fe~ acress methods. Similarly. •Uch mere 

&e•ory is ~eQuired fer ufdatin9 a d~ta base than fc~ inquiries 

into the same cata b2se. 

WORKING SEl 

In acditior to the ccmptexity of the data tase and the nature of 

the ~pptication being perforaed• an extre•el1 i•portant factor to 

be ccnsice,ed in the calculation of the me•ory reQuired to 

process a cata base is tte concept of wor•in9 set. Working set 

is defined to be the amotnt of memory which is neeoeo to perform 

B p~ccess ~ithcut caLsin! thrashing (continual overlaying of 

•emory to bring in tte cede or data segments necessary). When 

the 1emory avaitabte fer a process 1s less than the ~orking set 

for that process• throu~tput is drastically reduced. lhrcughpit 

im~~oves as thE amourt o1 me•ory increases; the mcst cramatic 

improvement is achie~ed immediately after memory is incrEased 

teyond the wor~ing SEt (1hat amount of memor~ is often referreo 
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to as the thrashing ~ointl. Calculations for the working set of 

an a~ptication can. be brcken oown into code and cata ccmp~nents. 

rtPII "EMOfiY HANAGEMENl AllORITHMS 

When MP~I ~CPIJ cpticn is set• the ~emory prioritv and decay 

factor assignee to a DMSJI buffer are those of the user ~rogra• 

which has ca~sed the buf1er to be allocated. 

For •ore irformation on friority Memory Manasement and the 

concept ~f working set, Tefer to ap~endix A of the B lCOO Syste•s 

System Software Cper2tior Guide• Volume 1. 

USER PJOGRA" REUUIREME~TS 

~ithin a user ~rograt• tte me•ory required consists of the code 

required for t~e CMSJI VErbs and exception hindling• and the d~ta 

storage fer the varicus cata set records invoked by a program. 

SincE the CMSII substste1 is embedded wit~in the MCPII1 and usEr 

programs perform DMSJI oferations b~ means of the nor•al MCPII 

coaeunicate wechanis•• tte only extra code or data required ty a 

user progr~• is generate< by the CObOL compile' to bbild and 

issue the CMSII co••~nicates. The summary statistics printed ty 

thE compiler in each pro~ram listing can be used to determine the 

totat co(e and data requirements fot a pro~ram. 
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•CPll CODE R£QUIREMEN1S 

lhe minimu• amount of aewory ~equired for the DMSll code within 

the ~CPII is 6M bytesJ towe~er• the OHSll code wor~ing set can 

~eQuire as many as 40K b'tes, depenoing upon what is actLatt) 

being done and whethEr o~ not the d~ta base ~ses audit and 

recovery. rhe code ~orking set is composed of: 

t. The 6K byte ~irimu1 mentioned in the prece~ing paragraph, 

which includes atl of the code that •ust be present to 

pe1fore any opEration. This jnctudes such ite•s as the 

code for the hincting of structure currentsP buffer 

handling, coaa~niclte ~ecoding, and exception handling. 

2. An acditionat 4K b7tes for ro~tines which may te necessa'y 

to satisfy any reqtest but whjch are not specific tc the 

particular reauest. This includes such items ~s IIO 

initiation andJo~ clean-up. and structure ano file 

valicaticn. 

3. The specific cede recessary for the request being 

p~ocessed. This figure can vary fro• a minimum of 1K tytes 

to a maximum of SK bytes. 

4. If the data ba~e ~!es DMSll a~dit ano recovery• the audit 

routines• a~t cf wtich fall into categories 1 and 2, 

re~uire an adoitiorat 4K bytes of me&o'Y• 
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,CPIJ DATA REQUl~EHENTS 

Jhere are 14 types o1 data structures in memory which the DMSII 

sutsyste• ~ses to p~cces! a data base. Most of thes£ data 

structures are sharEc by atl prog~ams currently accessing a given 

cata base. These types cf data str~ctures are: 

The globals 
lhe a~cit FIB 
The aucit tufters 
Dist file headers 
Struct~re records 
Structure currents 
loct descriptors 
Euffe~ descriptors 
Data t~f fers 
1/0 ~escri~tcrs 
CHSII wor~ areas 
~ecord wor• areas 
Status masks 
Fath dictionaries 

At oata base open tiae1 the CMSII system allocates a single area 

~f memory khich is usec to contain the gtobals and t~e IJO 

cescriptors. descri~tor~. Path dictiona<ies are contained 

within a ~ser ~rograa's ~un structure nucteus, are attocated at 

BOJ~ and require no EMtr~ memory tinks. The other iteas are 

attocatec as needed, ana each occur1ence of an item requires a 

eewory ti~k in a~dition to the memory si2es in the fottowingJ 

each meaor) link is 18/ tits ~n length. Each buffer descriptor 

is allocatEd at the same time as the buffer it references and is 

co~tiguous to that bLfferJ only one memory link is reouired for 

a tuffer a~d its descrip1or. Similarly, tte audit FIB and audit 

tufters. ~hich are prese~t onlv when a data tase w~ich uses a~cit 

a~c recovery is beir~ upcated# are allocated as a unit therety 

reQuiring ~nty one mEmor' tint. 
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Etobals 

NOTE 

In the discussion that follows• a data 

structure is stared by alt users of the data 

tase untess sptcif ically noted to the 

contrary. 4tsc, when atlocating memory. if 

the ~CPII find~ an available space which is 

large~ thar neEded1 it ·assigns the amount 

reeded and mar•s the remainder as ava~latte. 

If, toweve~ th£ excess space is not large 

Enough to tot~ an available memory lin•• the 

~CPII allocate~ the entire piece of aemory. 

This can ciuse any data structure to be as 

•uch as 181 bits lirger tban act~atty 

reQuired. 

The globals are cont~inec in the fjrst seg•ent of the data base 

cictionary, are brought into memory when the data tase is first 

opened• arc aust be Jept in meaory until there are no more 

programs accEssi~q tte c~ta base. lhe globats total 

ipproximatEly 1K bit! ant contain the following ainimua 

infcrmatior ~eeded b~ the DMSII system to process the data base: 
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1. Pointers for file ~nd structure infor•ation, beth in •emery 

anc in the dictiontry. 

2. Pointers to tock• tufter• and 1/0 descriptors. 

3. BoolEan fields describing the status af suet items as the 

data base or t~e atdit file. 

~. f iel~s fer suet itfms as totat users, transaction and 

sync~oint counts1 ind auait serial nLmbers. 

5. fhe size of thE dictionary fields used to access data base 

structures are 80 tits times the ta,,est structure ~umber 

atlocatec. 

Audit Fite lnfor•aticn Block 

Jhe audit Fite Infor•aticn Block CFlB> is either 568 bits (for 

tape) or 80' bits Cfcr disk> in length. It is built at the ti1e 

cf the fi~st operaticn wtich requires auditirg from a File 

Pa~ameter Bloc~ whict is sto~ed kithin the data base dictionar). 

lhe FIB re•ains in •Emcr~ until there are no •ore programs 

upcating the data base. 

1152444 01/19184 



AUG it Buff er I 

The CMSII syst6m allocates two buffers for the audit trail1 each 

cf wh~ch has its own 1/0 descriptor. The length of each buffer 

is eQual to the HLOC~SJ2f parameter fro• the AlDIT TRAIL 

stateuent in the OHSJCASfL compiler (default = teoo tytes). 

These buffers are w'itte~ to the auoit trail as they are fitlec 

er when a syncpoint cccufs. If the DMSII system is in ttie 

pf" o c e s s o f re l o s ht g tt e c !lr r en t au di t f i ·t e an ti op e n i n s a n e w c n e ,, 

2~citional buffers Cin bE allocated in order to attow user 

~rog~ans tc co~ti~ue to fXecute whjle this file-switching process 

ta•es ptacE. lhese Extri buffers are temporary and are 

ceatlocatec as soon ;s ptssibte. 

Each I/O cescriptor is a systee 1/0 descriptor, 272 bits in 

length. Dnly the originil two audit buffers have I/C descri~tcrs 

~ltocatec; no 110 dEscriptors are allocated for any overflow 

.aucdt buffers. 

lhe ~udit FIE• 1/0 dEscrtptors• and buffers ~re attocatec ~s a 

contiguous unit within •Emory. 
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Structure Aecords 

Structure records are sttred wit~in the dictionary and contain 

the infor•ation necessart for the O~SII system to use a 

s:articutat" structure. Ttey inctude static inforeation 

initialized by the D~S/DISDL compil~r· and dynamic inform~tion 

•aintained by the D~SII 'ystem within the •eaory copy of the 

structure record uhi•e tte structure is in use. The static 

informatjon includes suet items as record, block• and area sizEs• 

key information for sets and subsets• and parent and otject 

structu~e ~umberso lhe tynaaic information includes a count of 

~se~s· •ewcry adoresses ct items such as the OFH for t~e file of 

this strvcture, and iarert and object data set structure reccros. 

Structu~e reco1ds art brcught into memory ontv when needed and 

~e•ain i~ 4emory untit ttere are no more users for that 

structure. 

Cist File Headers 

lhe DHSII system uses sy!tem disk f 1te heaoers <DfH) that have a 

length of 540 tits ptus ~6 bits per area dectared. In acdition, 

thE CHSll systEm appEnds to each Dfh the Fite Reco~d for the 

f ite; these fite record! are maint~ined within the data tase 

cictionary, are at teast 132 tits in length• and contain the 

follcwing informatior: 
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1. Fite version stamp. A 36-bjt field ~hich represents the 

last time the f ite was updateo by the DMSII system. This 

f ielc is atso •aintained with~n the OFH itsetf, and the two 

versio~ stamps are compared when OMSll first opens the 

file. T~e filE opEn is allowed only if the two ~ersions 

are identical. 

2. Self-relative ~ointer. A 16-~it field used by the D~SII 

system tc upcate tte dictionary cop~ of the fite record 

when the file is finally closed. 

3. Size. A 16-bit fitld also used by t~e DHSII system Mhen 

up~ating the dictitnary copy of the file reco~o. 

4. Next Availabte•Higtest Open CNAHOl. One or more 64-bit 

f ielcs descriting the available space within the file. The 

actual number cf NJHO fields ~ithin each file record is ~ 

function of the nuwber and type of structures stored wittin 

the file and cin bE determineo from the following: 

11 lists, pri1e dita sets, and non-prime indexes. A 

single NAHC is atso maintained for fites containing ~nv 

of these structure types. This hAHO is stared in bits 

133 througt 19f of the file recc~d. The tot~l tengtt 

is 196 bits. 
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2> ~on-prime cata set. One ~AHO for each area declared 

for the data Sft. Total tength is 132 bits plus 64 

times <areis dEctared). 

Each OFH is atlocatec whEn its corresponding structure is 

~ltocatec anc re~ains in aemcrv until no prosrams are using an~ 

of its stf~ctures. The £HSII disk file headers cannot be 

cvertayed. 

Structure Currents 

lhe CMSII system uses thE currents to unicuely identify a current 

record or path pcinter fer a particular structure anc attocates 

cne currEnt for each user cf a structure. In this context• a 

use~ inctuces any in~ocation of a structvre Mithin a program. If 

a data set is ~nvoke< mofe than once in a program, that d~ta set 

anc al{ cf its sets ~nd !ubsets are each assigned a current for 

Each invo~e khen the str~cture is fjrst ~poatec; otherwise. ofilY 

current record pointErs that are referenced are invoked. Each 

user is cesignated b) both jot number and relative invoke numter 

kithin thE program. Thi~ oesignation is ~sed by the D~SII system 

to icentify each current. For example• if there are seven invoke 

st~tements within a ~iver progra1~ ~nd the operating system 

(MCPll> assigns job j25 to that program, the DMSII system 

~ttocates seven currents for the program• and these currents 

~outc be identified as jcb 125, invoke 11 through jot 125• inv-0te 

11. Furthermore. if the first t~o ~nvokes in the program 

refe~enc£~ the same cata set, there ~ould be two cur~ents fo~ 
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that data set allocated 1or this program, ana these currents 

woulc be iae~tified is jcb 125, invoke 11 and job 125, invoke j2. 

Set ind sutsEt curre~ts ire assignee the same user numter as 

their parent data set. 

Currents are allocated ir a linked list from the structure 

record• as referencec, ard are deallocated when the ~rograa 

referencing the currEnt closes t~e oata b~se. 

lhe base size for a current is 632 Lits. 

ln a~dition• the cur,ent for every struct~re that has an 

associated key is increa!ec by the length cf the ~ey for that 

structure. This adcitiorat space is used by the DHSII system to 

tuilc the key hhenevEr tte structure is accessed by that •ey. 

for cata sets, beth cisjrint and embedded, a hidden tuffer is 

2llocatec if it is ~EQUiTed. foT d~ta sets, a set of status 

strirgs• three bits Each• is allocated, cne status string for 

each data set• its sets• and any e•tedded structures. 
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lock Desc~iptors 

Cne loc~ descriptor ~xists for ever) DMSII record in memc~y th~t 

is locked at any givEn time. Each oescriptor contains the me•cry 

~dcr€ss of the buffer fo1 the recoroP the user to whom it is 

assigned• ano the disk acdress of tne reccrd. Additionally. the 

toe~ descriptor identififs the reason for khich this reccrd ~a~ 

teen lockec. lhe reason can te one of the fottowing: 

User Loe~ 

~ user prcgram ~as Explicitly tocked this record. by mean! 

of either a HOCJFY cperation or a SICRE after a CREATE 

operation. Ontt ~ata set records, both disjoint and 

embec~ed. can be tocked in this fashion. This lock is at 

the reccrc levet; that is• if several data set records are 

storec in a sinsle tloct• and one of those records has been 

tocked by a user• tten the other records are stilt avaitatte 

to other users. Al!o• the loc~ing p~ocess is non-eKclusive 

in that a recort thtt has been tockec by a user can stilt be 

accessec by othEr u!ers through a FIND operation; ontv 

concu~rent MODIFY oferations a1e p~evented by this type of 

tock. 

MCfII ~ead 

This is used by the DHSII system white i recor~ is being 

reac to insure that the Memory Management routines within 

the operating S)Stew CHCPII> do not overlay the recorc until 

the CMSII syste• ha! compteted the cvrrent operation. This 

is a !trictlv tempoJary condit~on• and the record is not 
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loc•e~ in and is un~vailabte to other DMSII users. 

~Cf II lock 

This is atsc a tempcrary condition anc is used ty the O~Sll 

systea whenever a rtcord has been altered by a partiBtly 

completed operation. This is an exclusive loct. Only the 

ope~ating syster (MfPIIJ can access the jnformaticn 

contained withir thE buffer until the operation has 

compteted1 at wtich time the lock status of the record 

returns to the st2tf which existed prjor to the operation. 

This function is necessary since the cccurrence of an 

exception durin~ a rartjatly compteteo operation requires 

that alt changes cowpleted to that point be backed out; 

this type of leek prevents any other user from accessing 

information which if in such an indeterminate state. 

Each lock aescriitor is SO bits in length, and the D~SII syste• 

~ltocates them is a !ingte table• five at a time. as required. 

If the nuEter of loc• oe~cri~tcrs requiret increases~ a neM tatle 

is obtainec• afid the otd toct descrjptors are copied to the new 

table. The olc table is then discarded. 
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fiuff~r D~scriptors 

£uffer descriptors are uted by the LHSII system in the allocation 

anc •aintenance cf data tufters in memo~y. Each buffer 

cescripto~ is tocatec imwediately prior to the buffer descritec 

ano withi~ the same irea of memory ~ltocated for the buffer. 

Cnty one memcry tin~ is ~equired fo¥ each descriptor/buffer pair. 

Cata set and list structtres have buffer descriptors that are 144 

tits tong. lncex st~uct•res have buffer descriptors that ~re fO 

tits long. In addition to the fjelas containeo within a svste• 

cescriptor• intornation !uch as the 24-bit lcgicat disk address 

cf the btoct containEd within the b~ffer. the number of Lsers, an 

aucit serial n~mber •hict identifies the tast tite the buffer ~as 

upcatea. two memcrv 2ddrfss fields ~hich point to thE next and 

prior DMSil buffers, and three bootean fietds used to control the 

upcating cf the cis~ cop) of the information containEd within the 

tufter. 

Buffers 

Euffers arE altocatec as needed and are deat located as reQ~irec 

ty the me•ory 1ana9enent system. Tbe point 2t which a buffer can 

te overtayed depEnds upor the fottowing criteria: 
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Has the buffer been updated? If noL, then the buffer can te 

releised as soon as it i! no longer in use. If the buffer has 

teen updated• then it mu!t no tonge1 be in use, and it must te 

written to disk before it can be released. 

If the buffer tas betn urdated, does the data base use audit and 

recovery! If not~ tte btffer can be written to disk and 

ceallocated as scon 2s n€cessary. lf the oata base does ~se 

~ucit an~ recovery~ the fHSil system uses a mechanism catled the 

unreteased audit seriat ~utber to determine when an updated 

tuffEr car be written. lhe globals for ttie aata base cont~in ~n 

aucit serial n~mber ~hict is incremented by one each time any 

aucited cperation occurs. The cu~r~nt value of this number is 

then storec ~ithin the ctrrent audit buffer ano within the buffer 

cesc,iptc~ fer the b~ffer just affected by the update. 

fherefore. both the buffEr descriptors and tte audit buffers 

contain f ietcs which describe exactly when they ~ere last 

upcateo. When an aucit tuffer is written• its last iudit seriil 

rumbEr is stored wittin ~nother fietd in the globals. T~is 

f ielc1 the unreleasec aucit serial number, then represents the 

last audit which has beer physically written to the ~udit trait. 

~hen atte•pting to dEallccate buffers which have been upaated1 

the CMSII system reQlire~ that the audit serial number for t~at 

buffer can~n~t be grEate~ than the unreleased au~it seriat 

rumbEr, thus insurin~ th2t no part of the data base on dis~ 

represents changes Mhich are more recent than any part of the 

aucit trait. 
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The size of an) CMSIJ buffer is equal to tte value of BLOCKSIZE 

~ttribute <in bits) cf tte structure referenced bv that b~ffer 

~tus the t~ffer descTiptcr. 

ffiddefl Buffers 

lhe implewentation of rewaps and logical oata bases reQuire the 

accition of onE tevel of buffering. This additional buffer• 

called thE hidcen b~1fer, is an intermediate storage location 

usEd in the process cf tTansforming the physical data sets into 

the remap data sets. and vice-versa. The following rutes appty 

to the use of hi~den buf1ers: 

J. Hidden buffers are allocated conditionally. 4 hidden 

buffer is cnty reQ~ired if transformations are necessary to 

buitG a reaap 1rom the physical data set, or if any 

REACCNLY items exi!t in the remap. 

i. HiddEn buffers are fixed in memory and cannot be overtaic. 

3. Hicden buffers canTot be shared bJ euttipte users. lf a 

given re~ap recuirEs a hidden buf ferP then one hidden 

buffer is attocate< for each ~se~ of that remap. 

~- If a hidcen buffer ~s ~equireo for a data set, then that 

buffer is altocatec at each user•s first reference to that 

data set. Eact hicden buffer reaains allocated until its 

user closes thE oata base. Clo this eJtent, a hidoen 

buffer can be <onsidered to b~ an e•tension to the current 

record pcinter for a data setj in fact• the two are 
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altocate~ contiguo~sty in some instances.) 

