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ABSTRACT

Developers are often challenged to build complex combinations of large files with a good performance.

In most cases the SQL procedure is the obvious choice. However, the DATA step often provides better alternatives
with outstanding performance improvements.

An extra level of complexity is added when data can not just be combined on common key fields, but time slices or
weighting parameters have to be taken into account.

INTRODUCTION

We will learn how to build solutions with a good performance for complex combinations of tables with millions of
records.

We will compare the following methods:

SQL inner joins

MERGE - BY statements
hash tables

arrays

multiple SET statements

The following business cases will be discussed:

¢ How can we efficiently treat data in a star schema with a fact table and several dimension tables?
¢ How can we efficiently treat time-sliced data where every record must be split into several records using a weight
variable from another table?

e How can we efficiently combine two time-sliced tables and search for gaps in the combination of these tables?

BUSINESS CASE 1
Combining a Fact Table with Several Dimension Tables

INPUT TABLES

We have data in a star schema with a fact table (PORTFOLIO) and several dimension tables (CLIENT,
INSTALLATION, CONTRACT and INVOICING) with unique key values.

INSTALLATION
POSTAL_CODE

CONTRACT
SERVICE

FORTFOLIO
INSTALLATION

CONTRACT

CLIEMT 1

INWYOICING
CONTRACT
ACCOUNT

DIRECT_DERIT

CLIEMT
CLIEMT_MAME
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IMSTALLATION COMNTRACT

INSTALLATION POSTAL_CODE CONTRACT
INST_001 1370 CONTR_D21
INET_002 3360 CONTR_018
INET_003 3000 CONTR_310

PORTFOLIO
INSTALLATION CONTRACT  CLIENT
INST_001 CONTR_021 | CLIENT_A
INST_002 CONTR_018 | CLIENT_B
INWOICING CLIEMT

CONTRACT ACCOUNT DIRECT_DEBIT CLIEMT CLIENT_MAME

CONTR_021 | ACC_3210 A CLIENT_A | CROOMEM MANCY

CONTR_O18 | ACC_9876 I CLIENT_B | THELMWWISSEMN HEMRI

CONTR_310 | ACC_SET7S ¥ CLIENT_C | MOTEM JASPER

We will combine the data from the PORTFOLIO fact table with the CLIENT, INSTALLATION, CONTRACT and
INVOICING dimension tables using the following methods:

e SQL inner joins
e DATA step MERGE - BY statements
e hash tables

The resulting table will look as follows:

PORTFOLIO CLIENT CONTRACT | INSTALLATION INVOICING
INSTALLATION  CONTRACT  CLIENT CLIENT_MAME POSTAL_CODE A UMT DIRECT_DEBIT
INST_001 CONTR_021 | CLIENT_A | CROOMEM NANCY ELE 1370 ACC_3210 Al
INST_002 CONTR_018 | CLIENT_B | THELWYISSEN HEMNRI GAS 3360 ACC_9876 il
SOLUTION 1

Using SQL Inner Joins

Combine all tables at once in one query using SQL inner joins.

PROC SQL;
CREATE TABLE BC1_SOL1 AS

SELE CT P OR * INSTALLATION COMTRACT
cLI : C|’_ 1 ENT_NAME , ::Noss.l:rﬂ,ill-_Acﬂo%r:; FORTFOLO

IMETALLATION
CONTRACT
CLIEMT

CON.SERVICE,
INS.POSTAL_CODE,
INV._.ACCOUNT,
INV.DIRECT_DEBIT
FROM PORTFOLIO POR,
CLIENT CLI,
CONTRACT CON,
INSTALLATION INS,
INVOICING INV
WHERE POR. INSTALLATION
POR.CONTRACT
POR._CLIENT
POR.CONTRACT

INWOICING

CONTRACT
ACCOUNT
DIRECT_DEBIT

CLIENT

CLIENT
CLIBNT_MAMWE

INS. INSTALLATION AND
CON.CONTRACT AND
CLI_CLIENT AND
INV_.CONTRACT;

QUIT;



SOLUTION 2
Using DATA Step MERGE — BY Statements
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Combine the PORTFOLIO fact table with the INSTALLATION dimension table by INSTALLATION using a first DATA

step MERGE statement.

PROC SORT DATA = PORTFOLIO;
BY INSTALLATION;
RUN;

PROC SORT DATA = INSTALLATION;
BY INSTALLATION;
RUN;

DATA PORTFOLIO_INSTALLATION;
MERGE PORTFOLIO (IN = POR)
INSTALLATION;
BY INSTALLATION;
IF POR;
RUN;

INSTALLATION
INSTALLATION
POSTAL_CODE

CONTRACT
CONTRACT
SERWICE
CLIENT

CLIEMT
CLIBMT_MAWIE

FORTFOUO

INSTALLATION
CONTRACT
INWOICING CLIENT
COMTRACT
ACCOUNT

OIRECT_DEBIT

Combine the intermediate result with the CONTRACT and INVOICING dimension tables by CONTRACT using a

second DATA step MERGE statement.

