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SMAR , Search Mechan i sm Anal ysis Routi ne
Us er Manual

John V. Carl i s
and

Dennis G. Severance

• 1. OVERVIEW

l . a . In troduc tion

SMAR , Search Mechanism Analysis Routine , is an interactive computer pro-

gram which aids a system analyst in the design of Identifier Search Mechanisms ,

IDSMs. Alternative IDSMs exhibit differing performance characteristics when

• applied to the retrieval of uniquely identified records in a database stored

on random access storage devices. SMAR allows an analyst first to enter

parameters describing a design problem and then to execute analysis commands

which will either: (1) analyze the expected performance of ten different IDSMs ,

or (2) analyze alternative hashing IDSMs in greater detail , or (3) compare

actual versus predicted hashing transformation performance .

This manual explains the usage of SMAR. Where appropriate the user is

referred to other literature describing the IDSMs and the analyses in greater

detail.

l.b. Organization of the Uses Manual

The remainder of Section 1 describes the general , menu -driven interaction

between the systems and the SMAR programs . Section 2 (PARAMS) defines the set

of problem description parameters and the manner in which they are entered into

the system. Section 3 (SEARCH MECHANISM) describes the results of evaluating

• several IDSMs ; Section 4 (HASHING) describes the hashing analysis options, and

the resul ts printed; Sect ion 5 (ID SET) des:ribes the input of a :et of record 

•



identi fiers and the comparisons made against predicted performance. Section 6

presents instructions for operating SMAR on a CYBER74 with KRONOS operating

system.

l.c. User/Program Menu-Driven Interaction

The user control s the executi on of SMAR by selecti ng commands from a

hierarchic set of menus. All user Inputs to SMAR are numeric and are either a

menu choice or a parameter value. The menu choices are of several kinds: per-

form an analysis , enter one or several parameters, list prameters , go to a

higher menu , go to a lower menu , or stop (terminate the program). After each

• entry the user is presented with another menu as illustrated by the following

dialogue:

!MT!P COD!. 1=!NTVR PA~ AMS ,2=S~ ARCH M~C~~ ’~1SM A~1kLTSIS
3=~ASRINa ANkLYSIS ,4=ID!~4TIFIN SET AN&LTS IS ,5=STOP

? 1
• !~1T!R PARAM COD!. 1~ ST ST EM ,2 C3ST ,3 R!CO~D ,4 OVF RFLOW ,5 ID ,6 ME’~U

? 3
!MT!R CODE. 1=RFCORD SIZF ,2=NO.O? RFC0RDS,3=R~’T/RPC/MO ,

~=LIST SPECS ,5=BRI!F ENP~
Y,~~ M!~1U,?=TOP

• !PIT!R,IN ORD!~: R!CORDSIZ!.NO.OF RECF ,R?T/R!C/M0

? 3~00Ø 900 60
!~‘1T!R COD!. 1=R!CORD SIZE ,

2=NO.OF R!rO!~rS ,3~RFT /REc/Mo ,
1=LIST SPECS ,5=BRIFF ENT~ T,6=M!’NU,7 TOP

!~1T!R PARAM COD!. 1=S!STFM ,2 CDST . R!CORD ,4 O V ~~ FLOW ,5 ID,6 MENU

In thi s dialogue the user Is initially presented with the top level , or SMAR ,

menu. Before entering a response the user must wait for the prompt symbol ‘?‘ .

The user enters a ‘1’ and the program responds with the ‘PARAM ’ level menu.

The user enters a 31 ; the program responds with the 1 RECORD ’ level menu. Since

8
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all three record params (in brief mode ) are to be input , the user enters

a ‘5’ ... and so on. The dialogue will continue until the user enters ‘5’ (for

‘stop ’) when presented wi th the SMAR menu.

The user might occassionally enter incorrect or incomplete responses. The

program responds to a blank line (or to insufficient entries in a brief entry

mode) with an additional prompt , ‘? ‘ , for the remaining data. If an invalid

menu code is entered , the user is asked to re-enter the value .

The fol lowing sections describe user menus obtained via the response codes

to the top level SMAR menu.

!~TE~ COD!. 1 ENT!R PARAMS ,2 5!ARCH M!CFA~4TSM ~1ALYSIS
• 3=HASRPV A~J~ LYSIS ,4=IDE~ TIFIER SET A~ ALYSI5 ,5 STOP

2. ENTER PARAMS (SMAR response code : 1)

2 .a. Introduction

In response to the selection of ENTER PARAMS a menu with five different

parameter types is presented :

E~T!R PARAM CODE. 1=SYSTEM ,
2=COST ,3 R!CO~D, OY!R!LOW ,5I D ,6~~ E~1U

These parameters describe either the computer system used (SYSTEM and COST), the

records to be stored (RECORD and ID), or the solution method for hashing analysis

(OVERFLOW). Not all parameters are applicable for all analyses. SYSTEM, COST,

and RECORD are always required , while OVERFLOW only applies to HASHING and KEY

only applies to IDSM and IDSET.

For each parameter type the choices are:

- enter a single parameter value
- list the current values
- enter all values in a brief mode
- return to the next higher level menu (I menu l )
- return to the menu above the enter param level (‘top ’)



Sections 2.b through 2.f describe the five parameters types and Section

2.g presents a typical user dialogue.

2.b System Params (Params response code: 1)

System params first must be entered for al l probl em analyses. The menu

presented is:

SYSTEM ME~lU: ENTER COD!. 
laC!LL USFR,2~ dONC!LL CSTR ,3=LIST SPECS ,4~MENU ,5=TOP

A user can design search mechanisms for either of two types of secondary memory:

cell or noncell. These memories have differing parameter operating character-

istics. The IDSM routine always assumes a cell environment while the HASHING

routine will analyze either envi ronment; IDSET makes no direct use of system

parameters

A response code of 1 declares that a cel l environment is to be used and

presents the cell menu (see below), while a code of 2 declares a noncell environ-

ment and invokes the noncell menu. Code 3 l ists the current declaration ; code 4

invokes the PARAMS menu , and code 5 presents the SMAR menu.

2.b.l . Cell User (System Params response code: 1)

!N ’l’fl CODE . 1~ C !LL STZE ,2 PTRSIZ ! ,3 CLOC ,4~ CRkN ,
5zLIST SP!CS,6 BR1ET ENTRY ,7~MENU ,B TOP

1. celisize the length in bytes (i.e., characters ) of
a secondary memory cell; that is the collec-

!PIT!R CELLSIZ ! tion of data transferred from secondary
? 4000 memory as a single unit (e.g., track , sector ,

page , block , physical record).