5. 4 hidden buffer is only used to store the data items wit~in 

the physical dita !et record. It does not inctude any tist 

heacs that migtt b£ required tor e•bedded data sets or 

manu~t subsets. Tte tenqth ot the ~idoen buffer• 

therefore. is the £ATASIZE parameter for the physical data 

set• as printec in the OHS/OASDL structure statistics. 

6. Hidti£n buffers are ~sed only tor data sets, both disjoint 

anc embecded. Hic<en buffers are ne\er used for index 

seQuentiat set! or subsets, for indei random sets. or for 

manval subsets. 

Curing a find operation. the entire logicat record is moved from 

the syste• buffer i~to tte hidden b~ffer. The remap is then 

constructec by tne D~S/DJSOL-generated coce. Jhis code is 

cptiaizec; that is~ fiefds which are contiguous in toth the 

physicat reccrc and the ~emap are moved together. Items are 

movec incivioLatly orty •hen necess~ry. 

When stori"g a remap reccrd bac~ into the data set• the 

tr~nsfor•ation operation! are reversed. READONLY items are 

co•pared, 'ather thar mo~ed1 at this time. This code is also 

optimizec. 
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WhEn initializing data items during a create operation• the items 

within the hidcen bu1fe' are initiatized• then they are 

transforaec into the user record area as in a find operation. 

lhis ensurEs the vatiditl of all READONLY and HIDDEN data item~. 

A hicden b~ffer atwa)s e,ists for a data set which has variable 

form~t records, sine£ thE RECORD TYPE f ielc is READO~LY. This is 

thE cnty case in ~hich a hidden buffer can be allocated for a 

physical tiata set. 

If eithe' cf the CMSIOASfl SFILE or SSTRUCTURE options is set• 

then the D~SJDASCL tistirg includes the following information 

about hicden buffers. by data set and remap: 

Structure number and remap number. 
length• in beth tits and byte~ of the user record area. 
length, in beth tits and bytes, of the hidden buffer. If 

these fietris a~e Zfro. no hid~en buffer is required for 
this iter. 

J/C nescriptors 

lhe DMSII system uses thf program overlay descriptor for most 

tufter reac operations. Two extra 1/0 descriptors are allocated 

along with the D~SII gtotat fields. One is ~sed for lookahead 

read operaticns and the <ther is for lookahead write operations. 
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EMSll Wortarea 

If the DMSII system issuts an I/O request in order to satisfv a 

reGuest, it cafl give up control of the processor until the l/C 

cper2tion comptetes. In order to restart that operation when the 

l/C operation cosptetes. the DMSII system saves all of the 

informati~~ necessar) to do the restart in tte wor•area for the 

program ~hich •ade tte rtQ~est. The workarea for each program is 

123 hits in length ~rd i~ allocated during data base open ti•e· 

Path Dictionaries 

Each entry in the path dictionary contains infor•ation about tte 

structures referencec withir the program suet as structure 

rumber. ve~sion stami• ard aemory address of the structure 

record. A patt dictionaYy is atlocated for each program using 

the [MSIJ system and is ittocated immediatel) after the D~Sll 

work area. 

Each entry in the path cictionarv is a nor•at descriptor, 64 tits 

in length. The numbEr allocated for a program is equal to the 

rumter of structures refErenceo by the pro~ram plus one. 
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CPERITIONAL REGUIREMENlS 

Cf the 13 types cf dita !tructures. the memo~y space usec for the 

cata buffers is the ~ing1e mcst vot~tite factor to bE considered 

~hen calc~tating the memcry needed to access a data tase. This 

is true because cnce a dita tase is opened, the qtob~ls• toct 

cescriptors, and 1/0 des<~iptors re&ain in memory. Once 

attocatec• the structure records, disk fjle beaders1 and audit 

structures also re~ain ir meaory. ~hen servicing a specific 

re~uest1 hcwever• the CM!II syste• ~ltocates as many buffe~s as 

~eeded to satisfy th~t rfQuest~ and as soon as the operation is 

co•piete1 immeciatel) maTks as avaitable any of the tufters which 

kere not upd~t€d by that operation. For any operation• atl 

tufters invotvEd in that operation ~re imtlicitly locked for the 

curation of the operitior by the OH~II system. For tind and lock 

cper~tions• the buffErs 1or index tables or list tables are not 

ke~t lockec tonge~ ttan requi~ed. ~ormatty, only one tufter is 

•ept loc~eo at a timE. 1his is necessa~y for the following 

reasons: 

1. Since the DHSIJ sy~tem usuatty performs an operation in 

severat steps, giving up cont,ot of the processor ~hitE 

waiting for an I/O operation to complete~ storing any 

inforwation it neers in the workarea of the user program• 

arc then resta~tinf the operation once the 110 operation is 

comptete. there car be several partially complete CMSll 

ope~aticns in ~roc(ss, each from a different progra•· In 

these circumst~ncet, it is absolutely imperative that no 
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P'ogram be attcwed to alter 01 even access information 

which •a) itself be in the process of teing attereo or 

khich may ~ave beer useo in a partially establisheo path 

for another prcgraw. 

2. In the case of upd~tes <sto~e, delete• insert• or reaove, 

if the O~SJI ~rste• encounters an exception while part w~y 

thro~gh the opEration (for ex~mple1 a duplicate was 

encounteret on an insert into an index for w~ich dupticates 

are not allowEc>• it must back out all of the changes maae 

to that point. This can only be dcne if no other user h~s 

been allowed to access any of the bu1fers which have been 

affected by thE paftiatty completeo operation. 

The numter of tufters retuired depends upon the type of operation 

anc the particutar struc1ure being processed. There is no upper 

!i•it imposed upon tte n~mbe~ of buffers which •ar be required to 

complete any operaticn. 

Cpen• Close• Freew Creatf• and Recreate Operations 

~o buffer space is rEQUi~ed to complete an open, close. free, 

create, c~ rec~eate cper~tion. For open operations the memory 

reQuired is eq~at to the memcry required for the glotats. 110 

cescfipt~rs• a~d toe• oe~criptorso fhe clos€ operation reQuires 

no extra •Emury. ThE fr~e, create, and recreate operation~ as 

~ell as att ~f the ether operations mentionec in the fotto~ing 

paragraphs, Expticit4y rfference st1uctures ~nd can therefore 

ca~se thE structure 1ecowds ano/or cisk file headers to be 
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trought into mEmory. 

find/loct (Modify> O~e~ations 

Any find or tock operaticn reauires at teast one buffer for the 

cata set record. In addition to th~t buffer, the ~ath w~ich is 

teing use~ to accomp4ish the operatjon may require extra b~ffers 

for tables~ If at any time the OMSlI system detects that a 

record neeceo is alrtacy in aemory. the memDry cop~ is 

~utomaticatty ~sed ard ttere is no additional memory required. 

fhe remairing paragraphs of this sutsection f~ther describe the 

•e•ory rec~irec to pErfoTm a find 01 tock opEration• in terms cf 

the type of ~ath usec to perform th~ operati~n. 

Eisjoint Data Set 

When performing a f ird oT lock oper~tion which does not reference 

a set or subset, onl) thf data set buffer is re~uired. 

1152444 E-22 01/19184 



ln~ex Rando• Sets 

~ f i~d operation by ~ay ~f an index random set requires, in 

~dcition to thE data set buffer• a buffer for the index tabteJ 

thE tength of this biffe~ js the blocksi2~ in bits for the set. 

In acdition, overfto• hu~fers can be required. 

Index Sequential SEts Jnd Subsets 

lhe buffers reQuirec for an index sequential find operation can 

rangE fro• o~e to fi~e b~ffers for index tables plus the ~ata set 

tuffer. 

E•tedded Data Sets 

If the operation is ~ f ird first• fjnd last~ or find wit~ a ~e~· 

twc tuffers arE required. One buffer is needed for the parent 

cata set reccrc, ~hich ccntains the list heac, and ore btffer is 

needed for the object record itself. 

If the opeTaticn is ; fird next or find prior, only one buffer is 

required for the embEdcec data set. 
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"anuat Subsets 

In mcst cases, a f inc optration by way of a manual subset 

reQuires Ofie mere bL1fer than a simitar find operation on an 

Emhecded data seto lhis additional buffeT is for the object dita 

set. lhe onty exceptio~ to this is a fast subset <unordered 

manual s~bset ~ith a poptlation of one), in khich case only two 

tuffers, ore for eact data set are reQuirec~ since there is no 

tatle for the list. 

Insert Ope~ation 

lhe ~umber of buffers recuired to perfora aA insert operation can 

rangE fr~• one to five depending on the following items. 

Parent Cata Set 

Cne buffer js usuall) recuired for the parent data set in orde~ 

to get the list ~eads for the subset. HowevEr~ if the list is 

Lnorcerec and a currEnt fist table tor the parent is alreacy ir 

1e~cry, the list heacs are necessarv onty if there is no space in 

th~t tabte or any of the successive tabtes. If there is space in 

any cf these tables, thef the entry can be inserted without 

iffecting the iist hEa~s· and no buffer is required for the 

parent data set record. If there is no current table. or if a 

new tabte must be attocated to complete an insert on an unordered 

list. then the parent record must be made present jn orde~ to 

~ccess the list heads. 
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Cbject Data Set 

Fo' orderec subsets, the object dat~ set must te made present in 

crter to bLild the kEy i1for•ation tor the subset. This reQuires 

cne tufter. No buffEr Sface is req~ired for the obiEct record if 

the subsEt is ~nordereo. 

List Tables 

Zero to th,ee buffers car be required for ti st tables depending 

upon where the new e~try is stored. If the new entry can be 

•aintained by a fast sub~et• the new entry is stored in the 

~arent data set• and no 1ist tabte 1s needed. If the neh entry 

can te stored in an existing table. onty that one table need! to 

be present ir eesor~. If the new entry causes the creation of a 

new table, the tist tablEs on eithe1 side of tte new t2ble must 

be m2de present, in croeY to update the list heads ~ithin those 

tables• requiring a total of three tabtes to be present. If tte 

nek tablE falls at eithe~ the head or the tait of thE list, only 

twc tufters are ~equired for list t~btes since only the table 

which was ~reviovsly the heac. or p1eviously the ta~t. needs to 

be updated. 
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Unordered ~anual Subset With One Entry Per Table 

An unordered manual subsEt having one entry per tabte is treated 

~s a special case. ~incE there can only be one entry per table, 

Each new ertry mLst reQ~ire a ne~ tdble; therefore• there is no 

need for the D~SII S)ste1 to search for availabte space ~ithin 

existing tables. Rather• if no cur,ent table for thE subset is 

in memory, the DMSII system adds the new tabte to the enc of the 

list. This recuires two table buffers, ptus a buffer for the 

parent data set to Vfdatr its list heads. If a current table 

co€s exist- the £MSll system adds tbe new table immEdiately after 

that tabte. re~uirin~ thYee buffers: one tDr the ne~ tatte anc 

cne each for tte next ant prior tables, i~ order to update their 

list heacs Cif the eJisting current is t~e last table in the 

list• this case ii icenticat to thax of no current table). 

~e•ove Operation 

A remove operation ncrwalty requires onty one butter for the 

currEnt tist table. If~ however. the ent~y teing removec is the 

last active entry in a trbte. then one or two more buffers are 

re~uired in orcer to dea1tocate the current table. If this tatle 

is the only tabte in the chain for the parent data set record• 

then only cnE aore b~ffev must be present in order to up~ate the 

tist heacs within th£ pafent data set record. If there are more 

tables in the list• then two buffers are required in order to 

upcate the list heads within the prjor ano next records <either 

one of these can be the iarent data set rather thafl another list 
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table). 

Store Operation 

The amount of •e•c'y reqtired to perform a store operation on a 

cata set depencs pri1ari•y upon the type cf cata set, either 

cisjcint or emteaded. 

Disjoint Data Sets 

The imount of buffer space required for a store operation depends 

upon two thi"gs: 

J. lhE aanner in •hict the current was establisted for the 

data set recorc, ttat is~ is this a store operation after a 

create or a mocify operation? 

2. If a store operati~n after a modify operation, were any 

critical fiel~s Ctlose referenced ty a KEY or WHERE 

statements) ch2ngec? 
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Store Cperation afte• a Create Operation 

Under normal circ~mstancfS• this operation is the single most 

ce1anding cperatioTI in tfrms of memory reoLirements which the 

CMSIJ systEm can perform since. in ~ddition to storing the record 

in the data set, the key! of the record aust be jnserted into 

every set, both inde> secuentiat ana index random, which spans 

the cata set as welt as into every automatic sLbset for which the 

record Qvatif ies for memtership. The buffer requirements ~re ~s 

follows: 

J. OPE buffer for the data set record. 

2. One or tko buffers for every index random set which spans 

the cata set. The second butter is only neeaed when a 

tabte is fittte< an< an overflow table must be allocated. 

3. far ever) inde• secuentiat set and every automatic subset 

for ~hich the reccfd Q~alifies for memtership~ a minimum of 

one anc a maxirus cf thirteen buffers are reQuired. T~is 

inctu~es t~e fine table into which t~e key is placed~ anc 

ever) coarse tBble necessary to get to that fine tabte. 

The best case reQLiremEnt <two buffers) occurs when the 

fine tabte is ~ointed to directly ty the root coarse tabte. 

fhe worst case reQ•irement <six buffers) occurs when the 

fifie table is ioin1ed to by a fourth-level coarse table• 

and the fine t~ble is fult ano must te split to cowplete 

the cperation. In the latter case• four buffe~s are neeced 

for the coarse tables, and two buffers are needed for the 
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fine tabtes. lhe rumber of tevels of coarse t~bles depe~ds 

upcn the amount of tabte splitting which has occurred. 

which is a functio~ of the fotlowing three ite•s= 

1) The number of tntries per table. 

2> khether the toid is random or sequential relative to 

the key spEcjfication of the set. The table splitting 

algorithm ised by the DMS!J system produces the same 

resutt for eitter loading in seQuence or reverse 

sequence. 

31 lhE value cf tte SPLITFACIOR att~itute for the set. 

The effect that eact of these items has upon index 

seouertial tabte splitting is oiscussed in detail in the 

last subsEction of this append~x. 

Store Eperation lftev a Modifr Operation 

If no critical fields arf ch~nged, the only tuffer requirec is 

that for the data set it~elf. If criticat fields are changed. 

then• for any set or sub!et whose ~ey has changed• tbe old key 

must be deletec f~om the set, and tbe new ~er must bE inserted. 

The tufters recuired for these operations are the same as those 

required fer a normat detete fro•• and insert into, the specific 

set. either orde~ed er rEtrievat. ~imultaneousty, if the status 

of t~e r£c~rd• rEtative to one or more avto•Btic subsets• 

changes• the s~bsets must be adjusted accordingly: the recoro is 

inserted into any ne• sutset for ~hich it nok qualifies• and i! 
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celeted fro• any subset for which it no tonger qualifies. The 

tuffEr reQLire1ents in ttis case are identical to those for ~e) 

changes. 

NOTE 

Althcugh a store oreration after a cre~te oper2tjon 

is normally thE mo!t demandiny operation in terms of 

•emery requirec• tte ext~eme case of a store 

operatjon afte1 a rodify operation in whic~ every ~ey 

is changed, anc th£ status of every auto~atic sutset 

is changed, recuirfs more memory than a store 

operation after a treate oper~tion. 

E•bedded Data Set 

For ~ store cperatior after a create operation on an embedded 

~ata set• the tuffer reQtireftents are similar to those for an 

insert intc a sanuat sub~et except that: 

1. Since the data reccrd is included in the table~ there cap 

be re extra buffer required for an object record. 

2. There is nothirg c<mparabte to a fast subset. 

la•ing the abo~e itess irto account1 the n~•ber of buffers w~ich 

ca~ be req~ired for tist tables for a store operation after a 

create operaticn on ~n ewbedded data set can range from one to 

three. 
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for a store cperatior after a modify operation, only the table 

buffer is necessary sincf key items cannot be changed on an 

ordered emtecded set. 

Delete Opef'ation 

for tisioint data sets, •~en a record is deleted from a dBta set, 

the buffer requiremerts ~re approximately the saee as for the 

original acriitior of the record into the data set Csto'e 

operation after a crEate operation>. 

For embe~dEd data sets- the buffer requirements are analogous to 

these for a 'e•owe cieration fro• a manuat subset. 

lleg in·•tra11sact ion anc EnC'-transacti on Opet" at ions 

If a no aucit operation is requestec on either of these 

oper~tions, no e•tra bu11er space is necessary. W~en an aLdit 

operation is requesttd or these operations, a store operation is 

perfcrmec• and the rEQUitements are the saae as those for a store 

operation en a si•ptt ai!joint data set. therefore. the tLffer 

recuireaents for eit~er 2 begin-transaction ~ith audit or 

en~·transaction with auoit operation are dependent upon the 

rumber of inde)es declarfd for the restart data set, and whether 

the cur~ent restart record was established by a create or a lot~ 

operation. 
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DATA WCRKING SET 

When estirating the cata working set for an application, the 1~ 

types of data structLres can be classified into the follo~ing 

five grovps: 

1. The cata structure! brought into memorr at data tase open 

ti•e= the gtotals and two l/U desc~iptors. 

2. fhE structure recoTds• file r~cords. and disk fite headers 

for every structurt referencea by the ~pplication. 

3. The aucit FIB ind tufters, if the data base uses audit and 

reccvery, and the ~pplication updates the data base. 

4. lhe cata structure~ specific to the progra•Cs> involved in 

the ap~licatiQr ar~ the OMSII workarea, currents• anc 

hicden bufiers. 

5. Twice the nuaber 01 buffers and buffer descri~tors 

necessary to s2tis1y the typjcal reauest made tv the 

apptication. This precludes the necessity of the DMSll 

system waiting the comptetion of a write to the dat~ base 

after an updatE opEration before being able to reuse a 

buffer. 

A batch prograa usuatty rerforms a ~ingte function and therefore 

has a worting set whjch is fairly sjmpte to calcutateJ however, 

the typicat on-tine ~rogTam performs several t)pes o1 function!• 

anc the ko,king set 1or that program can change dramatically 

curing execution as the ~aricus remote stations perform such 
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operations as inQuiries, maintenance, or upd~tes to trinsaction 

files~ 

If the data base use! autit and recovery• the previously 

•entioneo Unreleased Audit Serial N~mber mechanism can cause a 

signif ica~t increase in 1he ~orking set fer programs which add or 

~pcate large numbers of records. Ttiis can cause the number of 

tuffErs within the wcr~irg set to be three or four times the 

rusber reQuirec for the typical request• instead of two. This is 

tecause the upcated tufffrs cannot ~e reattocated until their 

~espective audit reccrds have been ~ritten to disk. four times 

as many tufters can te rEQuired if the updates in question affect 

many index str~ctures sirce, when updatirg index tables• the 

~ucit information ge~erateo is fairty s•~tt (on the order of 1.5 

to 2.5 times the entry size for the str~ct~re> relative tc the 

size of the aucit buffer! and the t~ble records themselves; 

therefore. a sEries cf orerations could ca~se many table btffe's' 

in acditicr to data tuff~rs~ to be betd in •emory even though the 

2ucits for those operatitns have not fitted an audit buffer. 
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Exaaptes of Wo~ting Set Calcutations 

In each of the folto•ing four examptes1 the data working set for 

~ specific D~SJI apptica1ion is calculate~. Each exampte 

includes a description oi the application as well as a detaitec 

tist of any assumpticns thich aust be made in order to perform 

the calculations. I~ese assumptions include such items as the 

physical and tcgical cc•Josition of the d2ta base and the 

seQuence in which DM!II cperations occur. 4lt of the 

catc~tations are aescribfd in terms of the five types of data 

structures o~ttined in tte previous subsecticn. 