PROC SORT DATA = PORTFOLIO_INSTALLATION;
BY CONTRACT;
RUN;

PROC SORT DATA
BY CONTRACT;
RUN;

CONTRACT;

PROC SORT DATA = INVOICING;
BY CONTRACT;
RUN;

DATA PORTFOLIO_INSTALLATION_CONTRACT;

MERGE PORTFOLIO_INSTALLATION (IN = POR)

CONTRACT
INVOICING;
BY CONTRACT;
IF POR;
RUN;

IMETALLATION

IMETALLATION
POSTAL_CODE

CONTRACT

CONTRACT
SERMWICE
CLIBNT

CLIENT
CLIEMT_NAWE

PORTFOUD

INSTALLATION
CONTRACT
CLIENT

INWAOICING

CONTRACT
ACCOUNT
DIRECT_DEBRIT

Combine the intermediate result with the CLIENT dimension table by CLIENT using a third DATA step MERGE

statement.

PROC SORT DATA = PORTFOLIO_INSTALLATION_CONTRACT;

BY CLIENT;
RUN;

PROC SORT DATA = CLIENT;
BY CLIENT;
RUN;

DATA BC1_SOL2;

MERGE PORTFOLIO_INSTALLATION_CONTRACT (IN

CLIENT;
BY CLIENT;
IF POR;
RUN;

POR)

INSTALLATION
IMSTALLATION
FOSTAL_CODE

CONTRACT

CONTRACT
SERMICE
CLIBNT

CLIENT
CLIENT_NAME

PORTFOLO

IMSTALLATION
COMTRACT
CLIENT

INWDICING
CONTRACT

ACCOUNT
DIRECT_DEBIT
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SOLUTION 3
Using Hash Tables

Combine the PORTFOLIO fact table with all the dimension tables at once in one DATA step by loading the dimension
tables into hash objects.

DATA BC1_SOL3;
SET PORTFOLIO;
LENGTH CLIENT_NAME $ 40

INSTALLATION
INSTALLATION
POSTAL_CODE

CONTRACT

CONTRACT
SERWICE

PORTFOUD

SERVICE $ 3 INSTALLATION
POSTAL_CODE $ 4 INVDICING CLIENT CLIENT
DIRECT DEBIT 2 g, Account

DIRECT_DEBIT

IF _N_ = 1 THEN DO;
DECLARE HASH CLI (DATASET : "CLIENT"); ©
CLI.DEFINEKEY ("CLIENT");
CLI.DEFINEDATA ("CLIENT_NAME");
CLI.DEFINEDONE ( ):
DECLARE HASH CON (DATASET : "CONTRACT"); @
CON.DEFINEKEY ("CONTRACT");
CON.DEFINEDATA ("SERVICE")]
CON.DEFINEDONE ( );
DECLARE HASH INS (DATASET : "INSTALLATION®); ©
INS_DEFINEKEY (" INSTALLATION");
INS_DEFINEDATA ("POSTAL_CODE");
INS_DEFINEDONE ( );
DECLARE HASH INV (DATASET : "INVOICING"); O
INV_DEFINEKEY ("CONTRACT");
INV_DEFINEDATA ("ACCOUNT®, "DIRECT_DEBIT");
INV_DEFINEDONE ( );

END;
DROP RC;
RC = CLI.FIND ( ); ©
RC = CON.FIND ( );
RC = INS.FIND ( );
RC = INV_FIND ( );
RUN;

Load the CLIENT table into a hash object using the CLIENT variable as the key and the CLIENT_NAME values
as the data.

Load the CONTRACT table into a hash object using the CONTRACT variable as the key and the SERVICE
values as the data.

Load the INSTALLATION table into a hash object using the INSTALLATION variable as the key and the
POSTAL_CODE values as the data.

Load the INVOICING table into a hash object using the CONTRACT variable as the key and the ACCOUNT and
DIRECT_DEBIT values as the data.

Look up the dimension values in the hash objects.

® 6 © © ©
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RESOURCE USAGE

The following tables and charts illustrate resource usage in terms of:

e realtime
e user CPU
e memory

REAL TIME

MERGE

USER CPU

WMERGE

74,018 kB

MERGE
68,878 kB

369,476 kB

74,043 kB

68,878 kB

492,372 kB

74171 kB

68,878 kB

615,268 kB

Beyond the Basics

REAL TIME (s)
200
150
100

50 -

0

31 000000 3%2000,000 313000000
0S0L @MERGE mHASH
USER CFU (3)
40
0
20
10 4
D_
3% 1000000 3 x2/000,000 3 %3000 000
020L mMERGE mHASH
WEMOR'Y (kE)

700000
E00000
500000
400000
300000
200000
100,000

]

3 %1 000000 3 x2[000000 3x3 000000
OSGL mMERGE mHASH
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BUSINESS CASE 2
Splitting Time-sliced Data Using a Weight Variable

INPUT TABLES

The METERING table contains the CONSUMPTION measured for an INSTALLATION between 2 dates (MET_FROM
and MET_TO).

The SLP_DAY table contains the weight (SLP) for every day (DATE).

We have to split the CONSUMPTION from the METERING table into records per year using the weight variable SLP
from the SLP_DAY table.