2. ptrsize the length in bytes of a memory pointer.
!‘4TVt PT~SIZ!

3. CLOC the time in milliseconds for a local memory
ENTER CLOC access. This value includes the time to

transfer the cell.

•1
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4. CRAN the t ime in  milliseconds for a random
ENTER C RAN memory access. This value includes the

7 73 time to transfer the cell.

5. list specs list the current cel l user specifications .

CELL CS!R SP!CS:C!LLSIZF= 4030. ,PTRS !ZE 4.
CLOC(MS!C)= 40.30 , C~ AN (MSEC) 70.00

6. brief entry enter values for cell size , ptrsize , CLOC
and CRAN in that order.

!NTER ,IN ORDfl:CELLSIZ!,PTRSIZE ,CLOC ,CRA N.

7 4000 4 40 70

7. menu

8. top

• 2 .b.2. Noncell User (System Params response code: 2)

!MTER COD!. 1—TR~SIZE ,2=~AP SIZ!,3 PTR S IZE ,4=TLOC ,5 TRk~-,6 TFI&TE.
7xSPAW COD! ,R=LIST SP!CS ,9=BRt!F E’ITRT ,lO M!NU ,ll=TOP

1. tracksize the length in bytes of a track.

ENTER TR~SIZF
7 1.~000

2. gapsize the length in bytes of the gap between

? 1~ 5 
GAPS IZ E blocks (i.e., physical records) on a

3. ptrsize the length in bytes of a pointer.
ENTER PTR~IZ!7 4

4. TLOC the time in milliseconds for a local
ENTER TLOC (MS!C ) access to a block.

7 10.2
5. TRAN the time in milliseconds for a random

ENT E R ¶ RA N ( M S !C ) access to a block.
9 15.7

6. TFRATE the transfer rate of a channel device

ENTER ?PRATF K combination in K bytes/SEC (e.g., a
7 806 channel speed of 806,000 bytes/sec. should

be entered as 806).

11



7. span code indicates whether or not a block can span
track boundaries.

!MT~ R CODE. 1=NO SPANNED TRAC~S,2=SPANN!D TRACES .

11

8. list specs list the current noncell user values .

NO N CE LL USER SPE CS —TRAC ~~(B TTh S’= 13000. ~AP(B!T E!)= 135. PTR (BYTES)= 4
t TLOC (MSEC )= 10.20 T RA N( MS !C ) = 17. T!RATE (EB’tT!s / sy C)= 806 .[ AND NO SP ANN E D TR AC!CS

9. Brief entry enter values for tracksize , gapsize ,
ptrsize , TLOC , TRAN , TFRATE , and span
code in that order.

!NT!R ,IN ORDER : TR~ SIZ !,GAP S IZ ~~,PTR SI7!,TL0(~,T RA N ,T FRATF ,5pAN CODE

• 9 13000,135,4,10.2,16.7,806,1

10. menu

11. top

2.c. Cost Params (Params response code: 2)

• Cost parameters must be entered for all analyses.
ENTER CODE. 1=CT,2 CL,3 C S ,t LI ST SPECS ,5=BRIEF !NTRY ,6=MTNU ,7 TOp

where C1 = cost of transfer time , (measured in $/second),
describes the holding costs on such resources
as main memory , the channel , the device controller
and , of course , the user.

CA 
= cost of access time (in $/second). This cost may

be less than CT if system resources such as thechannel or device control unit are released
during an access.

C~ = cost of storage ($/track/time-period).

For a cel l user:

- C1 is not used ; the cost of transfer is reflected in the
access a record (the cell size is constant).

- C~ is $/cell/time period .

12



Codes: 1-3 enter CT, CA , or CS individual ly

ENTER CT ENTER CA ENTER CS
01 7 .01 7 .25

4. list specs

• COST SP~ CS— C T , COST OF TRANS F ER TIM! IN ~/SSC= .010
CA ,COS T OF AC CES S TI M E IN $/S!c= .310
CS ,CO ST OF STOR A GE IN ~/TR T/ M O= .200

5. brief entry

!NTER ,IN ORDER : CP ,CA ,CS

9 .31,.01,.73

6. menu
7. top

2.d. Record Params (Params response code: 3)

Record parameters must be entered for all analyses .

• ENTER CODE. 1-~RECORD SIZE,2 N0.OT R!CORD~ ,3=a!T/R!C/MO,
4=LIST SPECS ,5 BRI!T EN TRY ,S=M!NtJ ,7=TOP

1. record size - the length in bytes.

EN TER R E C O R D S I Z F
7 9~0

2. no. of records - count of logical records to be stored in the database.

ENTER NO.0? REC S
7 22500

3. RET/REC/MO - the intensity of retrieval against the file measured by
the number of retrievals per record per month. For example
wi th 10 ,000 records and RET /REC/MO = 10 there are 100 ,000
retrievals in a month.

ENTER RFT/RFc /Mo
? 3 5

4. lIst specs - list the current stored values.
RECORD SPECS— RECORD SIZE= 930. N3.OF RECORDS 22500 .• RETRIEVALS /REt~ORD/MD= 35.ooo

5. brief entry — enter values for record size , no. or records and retrieval
intensity in that order.

!NT!R ,IN ORDER: RECORDSIZ!,NO.DT R!CS,R!T’REC/MO

9 930 ,22500 ,35 13



6. menu

7. top

2.e . Overflow Method (Params response code : 4)

Overflow method applies only to h~shing analysis.
ENTER CODE. 1=OP!N ,2=CRAINED,3=LIST VALU E ,1 M F N U , 5=TOP

1. open open overflow method.

2. chained chained overfl ow method with a separate
overfl ow area. For noncell users overfl ow

• bucketsize is one ; for cell users overfl ow
bucksize is the maximum number of records
which fit in a cell wit h a chain pointer.

3. list specs list the current value

OVERFLOW ME THOD IS OPEN
OR

OV ER FLOW ME TH OD IS C H A I N E D

4. menu

5. top

2.f. Identifier Params (Params response code: 5)

Parameters describin g the set of record identifiers must be entered before

executing either IDSM or IDSET.