NOTE 

Severai exptan2tor• notes appear at the end of each 

example. kithin tfe body of each example, references 

a~e aade tc thEse rotes by means of an asteris~ anc a 

sequence number enclosed within parentheses~ such as 

(•)). 
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Exauple 1: 

Appticatjcn: 

The initial load ot a data set which includes two index 

seQuEntiat sets• ore index random set• and four automatic 

subsEts. 

Assuaptions: 

l. The tvpical data rfcord satisfies t~e conditions fer 

exactly ~ne of the automatic subsets. 

2. Alt of the •ey! for the seven indexes are 10 digits C40 

bitsl long. 

3. $ 1AELESIZ£ 1 •as tpecified to the OMS/OASDL compiler, 

ge~erating block sizes in bits of 1QC5E for each ordered 

path and 10080 for the retrieval set. 

4. Block si2e for the data set is two seg•ents <268C bits). 

s. Audit anc recovery is not usea. 

6. Atl cf the indEx sfquentiat sets have a maximum of two 

levels of coarse tible Crefer also to Note 3 in this 

exa•~le). 
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7. Each str~cture is !tored in a separate file# and eac~ f ite 

has a aaximua cf 2C areas. 

f. All key fields and WHEAE items are ccntiguous. 

9. All of the indExes are to be loaded in perfectly random 

ore er. 

10. Alt four autom~tic subsets use the same key iieldCs). 

Feauireaents: 

J. 

2. 

4. 

Glc>bats 
20 lock descripto's • link info 
J I/O descriptors 
1 111emcf')' link 

Total 

923 bits 
182 4 bi ts 
1584 bits 

181 bits 

4518 bits C565 bytes> 

1 data set 
str~cture recordsc~11 

1ea tits 
OFH's<•2> 
1456 bits 
1392 tits 
8352 bits 
1496 bits 

l retf'ieval SE~t 
€ orcerec sets 
a me11ory tinlrn 

1otat~ 

Structure recor<s plus DFH•s 

4udit and recover) is not used. 

Path dictionary <•31 
Status mask <1 in-oke1 
Wo.trt area 
Currents <•,ft> 

Ictat 

E-36 

968 tits 
7032 t·its 
149E bits 

10284 tits 12696 tits 

22980 bits <2B73 tytes) 

720 bi ts 
100 bits 
661 bits 

0 bits 

1481 bits (185 bytES) 
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s. 
Euffers: 

2 data bloclcs 
2 retrie~at tabtes 

9-15 ordered t2bte! C•5> 
13-19 buffer de!criftors 
13-19 memory links 

Tc ta l 

Total for alt 5 groups 
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5760 tits 
20160 bits 
90504-tSOB~O bits 

1872- 2736 bits 
2431- 355! bits 

IZ0727-183049 bits 
(15091- 22f81 bytes> 

149106-21202€ bits 
(18711- 26504 bytes> 
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NOTES 

Structure reccrds ere composeo of: 

Data set:: 644 bits (base) 
32 bits lkev t abt e > 

112 bits (current> 

168 bits 

REtrievait set: 844 b;ts <base> 
32 bits lkey table> 
92 bit~· \.current> 

968 bHs 

Ordered set: 644 bits (base) 
.32 bits (key t abt e) 

256 bits (base current> 
40 bits (key at e 11d of current> 

1172 bits x 6 s t f' trc t ur e s = 1032 bits 
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Dis~ file ~eadErs ~re composea of: 

E!ase cnn 540 bits 4.DFH) 
720 bits (20 area addresses ~. 36 bits each> 

66 bi t ~; lversion stamp and cor:trol 'info J 

1328 bits 

Cata set: 1328 bits lbase CFH) 
64 bit~; (unused) 
64 bits <N,HOl 

1456 bits 

Retrieval SEt: 1326 bits lbase DFH l 
64 bits lN,HO) 

1192 bits 

CrderEd sets: 1 iz e bits ibase CFH J 
64 bits (NAHO > 

1392 bits Jt 6 Files = 835.2 bits 

The number of Entr~es in the path dictionary is one 

mo~e than the ruut£r of structures referenced in the 

prcgra•• and e~ch •ntry is 80 bits in length. For 

this appticaticn, fight structures are reference~; 

therefore. the patt dictionary contains nine entries. 

and is 720 bits in length. 

Onty the base currEnt. which ~s appended to the 

strvcture record, is necessary since there is only 

one iser fo~ e~ch ~tructure. 

The typical case fer any two successive records• 

given a truly ranacm load cf ~n ordered set, is that 

the ~eys for ttose records have no index tables in 

cos•cn other ttan 1he root coarse table. The~efore, 
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the Morking set for such an i~dex incl~des onty one 

copy of the roct ccarse tabte, two tuf fers for any 

lohe~ level co~rse tabtes, and two t~ffers for fine 

tables. In this etampte• best case is three buffers 

per incex Croot coirse plus t~o fine>~ and worst case 

is five buffers Cbfst case plus two extra buffers for 

second-tEvel ccarsf tables). Since the typical 

record is spanned ty both ordered sets and one 

automatic subsEt• the ~inimum number of buffers 

required for ordered paths is nine <=J•J), and the 

ma•i•u• is 15 <=!•~>. The nu•ber of memory links 

varies accorcingty. 

Exaopte 2: 

Application 

The initial toac of the same data base describec in exa•pte 

i, ~ith a~djt ard rtcovery added. 

Assumptions 

1. All of the itews assumed true for example 1, except for 

item s. arE at~o assumed true for this exaaple. 
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2. Aucit is tc ta~e, and the audit buffer is 1800 bytes in 

tength. 

3. The restart data set has a block size cf one segaent 

Cl440 bits]. 

4. lhe restart set has a ~ey size of eo bits <lC bytes). 

fieQuirements 

Jl • 

';II 
(_. 

Same as example 1. group 1 

,.estart data set 
Festart set 
2 11ae11ory tin•s 
lotat frcm eJaap1e 1, group 2 

lot at s 

451B tits 

structure records 
186 bits 

1112 bi ts 
374 bits 

10284 bits 

12618 bits 

DFl1 1 s 
1456 bits 
13S2 bits 

314 bits 
26S6 bits 

5916 bits 

Structi~e records and DFH 4 s 28536 tits (3567 b)tesl 
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Audit FIB 
2 audit buffErs 
2 I/C cescrirtor! 
M.eaory Link 

lot at 

Path dictionary C•l> 
Status mask (2 irvokesl 
Workai"ea 
C,urr en ts 

lot at 

Buffers: 
3 oata blocks 
f'e5tart data sEt 
3 retrievat tattes 
12-21 ordered tables (*2> 
19-28 bufftr descriptors 
19-28 memory links 

E-41 

568 tits 
2880C tits 

'S 4'4 tits 
181 bits -----

30099 tits (3762 bytes) 

680 tits 
200 bits 
661 tits 

0 tits 

1741 tits (21f b vt es) 

8646 hits 
1440 bits 

30240 tits 
120672-211116 tits 

273E- 4032 tits 
355~- ~236 bits 
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lotal <•3) 167281-260764 tits 
C20910- 32596 b)tesJ 

Total for all 5 groups 23217~-325654 bits 
C29022- 40707 trtesl 

NOTES 

The path dictionar, reQuires ll entries. 

Becavse cf audit ard recovery, there m~st be a 

sufficient numter cf buffers tor t~ree fine tattes 

and three secc~d-lEvel coarse tables per index 

s e Q u e n t i a l s e t or '! ub s e t , i n s tea d o f t h e t " o bu f f er s 

each reQuireg ~hen audit and 1ecovery is not used. 

Ont~ one ccpy cf tte rcot coa1se table is needed. 

Therefore• the best case becomes four tuf fers per 

incex~ and the wcr!t case becomes seven buffers. 

This makes the minimum number of buffers 12 C=3•4), 

ano the maximvn nuwber 21 <=3•7). 

Although the wcrst case requires 28 tufters to be in 

memory at cne ti•e• no single operation can ever 

r eo1J i'.re 10-re t,tan !2 buffers to be toe lted at one ti ee 

Cone each for the cata set• restart oata set• and 

incex random SEt• ind three for each of three index 

sequential sets); therefore• at no ti•e should this 

appticatjon 'ecuirf that an overfto~ t~bte of tock 

descri~tcrs be atlccated. 
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Exa•ple 3: 

Application 

A singtE progra1 doing inauiries into tte data base 

described in ex1mptEs 1 and 2. 

Assumptions 

1. Either of the two crdered sets can be used for the 

inQuiry. 

2. Cnty FIND cpe~itions are perfor•ed~ and therefore the 

1. 

2. 

tufters arE at~ays immediately a~ailabte. Space for 

twc copies of Each buffer is not needed. 

Same as exa1ptes 1 and 2 

1 data set 
2 ordertd stts 
3 memor) tirks 

fotal 

4518 bit~ 

structure records 
188 tits 

2344 b;ts 
561 tits 

3693 bits 

DfH's 
1456 ti1 
2784 bi1 
561 ti1 

4801 ti1 

Str~cture records and OFH•s 849~ bit~ (1062 by1 
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J. 

4. 

s. 

4udit ard rtccvery is not used. 

Same as exawple 1 <•1> 

BLffers: 
1 data btock 
2-l incex tables <•2> 
3-4 buffer descriptors 
3-4 meao~y links 

1otal 

Total for all 5 yroups 

NOTES 

When a disjojnt oata set is invoked, tte COBOL 

1461 bits 

28SO bits 
2C112•301E8 bits 

432· 516 bits 
561- 148 bits 

23985-3~312 bits 
<29Sti- 42S7 bytesJ 

38478•4f6ES tits 
(4810- E108 bytesJ 

cowpiler build! an entry in the path dictionary for 

every structurE ce~crited within the 

OSM/C-SOL-generatet library file for the data set 

rega~dtess of •hict structures are actvatty 

refErenced in the rest of the program. In this case~ 

the ~ath dicticnarl includes ~ntries for eight 

structures, evEn ttouqh only three str~ctures are 

actually used in tfe program. 

At teast tbe rcot coarse tabt~ and a tine tabte must 

be present; a seccnd-te~el coarse table may be 

neeted. 
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Exaupte 4: 

Apptication 

~ program t~at Lpdates the dat~ base describeo in examples 

1, 2, and 3, anc hhich is r~nning concurrently ~ith the 

inouiry program described in example 3. 

Assumptions 

1. lhE update pro,ram uses the retrieval set to access the 

~ata set. 

2. The key f ielo 1or the automatic sutsets is changed tvt 

not the WHERE condition. Therefore, each ti•e a record 

is stored• the old key value must be deletEd from 

whichever subsft references the record. and the ne~ ~ey 

value must be reinserted into the sa•e subset. 

ReQuirements 

1. 

SamE as in Examples l througt J ~518 bits 

Same as exawpte 2 above (•1> 28536 bits 
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3. 

4. 

5. 

Same as exa1pte 2 above 

fer the inq~iry program 
for the upd~te program C•2) 
1 extra curfent for the data set {•3> 
1 meMor) lirk 

Total 

B~ffers 
fer the irQuiry program C•4l 
for tte urdate program: 