METERING
INSTALLATION MET_FROM MET_TO CONSUMPTION SLP_DAY
INST_001 | 2110812009 | 2311142008 300 m
INST_002 | 18/01/2009 | 16/01/2010 5,000 (lo10172008 | 0003249822

INST_003 120 22008 | 110152010 1,000 020102008 | 0.003265289
2009 | | 030152008 | 0003388773 || = SLP = 1

3M2r2008 0003470652

INST_001 01/01/2010 | 0.003293231 ||
INST_002

2010 | [28n22010 | 0.002360963 | | I SLP =1
INST_003 301272010 | 0.00331745%

3122010 0003561818

JAM | FEB | MAR | AFR | MAY | JUMN | JUL [AUG | SEP | OCT | NOW | DEC § JAM
2009 | 2009 | 2004 | 2009 [ 2009 | 2008 | 2009 | 2008 | 2009 | 2009 | 2008 | 2008 § 2010

We will split the CONSUMPTION per year using the following steps:
1. Make the daily SLP values available using one of the following methods:

e SQL joins
e ahash table
e anarray

2. Calculate the total SLP value for the consumption period (TOTAL_SLP) using the following formula:

MET TO

TOTAL SLP = Z SLP

DATE = MET FROM DATE

3. Calculate the total yearly SLP values (YEAR_SLP) using the following formulas:

31 /1272009

Z SLP

DATE = MET FROM DATE

YEAR_SLP

MET TO

YEAR_SLP = Z SLP
DATE = 01/0172010 DATE

4. Split the CONSUMPTION value per year (CON_YEAR + CON_VALUE) using the following formula:

CON_VALUE = YEAR SLP / TOTAL SLP * CONSUMPTION

The resulting table will look as follows:
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INSTALLATION MET_FROM  WMET_TO C LUMPTION
IMET_001 21005872009 | 231172009 el 2009
INST_002 180172009 | 160172010 5,000 2009 473916
INST_002 180172009 | 160172010 5,000 2010 260.84
INST_003 1201272009 [ 1170172010 1,000 2009 650.22
INST_003 1201272009 [ 1170172010 1,000 2010 349.78

The following table shows how the CONSUMPTION for INSTALLATION INST_002 is split across 2009 and 2010:

IMSTALLATION
INST_002

CONSUMPTION

MET_FROM 5,000 MET_TO
18/01/2009 16/01/2010
COM_YEAR COMN_YEAR
2009 2010

TOTAL_SLP

<€ >

0.9974888066
YEAR_SLP YEAR_SLP

<€ ><€

0.9454518220 0.0520365846

31/12/2009 | 01/01/2010

SOLUTION 1
Using SQL Joins

Use traditional SQL processing. Three PROC SQL steps will be required. The execution of the first two queries
involves performing a Cartesian product join that can not be optimized.

Calculate the total SLP value for the consumption period.

PROC SQL;
CREATE TABLE BC2_SOL1A AS
SELECT INSTALLATION,
MET_FROM,
MET_TO,
CONSUMPTION,
SUM (SLP) AS TOTAL SLP
FROM METERING,
SLP_DAY
WHERE DATE BETWEEN MET_FROM AND MET_TO
GROUP BY INSTALLATION,
MET_FROM,
MET_TO,
CONSUMPTION;
QUIT;

MOTE: The execution of this query involves performing one or more Cartesian
product joins that can not be optimized.
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BCZ_S0LTA
INSTALLATION MET_FROM  WMET_TO CONSUMPTION — TOTAL_SLP
INST_001 2100952009 | 231172009 300 | 02581367003
INST_002 1800172009 | 16/01/2010 5,000 [ 0.9974838066
IMET_003 121262009 | 110172010 1,000 [ 010305658305

Calculate the total yearly SLP values.

PROC SQL;
CREATE TABLE BC2_SOL1B AS
SELECT INSTALLATION,
YEAR (DATE) AS CON_YEAR,
MET_FROM,
MET_TO,
SUM (SLP) AS YEAR SLP
FROM METERING,
SLP_DAY
WHERE DATE BETWEEN MET_FROM AND MET_TO
GROUP BY INSTALLATION,
CALCULATED CON_YEAR,
MET_FROM,
MET_TO;
QUIT;

MOTE: The execution of this query involves performing one or more Cartesian
product joins that can not be optimized.

BC2_S0L1B
INSTALLATION  COM_YEAR MET_FROM  MET_TO TOTAL_SLP YEAR_SLP
INST_001 2009 21/09/2009 | 231172009 | 0.2581367003 | 0.2581367003
INST_002 2009 18/01/2009 | 16/01/2010 | 0.9974888066 | 0.9454418220
INST_002 2010 18/01/2009 | 16/01/2010 | 0.9974888066 | 0.0520369846
INST_003 2009 121212009 | 110172010 | 01030559305 | 00670087163
INST_003 2010 121202009 | 11/0172010 | 01030559305 | 0.0360472142

Split the CONSUMPTION value per year.

