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Abstract 

The Bmeau of Labor Stali&tics (BLS) produces a number of 

economic indic:a!ors measuruig changes in various market 
sectors, among them the Consumer Price Index (CPl). This 
index ~ using a probability sample, the change in price 
of a fixed mukct basbt of consumer goods and services in 

specific geograpbk: areas as well as by region and across the 
U.s. The impact of !he index is far reaching. In the 1986 SUOI 
Proceedings, the role of the SAS® System in the development 
of the zevision of the associated production system was 
discussed. This revision came on-line in 1987. This paper 
discusses expeIi_ in five years of productiOll use of the SAS 
system in this envinxunent, the fau1ts and foibles uncovered, 
and the role of the SAS system in maintenance in a real-life 
setting of this iaJge-Icale system. It also addresses the role of 
the SAS system as foreseen in the next Ie"ision of the CPI, 
scheduled to come on-line in 1997, as well as visions for the 

future in both production and anci1laJy research for ongoing 

improvements to the CPJ. 

INTRODUCTION 

Purpose and ~nlzatloa 

The pwpose of this paper is to demonstmte that the decision in 
the early 1980s to use the SAS system. in this large-scale survey 

production enviromnent was sonnd as demonSlzated by the leve1 
of __ within the CPI program. In addition, the paper 
demOllltntes that the SAS system bas played and will continue 
to play a significant role in software development for the 

pmcIuction system and ~h that fuels changing 
requirements to improve the index. 

The remainder of the introduction is devoted to a brief 
descIiption of the index, its economic impact, and its bistoIical 
background. An overview of the CPI surveys is provided, 

followed by a brief discussion of the complexity of the CPJ. 
The most recent revision is then descn"bed in terms of 

motivation for the COII'IUIi.on to SAS softwale and the impact 

of structured systems development. The 1987 revision is then 

discussed in terms of platforms, processing tasks, and the roles 

in which the SAS system serves followed by a discussion of 

changes since the mvision software came on-line. Next, the 

perceptions of how well SAS software has pedormed in our 

environment of ongoing system changes and enhancements are 
enumelllted. We then go on to ~ visions for the future in 
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terms of the role of the SAS system in economic and atsJistical 
resean:h as well as prototypes and ongoing development. The 

future visions section concludes with an expIollllion of the role 
of the SAS system in the upcoming 1997 revision and beyond. 

The Index as a Measure 

The Consumer Price Index is a modlfied Laspeyres index 
representing a llIlio of costs of pun:hasing a set of items of 

constant quality and quantity in two different time periods. This 
fixed set of items is refeued to as the consumption nwket 
basbt. Thellllio of these costs from month to month is called a 
price relaIive and is used to iD.fiate lhe index values from a 
pmrious time period to the c:unent. h such, the CPI is an 
indicator of the cost of living. 

Changes in consumption patterns are reflected periodically in 
the CPI, lather than on a continuous basi.. A number of cost of 

living components are outside the scope of what the CPI is . 
intended to measure. These include taxes other than sales tax, 
non-casb fringe benefits, and govemment supplied services. 

The role of the surveys which fuel !he index and the cUfficulties 
in reaching a constant qUality/quantity criterion are discussed in 

more detail below. The reader is refeaecl to the BLS Handbook 
of Methods (1988) for further details conceming the index as a 

measure. computational formulae, and statistical concepts 
employed in various methodologies. 

Economic Impact 

The CPI is widely used as an economic indicator in a vaIiety of 

economic models. It is used as a deflator in the Personal 
Consumption component of the Oro •• Domestic Product (the 

RCeUt "placement for the Gross National Product), retail sales 

and other important economic measures to provide estimates in 
constant dollars. In addition, the index has a direct impact on 

the livelihood of more than half of the U.s. population. The 
index is used within federal programs to adjust cost of living 

. increases in social security, schoollWICh subsidy programs, 

food stamp allocation and other ~ benefits, and as an 
iDfIator for the official poverty tlueshold. Within municipal 
programs, it is widely used as an inflator or limit for rental 
payment increases, child support and other court stipulated 
payments, as well as other distn1lutioDII from municipal fwlda. 
In addition, it is used within many waS" earner contracts to 
determine increases in pay and other lonns of compensation. 