ENTER CODE. 1=ID L!NGTH,2ID POSITION ,3 1 D  TYPE ,
4=LIST SPECS ,5=BRI!T ENTRY ,6=M!NU ,7 TOP

1. ID length the number of bytes in the i dentifier
ENTER I DrJ!N~ TR~ field.

7 5

• 2. ID position the displacement of the identifier field
from the beginning of a stored record .

ENTER ID STARTI N G POSITI ON

3. ID type the vocabulary of symbols used to compose
an identifier.

ENTE R ID TYPE COD!. 1=MUM!RIC ,2~ A LPHA,3~ ALP HANUMERIC
7 1

The number of possible unique identifiers , call vocabulary
size , is a function of the identifier ’ s length and type:

length where X is 10 , 26 , or 36.

- - - •- ~~~~— , -~~~~~~.- - — - • - ~~~~~~~~~ - -—••.~~~~~~~~~~~•-



4. list specs list current values .

ID SPECS: IDLENGTH= 5. ,STARTING POSITION — 1 ,ID TYPE— NUMERIC

5. brief entry enter the identifier ’s length , position ,
and type in that order.

!NTER , IN ORD! R :ID LEN GTH ,S’ART ING P~ SITIO N ,TTPE CODE

7 5 1 1

6. menu

7. top

2.g. Sample Dialogue to Enter Problem Parameters

This section presents a sample session for entering design problem para-

meter values . Some of the terminal entries have been annotated .

start the program

ENTER CODE. 1 !NT!R PARAMS,2=S!ARCH MECHANISM ANALYSIS
- 3= HASHIN ~ ANALYSI S ,4=ID !NTITIER SET AN &L YSTS ,5=STOP

91
!NTER PARAM COPE . 1=SYST!M ,2 COST,3=R!CORD,4 0V!RPLOW ,5 1D,6 M!NU

7 1

SYSTEM MENU: ENTER COD!. 1=CELL USER ,2=NONCELL USER ,3=LIST SPFCS ,4=MENU ,5—TOP

7 3

look at the default values

‘~I’~MC!LL USER S P EC S— T RAC ~
( RTT~ S)~ 1~ 0~ 0. ~AP ( TE~ )~- 1~~~. P”~~’B~~ FS’~ 4.

TL O C r ’M SE C ) =  10.00 T R A ’ J ( M S  ) = . I~~.72~ ~ F R 4 T ?( YIr~~~ / SEC ) =  526.
A ’JP ‘JO SPA ’JNEP TRACES

SYST!~I MENU: ENTER CODE . 1=CELL USER ,2—NONC !LL ~S!R ,3=LIST SPECS ,t—MENU,5—TOP

choose to be a cell use

INTER COD!. 1~C!LLSIZ!.2 PTRSI ZE,3 CLOC ,4 CRAN .
5—LIST SPECS ,5=BRI!P ?NTRY ,7=MPJU,9 T0P

15



!NT!R ,IN ORD!R:C!LLSIZF ,PTR5IZg,cr~,OC .CRA ,~.

9 4000 40 70 4

User notices incorrect order and will re-enter 6 in response
to System params menu.

• ENTER CODE . 1~ CTLLS I ZE ,2~ PTR SIZ !,3 CL 0 C ,4 C R A’1,
5—LIST SP!CS ,6=RRI!F FNTRY ,7=MFNU ,8—TOP

7 6

EN TER ,IN ORD !R :CE LLS I Z E ,P T R S I Z E , C L O C . C R A N .

~? 4000 4 40 70

• ENTER COD!. 1=C!LLSIZ!,2 P?RSIZ!,3=CL~)C,4 CRAM .
5—LIST SPECS ,6=~RIFF ENTRY ,?=M!NU ,8=TOP

77

SYSTEM MENU : ENTER CODE . 1=CELt~ USER,2=’JONCELL IJSER,3=LIST SPECS ,4=MENU ,5=TOP

.74
ENTER PARAM CODE. 1=SYSTFM ,2=COST ,3=RECORD ,4=OV!RFLOW ,5=ID,6=MENU

72
ENT E R CODE . 1 C T ,2=CA ,3=CS ,4 LI ST SPEC S ,5~~ RI!F !NTRY ,6=M !N U ,7=TOP

7 3

ENTER CS
7 .20
ENTER CODE. 1=CT ,2=CA, 3=CS .4 LIST 5PECS ,~~BRIEF FNT RY ,6=MFtIIU,7=TOP

7 6
INTER PARA M COD!. 1 STST!M.2 CO ST , CORD.4~OVERF LO W ,5 ID,6 MENU

7 3
ENTER COD!. 1—RECORD S IZ L 2= MO.O F RE CORD S ,3 R !T/R!C /MO ,

4—LIST SPECS ,5=!RIIF ENTRY ,~ =MENU ,7=TOP

7 4

look at default values

RECORD SPECS— RECORD SIZE— 1030. ‘ I O . O F  R E C O R D S —  20000.
R!TRI!V&LS/RECORD/MD 10.000

ENTER COD!. 1—RECORD SIZF.2—NO.OT RFCORDS ,3=R?T/R!C /MO ,
4—LIST SPECS ,5=RRI!F FNTR!,~ =M!’NU,7 TOP

-
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7 a blank line is entered -- another ? appears .
? 9 9 is an invalid menu choice .