PROC SQL:
CREATE TABLE BC2_SOL1 (DROP = TOTAL_SLP YEAR_SLP) AS
SELECT A.*,
CON_YEAR,
YEAR_SLP,
CONSUMPTION * YEAR_SLP / TOTAL_SLP AS CON_VALUE
FROM BC2_SOL1A A,
BC2_SOL1B B
WHERE A.INSTALLATION = B.INSTALLATION AND
A_MET_FROM = B.MET_FROM AND
A.MET_TO = B_MET_TO;
QUIT;
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BC2_S0L1
INSTALLATION MET_FROM  MET_TO C LIMETION

INST_001 210092008 [ 231152009

INST_002 T8I0172008 (160152010 5,000 4735916
INET_002 T8I0172008 | 16/01/2010 5,000 260.84
INST_003 T2 22009 (117012010 1,000 650,22
INST_003 T2 202009 (1170152010 1,000 34978

SOLUTION 2
Using a Hash Table

Load the SLP values into a hash table.

DATA BC2_SOL2 (KEEP = INSTALLATION MET_FROM MET_TO CONSUMPTION CON_YEAR CON_VALUE);
SET METERING;
DROP RC;
IF _N_ = 1 THEN DO;
DECLARE HASH HT (DATASET : "SLP_DAY"); ©
HT.DEFINEKEY ("DATE");
HT .DEFINEDATA ("SLP®);
HT .DEFINEDONE ();
END;
TOTAL_SLP = 0;
DO DATE = MET_FROM TO MET_TO;
RC = HT.FIND (); ©
IF RC = 0 THEN TOTAL SLP = TOTAL SLP + SLP; ©
END;
CON_VALUE = 0;
YEAR_SLP = 0;
DO DATE = MET_FROM TO MET_TO;
RC = HT.FIND Q;
IF RC = 0 THEN YEAR SLP = YEAR SLP + SLP; O
IF DATE = MET_TO THEN DO;
CON_VALUE = YEAR_SLP / TOTAL_SLP * CONSUMPTION; ©
CON_YEAR = YEAR (DATE);
OUTPUT;
END;
ELSE DO;
IF YEAR (DATE) NE YEAR (DATE + 1) THEN DO;
CON_VALUE = YEAR_SLP / TOTAL_SLP * CONSUMPTION; ©
CON_YEAR = YEAR (DATE);

OUTPUT;
YEAR_SLP = 0;
END;
END;
END;

RUN;

Load the SLP_DAY table into a hash object using the DATE variable as the key and the SLP values as the data.
Look up the SLP values for the consumption period in the hash object.

Calculate the total SLP value for the consumption period.

Calculate the total yearly SLP values.

Split the CONSUMPTION value per year.

2000 Q
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BC2_50L2

INSTALLATION MET_FROM  MET_TO C LIMPTION  C
IMST_001 2100972009 | 23M172009 300 2009
IMST_002 18i0172009 | 160172010 5,000 2009 473916
IMNST_002 180172009 | 160172010 5,000 2010 260.84
INST_003 1201272009 [ 1100172010 1,000 2009 G50.22
IMST_003 121122009 | 1100172010 1,000 2010 349.78

SOLUTION 3
Using an Array

Perform a table lookup in an array that contains the SLP values.

PROC SQL NOPRINT; ©
SELECT MIN (DATE),
MAX (DATE)
INTO :ARR_START,
:ARR_STOP
FROM SLP_DAY;
QUIT;

%LET ARR_START
%LET ARR_STOP
%LET ARR_RANGE

&ARR_START;
&ARR_STOP;
&ARR_START : &ARR_STOP;

DATA BC2_SOL3 (KEEP = INSTALLATION MET_FROM MET_TO CONSUMPTION CON_YEAR CON_VALUE);
SET METERING;
FORMAT CON_VALUE COMMA12.2;
ARRAY SLP_VAL (&ARR_RANGE) SLP_VAL_&ARR_START - SLP_ VAL &ARR STOP; ©
RETAIN SLP VAL &ARR_START - SLP VAL &ARR_STOP;
IF _N_ = 1 THEN DO;
DO INDEX1 = 1 TO NOBS;
SET SLP_DAY POINT = INDEX1 NOBS = NOBS;
SLP_VAL (DATE) = SLP; ®©
END;
END;
TOTAL_SLP = O
DO INDEX2 = M
TOTAL_SLP
END;
CON_VALUE = 0;
YEAR SLP = 0;
DO INDEX3 = MET_FROM TO MET_TO;
YEAR_SLP = YEAR SLP + SLP_VAL (INDEX3); ©
IF INDEX3 = MET_TO THEN DO;
CON_VALUE = YEAR_SLP / TOTAL_SLP * CONSUMPTION; @
CON_YEAR = YEAR (INDEX3);
OUTPUT;
END;
ELSE DO;
IF YEAR (INDEX3) NE YEAR (INDEX3 + 1) THEN DO;
CON_VALUE = YEAR_SLP / TOTAL_SLP * CONSUMPTION; @
CON_YEAR = YEAR (INDEX3);

ET_FROM TO MET_TO;
= TOTAL_SLP + SLP VAL (INDEX2): @

OUTPUT;
YEAR_SLP = O;
END;
END;
END;

RUN;

10
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O Create macro variables to specify the index range of the array.