3 cata buffers 
l inde, random buffer 
l restirt data set 

7•13 crdeted tables l*5) 
12-18 tufftr descriptors 
12-18 1emofy links 

Total 

Tctat for alt 5 9roups 

NOlES 

300~9 bits 

14f 1 bits 
1741 bits 

112 bits 
lf 7 bit! 

~~~--

3521 bit! (440 bytE 

23985· ~4!72 bits 

8640 bits 
1C080 bits 

1440 bit! 
10392•1!0128 bits 

1728- 2~92 bits 
2244- 3366 bits 

11B509-191218 bits 
<1481~- 23S02 bytes> 

1651f 3-257f92 bits 
(23148• !2~31 bytes> 

Every structure is referenced by one or both of the 

programs. ActLalt,, the update pro9ram alone wo~ld 

require all of the structure records since. wheneve~ 

the CHSII systEm dttects a ~er change <from the data 

set's key tabteJ, it must bring in atl of that d~ta 

set's structurEs ir order to re-evaluate eac~ key 

separately, anc determine which sets h~ve been 

affected by thE ~e' change. 
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The update pros~am 1 s requirem6nts fer path 

dictionaries, ftat~s mas~s. and wor~areas are 

identical to ttose of the p~ogram described in 

exampte 2. 

Only one ext~a cu~tent is req~ired since the data set 

is the only struct~re exptici~ty referenced by both 

programs. Wit~ this exception, neither program has 

any direct effEct (0 the othe1 for t~ese items. 

The inquir~ prograt•s buffer require•ents are the 

sawe as in exarpte 3. 

The CHSII svstEm hindtes a key change en an inde~ by 

performing a cEtetf operation on the old key and an 

insert on the new tey. Since the bLffer require•ents 

foT a delete are tte sa•e as those for an insert, the 

worting set fof a •ey change should te analogous tc 

that fer inserts irto two sets with thE exception 

that since onl• onf set js involved• t~ere is need 

for o~ty one rcot coarse table. Referring to note 1 

for exampte 2- the best case •s I buffers <root 

coarse table ptus ~ fine tables for thE deletes and 3 

fine tables for thE inserts), and the worst case is 

13 buffers Cbest cise plus 3 second-level coarse 

tabtEs for bott the delete ano the insert). 
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lAELE SPLl1TING 

~ith the exception o1 tu1fers, the oata structures usea by the 

CMSII system a'e marted as SAVE memory; that is• the data 

structures such as gtcbats and disk file headers cannot be 

overlayec ty the MCPII ard SLst rem•in in •e1ory until either the 

cata base is closed er tte st~ucture has no active users. 0~511 

tufters. however, a~E reteased as soon as possible. In spitE cf 

this• buffers are ty~ica1ly the gre~test sinsle cemand upcn 

•ewory withir the DM5II !ystem. In addition• the majority of 

buffer spcae is nor•atly occupied b~ index tables data that is 

"oraatty transparent to 1he vser. ln exa•ptes 1 and 2, buffers 

~cco~ntec for approximatfly 15% to b0% of the total CMSII data 

reQuirements• anG incex tables acco~nted for approximatelr 90% to 

951 cf the tct~l buffer ~pace. Note that these tMo ex~mptes wEre 

part of the extreMe case of an initial toa~. for an application 

which is not acding er dlleting great numbers of records, not 

cnty do total eeacry req~irements d~ministi, tut the ratic of 

inceJ tatte buffers to tctat b~ffers also ci•inishes, as exaaple 

~ shows <app~oximate4y 6~% of total space is used by buffers, ~nd 

~bout 852 of the buffers were index tables). 

•s mEntioned previously, buffer space for index random sets is 

usuatly cnty as small as a single table1 tut a second buffer c~n 

te ~Equired if the C~SII system nee~s to attccate an overflow 

tatte. Hc~ever, inrlfx SfQUentiat s~ts and svbsets cin reo~ire as 

1a~y as five tabtes. Th£ amount of mem~ry r£Quireo to perform an 

cperatio~ upon an incex 9equential set depends heavily on the 

11~2444 E-48 01/19184 



rumbEr of tables which mLst be brought into •emory tc co•plete 

the operation, and ttis in turn is oependent upon ttE amcunt of 

tabtE splitting whict ha' been done on that set. 

Atthough the s~littirg a1gorithms wbich the DMSII system uses 

~ffects the amcunt of splitting that occurs. the user has little 

cort~ot over these algorithms. Other factors ~hich ~ffect the 

2mcunt of splitting, and over hhich the user has control1 are: 

2. The orde~ of the t<ad. 

3. The SPLITFACTCF setting for tbe structure. 

lncex tabte f or•ats 

Eoth index ranoo• anc in<ex seQuent1al use tte sa•e tatte form2t. 

This allows both tab1e Sflitting algorithms to share significa~t 

~arts of the ccdeu Exa•f4es of this are insertion of an entry-

celetio~ of an entry, an< others. Jhe table format is: 

01 Index Table 
02 Flags 

Bitistructure.buffer.s~ze), 
Bitll)1 1 0 - reserved tor later use 
BitlJZJ, 2 Last update if auciting 
BitlZ), 2 O = lowest level 
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02 Audit seriat ntmber 
02 lndei type 

02 Entry count 
02 ~ext table 

02 Prior tablt 

2 1 = next level 
1 2 = any higher level 

Bitl12>• 2 Count of ~alid entries 
Bit(24), 1 Each levet of table is 

2 linked together 
Bit(24), 2 1-s - doutte linked 

l I·R - base table adcress 
02 Index entries (structure.1cds.tlkl 

ett (structure.record.size), 
% each Ent'' is structure.,ecord.si2e bits long. 
% there are structure.rcds.btk <tablesize> entries. 
% the fcr•at of each entry is: 
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03 Address 
04 Area 
04 Disptace1ent 
04 ~eccrd 

OJ Key 
02 Structure rumbtr 
02 Area 
02 Disptacemer.t 
02 Checks~• 

Table Splitting Algorith•s 

hitC32J, 
bit(6). 
BitC16), 
tiitCB), 
bit<strLcture.key.size), 

Bit(8}, 2 Used for address check 
Bitl8), 2 Own area - for ~ddrEss chect 
Bitll6>• 2 Okn disptacement 
Bitl24), 2 0 - reserved for later use 

Each time a record is ad~ed to an ordered set• the D~SII systea 

enters the key and acdre!s for that record into a tabte. Entries 

within each tablE arE aaintained in seQuence by the •ey. Ent~ies 

are addec to a tabte until that tabte is iutt. At that pcint, a 

new table is created, ·thf existing entries are split between the 

etc ~nd the ne~ tablE~ ard an entry is made in the next highest 

level tatte that poirts to the new tabte. This can re~uire a 

split at the higher 4eve1, and so on. The algorithm works the 

same way at EVEry le\el. The detaits of tte algorithms folloh. 

lmcex fiandom 

Incex ranocm uses a tashing algoritftm to cause the base table to 

te searcheo. ~ote ttat cnty the first 30 characters of the •e) 

ire used. 

lncex random base tattEs are initia,ized so that they have a 

singte entry contai~ing an address ~nd ~ey of atl tits set. E~ch 

new entry is placed in tte table in ascending ~ey sequence. When 

an atte•pt is •ade tc in!ert an entry intc a fult tatte• the 

tabte is split prior to waking the insertion. 
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When a split occu~s. the first splitfactor entries are left in 

the curreflt tatte• 2 new table is atlocatec and linkEd irtc the 

cvErftow tist immeaiatelt fotlowing the current entr)' and the 

remainjng e~tries are •owed to the new tabte in its soTtec place. 

The next tabie pcinter i~ used as a one·way link• linking the 

tase table tc its ovtrflrw tabte, afid in turn linking each of the 

ove~flow tables to tte ntxt overflow table. The next tatle 

pointer whose bits a~e a1t set signifies the end lin•. Entrie~ 

for any table en the oveYfto~ list ~re always sorted and are of 

greater than or equal ~alue to the entries for the preceding 

tabtE anc are cf less thtn or equal value to the entries for the 

fottowing table. Tht initial entry with all bits set is always 

the tast valid entry in the last taLle of the base tabte and its 

cverflow list. The initiat entry is inctvceo in the count of the 

r.umter of entries in any table. 

SiflCE the tabtes a~e alw2ys eaintained in a sorted order. a 

tinary search can be usec on index random as welt as index 

seQuEntiat. If dupticatEs are allowed, then the duplicates are 

always storec in the revErse order in whict they were entered 

into the data base <cupticates first>. Recrgani2ation preserves 

the sequerce of dupticatEs on any set whict coes not have ~ 

"ocutus change or an) te' ites chan~e or goes from d~plicates 

atlcwed to dupticates not allowed. 
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The process of executing a find operation at a specific ~ey 

consists of perfcrairg a hash operation to find the tase table• 

~eading the desired tabtE, ano then doing a binary search en the 

tatte. If the search is successful, then it returns the first 

Entry in the tabte with the cesired key value. If the search is 

unsuccessful and the last key in the table is tess than tte 

cesired key, then thE ovtrflow link is used to access the next 

table and the ~rocess prcceecs with the reading of tte overflo~ 

tatte. lhis process continLes untit the desired key is found or 

a key greater than tte dEsired key js founc. 

lhe prior tablE pointer 1lways contains its own logical addres! 

if it is a base tabte. 1f it is an overflow table1 it contains 

the togicat adcress cf its base tabte. lte atgoritha use~ for 

secuentiat ~rocessins <rfQujred for the generalized setection 

expressio~s> begins •ith the first ~ase tatte. It searches each 

base table, then eact of the overflow tables fro• that base 

tatte. It proceeds to tte next base table and its o~erflow 

tatlEs. This process cortinLes unt~t the tast base tatte and its 

cverf lows have been searched. 

An i~dex rando• delete rEmoves the ~pprop~iate entry. anc if that 

entry was in a~ over1tow tabte~ it then attempts to consolidate 

tattes. If thE numbtr o1 entries in this table has been reducEd 

to zero1 the~ the tatle is dElinked and returned to sv2ilabte 

space. If the number of entries in this table plus the preceding 

table is tess than SFLITFACTOR entr~es, or if the number of 

entries in this tablE is one and the prior table is not futt, 
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then the entries in this table are moved to the prior table anc 

this tabte is cel~ntEd ard returned to avaiiabte space. 

Index SeQuential 

The CMS/CASDl initiatization of index sequential tables consists 

of allocating a root table pcinter in the file record ana setting 

it tc null Catt bits setl. The DMSil system reccgniies this 

condition on the first store and allocates a root tatle• sets the 

roct tabte pcinter. anc takes one entry in tbe root table with 

~tt bits set <a nult key and a nutt address>. The number of 

tevets of tables can var1 from zero to five. Zero levels are 

incjcative of an empty irdex. One tevel is ~ valid 2rrangement 

anc consists of a sirgte fine table referenced hr the root table 

~ointer. lhe iifth tevet is arranged with one level of fine 

tattEs referenced by four te~els of coarse tables. 

Alt tabtes are aaintaine( in sorted order and ascending seQuence. 

tescending seovence is pErformed by complementing thE •ey before 

sorting. Each entry in i fine table contains the key of the d~ta 

'ecord and the data reco~d address. There is one entry in the 

fine tables for evert retord in the data set that shoutd be 

referenced by the incex. There is one entry in a co~rse table 

for each tabte at tht ne,t lower lewet referencec ty this coar!e 

tablE~ lhe ke) in ttat tntry is the highest valued key in the 

next tower table and the address is the address of tbat table. 
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The process cf gettirg ttrough all levels of the tables to fine 

2n entry consists of obtiining the root table pointer• rea~in9 in 

that tabte. coing a tinaTy SEarch on that tabte1 anc if the tatte 

is net the tine tablE• ccntjnuing the process ty taking the 

aocress frcm the entry f<und and repeating the cycle by readins 

that tabte. While SEarcting coarse tabtes, the binary se2rch 

need not return an e~act match, but returns the first entry kith 

a key value greater thar or equal to the desired key. When the 

fine table tevel is fina1ty reached, an exact mate~ must be found 

for ~ find operation or l NOlfOUND exception condition is 

retu~ned. For a delEte cperation~ an I~TEGRITYERRCR eiception 

condition is rEturnec if the exact match is not found. Ncte that 

in the detEte operation. the ad~ess is also checked for an exact 

match• anc in the ca!e of a store operation~ an exact •atch is 

not needed• but is acceptable if duplicate records are allowed. 

After finding where the tey should Le locatec. the store 

cperatjon proceecs b) chfcki~g for available space in this tabte. 

If there is space av~itatte. then the entry js ptacec in the 

currEnt table in its sorted position. If there is no space 

~vailabte• then the table must be split. 

lhe ~lgoTithm ~sed tc sp•it a table follo~s: 

1. The first decision to be made is where to split the tabte. 
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2. If the new entry i! placed higher than SPLilfACTOR entries, 

the sptit is at SPllTFACIOR entries. 

3. If the new entry i~ placed lower than <tablesi2e -

SPLITF•CTORJ ertriEs, then the sptit is done at Ctabtesi2e 

- SPllTFACTOfil entries. Otherwise, thE split is done at 

the ptace wherE tht new entry goes. 

4. The entries in the table that are loker than the split 

location are mcved to a neM t~ble ano the remaining entries 

are wovec to tte tcp of the table. lhe ne~ entry is placed 

in the a~propriate table <if lt falls en the split, it is 

placEd ir the 1irst entry of the old table). lhe last 

entr~ in the nEw tibte is then p'opagated as a store on the 

next higher level tabte, which can atso need to te split. 

s. If the s~lit occur! on the highest level of a tabte. then a 

ne~ root tabte must be attocated and the root table ~ointer 

must be updatec appropriately. The nek root table has t~o 

entries in it, one of Mhich references the ~ey of the last 

entry in the nEW tsbte and the address of the new tatte. 

The cthef has i kel with alt ~its set to ON and an address 

of the otd tabte C•hich was the previous root table). The 

maxiau• ru•ber of table levels of tabtEs is fi~e. If this 

limi~ is exceeced• a LIMITERRUR exception occurs. 
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The store cperation coes not have any special handling of 

cupticates if cuplic2tes are attoweo. Any additional entry is 

ptacEd i~ front of ary c~rrent entries wjth dupticatE keys 

Cdupt~cates firstJ. Larfe numbers of duplicate records cause no 

overhead on the storE opEration. fne onl) o~erhead associated 

kith large numters of ~urticates are those involvec durin9 delete 

operations; the dupticate key with the correct address must be 

founc. For the average celete oper~tion1 this reQuir~s searching 

tatf of the duplicatE ~e, entrjes. 

Each level of tabte is tinked together using the next table 

pointer arc the prjor tatte pointer. The OMSII system sets att 

tits to CN in the neJt ttble pcinter to incicate tbe end of the 

tinks. Whenever a t~bte is split, the new tabte is tinked 

appropriately and the ot( tablE lin~s are adjusted. 

These pointers in the fire tables a1e used during FINO NEXJ, FIND 

~EXT AT ••ey>, and or gereratizec selection requests to alto~ 

sequential access to att the entries without traversin~ the tree 

structure. Thus• onty ore levet of tabte pointers is kept in the 

current information <f irdex seQuentiat as well as index randow. 

An index seQuentiat cetete starts br finding the proper entry and 

searchiTig cupticates1 if necessary. until thE proper key and 

adcress are founco That entry is removed and an attempt is m~ce 

t~ consoticate table!. lf the number of entries left in this 

tatl£ is not less th~n <tabtesize - SPLilfACTOR), or if it is the 

last table on this tEvet. then no consolidation can occu~. 
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If consoticaticn can occ~r, then the next table is checked. If 

the rumber of entries in that table plus the numbe~ cf entries in 

the current table is tes! than the tabtesi2e, then the c~rrent 

tabte js co~bined with tte next tabte, therety eliainating the 

cu~rEnt table. f he Entr1 in the next higher level t2ble for the 

current table must bE oe1eted. If combining takes place, then 

~djustaents are made to the next appropriate table and prjor 

tahlE pointers and tte c~rrent table is returned to available 

I f con so t i ca t i on c a n o c c tr, b t.1 t c om bi n i n g ca n no t • t he en t r i e s ·i n 

the current table anc thE next table are civided eQuilly between 

the tuo tables. If the total number of entries is an ode n~mter, 

then the eitra ent~Y goe~ into the current tible. Because extra 

entries ha~e been a~ceri to the end of the current tatte• the ~Ey 

in the next hi~her level table must be adjusted. 

I f a de t et ion occur s w h i < h r educe s t he root t ab t e to a s 1 n 9 t e 

entry- then the root tabfe is deallocated an~ the root tabte 

~ointer is updated tc point at the next tower level tabte. If 

the r~oot table was a finf' table• then the index struct1.1re is 

Empty. This is the !a•e as after the OMS/O~SOL compiler h2s 

initiatizec th£ root tab 1le. 

lhere is Ct'le ot he 1r ss:;eci2t ccndit;on. If the highest ent.-y in a 