9 IS INVALID —— REENTER
• . ENTER CODE. 1=RECORD SIZE ,2=NO.O7 RECORDS ,3 R!T/R!C/MO,

• 4=LIST SPECS ,5=BRIEF FNTRY,6=MENU ,’?”TOP

7 5

• !PIT!R,IN ORDER : RECORPSIZE,NO.D? RECS ,!LET/REC/MD

brief entry can take more than one line

7 950
7 10000 50
ENTER C~D!. 1—RECORD SIZ!,2 N0.OF RECORDS ,3=RFT/REC/MO ,

4—LIST SPECS ,5 BRIEF EM T~T,6=M!NTT ,?=TOP

9 6
ENTE R P A R A M  CODE . 1=SYST!M ,2=C OST ,3=R !CORD ,4 0V !RPLOW ,S ID ,6 M!NU

9 ’
ENTER COD!. 1=OPFN ,2 CPAIM! D ,3 L I S T  VALU! ,~~~MF’HT ,5=TOP

ENTER PARAM COD!. 1=SYSTEM,2=COST ,3=RFCORD , OVFR PLO W ,5=ID ,6=MENU

5
ENTER CODE . 1=ID LEN~ TR , 2= ID P O S I T I O N ,3~ ID TYP E ,

~=LI ST SPECS ,5—BRI !F ENTRY ,6=MFM’l.7=TOP

9 1
EN TER IDLEN~ TR

? 1 *D!L*
5

ENTE R COD E . 1 1 D  LENG TH ,2 1D POSITION ,3=ID TYPE ,
4=1.1ST SPECS ,5=PRI!F EN T RY ,~~=MFNU ,7=TOP

7 2
ENTER ID STARTI NG POSITIO N

9 1
ENTER CODE. 1=ID L!!JGTR,2=ID POSITION ,3=ID TYPE ,

4— LIS T SPEC S ,5=BRI!F !W TR T ,6=M ?N U, ?=TOP

73
EN TER ID TYPE COD!. 1=MU M!RI C ,2 = ALP R A , 3 =A L PS ANUM!RIC

7 1
ENTER COD’. 1ID L!NGTH ,2=ID PDS ITION ,3=ID TYPE ,

4 LIS1’ SP!CS ,S BRI!T ENT RT ,6 MF’NU,?T 0P

- ~~~~~~~~~~~~~~~~~~~~~~~~



ID  SPECS : IDL EN G TH 5. ,ST A RT ING P O SI TI ON 1 ,ID TYP!= NU MERIC

ENTER COD!. 1=ID LENGTR ,2 ID POSITID N ,3 ID TYPE ,
4=LIST SP!CS ,S BRIFF FNTRY ,6 M!NU,7 TOP

7 ?

!qTn COD!. 1—!P4~!R PARA MS ,2=S!ARCH M E C H A N I S M  A N A L Y S I S
• - 3=RASRING ANALYSIS ,4=ID!~1 TIF lFR SET ANA LY S IS ,5=STOP

3. IDSM - IDENTIFIER SEARCH MECHANISM ANALYSIS (SMAR response code: 2)

• A system designer is faced with selecting from a number of available identi-

• fier search mechanisms (IDSMs). The purpose of the search mechanism analysis

portion of SMAR is to assist the designer in compari ng alternative IDSMs for a

cell memory environment. The output from IDSM is in table form. For each of ten

IDSMs the table contains values for five measures: the average number of identi-

fier comparisons made for one retrieval , the search time in MSEC for that retrieval ,

the cost in dollars for that retrieval , the number of cells required to store the

records (plus any associated indices and overflow areas), and the percentage

space overhead.

For details of the IDSMs the reader is referred to: (1) D. G. Severance ,

“Record Retrieval Via Hashing Functions and Scatter Tables ,” in National Bureau

of Standards Software Engineering Handbook, January , 1977 ; and (2) J. Martin ,

Computer Data-Base Organization , Prentice-Hall , 1975.

An IDSM analysis has no additional user dialogue. After the table is

printed the SMAR menu is presented . In the fol l owing example RECORD and ID

parameters are entered and IDSM makes use of default CELL and COST parameters.

18
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ENTER COD!. 1—ENTER PAR&MS ,2 S EAR CH MECHAN ISM ANALYSIS
3—HASHING ANALYSIS,4=IDENTIEIER SET ANALYSIS ,5=STOP

7 1
ENTER PARA M COD!. 1—SYSTEM ,2 COST.3 R!CORD,4=OVERFLOW ,S ID,6 MENU 1

• 7 3
• ENTER COD!. 1—RECORD SIZ!,2 N0.OF R!CORDS,3—R!T/R!C/MO,

4—LIST SPECS ,5 ERIEF ENTRY ,6=MENU ,? TOP

• 7 5

!NT!R,IN ORDER : RECORDSIZ!,NO.OF R!CS ,R!T/R!C/M3

7 1000 22500 35
ENTER CODE. 1—RECORD SIZE,2 N0.OF RECORDS ,3=R!T/REC/MO.

4—LIST SP!CS,5=BRIEF !NTRY,6=M!NU ,? TOP

7 6• ENTER PARAM COD!. 1=STSTEM ,2=COST,3—RECORD ,4=OV!RFLOW ,5—TD ,6—~ENU

7 5
ENTER COD!. 1=ID LENGTH ,2=ID POSITION .3=11) TYPE ,

4—LIST SPECS ,5~~RIFF !‘JTRY,~~MENU .7 TOP

75
!NT!R ,IN ORD!R:ID LENGTH ,STARTIN G PDSITIOP4.TYPE COPE

. 7 5 1 1
ENTER COD!. 1=ID LEN~TH,2 tD POSITI ON ,3 1D TYPE .

- 4=LIST SP!CS,5=BRIEF !‘NTRY,~~MFNU,7’TOP

77

ENTER COD!. 1=ENT!R PARAMS ,2=SFARCR MECHANISM ANALYSIS
3=RASHING ANALYSIS ,4=ID!NTIPIER SET AP4ALY SIS,5=STOP

7 2

1~~~M ft. ’J ’~LY~~TS
!P’~O~ D LF’J’TFT 1000. M O .  OF R F~~’~~1~5 ~~~~~~ ~~ T, ’R~~C / ~An
ID LF\ GTR ‘ . V O C A P ~TL~.R ”  ~ 17~’

P~ RF OR ~~A M ’ E  CF~ R &C ~~I~~T 1C~ F~~ ~“)‘~MO ” ~~ C ” R D ~FA~~~ r~~N iQ TT~~s

~J~~~ ER O~ ~&R~~ CYT.LS SPAN ’ ~N~STSIN’T,F ,
• Trc~ MIou : rOMPARIeO~1S ~I~~~ ”~~’C’ ~~ 2U1~~ED ~~~~~~ ‘.kD A C C E S S

D1R ~’CT A DDRF~ SI”~ 1.0~’ 721 .00 2~~ 0? ~44.U .000700
• ~ ‘~UFV’IAL SCAM 11750.~~ 1l~~~~-~.30 ~6?5 0 1.l25?E~RINA RY SE.kR’~• ‘rR9’ 221 .24 1t1~~.~~ ~~~~~~~~~~~~ ~~~~~~~~~~~ .01t1~~

~! CELL ~~~~~ q21r .0’ 2
)N F ’TLL I ’J T E ’~ 22? .17 “ .2~’~ ~~ 7S .~~1 .“03971

• IVOEX
VTJLL 1125?.~~ 1140.30 .~~~~ .C11h~3CELL 2°1 .~ 0 ~~~~~ ~~~ .~~~~~
RIt’R C~ I~’ ~EIL 2~ 1.r 210 .00 .~~~~~ .~ o21~ ?
r )DT N OV!RFT ’)~. 4.42 ~~~~~ 1B.~~ .22~ 123

~~~~ cHAPIEr OV!~RFL fl’:’ 2.3 110.~~0 ~C .~’3 .00 1103 
~ - - ~~ ~~_~~• - • - • -  .— - _— ~~— --~~~~~~~~~~~ —•-—-~~~~~~~~~



4. HASHING ANALYSIS (SMA R response code: 3)

4.a. Introduction

HASHING ANALYSIS will aid in the selection of design parameters for a

hashing search mechanism. This design aid is based upon a mathematical model

presented in Severance and Duhne , “A Practitioner ’ s Guide to Addressing Algori thms ,”
• Conui ACM (June 1975), pages 314-326. The user is assumed to be familiar with

that article.