GLOBAL SYMBOL TABLE

ARR_START 17388 01/0172009
ARR_STOF 18627 3122010
ARR_RANGE | 1789818627 | 0170172009 - 3111272010

® Define the array to contain the daily SLP values.

SLP_WAL
1 2 3. 730
17588 175848 175800 | .. 18627
SLP_WAL (17892) | SLP_WAL (175991 | SLP_VAL (17800) | ... | SLP_VAL (18627}
SLP_WAL_17898 | SLP_WAL_ 17808 | SLP_VAL 17900 | .. | SLP_VAL 18627
0.003249522 0.003265299 0.003389773 | .. 0.002561818

- _ _WAL 17800 .. (
0003249222 0.003265299 0003288773 .. 0003561818 o] 1
RETAIN RETAIMN RETAIN ... RETAIMN

O Calculate the total SLP value for the consumption period.

PO
ALLATION MET_FROM MET_TO .. TOTAL_SLP
INST_001 2100952009 | 231172008 | .. 0+ 00023402165 = 0.0023402165 18130
INET_001 21/09/2009 | 23M11/2009 | ... | 0.0023402165 + 0.00244588335 = 0.0047900500 18131
INST_001 2700972009 | 231172009 | ... 0.2581367003 189224

Calculate the total yearly SLP values.
Split the CONSUMPTION value per year.

Q0

F D

WETALLATION MET_FROM  MET_TO C METION ¥ \LUE
INST_001 21092008 | 231172009 200 | 02581367003 2004 a00.00
IMET_002 TEI0172009 | 160172010 5,000 | 0.9454518220 2009 473916
INST_002 T0172009 (160172010 5,000 | 0.0520369346 2010 260.84
IMST_003 T2 202008 [ 11/0172010 1,000 | 0.0670087163 2008 650.22
IMST_003 T2 22009 [ 11/0172010 1,000 | 0.0360472742 2010 34878

11
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RESOURCE USAGE
The following tables and charts illustrate resource usage in terms of:

e realtime
e user CPU
e memory

REAL TINE (s)

14000 —
12000

REAL TIME 10poo0

1 0 11865 1125 87 s a0oo

8,681 5 398 5 201 5 G 00

13,564 5 6235 EIEE 4000

2000

0 ’_| O e— |
1000000 300000 5000 poo

OS0L mHASH mARRAY

USER CPU (5)

5,000

4,000

LISER CPU

3,000 —

2,000

5,000,000

1,000

- - e |

1000000 3,000 000 5000000
OS0L mHASH mARRAY

WEMORY (kE)

700
GO0
a00
400

MEMORY

000,000 73628 kB
73628 kB F32 kB 474 kB 300
73628 kB F26 kB 480 kB 200

100

ARRAY

1000000 3000 000 500000
O50L mHASH mARRAY

12
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BUSINESS CASE 3
Combining Two Time-sliced Tables

INPUT TABLES
The CONTRACT table contains the period (CON_FROM — CON_TO) that an INSTALLATION is active.

The METERING table contains the CONSUMPTION measured for an INSTALLATION between 2 dates (MET_FROM
and MET_TO).

We have to search for the periods in 2009 that although an INSTALLATION is active no CONSUMPTION has been
measured.

WMETERIMG
INSTALLATION MET_FROM  MET_TO SUMFTION
IMST_001 0111072008 | 317032009 100
COMTRACT INST_001 01/0452009 | 30/09/2009 a0
INSTALLATION  CORM_FROM  COM_TO INST_001 01M 052009 | 317032010 140
INST_001 01/07¢2008 | 30/0472009 INST_002 01/07/2009 | 3170772009 1,000
IMET_001 01/08i2009 | 317122012 INST_002 01/059/2009 | 30/09/2009 2,000
INST_002 01/07§2009 | 31122010 INST_002 0101172009 | 30/ 172009 2,500
INST_003 01122008 | 31/0372009 IMST_003 0101272008 | 3170372004 1,000
INST_003 01/07¢2008 | 31122010 IMST_003 0110772009 | 31102009 7oo
IMET_004 01/07§2009 | 317122010 INST_004 01/08/2009 | 31102009 a0n

The following table shows the periods in 2009 that although an INSTALLATION is active no CONSUMPTION has
been measured:

N N I

INET_002

INET_003 I

INET_004

=SS T —

DEC | JaM | FEB |MAR | APR | MAY | JUN ‘JUL aUG | SEP OCT‘NOV‘DECIJAN

2008 | 2008 | 2009 | 2009 | 2009 | 2009 | 2008 | 2009 | 2009 | 2008 | 2009 | 2009 | 2008 | 2010
The resulting table will look as follows:
UNMETERED
INSTALLATION UNM_FROM  UNM_TO
INST_002 01082008 | 31/08/2009
INST_002 0141002008 | 3171062008
INST_002 0141202008 | 3171202008
INST_003 0141142008 | 3171202008

INST_004 07/0772009 | 317072009
INST_004 0701172009 | 31122009

13
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SOLUTION 1
Using the DATA Step MERGE — BY Statement

Use DATA step MERGE — BY statements to search for the periods in 2009 that although an INSTALLATION is active
no CONSUMPTION has been measured.