coarse tabte i 5 d 1eletec, then the tc;ey for that table in the ne)t 

high E 1r t .ab t e is adjusted. Each ent1 y in the coarse tables alw:Gys 

ti ave the tc E y of the ~itjhfSt entry in the next lower· tat le. J ti at 

key £djust1ent may t~ve to propagate up to tte next level. 
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These algorithms havE thf property that each table• except t~e 

last on each level, ~l~ars contain at least <tablesize -

~Pll1FAC1C~> entries. 

Easec on the information p~esented jn the previous p2raqraphs, 

the cefault setting for ~PLITFACTOR (75%) should genErall) be 

used. If the initial loid is in oroer• SPLITFACTO~ can te 

increased. The degree tr which SPllTFAClOR approaches 100% 

ceperds up-0n the way in •hich additjonal records are to be added 

~fter the toad and wtat ~ercentage of the ultimate population of 

the set the initial load represents. If almost atl cf the set is 

to be loaced• er if atl further additions are in order, either 

forw~rd o~ reverse, then SPLITFACTOk may be as hig~ as 90%. 

Entries Per labte 

The opti•uw number o1 entries per tabte, in terms of efficiently 

wapping a set1 is t~E so~are root of the expected population of 

that set. This is true tecause the maxiaum number of aata set 

~ecords that any coarse table can span is: 

<entries per coarse tabte> X <entries per fine table> 

If the nuwter of ent1ies per table js the sQuare root of the 

expected population cf tte set, then it is theoretically possitle 

for the root coarse tablE to span tbe entire set with no loMer 

level coarse tables. Ho~ever. even with such a table size• soee 

splitting almost at~ays cccurs due to factors such as the ~rde~ 

cf the lead. 
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Atthough the s~uare root of the expected population is the 

cptimum settins for Entries per table. memory consideraticns 

cfter force a reduction in this setting for sets of any 

appreciable size. lt~s is true since inae) tables can become 

very large when ~sins thE square root of the population fo~ 

entries per tabte1 especialty if the key 1or the set is more ttan 

just a fEw bytEs tons. for example, a set with a population of 

~0#000 and a key size of 16 bytes WQUld have index t~btes 32,0CO 

tits (4000 bytes) in len,th if the squa~e root of the population 

was vsed for entries per table. fo1 a si•itar set and a key size 

cf only fjve bytes• the table size ~ould ontv te 14.400 bits 

Ct~OO bytes>. 

Coarse tabte sptittirg i! a certainty if the maximum number of 

entries per table is les! than the sQuare root of the populaticn. 

Entries per table sticuld never be set belok the cute root of tte 

poputation. If they are, it can ca~se frequent splitting• dck~ 

to the fourth tevet cf ccarse tables where any further attempts 

to split would result in a LIMITERRUR exception condition. 
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APPENDIX f 

OM!ll DATA STRUCTURES 

This section contains the record descriptions for alt the CMSll 

cata structures referenced in this oocu•ent. This section is 

civiced into three sibsections: 

t. Data str~cture~ usfd br the DMSII system in thE processing 

of a data base. 

~. Data structures ustd primarily by t~e DMS/04SOL compiler. 

3. Aucit file and audit record formats. 

CMSII Data Structures 

lhe cata structures cescribed in thjs section are used by the 

[MSIJ syste• i~ the ~rocfssing of a data base. fhese structures 

ca~ te aaintainec in any of the fites in the data base, irctuaing 

toth the data base dicticnary and the files khich are used to 

sto~E the various structtres in the data base. 
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DMSII Gtobals 

The CMSII ftobals arE originalty in~tiatized by the OHS/OASDL 

compiler, and are at•ays maintained as seg•e~t zerc cf the dat~ 

tase dictionary. lhE CM~II Globals are first brought into memory 

~hen the data tasa i~ opEned1 and remain in memory until the l~st 

use~ closes the data bas£. The DMS~I Glotals contain pointers to 

~tt of the other data sttuctures• both in memory and in t~e data 

tase dictionary, which aTe neeoed to p~ccess the dat2 tase. 

Alt of the fottowing fields that are prececed by a single 

asterisk (•)1 are initia1ized by the DMS/OASDL compiler. Alt 

fiElcs precedec by t•o a~teris*s (••> are initialized ty the 

tMS/DASDl compiler, tut can te changed throush use of the SH 

input mes5age. Alt ether fietds in the OMSII Globals are 

initializeo by the trSII system when each cata base is opened. 
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l:ECLAHE 2 
01 DH_~LCBALS £11(1440!, % 

•02 C~_DAStl_~EP~ION BIT(8), 
% Hust •atct th£ current MLPII to process the dat~ tase. 
% 5.0 = 2; 5.1 = 1; 6.0 = 4; 6.1 = 5; 1.0 = 6J 
% B.O = a; (7 i~ used for ~n intErmediate stage by the 
% Reorgnization used to convert a data base to the e.o 
% for•at '" 

02 :Ct'_USEFS BIH6l" % current active users 
02 CM USE~S UPC-TE fl1(6), 

%-numte; of active users wbo have actuatly upcateo the 
'Z data b<1se. 

02 D~_ODL_OICT __ OCR B!f(l&), Z disk address of db diction~ry 
• () 2 D ~ _ G l 0 ti AL S~ 1C TA l_ SI Z E BI T C 1 t, h 

% lensth in bit! of Globals, including the structure cictionary 
02 CM_GLOEALS_-COfiE!S BITC24b % adoress in memcry cf the Globals 
02 C~_GLOEAL_LOCK_EJTS BI1C2), 
02 D"_IO_CESC_HEAD fIJC24>~ % memory address of first lit desc 

•02 [~_MAX_SlR BJT<e:, % highest valid structure numter 
~02 CM_GLOiAl_FlJGS 111(6) 

•03 D~_&MSKI EI1C1), % this is a DMSII data base 
03 FILLER BllCSJ, 

02 FILLER BIJC3Q), 
02 DM_DATA_BASE_LIN' 8IT<24J~ 

% usec to tin~ the Globals of atl active cata bases 
02 CM_STATUS_FLJGS £11(5)1 

0 3 D M _ ( p [ N_ u f 0 A T £ B I r ( 1 ) , % an up 0 at E ha s cc c Uf" f" e a 
03 DH_WRllE_ERROF BilCl>• % db must be shut down 
03 D"_fiECOVEFY_l._PROCESS 6lTC1>• J Ouap Recovery reouired 
03 D~_~EORG•JIZAllON BITC111 % no users can access the db 
03 FILLER Bl1C4l• % 4 more flags 

02 tt':_lD_tiEAO 8JTC2•l.• 1 memor~ address of tock descriptor table 
02 E"_NEXT_LG BlTClE), 

% o f f s et o f t h e n e x t a v a i~ t .ab l e en tr ) i n t h e t o c k 
% descriptor tatte 

02 CM_LC_JABLE_lENGlH BITC16>• 
2 size in bits tf the allocated lock descri~tor table 

"A0l DM_D IC J_PACK_ IC CHARACTER Cl Uh 
• 0 2 Ct'_ DA T A_ B "SE_ N AM E CH AR AC T ER C. 10 ) , 
... 0 2 U f'_ S I R_ 0 f F S E 1 B I ·1 C 1 6 > , 

2 starting fecoTd nLmber, in db cictionar~- of first 
% str~cture reccra 

•02 C~_DFH_OFFSE1 611(16), 
I sta~ting record n~mber~ in db dictionary, of DFH tatte 

•-02 C~_W~IT_LENGlH BJTC16), 
% tenths of sec<nos to wait for content ion resollrtion 

•OZ D,_NMB~_lO_DESC fIT<4J, 
% ignored - Mar• 10.0 alwa~s has one descriptor for lookahead 
% reacs and one for lookahead w~ites 

02 Dfl;_AUOIT_SJAlUS EITC20h 
••03 OM_AUDIT Elf<~>• 

••04 CM_AUDlTEO_OB 8IT<l>1 % => ~estart data set exists 
• • O 4 [ H_ ~ U C 1 'f _ f t J\ G 13 I T C 1 >~ % c ur '" en t s e t t i n g o f .\ U D I T opt i on 

03 DM_-UtITFfLE_CK Bll(lJ~ 
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% audit records can be placeo into audit trait 
03 OM_SYNC_LCC~ Elf(l), 

% reset => CMS •aiting for syncpoint to comptete 
03 DM_SYNC_IC_COtNl BITCl>• % # of syncpoint 11o•s in progress 
U3 DK_FRCGRA~S_Ot BlTCl), % 0 => Program Abort has occcrred 
03 DH_AUCIT_fIB_JLLOC-TED B~T<ll1 2 audit file has been opened 
03 D~_JNGUI~\_CK BIT<ll1 

2 0 => Pro,ra• Abort ~ecovery scheduled or runni~g 
03 FILL£~ Bl1(3)~ 

02 CM_At011_EXCEPt1£N_SlATUS Bll(4), 
% indicates the status of the audit buffers w~en &MS 
% is switching ~udit files 

02 D~_ACDITF1LE_S1A1US 6ITC4), 
% 0 : closec 
2 1 : open 
% 2 : no disk 
% 3 : file 1utl 
% 4 :: closirg 
% 5 : openirg 
2 6 : 1/0 error 
% 7 : not ready 

02 DM_AUDll_SERlAl_•MBR BITC32)• 
% Next ASN to bf assigned. OMS/DASDL generates a rando• value 
% fer this fiet< when the oata bise is first created; from that 
% point on• DMSlI increments this f ietd by one each ti•e anothe 
% record is written to the audit tra~t. 

02 DM_UHRELEASEC_AUCIT_SERIAL_NHBR BI1C~2), 

% Highest A~N wtich has been physicalty written to the audit 
% t<ail. Ne updited buffer with a higher AS~ can te written 
% to cisk. 

02 Dl'_AUDI'f_IDESCRIPlOR 0ITU!O), 
% svste• de~criftor pointing to audit FIB in memory 

02 DM_AUDll_FIR!l_O\ERflOW 811(24), 
2 CMSJI allocatfs overflow audit tufters jf a tem~orary 
% concition p~e,ents the normat emptying of the 
% audit but1ers. This fielo points the first GflC buffer. 

02 CM_\UClf_lASl_OVERFLOW 8Il0:4)r Z memory address" last OFLO 
•02 [~_SEG_DICT_CESC BIT<64>• 

% Ncr•at de5crirtor which points to the code segaent 
% dictionart in the data base dictionary. lhis code is 
% f cund in the ~CPII at data base open • 

• 0 2 u fl - s E G_ 0 J IC r - [FF s f f a I T ( 16 ) ,. 
% reccrc n~•ber in the data base cictionary for the working 
% cop) cf the DJS cede segment dictionary 

02 CM_COOE_PAGE BI1f6),. 
% which of ~CPIJ segments ~ through 1 was last used 
2 for this cata base 

•02 U ~-VE RS IO 'N_ CC DE_ !EG 8 IT (6 ), 
% seg1ent ir DM~/04SDL cod~ containing the ~ersion 
% checking code 

• 0 2 D tit._ ii E fi ~ I 0 N_ C [ DE_ C I SP a I T < 16 J , 
% dis~tace•Ent ~ithin previous code segment 

02 llf'C_IN_ff((J;C_lFANS 811(6),. % total users in transaction !tate. 
02 C~_T~A~S_COU~T B1TC12), 2 transactions since last sync~oint 
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02 Dt'-_SYNC_COUNl 811<12>• % syncpoints since last ccrtrclpoint 
••02 t~_SlNCPCINf! EI1<12J~ % transactions per syncpoint 
••02 c~_CCNt~OLPClNlS BI1<12), % syncpoints per controtpoint 

02 FILLER 811(3], 
••OZ DM_KEYCCMPARE EI1Cl), 

% => comparE •ets when accessing by way of an automatic set 
% or subset 

• () 2 C t4 _ :S l P _ ~ O!E _ Cf f S f T B IT C 16 l, 
% reccr~ nu1ber in ~b dictionary of a table containin~ the 
% names of ilt cf t~e structures. 

•0.2 D ~_ oa_~ AME_ Of FSE l B Ire 1&), 
% ~ecord nu1ber in ob dictionary of a table contajning the 
% names of ill logical dat~ base na•es. 
Z Ent~y 0 is thf physical oata base name. 

Logical Addresses 

lhe DHSll system mairtaiTs no absol~te dis~ addresses in the 

processing of a cata basf. Instead, alt addresses are maintained 

in ~Elation to the rljsk 1ite ar~a in whic~ a given recorc is 

located. These relative7 or LOGICAL• addresses can be either ~4• 

32, or 16 bits in te~gth. 

Incex tabtes1 inclu~ing index seque~tiat coarse and tine tables• 

~s well as all index ra~tom tables. are normatty referenced ty a 

~4-bit add~ess. Specific entries wjthin an index table are 

referencec by 36-bit aodTesses. 

Oata set records an~ tist tabtes are referenced by 32-bit 

~dcrEsses. ¥o~ever• there are two distinct for•ats for these 

32-bit addresses, de~ending upon the place in which the address 

is storec. fhe normal 3'-bit address is vsed whenever the 

~dcress is maintainec ~i1hin the da'a base dictionary or an incex 

tatte, or is used i~ any of the cata structures used by t~e £MSII 

system which onty exist in memory. 
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lhe follcwing is the logical address format. 

CECLAHE % 
% 01 4DDRESS_24 811(24>• 

02 AREA_24 BIJ(f J, 
02 DISP_24 Ell(J6>• 

% disk fite area nu•ber, zero retative 
% starting seg•ent numter within ARE~ 24 

01 ADD~ESS_36 EIT<!6l• 1 Useo fo~ all addresses in currents 
02 AfE,_36 BIT<B>• % same as AREA_24 
02 CISP_J6 811(16), % same as DISP_24 
02 E~IR,_36 BIT<12>• I entry numter within this tabte for 

% indeies or 1ecord nu•ber for other strLctures 

% H ar t 8. 0 for 11 at 
% same as AREA_24 
% same as OISP_24 

01 ADDRESS_32 BITC32l• 
02 APEA_32 BIJ(f ), 
02 £ISP_32 611<16), 
02 RECO~O_J2 Bl1C8), 2 relative record numbEr within this block 

01 Ol 0_ AllORE SS_ ~~2 E IT C!2 >• % pf"·e-Har j( a.o format 
()2 FILLER Bll<ll• % 
02 Cl.[_ A 11£ A_ 32 EIT<1h % sam t; as ARE~_24 
02 Ol£_~ECORD_32 811{7 ),, % same as RfCORD_ 32 
oz f IllER 811(1]. J 
oz OlC_D ISP_ :52 EIT{16H l same as DISP_24 

llfff Table 

Each entry of the Oft latte contains static information# 

initializec by the C'S/OJSDL compiler and Lsed by the CMSII 

system, concerring tte files in the data tasE. Each entry is ~ao 

tits in length• with thrEe entries per di5~ sector. One file is 

~ssigned for each structtre. The total nu•ber of entries in the 

CfH Table is CCM_MAX_SJR + tJ. Ii an entry is inactive Ca 

structure has been dEletfd from the data tase oescription• and 

that str~cture number ha~ not been reused), the DfH_fILE_~~BF 

fietc in the ccrrespcncirg OFH fable entry is set to 0 C2eroJ. 

Entry ze~o of the Dft latte is not used. 
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CECLARE Z 
01 OFH_TABLE_ENTR~ 8Ilf460>• % 

02 DF~_FILE_NMBF Bll(8), % 
02 Cf~_~ECORD_PlR BJTC161• % otfset into dictionary for FIL£ rec 
02 DFH_RECORD_SJZE EIT<1£), % length in bits of FILE rec 
02 CFff_JITL£ CHJRAC1ERC30>• % external fite name 

03 DFH_PACK_IO CfARACTERClOJ, % 
03 DFH_MUlfl_filf_IO CHARACIER<tO>• 2 
03 DF~_FitE_lO ClARACTERC10l• % 

02 FILLER 811(8), % 
02 CFt_AREAS BllC6)• % maximum number of areas 
02 Cfh_AREALENGlH BJTC16). % secto~s per area 
02 tft_SECURITYfYPE BIT<2l• X 
02 Uf~_SECURll,lSE flT(2l• % 
02 FILLER BJT(44>• ' 
02 CFH_INIT_EOF_PTR BIT<24>• % 
02 Dfh_HA~E CHAFACJERClO); % nDt used 

Fite Records 

The File Recorcs are initialized by the DMS/OASOL compiter• anG 

aaintained by the DM~Il ~vstem. Th~ OFH_~ECCRO_PTR f iEld Mit~in 

each OFH t~bte entry poirts to the tile Record for t~at file. 

The CFH_RECO~D_SIZE f iett describes the bit length of the File 

Feco,d. Each File REcor< starts on a sect~r boundary; any 

unused space at the end cf a sector is unused. 

lhe £MSl1 system mairtairs the Next ~vailablE - Highest Open 

<NAHC> informaticn fer eich data base file within the file Record 

for that fite. Each NAHC consists of a pair of 32-bit logical 

~dcresses. The first 32-bit address is t~e Next Available <NAJ 

f ielc1 and it cescrites the next record to be allocated. The 

seco~d 32-bit address is the Highest Open CHC> field, anc it 

contains the a~dress just beyond th~ highest atlocatEd record. 
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If a f ite contains a dat2 set• then one N~HO exists for each area 

cectired fer the fitE. (o, alt other files# one NAHD exists for 

the ent;f'e fite. 

CECLARE % 
01 FILE 11ECOfiO 81J40fH_RECORD_SIZEh % 

02 FILE_~CDRESS Bllfl6}• % sett-relative pointer ~ithin dictionary 
C,2 Fil£_SIZE BI1C16h % = OFH_h£CDRD_Sl1E 
0 2 F I LE_ ~ER S I 0 N B I T f3 6 ) • % " er s i o n s t a• p for th i s f i t e 
02 FILE_NCN_PRI~E_D!_NAHOr % 

% This is usfd onty if the file is used to store a non-pri~e 
% cata sEt. for files wnich store indexes, lists• er prime 
2 ~ata SEts1 the field FILE_SIMPLE_NAHQ is used. 

03 fllE_DS_N•ttO(ffH_ARE~S), % one for every area in the file 
04 FILE_D~_NA 811(32), % 32-bit address 
04 FILE_D~_HO 811(32), % 32-bit address 

02 FILE_SIMPLE_~AHO REMAPS FILL_NON_PRIHE_DS_N~Ho, 2 
J used fer atl other files 

03 FILE_NA BJT<3~>• Z 32-bit address 
03 FJLE_HO EJTC32)J % 32-bit addre5s 
03 f ILE_RCOl_PlR 8ITC24)J % 

% 24-bit address of the root table if this file is used 
J to store ar index sequential structur·e. If this field 
2 is equal tc aFFFFFra, the ~cot tabte has not beer 
J atlocatec• and the ~ndex is empty. 
J ~ot used ftr files which store any othE~ type of 
% structt.re. 

Structure Records 

The su·uct"re f'ecords af'f one secto1 in \engthr and each 

structure record is at ar offset of COM_SlR_OFFSET + STR_N~B~> 

frcm the start of thE data base dictionary. The last structure 

record is at an offsEt of (DH_STR_OffSET + D~-"-X_STA>· It thEre 

are any gaps i~ the structvre numbers. due tc st~uctu~es being 

ceteted frcm t~e dat~ ba~e descriptjon• then the structure record 

at the appropriate o1fse1 for the mjssing structure rumber is !et 

to zeroes. 
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Alt the fietds ir the structure record are static and maintained 

tv the DMSIDASCL com~iler. e1cept for those marked b~ an asterisk 

<•> char~cter~ which the OMSlI syste• •aintains while the 

structure is active. 
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CCL 2 
01 ST~lClURE_RECO~C eilC1440)• % 

02 STF_NMER Blft8), % = 0 => Inactive structure record 
02 !l~_TYPE BITC4l• 

% 1 : disjoint tata set 
'% l : index rancom set 
% J : index seq~ential set 
% 4 : ti st 

•02 ST.fl._liSER_f.OUIT BJT(6J, % total active users 
•02 ST~_EUffER_lCCK EITC2>• 

2 If non-zero• ro buffers tor this structurE can be overlayed. 
•OZ STl'._BUFfER_lJSf_FOINlER Blfl24>.• 2 ·eemory addr of f·irst buffer 

02 STF_RCtS_HlK 811112>• 
% data sets : rEcords per block 
% indExes : ertries per table 
% tists : tibles per block 

02 ST~_SE6S_BLK 81Tt8J, 
02 STR_RECOAC_SJZE fITC16>• 

% data sets : lcgical reco1d size 
% indexes : ertry size <~ey + address> 
% lists : tibte size 

OZ SlA_8UfFER_SlZE EITC16), % Physical btock size in bits 
02 ST~_BlKS_~fiE- BI1C16J, 
02 ST~_SEGS_AREJ 811(161• 

•02 ST~_Oft_PTR EITC~4), % memory ad~ress of this structure's CFH 
02 STR_tf~_OffSEJ_lf_EXIENSION .BITC16)• 

2 Offset into DfH for DHSli fite record 