Three types of parameters are of interest -- computer , record , and solution .

Computer parameters describe the secondary storage device performance and cost

characteristics . Record parameters describe the data file in terms of record

s ize , number of records, and intensity of record retrieval. The three essential

solution parameters are:

- the bucketsize , S (the number of records per bucket);

• - the loading factor, P (the number of records to be stored
devided by the number of record slots allocated in the prime
storage area); and

- the bucket overflow method (open or chained to a separate
overfl ow area).

The hashing analysis menus provides several options. Following the execution

of an analysis this menu is presented again.

ENTER CODE. 1=E X P E C T E D  V&LU !S , 2 = A U T O M A T E D  SOL P4 ,3—U S!R SOL N E V A L U A T E D ,
4—ENTER P&RAMS ,5=MFN(T

These options are described briefly here and in more detail in Sections 4.b-.4.f.

1. expected values the expected number of accesses and , only
with chained overflow , the expected over-
fl ow per bucket are calculated , for a
bucket size , loading factor and overflow
method (assuming a uniformly distributed
transformation values).

2. automatic solution the program will find the sol ution para-
meters S and P, for a gi ven over fl ow
method , which yield the lowest cost.

2(1



3. user solution the user enters values for 5, P, and
evaluation overflow method . The program calcula tes

the resulting cost.
• 4. enter params return to PARAMS menu.

5. menu return to the SMAR menu.

The following sections explain each of the menu choices and the resulting

output . Section g presents a sample session.

4.b. Expected (average ) Values (HASHING response code : 1)

The expected value calculations follow those in Severance and Duhne. The

user is prompted to enter a bucket size , loading factor , and overflow method.

EXPECTED VALUE SETUP:FNT!R ~UC~ ET SIZE AN D LOAD FACTOR

• ENTER COD!. 10 P !N ,2 CFA IN E D ,3 LI5 T VALU ! ,t—M !V~~,5— T OP

9 1

The expected number of accesses required to retrieve a record is printed for

overflow.
FOR BUCKET SIZE— B. AND LOAD FACTOR— .B000

!(AC CESS!S) • 1.152

If chained overflow were selec ted , then both the expected number of accesses

and the expected overflow (# records ) per bucket would be given . The latter

value is useful in calculating the amount of overflow space needed .

FOR BUC~ET SIZE— 8. AND LOAD F A C T O R —  .~~000
!( O V E R F L O V )  .423 A N D  E ( & C C E S S ! S ) =  1.136

4.c. Automatic Solution (HASHING response code: 2)

The automatic solution portion of the program selects the best (minimal

cost) va l ues for bucket size and load factor , for a given overfl ow method . The

resulting output , as described below , consists of the problem and solution para-

meters plus some devived statistics . The solution method used is explained in

LA_  
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detail in the Severance and Duhne article. Briefly, for each reasona ble bucket

size* the loading factor which yields the lowest cost solution is found via a

quadratic search routine . The best solution over all the bucket sizes is

selected as optimal.

4.c.l. Print Option

ENTER PRINT OPTION . 1— FINAL R.E SUL T S ON LT ,2= ALL

1. final resul ts only print only the optimal solution .

2. all print the minimal solution for each
reasonable bucketsize.

The all option could be useful to the user if , for example, there was

little difference in cost between the optima l solution and another solution

with a smaller buckets ize. If buffer space was at a premium then perhaps

the user would choose to implement the l atter solution .

4.c.2. Solution Parameters

This section explains the format of an output solution such as the

one below.

******* MINIMAL SALUTION ~~~~

OVERFLOW METHOD CH AINED
lUCK!? SIZE , S 3. LO&D FACTOR , P .68
•RECORDS 1303. #BUCKE?S 489 .
RECORD LENGTH • 1303. RE’R/REC/MO 1000.000

AVERAO! 3V!R!LOW/BUC~ET .23 
-

AV!R&~! #ACC!SS!S TO A RECORD 1.1.?
TOTAL COST 327.65

CO ST OF TIM! • 234.79
COST OP SPACE

TIM! IN SECS 2347g.
SPACE IN TRACKS 133.

TIME /RETRIIY AL IN M!EC 23.5 COST/RETRIEVAL .000235

*For noncell users reasonable bucket sizes will avoid large amounts of track
waste - n the primary area . Only bucket sizes of 1 are considered for the overflow
area. For cel l users the only reasonable bucket size for the primary area is the
maximum that will fit in a single cell.



The solution table contains:

1. Solution parameters: overflow method , bucket size and loading factor.

2. Problem parameters : number of records , record length, and retrieval
intensity.

3. Expected values: average overflow per bucket (chained only) and average
number of accesses to a record .

• 4. Computer dependent expected values : number of MSEC per retrieval and
the cost per retrieval.

5. Monthly costs for the solution : tota l cost and its components -— cost
for space , cost for time .

6. Time and space for the solution : number of seconds per month
number of storage units -- cells or tracks

4.d. User Solution Evaluation (HASHING response code: 3)

A user is permitted to define an arbitrary solution (bucketsize, loading

factor, and overflow method ) produced by the automatic solution ; the only dif-

ference is in the table title. He is prompted as follows :

USER SOLN SETUP

ENTER CODE. 1=lUC~ !TSI 2E,2=LOADIN~ FACTOR ,3=OVERTLOW ,
4=!VALUAT! USER SOLN ,5=M!NU

The user may change any of the current solution parameters.