DATA NULL ; ©
CALL SYMPUT ("START_RANGE", TRIM (LEFT ("01JAN2009°D)));
CALL SYMPUT ("END_RANGE®, TRIM (LEFT ("31DEC2009°D)));
RUN;

PROC SORT DATA = CONTRACT;
BY INSTALLATION CON_FROM;
RUN;

DATA CON_DAY (KEEP = INSTALLATION DATE);
SET CONTRACT;
DO DATE = MAX (&START_RANGE, CON_FROM) TO MIN (&END_RANGE, CON_TO);
OUTPUT;
END;
RUN;

PROC SORT DATA = METERING;
BY INSTALLATION MET_FROM;
RUN;

DATA MET_DAY (KEEP = INSTALLATION DATE); ©
SET METERING;
DO DATE = MAX (&START_RANGE, MET_FROM) TO MIN (&END_RANGE, MET_TO);
OUTPUT;
END;
RUN;

DATA BC3_SOL1 (KEEP = INSTALLATION UNM_FROM UNM_TO);
MERGE CON_DAY (IN = C) MET_DAY (IN = M); @
BY INSTALLATION DATE;

IF C AND NOT M; ©
RETAIN UNM_FROM PREV_DATE .;
FORMAT UNM_FROM UNM_TO DDMMYY10. ;
IF FIRST. INSTALLATION THEN DO;
UNM_FROM = DATE;
PREV_DATE = DATE;
END;
IF DATE - PREV_DATE GT 1 THEN DO;
UNM_TO = PREV_DATE;
OUTPUT; @
UNM_FROM = DATE;
END;
IF LAST.INSTALLATION THEN DO;
UNM_TO = DATE;

OUTPUT; ©
END;
PREV_DATE = DATE;

RUN;

O Create macro variables to restrict the analysis to 2009.

GLOBAL SYMBOL TABLE
Il ]

START_RAMGE | 17898 | 01/01/2009
EMD_RAMGE TE2E2Z | 31122009

14
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® Split the CONTRACT table per day in 2009.

CON_DAY
INST_001 01/01/2009
CONTRACT INST_001 02/01/2009
ALL?
INST_001 30/04i2009
INST_001 01/07/2008 | 30/04/2009
INST_001 01/05/2009
INST_001 0110512009 | 3101242012
INST_001 02/05/2009
INST_002 0140712009 | 311122010 | || =
INST_003 01/12/2008 | 31/03/2009
INST_001 1M 212009
INST_003 01/07/2008 | 311242010
INST_002 01/07i2009
INST_D04 01/07/2008 | 311242010
INST_002 02/07/2009
INST_002 311212009
© Split the METERING table per day in 2009.
MET_DAY
LLATION DATE
METERING INST_D01 01/01/2009
ALLA MET_FROM  MET_TO IMST_001 020172004
INST_D01 01M0/2008 | 31/03/2009 100
INST_D01 01/04/2008 | 30/09/2009 B0 INST_001 311032009
INST_D01 01M0/2008 | 31/032010 180 INST_001 01/04/2009
IMNET_002 01072009 | 3170772009 1,000 - IMST_004 020442009
INST_0032 01/09/2003 | 30/09/2009 2,000
INST_002 011112009 | 301172009 2,500 IMST_001 207092009
IMST_003 011122008 | 31/032009 1,000 IMST_00 01#1 052009
INET_003 01072009 | 31/10/2009 o0 INST_004 02402009
INST_004 01/08/2009 | 31/10/2009 800
IMST_001 31/12/2009
® Merge the CON_DAY and MET_DAY tables by INSTALLATION and DATE.
© Only keep the observations from the CON_DAY table that do not exist in the MET_DAY table.
O Output only one observation per period (UNM_FROM — UNM_TO).

LLATION DATE

15

INST_002 01082009
INST_002 02082009
BC3_S0L1
IMET_002 310082009 UkIM_FROM — UNM_TO
IMET_002 01/ 062009 INST_002 01/08i2009 | 31/08/2009
INST_002 0271052009 [ INST_002 011062009 | 311 0/2009
INST_002 01122009 | 31122009
IMET_002 3102009 IN3T_003 011142008 | 3101 2/2009
INST_002 010122009 INST_004 01/07¢2008 | 31/07/2009
INST_002 02122009 INST_004 011142008 | 3101 2/2009
INST_002 31N 22009
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SOLUTION 2
Using Arrays

Use arrays to search for the periods in 2009 that although an INSTALLATION is active no CONSUMPTION has been
measured.