~02 STF_CU~~ENf_FfR EITC24J, % ~emory address of first current 

OZ ST~_STF_FLAE! 811(8), 
03 STR_PRIHE Bllfl), 
03 STR_DUPLJCAlE! BIJCt), 
03 SlR_SlMPlE_KE' 81TC1), 

1 Jhe tey tor this structure is: 
% 1. Unsigned CindeA seq~ential or ordered list only) 
I 2. AscEnding <index seQuential or ordereo listl 
2 3. ~ single item• or items which are ccntiguous in 
2 the data set record. 

03 FILLER Bll<Sl• 
02 STR_ST~_PA~TJCULJRS 

03 SlR_SPLITFACTCR BITC12l• % indexes only; in # of entries 
0 J s n~ - T UJ LE_ EN r Fl£ s RE f1 A p s s TR - s pl I 'f Ac '0 R H I re 12 ) • % l i st s 
03 STR_MCOUllS BJTCl&J, J Index random onl~ 
03 STR ENTR~ SIZf REH~PS Sfh MODULUS BITC16>•% lists 
03 STR:HIDOEi_EUffER(64) BilCl)_. 2 Data sets• emb or disj• only 

02 SH_EMEECDED_INFC_SIZE BITCH>J1 2 6.4 times I of e11tecdEd str's 
02 STF_ST•TUS_SlRINC_INDEX BIIl8)1 

% Offset into status string of outermost data set for status 
J string for this structure. 

02 Sf~_ST-TUS_SlRINC_SCOPE BITl8), 
% Total tensth cf status strings for this structure ana at• 
% str·uctures eetedded in this structure. 

•02 ST~_ELCBALS_FTR fITC24l• % memory address of OE Gtobats. 
02 ST~_DHS_FtAGS BI1C8), 

03 STR_OROE~_fl .. Af Birn>. 
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03 STR_RESTAFT_OITA_SET Blfll), 
03 STR_HANUAL_SUESET BIT(lJ, 
03 SlR_NEW_FCRMAl BITClh 

% This str,cture uses new 32-bit address format• and has 
% neh tloct control information in each table 

03 STR_E,BEDtEC EIT(l), 
03 FILLER BI1C3l• 

02 Sl~_CATA_SJZE tiITC16l• 
% length of reccrd, excludjng list teads 

02 Slfl_HEAD_Off!El flf(16J, 
I Offset into pirent data set Teccr~ for list he2ds 

02 fillER BITC24)• 
02 ST~_PA~ENT Bll(8]• % parent struct~re number 
02 ST~_OBJECl BlT<a:, % object structure number 
02 Sl~_NEXl_STR 811(8), 

% Used to tin~ ~•l indexes associatEd with a disjoint data set 
02 ST~_CUFRENJ_!IZE Bll(l6), % tengtt in bits for CLrrent string 
OZ ST~_COCE_I~DEX(8], 

2 up tc 8 code addresses pointing into the C~Sl[ASCL-
1 generatec code tc perform ~arious functions 
2 on ttis ~t~ucture. 

03 STF_COC£_SE6 B(f.(6h 
ll l S T F _ C 0 DE_ 0 I S f B I J C 16 l _,, 

02 ST~ KEY_SIZE BITf12>• 
0 2 5 T J; _ l I 5 l_ 1(£ Y_ 0 FF!£ T B IT< 16 l,, 

% Offset irto o~dered list table tor the ~ey 

% Jhe re~ainder of the ~tructure Record exists only within the data 
% b2se oictionary. lhe CHSII system does nBt read the foltowing fields 
% irto we•ory when Lsin! a structu1e: 

OZ FILLER BITC236l• 
OZ STF_NO_KEYS Ell(f), 2 numbei of ke) items for this st~tcture 
OZ ST~_KEY_INF0<26), 

03 STR_KEY_OfFSEl SITC16), 1 starting location in aata set rec 
03 STR_KEY_S1Z.E HT.Cl2h % .._ey field length 
0 3 S I R_ KE ·y_ S I G N E f B .I'J U ),. % 1 = > lee y ha s s i g n de c t a re cf 
03 SlR_KEY_OJRECllON 8ITC1Ji % 1 => ~escencing 
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St•ndard <Disjoint) Data Set Reco~ds 

Each disjoint cata SEt r•cord is composed of user data and 

control information. lhf user data contains alt the d~ta item~ 

oefired in the O~S/C-SDL source. It the reccrd tas variable 

formats• then all thE fi•ed format tields precede thE fields 

containea in the varjablf for•at part. The tenqth of the user 

cata is equal to the STR_DAT~_SIZE tield in the Structure Record 

of the data set. ThE cortrot information is only present if 

there are any tists Embecded within the data set. E~ch embeoded 

list reauires 64 bits of control information. 

ThE f·ielc SJR_RECORO_SIZE in the Structure Recore is norn;,atly 

EQuat to the su• of !TR_fATA_SIZE and C64 , number of embedded 

lists>. Hcwever~ if thi! sum is less than 80 bits. the O~S/C~SCL 

coapjter ircreases tte size to 8C b1ts. lhis is done because the 

CMSil system requires 60 bits at the begirning of each record to 

aaintain the Next Av~ilatle <NA> lin~s and a dead ft~g. lhe dEad 

ttag is a special bit pattern• 48 bits in length, which 

identities a reccrd that lies below Highest Open for the fite, 

tut has been dElete~ and is available to be reallocated. The 

format of the cead flag is: 

;fffff; CA1 ~HHfi; CAl ~FFFEa 

Where aHHf; = ~EOta t 2 • structure number. When processing 

s e Q u en t i a l l y t hr o u g h a o < t a s e t • t he {) H SI I s y s t ·em i g n or es a n y 

records containing the dEad flag. 
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The format for a datE set record is as follows: 

££CLARE J 
01 ST4~CARD_CA1A_SET_RfCORD Blf(SiR RECORD SIZE), % 

02 OAT-_SET_D~TA BllfSTR_DATA_SlZE>• 2 
02 LIS1_hEADS 8Il(Slf_EMBEDDED_iNFO_SI2El % 

03 LIST_HEAD<~TR_fHB£DOEO_INtO_SIZEl64) % One for e~ch tist 
04 LIST_FIFST f1J(32J• % 

% Old l~-bit address ot the first table in the tist 
04 LIST_LAST BJT<3Z), % Old 32-bit address of last tible 

01 DEAD_~ECDFD REMAPS !TANDARO_DAIA_SEl_RECORD BITC8Q), % 
02 NA_LINK BITC12>• ' 

% Otd 32-bit addrEssJ when this recoro j$ reused• this field 
% teccmes the new NA for the data set. 

02 DEA[_flAG 811148)1 % 

list labtes 

Each list table is a logical reccrd1 containing control 

informaticr <the Next Li!t and Prio1 list fields and a ccunt of 

ictive entries], enoLgh !pace for srR_TABLE_ENJRIES• and ~ 32-tit 

~~cit serial nLmber. Jhf audit serial number represents the 

current AS~ when this tatle was last updated <or zero if the dita 

base does not use Aucit 2nd Recover~>· 

If a table is cetetec, tte space occupied ty that table is placed 

into the N~ chain for thf list. Only a Ne•t Available link is 

~resEnt. Since lists art never accessed in the physical sequerce 

of the fitE containirg tte list• there is no need for a dead 

flag. The forrat fer li~t tables is: 

CECLARE J 
01 lISl_TABLE BlT<~TR_FECORD_SIZEJ, % 

02 LIST_CCNJROL_INFC BifC/2)~ % 
03 NEXl_lABlE El1Cl2l• % 

1 Otd 32-tit 2ddress; atso N- tink for deletec tables 
03 P~ICR_l4BLE B1TC32)P % Old 32-bit address 
03 lISl_ACTI_E_E,TRIES BITCbJ, % 

02 llST_E~T~IES<STR_T~BLE_ENJRlES) BIICSTR_ENIRV_SIZE>• 2 
03 EMBEDCEO_CAIA_SEl_ENTRY• % 
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04 EMBEDDED_D!_DAT4 BIT<~TR_DAlA_~IZE>• % 
04 EMBEDCED_KfY BllCSJR_KEY_SIZE • NOT STR_Sl~PLE_KEYl• % 

% Cnty pre~ent for complex ~eys 
04 EMBEDDEO_tlST_HE~OS BiTCSlR_EMBEDOEO_IhfO_SIZEl 2 

2 Cnly pre!ent if lists are emtedded ir this d~t~ set 
05 fHBECD£f_LIS1_HEAOlSTR_EMBEODED_INFO_SIZEl64) % 

06 EMEEIOEO_lIST_F.tRST Bl1C32l• '% Old 32-tit ,Gddress 
06 EHBECDEO_LISJ_LAST Bl TC32),, % Cle 32-bi t acdress 

03 MAN~Al_SU£SE1_£NTRY REMAPS EHBEOOEO_OATA_SEl_E~JRY1 % 
04 SUBS£T_KEl 0IHSTR_K£k_SIZE>• J Only if Sff'_CRCEF_FlAG = l 
04 SUESET_ADO!FESS e1·rc32h .% Old 32-address of object recorc 

02 LIS1_A5N 81Tf32>J % Audit serial n~mter of last update 

tne fc>rmat is used fc,r aH index t:ables .. lilhether they be index 

seouentiat coarse or fint table• or index random table. Each 

CMSIJ indei table is divided into tbree parts: 

l. Header irformation. fhis includes t~e Next and Friar latte 

fietds. a tabtE idtntification field• an audit serial 

nu•ter• and a coun1 of active entries. 

2. The actuat indE>< ertries. 

!. Traiter informatior. fhis includes the structure rumber 

anc a self-relitivt logical aadress. lhese fields are at 

the end cf eact blcck for checking purposes• to ensure ttat 

the Entire btcc~ w~s read or written during each l/C 

ope.-2tion. 

For inact~~e tabtes~ the NA tin~ field is the first !2 bits of 

the fi:rst inoex entr)• is in the case of list tabtes. no dead 

flag is reQuired for indEx tables. 
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CECLARE % 
01 INOEX .• 'fABtE 

02 I~CEX_hEAD BJT(9f ), % 
03 INDEX_FL4CS BJT<2>• % Not used 
03 INOEX_ASN 811(32), % Audit serial number of tast upoate 
0 3 IN c [ x_ TE l_ T r p r B I u 2 ), % 

% 0 : points it data set records <index r~ndom tables, or 
% index sequential fine tables> 
% 1 : indtx SEQuential coarse tabte• pointing at a tine table 
% 2 : indfx SfQUential coarse tabte, pointing at ancther 
% ccarsf table 
% 3 : not usec 

03 I~OEX_AClJYE £ITC12), % Lurrent active entries in table 
03 INOEX_NEXT_T•flE Blf(24), % 

% F or in c f x s E Quent i a l tab t e s, po i n ts to n ext t a bl e on t h e 
% sa•E te•et; if = ~fFFfff;, no mere tables at this level 
% Fer in<iEx random tables• points to next overflow table for 
% the curTent hash vatueJ if = ~Ffffff~, nc more 
% ovef flot tables 

03 INOEX_PfHCR_lflBLE BIT<24J. % 
% For in~1x s~Quentiat tables, points to ~rior table on the 
% samE teyeti if= GlffFfff;,, this is first tatte at 
% th i~ le'tlel 
% For indEx rindoa tables• points to base table for this 
% has~ vaiuei base table points to self 

02 INCEl_CATA BJl(S1R_RCDS_BlK x STR_RECORO_SIZ£), 2 
03 IhDEX_ENfFYCSlR_RCOS_BLKJr % 

04 JNDEX_CBJ_JOORESS BIJ(12Jr 2 32-bit ad~ress of otject 
2 r ecor o 

04 lNCEX_rEI fl1<STR_KEY_SIZE>• % 
0 2 I N CE X _ I\ A_ l I ~ J( R £ f4 A P S I N 0 E X_ u A TA B I 1< 2 4 >. % 
02 IKCEX_l-IL BJJ<SE), % 

1152~44 

03 INOEX_SIR_NO EIJC6h Z Tbe indei•s structure rumbe.r 
o 3 u DE x_ s £ t f _ - ll r R £ s s e I r <.Z 4 h % Thi s t ab l e • s ad ct :r e s s 
0 3 I N DE x_ CHE c K_ s l'M BI T ( 2 4 ) " % N 0 t us e d 

f-16 01/19184 



~M!/DASCL Data Str~ctu~es 

After the [MSII &lobals1 the Structure and Fite Records, and tte 

Cf~ 1able, the renairder of the datd structures ~ithin the d~t2 

base dictionary are used to store the information requireo by 

C~S/tASCL to peTfors an tPD4TE compile of the data base. Alt cf 

the tables discussed in this section are initia4ly maintained in 

•emory b~ the CMS/DA!Ol compiler during the coepilation of the 

cata base. They are wrilten to the dictionary at the end of the 

co•pite. 

CMS/EASDl Globals 

lhe CMS/CASOL gtcbat infcrmation is storec in se~ment 3 of the 

cata base cictionary. ltis oata structure is the OHS/O~SCL 

ccapiter•s analog to the DMSil Globals. This is the first data 

structure loaded by the fHSIO•SDL compiler w~en performing an 

LPCAlE compile. The DHSIDASUL Globals contain fields which 

cescribe the tocatior an< size of the rest of the data structures 

to be reloaded from the <ictionary. 

for each table of t~£ DM~/DASOL compiler. there is a pair of 

fielcs labeled xx_VS~_PlF_ and xx_Tbl_CNT. lhese fields contain 

the starti~9 segaent nu•ter within the dictionary, and the numter 

cf entries, respecti,ely• for each tabte of the OMS/CASDL 

compiler. 
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C£CLAHE J 
01 OASCL_GLOEALS EJl(1140>• % 

02 CASGL_CATE_llME EITC36), % ~hen the OHS/DASDL compiler 
2: .. as compit.ed 

02 CRE~lE_DATE_lIME BIT<36). % When data base was first compiled 
02 O~lGlN,L_DASCL_VfRSION BIT(b)• % See O~SOL-~ERSIG~ in [~-GLOE-LS 
02 CICT_ECF_PTR 8Ilfl6), 2 Last record of data tase dictionary 
02 HIEHESl_SlR Elf(f), % Highest structure number 
02 £Cl CS~ PTR El1C16)1 % OOL fabfe info 
02 DCL:Tet:CNT Elf (16)~ % 
02 ~A~E_DSK_PTR 81Tf16J, % Name Table info 
02 ~A~E_TEL_CNT BJTC16>• % 
02 Plh_&s~_P1R El1(16J, % Path Table address 
02 D•TAEASE_PTR B1Tf16), 2 DDL pointer cf tast lo£icat cata base 
02 KEY __ ts~_Plfff £ITC16l11 % Key Table into 
02 KEl_TBL_CNt £11(16)• Z 
OZ PDl_DS~_PI~ EIJ<1&J, % Polish Tabte info 
02 PCl_TBt_CNT EI1C16J, % 
02 All_DS~_PTR EIT<t6), % Atttibute Table info 
02 AT1_18t_CNT fl1C16), 2 
0 2 D f Ii._ D S I<_ P H~ E I 1 < 16 > , % D fH T ab l e i n f o 
02 C:FH._TBL_CNT EIJCt6h % 
Ol STR_Ds~_PIR EI1C16l• % first Structvre Record address 
02 IN~_T8l_CNT EIT<16>• % Invoke Table Address 
D2 LI1_£SJt_PlfR EITC16J. % Liiteral Table info 
02 Lil_TBl_CNT Ell(l6), % 
02 SNl_OSK_PlR EITC16), % Address of the Structure Name Table 
02 CB~_tSL_PlR Ell(16>• % Data Base Name Table Info 
02 DB~_TBL_CNT EITC16), 
02 INV_TBL_CNT EIT<16>• 2 Num~er of entries in Invoke latte 
02 FILLER BI1C8l• % 
02 HASH_ TABLEC61) B nc 16 >· z 

% A hash vatue is generateo for eac~ identifier in thE data 
2 base; this tatle points to the first entry in the OCL table 
% for each cf tte possible hash values• 0 to 60. All of the 
% DCL entriEs hiving the same hash value arE linked tcgether. 

The following Exceptions from the x~_DSK_P1R and xx_TBL_CNT pairs 

c:re noteo: 

1. There are no field! labeled SlR_JBl_CNl• PTH_fEL_CNT1 or 

SN1_t8l_CNT. lhe limits for the Structure REcords, and for 

the Fath and Structure Name fables, are exactly equat to 

the ~I6HESl_Sl~ fifld• making specific fields for these 

ti•its redundart. 
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2. The lNV_CSK_PTF ant IN~_TBL_C~J fields are noo-ccntigucus 

withjn t~e DMSIOASIL Globals only for reasons of space 

avai tab it it·~· 

IJDL Table 

The DOL tatte entries arf 380 bits an length• kith three entries 

(1140 bits) per oisk sector. lhe remaininq 300 bits per segment 

irE not used. Entry zerc is not used. Many of the fields wittin 

each ODL e~trv a'e cc-sp~tial; that is, a field has more than 

one meaning• dependirg uion the nature of thE item described h) 

th€ entry. These co•spa1iat fjelds are identified by either 

recefinitions of a field• or by describing subfields. for 

example, CDt_~ERIFY_Fl~ is used for data sets only. The 

sut:f ietds CDL_CCCUJ1S and OOL_fR4CHuN af'e 1.iSEd onty for cat a 

items. lhese fields shaYe the same area of the ODL entry, b~t 

the •eani~g shculd bE cltar~ since ~DL_~ERIFV_PTR an~ 

CDl_FRACllCN cannot toth occur in the description of any one 

itea. Unless any aetiguities oceur, no e•tra •ention is •ade in 

the cescriptio~ of ttese co-spatial fields. 
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CECl•RE Z 
01 ODL_TABLE_E~TRV 811(380), % 

02 
02 
:[)2 
02 
02 
02 

CCL_N~~E_PJP Bilfl6). % Offset into the N~ME table for this itEm 
t 0 l _ f\ A fol: £_ LE N E TH E I T ( 6 ),. J l &; n g t h i n t y t e s o f t h e it e 11! ' s n a 11 e 
CCL_STF_NM6~ BITf8). % Structure it occurs in 
IHJ.l_R H f_N MBR 811f6 ), % The I' etna p it OCCUf' s in 
Ctl_~RE_NMBR Bllt8), % The varjabl€ format it occv~s ir 
C~l_lYfE 8ITC4), % What type of item does this e~try describe 

% 1 : a at a bas 4: 

:Z 2 : c•Ua set 
2 3 : set 
2 4 : S Ub SE t 
% 5 : a•:cEss p<th 
J 6 : cata itew 
2 I : invo•e of a structuce. An entry exists in the CCL fable 
2 for tvery invoke of a data set. Since the cefiniticn 
% cf a physical data set is also an implicit invoke 
2 cf ttat tiata set within the physical data 
2 tase. the OMS/OASOL compiler constructs 
% two fDL entries for each physical data seti 
% cne entry for the data set definition- and 
% cne Entry for tbe impticit invoke cf the dita set. 
% B : fite nam£ 

02 [[l_SUtiTYPE EIT<•>~ 2 Further descrites the item : 
% 1 : restirt <ata set 

DDl_TYPE 
2 

1152~44 

% I : inoei secuentiat set 
2 1 : inde) secuentiat (automatic) subset 
J 1 : gf'OUJ: ittm 
2 1 : internal fHe namt! - not used 
2 2 : orde~ed tata set 
% 2 : ordered 1anual subset 
2 2 : atph~ da•a item 
% 2 : •ulti-fife-id 
2 3 : unorcerec· data set 
2 J : ~norcerec manual subset 
% 3 : inde• rardom set 
2 3 : nume~ic (ata item 
1 3 : fHe•1d 
2 4 : cisjcint data set 
Z 4 : pack·io 
2 I : forw:era f'eference ,-
% Wherever the DHS/OASDL encounters a 

3 
4 
6 
B 
2 
4 
6 
8 
2 
4 
1 
6 
e 
2 
8 

1 refrrence to an ite• ~hich has not yet been 
% declared (for example~ ~ manual subset 
2 dec•aration might refer to a data set which 
% has not yet been descrited; similarly, thE 
Z ~ey declaratiofi fo, SLC~ a subsEt references 
2 dat2 items which have not been declared), a 
2 DCt entry must be buitt for sLch an ite11. ~U 
2 for•ard references must be resolved tefore the 
% data base can be initiatizec; whe~ this 
2 resclution occurs, thE DOL ent~) is updated. 
% TheTefore, there can be no DOL entries with 
2 a st.btype fiela of •fortiward reference" in a 
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% data base dictjonary on disk. 
02 DC:l_IUSH_l.INJC SI1C16J .. % Next OOL item witn sall!e hasti "atue 

2 tabeled •Htn by DMS/DAS~LANALY 
02 CCL_~E~SION Ell<!6l % version sta•p of this item 
02 ttl_CO~MENT_fT~ fIT<Z4J, % 

J lf there was a quoted comment tor this ite•• this points 
% into the LllfRAl table. Same fcraat as PCL_OPEFA~C_PTR in 
% the POLISH t~bte. 

02 DDL_l£,w£l 811(8)• % CO.BOL level numbEr• = (J fo4f' cata 'bases 
02 [[l_P~~ENT BJTl1f >• 2 Previous item at ODL_LEiEL•l 

% tabeled •p1ft by DHS/DASLL~NALY 
02 UC:t __ P~E~_SAME BIH16), % Previous item at sa1te ODL_LE~El 

2 labeled •ps" by UMS/CAS~l~NAL~ 
02 CCL_hEXT_SAME BI1C16J, % Next time at same DOL_LEVEL 

% labeled ·Ns· by DHS/D~S~l'N~ll 
02 CDL_SON HITC16l• % F~rst time at DOL_LEVEL+l 

2 tabeted ·sN" by DMS/DASOLANALY 
02 Ctl_OBJECT ~EMAP' ODL_SON BiTClE>• % 

% For set 2nd tubsetsr pojnts to the ODL entry for the 
2 toject structure. 

02 CCL_SI2E BITC16>• % Item length1 in bits 
03 UOl_UfH_~HBR BIT(8), X ~FH nusber if DOL_TYPE = 8 <fitel 

02 CCL_CFFSET BJTClf ), % Offsetr in tits, within its record 
02 £Dl_~ERIFY_P1R B1TC16), % if data set, points into PClISH table 

03 DDL_CCCUFS BlTClO>• 2 if data item, size of CCCUFS ctause 
03 tOL_FRACllON BIT(6), % jf numeric, number of decim~t ptaces 

02 DCL WHERE_PlF RE,APS DDL_~EkIFY_PlR BIIC16) 
J Points i~to FOLISH tabte, for auto subsets 

02 tCL_FLAGS Bl1Cl6], % Shou!a be self-explanatory 
03 DOL_~EQUIRED BIT<tJ, % 