1. bucketsize
ENTER BUC~!TSIZE

7 12

2. l oad ing fac tor
EN TER LOAD FACTO R

.68

3. overfl ow method
v~’~’!’ q r,r)p~ . 1 = J .2-~C t’JE’~’.3=tI~~ ~~~~~~~~~~~~~~~~

4. evaluate user soln evaluate the solution and print a sumary
tabl e as shown below .
23 
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~c*.1c** ¶JSF~ SDL’J r ’ T A ’~~~I’~~ 
I C ~ C~~~~

OVERFLOW MT’r H ’) r
BUC KET S I Z E .  ~ 1~~. LOAD !A~ Tr~~, P .58

1~ 021. ~R~JC~FTS 123.
RE CORD ~JEN~ TH 121021. ~~ N / R F C ~/MC 1020.330

AV ER A~~t’ DVNFLOW/8UC’~ T .1~

AV ER A~! #&CCE$S~T TO A RFCORP 1.0~
~~TAL COST ~ 521 .-~5

• COST OF TIME 725.2w

~DST OF SPACE 25.~ 2
TIME IN SECS 7252~ .
SPACE IN C!LLS 129.

TIME/R!’!’RIF V~ L IN M SF C ~~~~ ~o ’ q ~raIr’R’, .203725

4.d.l. Good Divisor

After the solution is evaluated , the user is asked if a similar but

theoretically better divisor should be computed .

GOOD HASHI N~ DIVISOR D!SI~XD? 1=YES ,2=NO
7 1

When using division hashing as a transformation technique , some divi-

sions will theoretically produce a more uniform distribution of bucket

addresses from a set of keys. See Severance and Duhne , page 315 for an

ex plana tion.

• 1. yes the divisor returned is greater than
the existing number of buckets and con-
tains no factor less than 20. The
solution is re-evaluated and the
solution table printed.

2. no the hashing menu is presented .

• 4.e. Enter Params (HASHING response code: 4)

Between problem analyses the user may choose to change parameter values

by returning to the PARAM menu. See Section 2.
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4.f. Samp l e Term inal Sess ion

/—SMAR

ENTER COD!. 1=!N~ !R P A RAMS ,2=SEARCH ‘~?CT~A MI S M ANALYSIS
3=HASRIN ~ AN A LTS I S ,4=IDEN TIFIER SET AN ALYS IS ,5=STOP

7 1
ENTER PARAM COD!. 1 SYSTEM,2 C05T,3 R ECO R D ,4 OVERFLOW ,5=ID,6=MENU

7 3  
. 

-
ENTER COD!. 1=R!CORD SIZE,2=MO.O! RFCORD~ ,3=RET/RFC /MO ,

4—LIST SPECS ,5=BRIEE FNTRY ,e=MENU ,7=TOP

7 5

V4T!R,IN ORDE R : R !COR D SIZ E ,NO.D F R !CS .RE T /R!C /MO

7 950 ,10000 ,50 
-

ENTER COD!. 1 RE CORD SIZ !, 2=NO .OF R!CORDS ,3~ RFT /REC/M O , -

• 4=LIST SPECS ,5=BRIFP FNTRY ,6=’1!NU,7=TOP

76
ENTER PA RAM CODE. 1=SYSTFM ,2 COST ,3=RECORD ,4 OVFRF L OW ,5=ID,6=MENU

7 1

SYSTEM MENU:’ ENTER CODE . 1=CELL USER ,2=NONC!LL US!R,3=LIST SPECS ,4=MENU ,5—TOP

7 3

PIONCELL USER SPECS—TRACK (BYT!S)= 13030. ~AP (BYTES)= 135. PTR (BYTES)~ 4.
TLOC (MSFC)— 10.00 TRAN (MSEC )— 17. TFRATE (KBYT!S/SEC)= 806.
AND NO SPANNED TRACKS

SYSTEM MENU: ENTER COD!. 1—CELL US!R,2=MONCELL tTSFR,3 LIS T SPECS ,4—MENU~5=TOP

7 4
ENTER PARA M COD!. 1=SYSTEM ,2 C05T,3 RE C ORD ,4 0V !RFLOW ,5 ID.6 MENU

7 2
ENTER COD!. 1—CT ,2=CA ,3CS,4 LIS? SP!CS,5=PRI!F ENTRY ,6=M!NU ,7=TOP

7 ’
COST SPECS— CT , COST OF TR ANSFER TIME IN ~/S!C= .010

CA ,COST 07 ACCESS TI M! IN $/~EC= .310
CS, COST 0! STORA GE IN ~‘TRK/MO= .700

ENTER CODE. 1—CT ,2=CA ,3— CS ,&=LIS’r SPECS ,5=BRIEF !NTRY ,6=M!NU,?&rOP

7?

ENTER COD!. 1—ENTER PARAMS,2 SEARC~ MECHANISM ANALYSIS
3 R ASRI NG hN A L Y S I S ,4 I D E N T t E I E ~ SET A N A L Y S I S ,5= STOP

—-• ~~~~ •~~~~~~~~ •~~~~~~~~~~~~~~~~~~~~~~~ ---~~ - • • •~~~~~~~~~~~~~~~~~~~ • • ~~~ ••• •  A



7 3
ENTER COD!. 1=EXP!CT!D VALUES ,2=AUTOMATED SOLP4,3=TJS!R SOLPI EVALUATED ,

4—ENTER PARAMS ,5=MFNU
7 1

E!P!CT!D VALUE SETUP:ENTER BUCKET SIZE AND LOAD FACTOR

7 4 1

ENTER COD!. 1—OPEN ,2=CHAINED ,3 LIST VALUE,4=MENU ,5=TOP

7 2
FOR BUCKET SIZE— 4. AND LOAD FACTOP.= 1.0003
!(OV!R!LOW)= .781 AND E (&CCESS!S)= 1.381

ENTER COD!. 1—EXPECTED VALUES ,2 AUT3MATED SOLN ,3—US~R SOLN EVALUATED ,
4=!NTER PARAMS ,5=MENU

7 1
!!P!C?!D VALUE SET UP: E NT!R B U CK ET S IZE AN D LOAD F AC TOR

7 12 1

ENTER COD!. 1=OPEN ,2=CRAINED ,3=LIST VALU !,4=MENIJ,5=TOP

7 2
FOR BUCKET SIZ!= 12. AND LOAD EACTO~= 1.3003
! ( O VERP LO W~~ 1.372 AND E (ACCESS!S)— 1.326

• ENTER C0D~. 1=!XP!CT!D VALUES ,2=AUTOMATED SOLM ,3=US!R SOLN EVALUATED ,
4=!NTTR PARAMS ,5=M!NU

7 2

ENTER PRINT OPTION . 1=!INAL RESULTS ONL~ ,2= ALL
7 1

******* MINIMAL SOLUTION *******

OVERFLOW METHOD CHA INED
BUCKET SIZE. S • 13. LOAD FACTOR , P 1.0?
#RFCORD S 103~0. #BUCK!TS 723.
RECORD L!N~ TR ~50. RETR/REC/MO

A VERA~! OVERFLOW /BUCKET 1.95

A VER A~! ØACCESS !S TO A RECORD 1. -~5
TOTAL COST 793.&6

COST OF TIME 203.31
COST OP SPACE 5~ 3.16

TIM! IN S!CS 20021.
SPACE IN TRAC KS 847.