DATA NULL ; ©
CALL SYMPUT ("START_RANGE", TRIM (LEFT ("01JAN2009°D)));
CALL SYMPUT ("END_RANGE®, TRIM (LEFT ("31DEC2009°D)))
RUN;

DATA BC3_SOL2 (KEEP = INSTALLATION UNM_FROM UNM_TO);
MERGE CONTRACT (IN = C) METERING; @
BY INSTALLATION;
IF C;
FORMAT UNM_FROM UNM_TO DDMMYY1O0.;
RETAIN CON_&START _RANGE - CON_&END _RANGE = *
MET_&START_RANGE - MET_&END _RANGE * *
UNM_&START_RANGE - UNM_&END_RANGE;
ARRAY CON (&START_RANGE : &END_RANGE) $ 1 CON_&START_RANGE - CON_&END RANGE; ©
ARRAY MET (&START_RANGE : &END_RANGE) $ 1 MET_&START_RANGE - MET_&END RANGE; O
ARRAY UNM (&START_RANGE : &END_RANGE) $ 1 UNM_&START RANGE - UNM_&END RANGE; @
IF FIRST.INSTALLATION THEN DO;
DO IR = &START_RANGE TO &END_RANGE;

CON (IR) = *-"; ©

MET (IR) = "-"; @

UNM (IR) = *-"; ©
END;

END;
DO IC = MAX (&START RANGE, CON_FROM) TO MIN (&END_RANGE, CON_TO);
CON (IC) = "X"; @
END;
DO IC = MAX (&START RANGE, MET_FROM) TO MIN (&END_RANGE, MET TO);
MET (IC) = "X"; ©
END;
IF LAST. INSTALLATION THEN DO;
DO IC = &START RANGE TO &END_RANGE;
IF CON (IC) = "X" AND MET (IC) NE X" THEN UNM (IC) = *X"; ©
END;
DO IC = &START_RANGE TO &END_RANGE;
IF UNM (IC) = "X" THEN DO;
IF (IC NE &START_RANGE AND UNM (IC - 1) = "-7)
OR IC = &START_RANGE THEN UNM_FROM = IC;
IF (IC NE &END_RANGE AND UNM (IC + 1) = "-")
OR (IC = &END_RANGE) THEN DO;

UNM_TO = IC;
OUTPUT; ®©
END;
END;
END;
END;
RUN;
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© Create macro variables to restrict the analysis to 2009.

GLOBAL SYMBOL TABLE

START_RAMGE

17898
18262

01012009
322009

EMD_RAMGE

® Merge the CONTRACT and METERING tables by INSTALLATION.

COMTRACT

METERIMG

_FRCRM MET_TO LMPTICMN

INST_001 01072008 30i04/2003 OTA2008 | 310302009 100
INST_001 010572009 IMAZEIZ | INST_0m 010472009 | 3000952009 g0
INST_002 010772009 F1M22010 IRNST_00 01M072009 | 31032010 150
INST_003 011 272005 3140372009 INST_002 01772009 | 310772009 1,000
INST_003 010772009 F1M22010 INST_002 01872009 | 300352009 2,000
INST_004 010772009 122010 INST_002 01172009 | 3001152009 2,500
INST_003 01A 272008 | 310352009 1,000

INST_003 010772009 | 3171052009 oo

IMNST_004 010872009 | 314052009 G500

NOTE: MERGE statement has more than one data set with repeats of BY values.

© Define the array CON based on the CONTRACT table to contain the days in 2009 that an INSTALLATION is

active.

® Define the array MET based on the METERING table to contain the days in 2009 that CONSUMPTION has been

measured.

© Define the array UNM to contain the days in 2009 that although an INSTALLATION is active no CONSUMPTION

has been measured.

AME COn
ELEMEMT 1 2 3 365
17898 17899 178300 18262
COM{(17898) | COMN(17899) | COM (17900 COMN (182682)
COM_17898 | COM_1783858 | COM_17300 COM_18262

ARR

{EFERE

AME MET
ELEMEMNT 1 2 3 365
17898 17899 178300 18262
MET §17898) [ MET (17899 | MET (17900) WMET {18262)
=IN=N MET_17898 [ MET_17899 | MET_17900 MET_18262

ELEMEMT

= LI
1 2 3 364
17858 17859 178900 18262
LM (17898) | UMM (17899) | UMM {17900} UMM (18262)
UMM_17898 | UNM_17899 | UMM_17900 UrMM_18262
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® Process the CON, MET and UNM arrays to initialize the CON, MET and UNM variables to “” for each
INSTALLATION.

CONTRACT WMETERIMG
INSTALLATION COMN_FROM  CON_TO METALLATION  MET_FROM  MET_TO
INST_003 01252008 | 3140272009 INST_003 0122008 | 31/03/2009
INST_003 010072009 | 31122010 INST_003 01072009 [ 311072009

INSTALLATION
INST_003

MET [ S U IR R N SR S I S I IS S IS I

® Process the CON array to assign the value “X” to the CON variables for the days in 2009 that an INSTALLATION

is active.
© Process the MET array to assign the value “X” to the MET variables for the days in 2009 that CONSUMPTION

has been measured.