l 1521t44 

03 DOL_~EQUJRED_All REMAPS DOL_REQUIREO BITC1>• 2 
03 COl_All_~ElS REMAPS DOL_REQUIED BITClJ, 2 

l This remap has all sets dec(ared for physical data set 
03 CCL_KEY El1(1)• J 
03 ODL_VERIFY RfMAPS ODL_K~Y 811(1), % 
03 CDL_WHERE RE~-PS DCL_KEY BIICll• % 
03 COL_NCNE RE~'PS ODL_KEY BITCl), J This remap has nc sets 
03 COL_KEY_ITEM BIT<ll, % 
03 CDl_RESlFIClfO_llEM BITtl), 1 ~e) items which can't change 
03 CDL_SJENEO 81TC1), % 
OJ £Dl_IJECll'AL HJ(l), 2 
03 COL_~•NU,l_S!ET REMAPS ~OL_DECIMAL 811(1), 2 
03 COL_fILLER_AfOED BITCll1 % for index keys 
03 COl_SELECT ~fMAPS DOl_FilLER_AODEO BllCll, Z 
Ol DDL_SUBSCRIP1_CNT BIT<Zl• % 

04 Dtl_E~BEDfED ElfCl>~ % 
04 DDL_OLO_SlRUCTURE 811(1); 2 

Z lhE 32•bit logical addresses stored ~ithin ttis 
J struct~re are in the pre·Mar• e.o format 

0 3 U 0 l _ I N I l _ S I G ~ E 0 H I T C 1 ), % T he in i t i a l v a t u e i s n E g a t i v e 
03 CDL_~ECCFD_tiPE EITCl), 1 
03 COL_~IOCEN 81TC1J~ % 
03 ODL_REA&CNLY BIT(l), % 
03 COL_EXCEPTIO• BtfCl), % for READONLY fields 
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02 DDL_4N~LOG BI1C16'• % 
% Cnty usec if OOl_RHP_NMbR is not= o, this describes 
l the COL entr' nu•her for the itea which this ite• remaps 

02 nct_INIJVAl_PlR Elf(24)· % 
J Pointer into the literal Tabte for this item's initial 
J vatue. REfEr to the description of the Polish Tatle 
2 <section 61 for the format of a Literal tatte pointer. 

02 ODt_INIT_fRAClION BIJ(6); % 
Z the nusber of fractional digits ~ithin the initial value 

~aee Table 

~ame fabte entries a~e 17 bytes ton~· with lQ entries <110 bytes> 

per cisk sector. ThE retaining 10 Lytes per disk sector are not 

usec. Entry zerc is not used. 

CECL-RE % 
01 NAME_TA8l£(10J CHAR,CTER(17); 

Path Tabte 

The CMS/DASOL co•piter 9~nerates on~ Path Table entry for each 

structure in t~e oata ba~e. Each Path Table entry is ~4 tits in 

length. ~ith 15 entries rer cisk sector. Jhe remaining 30 bit~ 

~er sectc~ are net usec. Entry 2ero is not used. 
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C£CUrnE 2 
01 PAT~_lAELE_ENTRl EI1(94), % 

02 P~lH_TlPE BI1C4)1 J 
% 1 : disjcint rata set 
'% Z : index seQ·t·entiat 
% 3 : index rancom 
2 4 : orderEd list 
% 5 : unordEred list 

C)l PA1H_STR_NMB~_BIU8 >. % Struct u..-e nu•ber for tt: is path 
02 P•TH_D[L_Pr~ BIT<16), % DOL entry for this p2th 

% Fer orde,Ed e1bedded dat~ sets only, this points to the 
% DDL entry for the access set of the data set; tc get the DDL 
% entry for suet a data set, use PArH_OBJ_ODL_P1R. 

Cl2 P~TH_OfiJ_Sl~_NHBf 811(8 ), % 
% For sets and !ubsets, thjs is the structure n~mher of the 
% data set ~ointed to by the path. 
% fer atl dita !ets• this is eouat to PATH_ST~_N~ER 

02 FJ\TH_OEJ_GOL_PIR BIJC16>• % ODL ertry for object structure 
02 PAlt._NEXl_PlF ,8IlC16J. % Next path with same otject structure 
02 FIHt"_KEY_PffC BITH6>• % Fir st entry in KEY tatte for this path 
02 PATH_FILE_NMER B1TC8J, % Where the path is stored 
02 PAlH_DUP_flAE 811(1), % 1 => Ouplicates altowea 
02 P1'1H_DCP_TYPE Bl1C1H 2 Not used 

Key Table 

lhere is ore entry ir thf key table for each item used in a ~e~ 

ct~use. Each item ir thE tatte, in addition to the information 

about the key• pcints to a DDL entr~. If an item is used is a 

~ey in several paths• thtn there is one •ey table entry for each 

path in which that item is used. Also. if a group ite• is usec 

as a key, then there is cnly one key table entry for the entire 

group. lhe subitems Mittin the group can be expanaed ty 

~rocessing throu9h tte OIL table. lach *ey table entry is 36 

tits tong. with 40 ertrifs per disk sector. Entry zero is not 

lJSed. 
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CECLARE % 
01 KEV_l~8LE_EN1Rl 811f36), % 

02 KE~_TYFE Bllf4J, % 
% 1 : ascencing 
% 2 : descerdin1 
l 3 : data <not usec> 

02 KEY_CDL_PIR EI1C16), J ODL entry 1or this item 
02 ~E~_NE~T_PT~ 011(16); % 

% Next key entr' for this path. If = Qp this is the last 
% key item 1or this path. 

Attribute fable 

Each entry in the Attrib~te Table corresponds to a physical 

~a~aaeter ~hich was Expticitty set an the originat O~S/OASCL 

source. Each ent<y is 6t bits long, with 24 entries per dis• 

sector. Entry zero is net used. 
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CEClARE 2 
01 ATT~IBUIE_TABLE_ENlfY BIT<&Ob % 

02 All_IDENl BI1<12l1 % To what does this attribute a~pl~ 
03 4lT_FllE EI1C4J, J Not used 
03 AIT_IC BI1C8l• % str. I to which this attritute a~pties 

02 All_JYPE BITt8), % 
% 1 : KINC 
% 2 : f.ACt<·ID 
% 3 : KULTJ_FitE_ID 
% 4 : f[l£_10 
.% 5 : A HE A~ 
2 6 : PHIME 
% 1 : P Gf Ul AT If N 
2 8 : lOACf ACTCR - no longer usec 
% 9: SPLilfAClOR 
% 10 : MODULUS 
Z 11 : AHE~L.ENG1H 

% 12 : BLOClfSilE 
% 13 : UBLESIZE 
% 14 : SECUFITYlYPE 
% 15 : SECUFITYlSE 
% 16 : SECUFl1YEU4RC FILE f'CK-IG 
% 17 : SECUFilY(UARO FILE MULTI-FILE-id 
% 18 : SECUFITYEUARO FILE FILE-ID 

02 All_tDL_flR EITC16), % 
02 A11_~1TRJBU1E E11C24J; % 

1152444 

% 17 : any cisk Cnot~: 

2 24 : 9··trcc" tape 
% 25 : 7-trac• tape 
% 26 : PE-tcpe 
% 21 : any tape 
l DDL entry nuater 
2 attribute vat~e 
% .1 : p ub t i c f He 
2 2 : privite 1ite 
% 0 : 110 1ite 
% l : inpvt-on1y fite 
% 2 : outpLt-orly fite 
2 DCL entry numter 

= FPB.tiD'kRJ 

ft .. 
n 

All_ TYPE 
t 
1 
1 
l 
1 

2-4 
s-u 

14 
14 
15 
15 
15 

16- lf 
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PoUsh Table 

Every WHERE, ~ERIFV• and SELECT statement in the data tase 

cescripticn is encodtd irto Polish notation• where e~ch simpte 

condition is represerted as a series of operands• followed h) En 

cper~tor. Ccmptex ccncitions are represented by ccncate~ation of 

the strings for each siefle condition within the complex 

condition. followed ty tte operators representing the tosicat 

relationship b£t~een the simpte conoitions. for e~aaple• the 

coeplex cofidition: 

A > B AND C = 0 -NC f NEQ 0 

Can te decoded into the 1otlowing: 

A,s.•>n,c,c.·=···ANU~.£,Q,•N[Q,"AND" 

Jhe first three item! in the string represent A > a. and the nExt 

three repr£sent C = c. Jfter both of these si~pte rel~ticns h~ve 

teen evaluated, the·rf ar~ two boot.ec.n valtJes <TRUE or f~LSE> 

generatecJ the first ANt in the Polish string indicates that 

these two valuEs are to te ccmpared1 and the resulting bcclean 

~atuE stored. The nExt three items in the string represent the 

expression E NEQ o, ina ~tso result in a tcotean vatue being 

generatec. rhe last 'ND indicates ~gain that the top two ~atues 

<ttiis tiBE, the resvlt o1 the previous AND operation• and E NE( 

O> are tc be ccmpa~ec. lhe result of this t~st oper~tion, eit~er 

lRlE or F~LSE, deter•ine! if the WHlRE• ~ERifY, or SELECT cla~~e 

has teen sat1sfied. 
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POLISH tabte ertries are 60 bits tong• with 24 entries per disk 

sectcr. Entry zero is ntt used. 
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[£CLARE % 
01 POllSH_lAELE_ENlRY fIJC60l• % 

02 FCL_UPERAND_FLAG 8ITl1l• % 0 => oper2tor• 1 => operand 
2 Next 9 fielcs are valid onty if POL_OPE~~ND_FLAG = l 

02 PCL_tllERAL_flAG BIT<tl, % l => titeral 
02 fCL._NU~·ERIC_flAG BITCl>.. % 0 => al,:hc,. l =>numeric 

% Next thref fiflds are vatid ont~ if POL_NUMERIC_FLAE = 1 
02 PCl_CECIHAl_fLAG BIT(ll• % 
02 FCL_Sl(NED_Fl~G fIT(l), 2 

% next is valid only if POL_DECIMAL_FLAG = 1 
02 fCL_FR~.ClIGN_SIZf. 811{5),. % Nu11bef' of decimal places 
02 FCl_OPERANO!lZE EITCIO>• % Length in bits 
0 2 F Cl_ Cl P E J; A ND_ F T fi E I T { 2 4 l• % 0 D l en tr y ti i f r. on - l i t E f" a t c p e r a n d 

03 FCL_OPERA~O_l,OEX BIT<llJ• % Pointer into LITERAL t~ble 
03 PCL_OFERA~O_OfFSEl 811(1~>~ % Offset ~ithin LITERAL entry 

02 f[l_CPER4TO~ REMIPS POl_OPEkANO_PlR BITCB>• 1 
% ~140; : LS~ 

2 a/ft.~: LEC 
J ~42~ : EQl 
i a43a : NE' 
% ~41+; : GE' 
% ~45~: GfF 
% ;t50d : NOl 
% 360 ~ : AN [ 
2 ~HO ;i : OR 

02 PCl_DATA_CFFSET B1TC16); % 
2 If the opEranc is a subscriptec data item• this ccntains the 
% off set of the actual array element referenced in thE WHERE or 
% VERIFY ctEuse. 

The literal Table is coarosed of entries that are one disk sector 

in ltngth1 a~d it is use< to store literals for either Polish 

ex~rEssicrs er commert strings with1n quotation marks. Several 

titerals c~n be storEd hithin each Literat Table entry, depending 

upon the length of e~ch titeral. literats cannot ovErtap two or 

•ore Literal Table entrits. Entry zero is not used. 
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CECl~RE 2 
0 l l. I TE fl Al_ TAB l £_ E f\ T fi Y B I T ( 14 4 0 b % 

% Each titerat •ithin a LIIERAL table entry starts at 
% PUL_OPER•~D_OfFSET bits from the teginning of 
% tITERAL_lJBLEfPOl_OPERAN~_INDEXl 

03 ll1ERAL_~l2£ EITC16J. % length in bits of the titeral 
03 llfERAL_~•LUE Bif<LITERAl_SIZE>~ 2 

CMSll Audit file l~forwation 

CMSIJ aucit records ere 'l!ariable 1n lengthi however .. they are 

not the sa•e t)pE of variable lengt" reco~ds that can te created 

tv a user ~rograsQ Ever, user-created va~iatle length record 

~as• as the first fiflc in each record, a oescription of the 

te~gth of the 'ecord. fer OHSII auoit records• the te~gth of 

each recorc is a functior of the type of audit information w~ich 

the record contains. Each DMSil auoit record contains a 

~rea•bte, and us~atl) a rostambler ~hich icentifies the auoit 

reco~d type anc the !tructLre number affected by the audit. The 

prea•ble and postamble d~ter•ine the totat length of the audit 

record. The preambtE anc postamble contain the same irfcrmation. 

atlo~ing the D~S/RECCWE~CB p~ogram to process these variable 

length records either tofward or backward. 

Ihe tMSll system writes iudjt recoros into e~ch physical aydit 

tloc• until Either tte block is full or a svncpoint operation 

cccu~s. In Either case, the OHSII ~ystem initiates a ~rite I/C 

cperation en the buf1er containing the block. If tape is used as 

the ~udit media, the CMSJI system s~itches audit buffers 

autovaticatly at a S)ncp(int operation <the CMSII system 

allocates twc au~it tufffrs ~t audit file open). If dis~ is 
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teing usec- the CMSIJ sy!tem continues to use an audit buffer 

after thE sync~oint l/O tas completed• rewriting the tuffer khEn 

the tufter fills. Tte fcrmat of the audit buffer is: 

[£CLARE 2 
01 AUDIT_BLOCK BITlfPE_RECORO_SIZ£), I From the AUCIT FPE 

OZ AU[It_CAlA EJJ(ffB_RECORD_SlZE-104)1 % 
02 AUCIT_COhTROl_INFO BIT<104J, % 

03 ~B_L~ST_RECORt BI1C16J, i 
% Offset into tte audit htock for the last recorc. If = arrrr~. 
% no aucit rfcords begin or end in this tloc•; the entire 
% bloc~ conttins a continuation of a recorc from a previous 
J ttock. Set also AB_FULL_BLCCK below. 

03 ~B_FIRSl_ASN tIT<32), % 
% ASN associatet with the first audit record in this t4ock 

O! 4B_l4SI_~~N EJTC32), % 
% 4SN associatec with t~e first a~dit record in the next btock 

03 AB_fULL_BlOCK BIT(l), % 
% If = 1- AE_LA!T_RECORO points to the starting position of the 
% tast rfcorc. 
'% If = Q,. AE_lA~T_RECORD points to tsnused pof'ti<Hl of the 
2 tlod:. 

03 AB_BLOCK_~UHB£R BJTC23JJ % 
% Current tlock n~mter within this aucit filei 0 relative. 

Auctit types 

The first eight tits of fach audit 1ecord contain the audit type 

fietc• which is usec to cescribe the type of infor~ation 

containec ~ithjn the audit record. There are two general classes 

of audjt reccrcs: 

J. Control ~ecords. lhese audit records are used for e~ents 

which affect tte ertire data Lase. Each control recoro 

consists of just tte eight bit audit t)pe field. 
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2. Upcate reccrds. Ttese audit 1ecords are used to describe 

changes to specific structures wjthin the data base. The 

up~ate rEccros contain the intormati-0n necessary to either 

reappty~ or back o~t• ~n update. 

lhe followins is the forwat of t~e opdate records: 

<prea~tte> : <variabte-data> : <postamtle> 

fhe <preamble> consi!ts cf, in orde6• the audit record type anc 

the structure nuaber. Eich of these fietos is eigt.t bits in 

length. The <posta•tle> contains the same tko f ields1 but t~e 

crcer of the f ietds is rtversed. aliowing the DMS/RECO~ER[B 

~rogram to reac bac~•ar~~ through an audit file. 

kith the E)ception of aLcit record type ;63a, the beginning of 

the <varjabte-~ata> fortion of each update record ilwavs contains 

the fotlowing two fiElos: 

1. Previous audit serial number l~SN>. Ttis field is 32 tits 

in length, and is 1he ASN which was contained in the 

upcatec btcck ~rior to the upoate being currentl) auditec. 

This field is lSed by the OHSIRECOVEROB program to 

determine if a particular audit record should er should rot 

be apptied against a physical recoro on dis~. Since 

oisjoi~t set rEcorc foraats do not incluae an ASN fiete, 

the previo~s A!N i! norealty zero for audits of data set 

records. Howe•er, if a ~ata set block is updated mo~e than 

once while in neecty• the audjts of all updates other th~n 

the first update ccntain vatio previous ASN fields. 
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2. Logical adc~ess. lhis is alw~ys a 24-bit address~ 

regardless of the ~tructure trpe being audited. for d2ti 

sets and lists, tht record or table nusber appears 

immediately after this 24-bit address in the audit reccrc. 

All audit record types wtich share a coa•cn function are groupEd. 

This grouping is indicattd by the f~rst four bits of the audit 

record type f ietd. 

Control iecords <Jrpe = aexaJ 

;01a : Syncpoint 
;a2a : Co~trotpoint 

;a3a : Cata Base Close 
% Used for phy~icat close only, an~ should be the 
2 last reccrc in the audit fite. ~ Syncpoint is generated 
1 if a pro~ram ctoses the data tase while other user! 
l still ha'e tte data base open. 

;94~ : Data Base Ope~ % Initial open only. 
;esa : Program Abort 

2 Sa•e as cata base close1 but used to indicite that 
2 an abort has forced the data tase to be shut down. 

Standard Data Set tpdates <T1pe = a1x;J 

In all of the audit record descriptjons in the re•ainder cf this 

cocu1ent. the ~reviots A!N anri logical add~ess fields are 

omitted; the presence of these fietds is implied in all cases, 

exce~t for audit reccrd type a6Ja. 
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;io~ : Data Set Afte~ Im;ge CSTORE after CREATE> 
for1at: 

f;ecof'd nu11ter : 811(8) 
t.:ew rec.or d : BI HS TR~_R t.CDR O_ SIZE) 

;11~ : Data Set Befcte Iwage <DELETE> 
Format: 

~ecord numter : 811(8) 
Ctd record : BlfCSTR __ RLCORO_SIZE> 

;12~ : Oata Set Eefore ard After Image {SlORE after MOCIFYJ 
For 11 at: 

t;ecord numter ·: BllC8> 
Cto 'ecord : BIJCSTR_DATA_SIZEJ 
~e~ record 1 Bll<STR_DATA_SIZE> 

ln~e• Entrr Updates <Trpe = azx~> 

~20~ : Insert Table Entr' 
foraat: 

labte entrt n~wber : BITC12) 
~ek entry : BIT<~TR_RECORD_SI2El 

;2J~ : Remove labte Entry 
Foraat: 

1abte entr) nuwber : BITC12> 
Oto entry : BITC~TR_RECORD_SI2E) 

;22a : Change ln~ex ~eQ~~ntial Root Table 
f O.f'IEat: 

Ctd root tabte address : bITC32l 
~e~ root table address : bIT<32l 

;23a : Index SEQuentiat fey Change 
2 Used if the tighest key in a tower level index 
% tabte chcnge! 

fort.at: 
Entry number : 811(12) 
Clo key : BIT<STR_KEt_SIZEl 
f\ew key : 8ITCSTR_KE\'_SI ZE) 
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tipdate Index Table Control Fjelds <Type = ;3xa> 

;10~ : Set Block Type 
format: 

Cl~ ttcck type : BIT<2J 
~e~ btcct type : BITCZJ 

;3J~ : Change Tabte ~ext Pointer 
Format: 

Cle next pcintfr : 8ITC24J 
~e~ next pcintEr : BITC24l 

;32~ : Change labte Friot Pointer 
Format: 

Ctd prior iointer : 8IT<2~) 
~ew prior fainter : 811(24) 

~33a : Charge lable ~ext and Prior fainters 
forsat: 

Ct~ Next : BI1C24> 
Cld Prior : BI1C24J 
~eM Next : BI1C24J 
~ew Frior : BilC24J 

Update list Tabtes <Tyfe = 34x;J 

;40~ : Before Image cf List Control Info 
foraat: 

list table numter : BITCBJ 
Cld control in1o : BIT(l~) 

;41a : •fter laage of Li!t Control ~nfo 
format: 

list tabte numter : BITC8l 
hew controt in~o : BI1<12J 

;42a : Insert List REccrc Into List Tabte 
Format: 

list table numter : BilCb) 
List recort nuwber : BITCb) 
~ew list rtcorc : BITC~TR ENTRY SIZE> 

;43a : Ae~cve list REcorc From list Table 
For~at: 

list table n~mter : BITCbl 
List recorc nu1ber : BIT{b) 
Uld record : 8ITCSTR_ENTRY_SIZE> 

;44a: Remcve list ~eco~< and Delete list latte 
Fo~mat: 

list table numter : BIT(8J 
Cl~ controt in1o : BIT(/~) 
Ctd record : Bll(SlR_ENtRY_SIZE> 

~45~ : Store List latte ind Insert list Record 
Format: 
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List table n~mter : Blf(6J 
~ew control info : BITC/~) 
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~ew 'ecorc : OITCSIR_ENTRY SIZE> 
;46~ : Change List REcorc 

fo~•at: 
list table numter : BITC12) 
List recorc nu1ber : BITCbl 
Cle record : BITC~TR_DA1A_Sl2El 

~ew record : BITC~TR_OA1A_SI2El 

list Hea~ Updates llype = ;sxaJ 

In all cases, the parent data set record is being a~dited. The 

aucit reccrds tave tte siae format whether the parent data set is 

a cisjoint data set er ar embedded data set. However• twc of the 

fielcs ir each atdit reccrd have ditferent mEanings• depe~oing 