TIMF/R!TRI!VAL IN MS!C 40.1 ~OST/R !TRIEVAL .300431
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GOOD R A S H I N G  DIV IS ~ R DESIRED? 1=Y!S ,2=N O

7 2  
-

ENTER CODE. 1=!XPECTED VALTJES ,2=AtJTOMATFD SOLN,3=flSFR SOLN EVALUATED .
4=ENTER PARAMS ,5=MENU

7 4
ENTER PARAM CODE . 1—SYST!M,2=C3ST ,3 RECORD ,4=OVFRFLOW ,5 ID.6~~ EN U

ENTER COD!. 1=OPEN .2=CHAINED ,3 LIST VAL UF ,4=MEM (J ,5=TOP

7 1
ENTER PARAM CODE . 1=SYSTEM ,2— C O ST , R !CO R D , 4 O V E R F LO W ,5=ID ,6~~iE N U

ENTER CODE. 1— EXP E CTED VALuEs ,2=AuTOMATEr SOLN ,3=USTR SOLN EVALUATED ,
4=!NTER PARAMS ,5=MENU

72

ENTER PRINT OPTION. 1=FINAL RESULTS ONLY ,2= ALL
7 1

*****~~~ M I N I M A L  S OLUTIO N ~~~***~~~

OVER FLOW METHOD OPEN
BUCKET SIZE , S - 13. LOAD FACTOR , P .91
#R!CORDS 10300. #BIJCKETS 841.
RECORD LENGTH 950. R!TR/REC /MO 50.030

AVERA GE #ACC !SSFS TO A RECORD 1.31
TOTAL COST 793.51

COST OF TI M! 139.68
COST OF SPACE - 599.93

TIME IN SFCS 19969.
SPACE IN TRACKS 941.

TIME/RETRIEVAL IN MSEC 39.9 COST /RETRIEVAL .000399

GOOD HASHING DIVISOR DESIRED? 1=TES ,2=NO

7 1

OVERFL OW METH OD OPE N
BUCKET SIZE, S 13. LOAD FACTOR , P .90
#R!CORDS 10300. #BUCKFTS 851.
RECORD LENGTH ?53~ R!TR/REC/MO 50.030

AVERAGE #ACC !SS!S TO A RECORD 1.25
TOTAL COST 799.35

COST OP TIME • 193.~ 5
COST OF SPACE 595.70

TIM! IN SECS 1°365.
SPACE IN TRACKS 351.

?IMF/RETRIEVAL IN MS!C 3~ .7 COST/RETRIEVAL .20039?

I’~ 
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ENTER CODE. 1—EXPECTED VALUES .2—AUTOMATED SOLN ,3=US!R SOLN EVALUATED ,
4—ENTER PARAMS ,6=MFNU