COMTRACT METERIMN G
STALLATION  COM_FROM  CON_TO SSTALLATION  MET_FROM  MET_TO
IMST_003 0111252008 | 31/0372009 IMST_003 0122008 | 31/03/2009
IMNST_003 0170752009 | 311 2r2010 INST_003 O0107r2009 | 31/10/2009

IMSTALLATICN
INST_003

+ I B I I S I I I I (SR I I S [P I
MET EAESEAEAEY EREEE e e e

Uy e
COMTRACT METERIMNG
ALLATION  COR_FROM COMN_TO WETALLATION MET_FROM  MET_TO
INST_003 01/12/2008 | 31/032009 INST_003 01041 202008 | 31/03/2009
IMST_003 01/07/2009 | 31122010 INST_003 0140752009 | 31/10/2009

INSTALLATION

INST_003
Ll I I L I I I I I ) e
KK R [HX KK ® (XX
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© Process the CON, MET and UNM arrays to assign the value “X” to the UNM variables for the days in 2009 that
although an INSTALLATION is active no CONSUMPTION has been measured.

INSTALLATION
INST_003

LIM B

® Output only one observation per period (UNM_FROM — UNM_TO).

INSTALLATION
IMST_003 LUNM_FROM LMBM_TO

BC3_S0L2

F LR )
IMST_002 0170872009 | 31/0852009
INET_002 0171052009 | 31410/2009

INST_002 011272009 [ 314252009
INST_0032 0101172009 [ 311122009
IMET_004 01/0772009 [ 31/07r2009
INST_004 0101172009 [ 3141252009
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SOLUTION 3
Using Multiple SET Statements

Use multiple SET statements to search for the periods in 2009 that although an INSTALLATION is active no
CONSUMPTION has been measured.

DATA NULL ; ©

CALL SYMPUT ("START_RANGE", TRIM (LEFT ("01JAN2009°D)));
CALL SYMPUT ("END_RANGE®, TRIM (LEFT ("31DEC2009°D)));
RUN;

DATA BC3_SOL3 (KEEP = INSTALLATION UNM_FROM UNM_TO);
SET CONTRACT; @
FORMAT UNM_FROM UNM_TO DDMMYY10. ;
RETAIN OBS 0;
CON_FROM = MAX (&START_RANGE, CON_FROM);
CON_TO = MIN (&END_RANGE, CON_TO);
FLAG = 0;
DO WHILE (FLAG = O AND OBS LT NOBS);
IF INSTALLATION GT MET_INSTALLATION
OR (INSTALLATION = MET_INSTALLATION AND CON_FROM GT MET_TO) THEN DO;
OBS = OBS + 1;
SET METERING (RENAME = (INSTALLATION = MET_INSTALLATION))
POINT = OBS NOBS = NOBS; ©
MET_FROM = MAX (&START_RANGE, MET_FROM);
MET_TO = MIN (&END_RANGE, MET_TO);
END;
IF MET_INSTALLATION GT INSTALLATION
OR (MET_INSTALLATION = INSTALLATION AND MET_FROM GT CON_FROM) THEN DO; ©
UNM_FROM = CON_FROM;
IF MET_INSTALLATION = INSTALLATION THEN UNM_TO = MIN (CON_TO, MET_FROM — 1);
ELSE UNM_TO = CON_TO;
OUTPUT;
IF MET_INSTALLATION GT INSTALLATION THEN FLAG = 1;
END;
IF FLAG = O AND INSTALLATION = MET_INSTALLATION THEN DO; ©
IF CON_TO GT MET_TO THEN DO;
IF CON_FROM LE MET_TO THEN CON_FROM = MET_TO + 1;
END;
ELSE FLAG = 1;
END;
END;
IF OBS = NOBS AND FLAG = O THEN DO; @
IF INSTALLATION = MET_INSTALLATION THEN DO;
IF MET_FROM GT CON_FROM THEN DO;
UNM_FROM = CON_FROM;
UNM_TO = MET_FROM - 1;
OUTPUT;
CON_FROM = MET_FROM;
END;
IF MET_TO LT CON_TO THEN DO;
UNM_FROM = MET_TO + 1;
UNM_TO = CON_TO;

OUTPUT;

END;

END;

ELSE DO;
UNM_FROM = CON_FROM;
UNM_TO = CON_TO;
OUTPUT;

END;

END;

RUN;
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Create macro variables to restrict the analysis to 2009.

Read the CONTRACT table sequentially.

Read the METERING table using direct access.

Use complex conditional processing to search for days in 2009 that although an INSTALLATION is active no
CONSUMPTION has been measured.

o0

RESOURCE USAGE
The following tables and charts illustrate resource usage in terms of:

e realtime
e user CPU
e memory

REAL TIME (g)

1,000

800

REAL TIME

GO0

400

200

. - —

550,000 + 1 000 pO0 1,260 P00 + 2,150 000

OSFLIT mARRAY @SET

USER CRU (s)

a00

400

300

USER CPU

200

100
0 [ i
550000 +1,000 400 1250000 +2,150 000
OSPLIT mARRAY mSET

MEMOR'Y (KE)

600

500

400

MEMORY

300 +
260 kB 633 kB 303 kB 200

+

100

550,000 +1,000 oo 1250000 +2 150 p0o
OSPLIT mARRAY mSET
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CONCLUSION

You should consider spending more programmer time to reduce computer resource usage for complex combinations
of tables with millions of records. So, instead of using the traditional programming techniques like SQL inner joins or
DATA step MERGE — BY statements, you should consider using more complex programming techniques like hash
tables, arrays and multiple SET statements.
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