upcn the structure t)pe tf the parent data set. Tte na•es of 

these f ielcs, and thEir weanings, are: 

l. Parent record rumbEr. If the parent is a cisjoint data 

set. this is t~e record number of the parent d~ta set 

record. If th~ parent is a list• this is the table numter 

of the parent cata set number. 

2. Table entry nu1ber. If the parent dati set is a disjoint 

data set• this field is atways zero. If the parent is a 

list. this is the Entry nu•ber of the parent record• wittin 

the list tabte atrEady described. 

list Head After In age 
format: 

farent reccr~ rumber . BITC12> . 
list head cff SEt . BIIC16l . 
labf E entr) nunber : BIIC16l 
~ew list he a a . BII<641 . 

~s1a : list ttead Hefcre lmage 
Forr,at: 

Farent reccrd rumber . BIIC121 . 
list head off sEt . 811(16) . 
lab IE 6ntry nu1ber . BITCB> . 
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Cle tist hEao : 811(64) 

Space Allocation <Type = a&xa> 

;60~ : Update Next A\ait~bte and Highest Opened 
Foraat: 

Clo ~ext 4,ailible : BIT<~2) % hO : N~ 

~e~ ~ext A'aitible : BITC~2> 
;61~ : Upd~te Next _,ail~ble Only 

format: 
Clo ~ext A~aitible : 81TCJ2) 
~ew hext 4\ait~ble : BITC~Z> 

;62~ : Retvrn Space to ~fxt Avaitabte 
for1at: 

~ew Next Alailibte : BIIC32l 
Cld Next A'ailible : BIJC~2> 

;63a : Oper Ne~ Area 
% The format of the <variabte•data> for this reccrd 
% onl) inclLdes the fotlowing fieldJ there are no 
% fietds in thi! audit record for pre~ious ASN or 
% logical acdre!s 

foraat: 
New area number : BITCBJ 

ln~ex Splits and Cc•bi~es <Trpe = arx;J 

When OMSII splits or comtines index tables, entries are removec 

from an existing tahle ard inserted into ~ new table; these 

~ctions require• in ~dcition to the two records for the insertion 

~nc celeticn1 records ~hich reflect the space allocation for the 

rew tabte, ard requ~Ye tte modification of t~e next inc prior 

~ointers in the aff ectec tables. 

Si~ce the actual size of the audit record depends upon the numter 

cf entries to te moved~ the number of entries moved fielc appeirs 

twice in each audit recovd to allow the aucit fite tc te reao in 

reverse. 
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Each of the foLr typEs of audit records hawe exactly the same 

for•atJ this format is t~stec onty for the first of these. 

;10; . Insert Entries ln1o front of Table . 
for~at: 

Number of Entries to be moved . 6ITC12) . 
Entries mo~ed . (•) . 
~umber of Entries to be moved . Blf(l2l . 

<•> The total len~th, in bits• of the entries to te movEd is 
EQuat to: 

(entries to be moved) x STR_RECORO_SIZE 

;71a : l~sert Entries Into Back of Iable 
for•at: same ~s fer aro~ 

;72~ : Neccve Entries frcm front of Table 
Foraat: same as fer a10; 

;73~ : Re~cve Entriet Frtm Bae• of labte 
Fc~aat: saae is fer a70~ 
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APPENDIX 6 

NCTATION COlVENllONS AND srNTAX SPECIFICATIONS 

The fotlc~ing paragraphs describe the notation and s~ntax 

conventions used in this manual. 

kOTATICN Ct~VENTIONS 

The foltowing ~aragraphs describe the notation conventions. 

left and Rigkt Broten Brectets (<>) 

left and riqht bro~e~ br2cket characters are used to enclose 

letters and cigits which are supplied by the user. The letters 

~nc cigits can represent a variable, a n~mter, a file name, or a 

cottmznd. 

cjob l>AX<co•manc> 
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lhE at sign <a> char~cte~ is used to enclose heKadecimat 

infcn 11ation. 

Excmpte: 

~F3~ is the he•ade<imat representation of the EBCDIC 

char·acter 3., 

The at sign <~l char~ctef is atso used to enclose tinary or 

hexaceciwat information •hen the ~nitial ~ c~aracter is foltokEd 

ty a (1) or C4l• resiectivety. 

~(1111110011~ is tte binary r~presentation of the E6C01C 

char act er 3 •• 

aC41fl~ is the hexidecieat representation of t~e EECDIC 

character 3 •• 
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cidentifier> 

-n i~entifier is a strin~ of characters used to represent some 

entity, such as an itea rame composed of tetters1 tiigits1 and 

hyphen. An ioentif iEr Cin vary in tengt~ from 1 to 17 

characte,s. Tte charactfrs sust be adjacent• the first ch~racter 

of an identifier must be a letterr ~nd the last char~cter cannot 

te a hyphe~. 

<integer> 

An i~teger is specified ty a string of adjacent numeric ~jgits 

reprEsenting the decimat value of the inteser. 

<hexadeciaal•nu•ber> 

A hexadecisat rumber is !pacified by a string of numeric digits 

enc/or the characte's A th,ough r; this string 1s enctosed 

kithin the at sign (;) ctaracters. 
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A celimiter can be a~y ncn-atphanumeric character. The hyphen is 

excluded. 

<literal> 

A literal is a data item whose value is identical to the 

characters c~ntained wittin the itea. A literal can be either an 

alphanumeric <or si•fl~ etpha> literal~ or a numeric literal. 

Atph~ literals can ccntain any comb1natio~ of valia printable 

cha~acters, er spaces. ard must be enclosed ty quotation <•> 

ch~r~ctersJ a Q~otation character within an alpha literal i~ 

re~~Esentec by two s~cce!sjve Quotation characters withi~ the 

character string. 

Exa•pte: 

ABC"•DEF 

Jhe prececing alpha 1itetal could be used to represent the 

character string Aec•DEF. 

~umeric titerats ca~ contain only tbe decimal digits 0 through 9 

and ire not enclosed wittin any delimiters. 
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Railroad diagrams shew hew syntactically valid state1ents can te 

constructEc. 

Traversing a raitroac di~gram from teft to right• or in the 

~irection of the arrcwheids, and adhering to tte limits 

ittustratec by b'idgEs produces a srntacticatly valid statement. 

Continuation fro• onE ti~e of a diagram to another is represented 

ty a right arrow (Ir;) aJpearing at the en~ of the c~rrent linE 

anc the beginning of the next line. The complete synt~x diagria 

is terminated by a vertical ~ar cnv1). 

Items containec in broker brac~ets l< >) aTe syntactic variabtes 

which are further define< or require the ~ser to supply the 

reouestec informatior. 

lppe~-case ite•s must ap~ear literally. Minimum abbreviations of 

upper-case iteas are undErlinea. 
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t<--/ ~ , ___ , -----·-----· 
I 

-- A RAILRCAC DIAGFA~ fONSISTS OF <tridges> --------------> 
I 

1-- <loops> -----------1 
I 

1-- <option~l items> --1 

1-- <required iteas> --1 

>-- AND IS TER~INA1ED fY A WERTICAL BAR. --------·--------------1 

lhe following syntactica1ty ~atid statements can be constr~ctec 

frc~ the preceding diagrim: 

1152444 

A ~AIL~CAD 01-GRAt CONSISTS Of <bridges> •ND IS TER~INAlED 
81 A VE~TICAL 8AR. 

A RAILRCAC DIAGRA~ CONSISTS ~f <optional items> A~C IS 
TER~INAlEC BY A ~fRTICAL 8-R. 

A RAILRCAO OIJGRA~ CONSISTS uf <bridges>, <loops> A~D IS 
JE~~INAT£[ B~ ~ ~£RTIC~l B~R. 

A RAILRCAC OIAGRA~ CONSISTS ~f <optional items>, <reQuired 
itews>• <brid~es>, <loops> l~O IS 1ER~IN4JEC EY ~ wERJICAL 
BAF. 
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Re~uired Ite•s 

~o alternate path t~rougt the railroad diagram exists for 

requireo iteas or recuir£d punctuation. 

--- FEQUIREO ITE~ ---------------------------1 

Cptionat lte•s 

Items shown as a vertica1 list indicate t~at the user must make a 

choice of the items specified. An empty ~ath through the list 

~ttows the optional item to be absent. 

fxae~le: 

--- FEQUIRED ITE~ --·---------------------------------1 
I 1 
I·- <optionat item·l> --1 

1-- <optional item-2> --1 

lhe following valid ~tatEments can Le constr~cted from the 

~receding ciagra•= 

~EQUIRE£ ITEM 

~EQUI~EC ITEM <optional item-1> 

FEQLIRED ITEM <optional item-2> 
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loops 

A tocp is a recurrent path through~ raitroac diagram and has the 

tottowing general foTmat: 

Jc--- <bridge> ~~Et~rn character> ----1 
I I 

<otject cf tte loop> -----------------------------• 

I<-·/ 1 \------ • ------------J 
<optional it•m-1> -----------------------------• 

I 
1-- <optionat itfm-2> --1 

lhe following statecEnts can be constructec from the r~ilroad 

ciagram in the exampte: 

<optional item•l> 

<optional itea-2> 

<optional item-1>.<optionat item-1> 

<optional item•l>•<optionat item-2> 

<optionat item-2>,<option~l item-1> 

<optional item•2>•<optional ite•·2> 

A <loop> •ust be tra\ersfd in the direction of t~e arrowheads. 

anc the lisits specified by ~ridges cannot be exceeded. 
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Bridges 

A tridge indicates t~e minim~m or m~ximu• number of times a path 

ca~ te traversEd in i raitroad diag1am. 

There are two forms cf <tridges>. 

I n \ 

I n* \ 

Example: 

n is an integer which specifies the •axi~u1 
rumbEr of times the path can be traversec. 

r* it an intege1 which specifie5 the 1ini•~• 
rumb•r of ti•es the path must te tra~ersed. 

l<--~1 2 , ___________ • --------------· 

<optiona• item-1> -------------------------• 
I I 
1--1 I• \·- <optional ite~-~> --1 

lhe loop can be tra~Erse< a maximum of two timesJ hcwever. the 

path for <cpticnal ite•-~> must be traversed at least once. 
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The follG~ing state1ents can be constructec from the railroad 

ciaqram in the example: 

1152~44 

<optional itea-2> 

<optional itew-l>•<optionat item-2> 

<optional ite1-2>•<optional item-2>,<optionat item·l> 

<optional ite1-2>.<optional jtem-2>•<optional item-2> 
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llS.Cfl 

• ]0-3 

<>1 left and Right Broker Brackets G-1 

<audit reccrd type> 10•19 

<AX or AC command> 11-! 

~cata base name> tC-6 

<delimitEr> E-4 

<disjoint cata set> 3-' 
<embeddec structure> 3-5 

<family nase> 10-1 

<f ilE eouates> 11-! 

<hex~decimal-number> G-3 

<ide~tifier> G-3 

Ci r.dEX se·ot;ent ial set> 3-5 

<integer> E-3 

·< l i t E ir a I > 6-4 

<ntJmter 1> 10-6 

<ntJm·ter2> 10-8 

<option> 10-3 

<str 1i d> 11-13 

<structure n.a me> 10-15 

<struc:tuf'e ntmber> 10-15 
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•switch settings> 11-3 

<s~itches> 1-5 

<usercode> 5-9 

<virtual disk> 11-4 

;, At Sign Character G-2 

ftCA~•T OPE~ FILE FOR <strl>: <str name>" 11-64 

•tort Messages 11-62 

~CCEFT CA~ or ACl SY~TE~ COMHANO 

Accept Syste• Coamanc• O•S/DEMAP Program 11-9 

-CCE~S A·t 

Access, t~Sil 5-5 

Adcing Data Items 3-14 

Adoing Emtedde-0 Data Set! ano Hanuat Subsets 3-18 

•dcing Sets anc ~uto•ati< Sutsets l-18 

-~cition and DEtetior of Data Items 3-19 

Accitionat Multiprogra••ing Considerations 

~DCIJIONAl MULTIPROGFAM~lNG CONSIDEkATION5 

Ad•iristrator t·t 

Af TEF 10-19 

Algorithms 3-30 

~tgorithms, MCFII Me1ory Management E-2 

All 3•10• 11-12 

All CDS 11-12 
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All ES 

Alt JDX 

11-12 

11-12 

All Initialization oi Ca1a Items 

All JNITIAlllATICN Of OAlA ITEMS 

An~lyzing~ 0MS/AUDIT,N4ll Program 

~n~tyzing~ O~SIDASDL,NAL' 7-1 

Appl'icatio11 

AREAS 10-14 

ASt\S :State1ent l0-16 

-ssignment of Co~e 5Egmerts 6-5 

Assumptions 

"T SIGN (~) 

£-40, E-43• E-45 

c-2 

~ttribute Table 1-3, F-25 

Aucit Blccksize 4•24 

4ucit Euffers E-1 

Auoit by Program 4•42 

•ucit by Station 4•42 

Aucit Fite I"foraaticn Block E-6 

Aucit File Parameter Block CFPB> j-2 

Aucit function 4-6 

Aucit Hecia 4-23 

Aucit Trait 4-2 

-u~it Types f-31 

~utoaatic Sets 2-3 

4utomatic Subset 2-10 

Automatic SubsEts 2-4 
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Eacked Out Transacticns 

Eatarce of an 1n~ex ~et er Scbset 3-39 

Basic Procedures 4-33 

f atch Programs 4-38 

EEf O~E 10-19 

Eegin-tra~saction anc Ere-transaction Operations E•31 

Eegin-lransaction Optration E-Jl 

ELCC~S 10-14 

Eloc~size for Aucit Fite 

Bridges £-9 

Eroken Brackets C<>>- le1t and Right G-1 

Euf fer Descriptors E-14 

Buf fErs E-14 

Euffers~ ~idtien E-16 

C~~ CNLY ~AP 11.0 D~l~EA!ES 11-63 

CA~'I HE~C ClClICNAAl fllE HEADER 11-64 

CANNCT MAP ACTIVE OAlABA~E 11-63 

C~~NCT MAP DAJ,BaSE •ITH ACTIVE FIL~: <filen2me> 

CA~D ll•B 

Changing Groupings or le~els 3-16 

Changing Populations 3•18 

Charging Structure •ttritutes 3-lb 

Changing the DEscription of Data Items 3•15 

Ch~nging the Description! of Sets and Autcaatic Subsets 3-16 

Chinging the Orderin~ of Oata Items 3-16 

ClEar-Start Recovery 
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Close Operation E-21 

Closing a Cata Base 4-f 

CL~Sf[R 11-13 

CLlSlER EXFECTED 11-19 

Code ReQuire1ents of HCP!I E-3 

Code Segment Assigna£nts B-S 

CO[£ SEG~E~T ASSIGN~ENTS a-s 

co~~AND E~~o~s 11-19 

Co•mand Errors, DMS/CB~Af Program 11-19 

11-10 

Coapiling Frcgrams 5-ti 

Co1piling the tata Base 5-11 

Compiting the CMS/DB~AP Frogram 11-4 

Co•pletion of 2 Single Transaction 4-6 

Conclusion s-11 

Considerations~ ~uttiprofram•ing 4-50 

Considerations• fhratghp~t 4-22 

CO~TENTICN A·l 

CO~TFOL 10-19 

Control Fecords <TypE - ;exaJ 

Control point 4-10 

Cortrolpcints 4-29 

Conventions. File Na•ing 3-28 

Conventions, Notatiors G-1 

ConvEntions• Syntax £escription G-5 

COPY BACK l-9 

CCFY State1ent l-1 
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Counting Trans~ction! anc Syncpoimts 4-e 

Create Operaticn E·21 

t4T~ 10-14 

Cata Base Ad•i~istrator 1-1 

Cata Base Coapilatior ~-11 

Cata Communicaticns frogYams 

CATA IMAG£5 10-14 

Cata Iteas• ~LL Initiati1ation B-~ 

Cata Pr"inting l l-30 

tat a Re<Ju ire11erts of MCP JI E-4 

Cata Set Structur •es 2-1 

1a TA SE 1 SlRlClURE:S z-1 
Cata Set with EmbeddEd Dsta Set CNo Sets) 2-1 

Cata Set "it h Index Fanccm Set and Automatic Subset 

Cata Set "it h Jtultiple Ordered Sets and One Retrieval 

Cata Set "ith No Sets ~-5 

Cata Set ~ ith Croerec Clrdex SequEmtial > Set 2-6 

Cata Set with Crderec Emledded Data Set 2-f 

Cata Structures F·J 

Cata Transform~tion Fute! 3-22 

Cata Transformations 3•19 

Cata Working Set 

C-1- 1WORKittG SET 

£•32 

E•32 

CATABASE CJCTICNAFY: <title> IS MIS~lNG 

[~l~EASE State~ent 10-f 

CBA l-1 
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2-10 

Set 2-11 
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£Dl fable 

CEAOlY E~B~•CE A-1 

[eco1piling, O~S/OECCMPIIER Progra• 6-1 

CEFAULT 5•9 

Cetete Operation E-31 

Celeting Cata Items 3-15 

Cesc~ipto's' I/O E-18 

[Ff. lable F-E 

[ffi Jabte anc File REco~cs 7-3 

Cictionaries, Fath E-1~ 

Cictionary on ~ser Pick 11-4 

CISJCINT A-2 

[isic,nt Cata Set E-22 

[is joint Data Set CCCSl foputation 11-37 

Cisjcint £a ta ~et <C£S) fecords tl-30 

Cisjojnt Cata Sets 3-2e, E-27 

£ISK 10-6 

[is~ File ~eadErs E-8 

[MS/AUDllA~AlY Examples 10•27 

tMS/AUDITA~ALY OPTIO~S 10-2 

CMS/AUDilA~ALY Progrim 10-1 

CHSl•UD11A~ALY Program Oreration Instructions 10-2 

[MS/C~SDl Compiler B-6 

CHS/DASOL Cata Structure! F-17 

C~S/U~SCL {tobats 

CMS/CASDLYANAL~ Program 7-1 

[MS/CASOLYANAL~ Progra• Cperating Instructions 7-5 
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CMS/DBBACI< Pf'ogra1111 9-t 

[MS/CBLCCK Pro~ram 8-1 

r: M5 /C8 tUP Frcgraa Accept System Command H-9 

£MS/CBftl4f frognH Co111an< Errors J.1-19 

CHSICBM.\P Frogra11 E :ucut ion Examples 11-21 

tMS/DHHAf Fro gram F 1 t es 11-8 

[MS/CBH.\P Program Opfra Ung In st r uc ti on s l 1-2 

['45/tBNAP f RCGFAH CilJlPUT 11-25 

[~SICB.-4P frograa Output 11-25 

CMSICBMAP fr c gf" ae Per for 1ance 11-11 

tMS/DBMAf frogram Stitus Information 11-21 

CMSICBMAP Frogram SwitchEs 11-5 

[MS/DBMAP frogram VIFTUAl_DISK 11-9 

[MS/CECO~flLER Progrim 6-1 

[~S/JNGUIF' Program 5-13 

[M5/~EO~E-~IZE Progr;m 3-11 

[~~II Access 5-5 

£MSIJ ACCESS 5-5 

CMSIJ Au~it file Infcrmation F-30 

[MSll Oat~ Str~ctures f-1 

C~SIJ Globals 7-J, F-2 

CM~II Workarea E-19 

CMSll Working Set E-1 

COUBLE 10-21 

Cuwp Recovery 

Ele•ents~ Sytax of 4-2 
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EMBEUDED A-2 

fmbecded [«;ta Set ;.-7. E-30 

Emtecded Cata ~et :s E-2~ 

E11becaed Data Set ·s ar d Menu at Subsets 3•17 

Emtecded Structure USl Fopulation 11-38 

£mtec•ded S true t ur e HS l 1ables 11-31 

£NL 10•3 

Enc-lransaction Cperitior E-31 

Entries Per Jatle E-58 

Error anc harning Hessagfs 11-4 l 

£~~CF IN CCM~A~O FILE. <wsg>• SEEINb: <tast thing re~d> 

ERFUF IN SET OFllON 11-65 

Error list 11-42 

Error Suamary 1l-3S 

Error~ War~ing, and 'bort Messages 

EHnnptle 1: 

Exami>lle 2: 

Examplle 3: 

Ex.ami;le 4: 

£-35 

E-40 

£·43 

E-45 

11-41 

Examp~es of Working ~et £alculations E-34 

Executing Programs 5-1 t 

Executing the CHS/DB~~f Frogram 11-4 

EXEClTIO~ EXAHFLES 11-a 

11-21 

EXlE~OEO VALIDITY 11-1~ 

EXlE~OED VALIDITY P~lNT U-15 

l l· 6~ 

External Procecures rot felated to the OMSII System 4-35 
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External Procecures Fela1ed to the LMSII System 4-!4 

FA 1" !Ur NAME 3-8 

Fiia 11-8 

Fite Names 10-25 

Fite Na11irg Conventicns 3-28 

f He Recor cs f•7 

Fll£ State1ent 10-1 

FILES 11-8 

Files~ O~SJOBMAP Pro~ram 11-8 

f l~AL HECIUM 3-8 

Find Operation E-22 

Find/lock <Modify) Operations 

Fores of ~eccvEry 
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