73

USER SOLN SETUP

ENTER CODE. 1—BUCKETSIZE,2=L0&DI’fl FACTOR ,3=OV!RFLOW ,
4=EVALtTAT! USER SOLN ,5=MENU

• 7 1

EN TER BUCK!TSIZ E

7 4
ENTER COD!. 1=BUCK!TSIZ!,2=LOADPJG FACTOR, 3=OVERFLOW ,

4—EVALUATE USER SOLN ,5=M!NU

74

~~~~~ USER SOLN EVALUAT ION ~~~~~

OVERFLOW ME THOD OPEN
BUCKET SIZE , S 4. LOAD FACTOR , P • .90
#R!CORDS 10303. #BtJCKE TS 2766.
RECORD LENGTH • 950. RETR/R!C/MO 50.030

• AVERAGE #ACCESS!S TO A. RECORD 2.0~
TOTAL COST 329.63

COST OF TI M! 194.34
COST OP SPACE 645.34

TIME IN S!CS 1843%.
SPACE IN TRACKS 922.

TIME/RETRIEVAL IN MS!C 35.9 COST/RETRIEVAL .000359

GOOD HASHIN G DIVISOR DESIRED? 1=Y!S,2=M O

7 2
ENTER COD!. 1—EXPECTED VALU !S,2—AtTTOMAT !D SOLN ,3=TrS!R SOLN EVALUATE D ,

4—ENTER PARAMS ,5=MENU
7 5

ENTER COD!. 1—ENTER PARAMS,2=SEARC ! MECHANISM ANALYSI S
3=FASHING AN A LYS I S , & = I D T N T I E I E R  SET &N&LYSIS,5—STOP

7 5
STOP

‘1
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5. IDSET - IDENTIFIER SET ANALYSIS (SMAR response code: 4)

5.a. Introduction

The purpose of IDSET is to compare the predicted mapping of records into

a hashing file versus the actual mapping generated by transforming a set of

record identifiers . In predicting system performance the hashing analysis

assumes that the transformation produces randomly distributed bucket addresses.

The user can test whether actual identifiers when transformed approximate a

random distribution or are subject to clustering (clustering degrades system

performance).

The transformation used is division by the number of prime buckets with

the remainder used as the bucket address. Hashing analysis generate-s the number

of prime buckets and should be executed before IDSET .

The predicted values are explai~ed in Section b; Section c explains how to

input and describe the set of identifiers ; and Section d explains the statistics

generated and presents an example.

5.b. Predicted Values

Severance an d Du hne , page 315 , state:

A good transformation is one which rindomizes the assignment of
identif iers over the entire memory space.
Precisely , one’s objective is to construct a transforma .
tion such that a randomly selected identifier has an
equatchance of mapping to any bucket . Probabilistica lly,
this situation is described by the uniform distribution
P(assi~ned bucket = k) = I / b  for k = 1, 2, .. . ,b.

This rando mizing rule of thumb has achieved popu-
larity for two reasons. First , the expected performance
of such a transformation is easily analyzed and , sec-
ond , this performance is surp risingly good . When
the rule is satisfied , the distribution of the number of
records per bucket. X. is binomial ,
PN,&(X = I) — (~5 (l / b) 1((b —

and accurately appro ximated by the Poisson density
function

= I) = e~ m’/ i !.
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This  Poisson density function is used to calculate the expected number of

buckets receiving X number of records for X from 0 to 2M (M = bucketsize times

loading factor). Also calculated is the number of records expected to overflow.

5.c. Set of Record Identifiers

The actual loading of records into buckets is generated from the transfor-

matjon of record identifiers into bucket addresses. The user must enter para-

meter values for the ID l ength , position , and type v ia PARAM S before invo ki ng

IDSET and the number of iden t i f i e r s  read is equal to the number of recor ds

defined to PARAMS.

Section 6 explains the KRONOS control cards reauired to input the file of

identifiers .

5.d. Analysis Results

To reasonably compare the predicted and actual mappin gs , the number of

records read (one identifier per record) should eaual the number of records

described to the HASHING module. IDSET reads only that number of records , and

ignores any excess.

As shown below , the output from IDSET summarizes : the number of prime

buckets , loading factor, buc ket size , number of records read , acuta l count of

recor ds which  overf low , and the number which were expected to overfl ow.

Actual overflow much large r than expected means that actual system cost will

be higher than predicted .

A suninary table which compares the actual and predicted mappings is then

generated. With a reasonable transformation few buckets have more than twice

the bucket size times loading factor (or 2*M) record s mapped to them. There-

fore , there are 2*M rows -in the table. Printed in each row is a record count,

the actual and predicted number of buckets wi th that count , and the difference
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• between these two values . As an example , for the count 16 , 4 buckets had

• this number of records mapped ; 3.13 buckets were predicted , so the actual

number is .87 more than predicted (a small difference).

I DENTIFIER SET ANA LY SIS

• NUMBER OP BUCKETS 99 LOADING FACTOR 1.8? SLOTS PER BUCKET 1.2.
NUMBER OF RECORDS READ 2000

ACTUAL OVERFLOW 932. EXPECTED OVERFLOW 933. 
*

COUNT OF BUCKETS THAT RECEIVED K RECORDS
NO RECORDS ACTUAL EXPECTED DIFFERENCE

0 0 .0000 — .0000

1 0 .0000 — .0000
2 0 .0000 — .0000
3 0 .0300 — .0000
4 0 .0002 — .0002
5 0 .0007 — .0007
6 0 .0028 —.0028
7 0 .0089 — .0099
9 0 .0250 — .0250
9 0 .0524 — .0624
10 0 .1402
11 0 .2363
12 0 • .5352 — .5362
13 1. .9269 .0732
14 1. 1.487? — .4877
15 0 2.2299 —2.2293
16 • 4. 3.1303 .969?
1? 4. 4.1379 — .1379
13 6. 5.1659 .9341
19 8. 6.1099 1.8902
20 7. 6.8550 .1350
21 7. 7.3461 — .3461
22 6. 7.503? —1.5037
23 13. 7.3314 5.5686
24 6. 6.9545 — .9646
25 4. 6.1705 —2.1705
26 8. 5.3332 2.6669
2? 4. 4.4387 — .4387
28 2. 3.5524 —1.5624
29 3. 2.7505 .2395

• 30 1. 2.0679 —1.0679
31 2. 1.4989 .5011
32 0 1.0526 — 1.0525 - -
33 1. .7168 .2832
34 0 .4739 — .47 39
35 1. .3042 .6958
36 0 .139° — .1899
37 0 .1153 — .1153
39 0 .0692 — .0692
39 0 .0393 — .0393
40 0 .0221 — .0221
41 0 .0121 — .012 1
42 0 .~ 065 — .0065

• 43 - 0 .0334 — .00 34
44 0 .0017 — .0017

~~~ 45 0 .0309 — .0309
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After this initial output , the user i s as ked if ac tual bucke t coun ts are
desired . If 1 (yes ) is entered , a tab le such as the one below i s pr inted
with these values. Record clusters can be easily detected from this table

and an al ternative divisor may be analyzed.

BUCKET COUNT D!SI~!D? ENTER CODE. 1=TES ,2~NO 
-

NUMBER OF RECORDS HA SHED INT O A BUCKET
• BUCKET COUNT BUCKET COUNT BUCKE? COUN T~ BUC~ FT COUNT BUCK!? COUNT

0 26 1 27 2 23 3 22 4 16
5 2 8 -  6 13 7 25 8 27 9 26

10 27 11. 20 12 23 13 24 14 25
• 15 22 16 20 17 22 19 20 19 20

20 22 21 20 22 23 23 17 24 21
25 18 26 24 - 27 13 28 18 29 21

• 30 23 31 19 32 35 33 26 34 24
35 19 36 21 37 14 38 20 39 22
40 19 41 21 42 23 43 25 44 19
45 23 46 27 4? 23 49 23 49 23
50 33 51 23 52 22 5~ 23 54 21
55 23 - 56 - 

21 57 13 58 26 59 26
60 16 61 26 62 1? 63 16 64 30
65 16 66 13 67 29 59 17 69 29
70 21 71 29 72 29 73 17 74 18
75 19 76 25 77 26 78 19 - 79 31
80 19 81 31 92 19 33 26 • 94 24
85 23 85 24 87 20 98 24

ENTER CODE. 1=!NTER PARA MS ,2 SFARCH 9FC~I kN I SM ANALYSIS
3=RASHIN G AN ALYS IS ,4 1D !NTIF IE R SET A NA L YSI S ,5=STOP

..
~~~~~



6. OPERA TIN G INSTR UCTIONS

To invoke the Search Mechanism Analysis Routine on the MIRJE system at

the University of Minnesota, the user should log on the system wi th an

appropriate account number and password,

LOG ON

The BATCH subsystem should then be selected with an RFL memory size of 55000,

/BA TCH ,55000

and the program is executed by using the procedure file called SMAR .

/-SMAR

The SM44R procedure makes available a file of identifiers , called INF 1LE , to

IDSET. INFILE contains 2000 five-digit random numbers . Each number is in

positions 1-5 on a record . To execute the program with a different file of

i den t i f i e r s , say DATA , use:

/—SMAR(INFILE=DATA)

_ _ _ _ _  _ _