Errors in the CPI at the national level as small as 0.1 peroent can 



resu1t in nU.cIim:tioo of hundreds of million. of dollarll within 
!he naIional economy. 

The measumnent of price cbaDge began in the late nineteenth 
_tury with specialltudie.s commissioned by Congress. A cost 

of living index was fint published in 32 cities in 1919 to adjust 

shipbuildcD' wages. In 1921, JeSIIlar periodic public:alion 
began and moved to a quazte.rly basis by 1935. Over the 
following dec:adcs , the CPI was improved and expanded many 
1iJIles. With each JeVision, the item. to be priged and their 
IIIIOCialed wel.gbts IIIed in estimation weN updated. For 
example, cxpaDSioo of coverage included restawant meaIB and 
owned homes in 1953. 

The 1978 JeVision upda!ed weigbls, the items to be priced and 
the nmple of outlets from whk:h to collect price infollllatioo. It 
repJ'CIeDted the fint timo that the pricing surveys were based on 
a full multi-stage probability design for sampling (Dippo and 
Jacobs, 1983). The advent of higb speed computers allowed the 
scope of coverage and tho frequency of pricing 10 increase 
substantially. J:rllproved data processing capabililies allowed for 
the inIroductioo of mo,re rigorous conceptual and statisIical 
solutions for a variety of estimation and computation problems. 

The capabilities of high speed computers were even more 
evident in the 1987 revision. This revision provided for the 
UIDal updates in weights, items to be priced and locations in 
which to price them. It subslanlially modified the 
implementation of ronIal equivalency, a ccmcepI fint introduced 
into the CPI in 1983. Rental equivalency is an attempt to 
m~ the change in COlIS of sbeltM and auoel.sred amenities 
within owned homos through oxclnsion of such items as capital 
appreciation and investmODl. The JeVisioo introduced much 
mcxe sophisticated imputation techniques (the estimation of 
values for missing items based on other infonnation within the 
survey), which are daIS-driven in their application. The revision 
also represenred a complete conversion of mainframe systems to 
the SAS system. 

THE CPI SURVEYS 

Surveys and Their ObJecUves 

To generate the CPI, ono needs the answers to a number of 
questions. These fundamontal quoSIions comprise the 
objoctives of each of sevcml SlU'VO)'s and can be encapsulated 
simply: what do people buy, where do they buy it and how 
much do they spend. 

First, one mllStlmow what goods and services people pomhase 
at tho retail level. This is tho I!lIIIkot basket which reflects 
cmsumor oxpendital'D patterns. As these patterns change. the 
CPI I!lIIIkot basket must also change. To address this issue, the 
Consumer Expenditure Survey examines pmdlasiJig patterns 00 
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an ongoing basis. E!asoMally, Ibis survey measures, at a very 
detailed level. how much the sampled households apend on a 
wide variety of consumer goods and services. TIuough this 
survey, the items that comprise the market basket and their 
relative importance (mlecred as weights) are dotomIined. 

Once the ~ption market basket is dotomIined, information 
on where people pumhase these goods and servkea at tho retail 
level is required. This is the essential objective of tho 
Continuing Point of Putchase S_y. The results of this 
survey, also collecred en an ongoing basis. together with the 
results of tho Consumer Expenditure Survey are used to 
dotomlme OIl what and from whore to colLocl pricos in a wide 

variety of urban areas. 

Tho monthly pricing for the CPI itself comes from tho 
Commodities and Services (C&S) and Housing Surveys which 
perioclica1ly collect prices and mpporting infounation. The 
essential objective of the C&S Survey is to collect price 
quotations (termed quotes) and relared information for retail 
goods and services from selected retail outlets. Up to 85,000 
individual sampled quotes are priced each month in 
approximately 21,000 retail and service estsblishments. The 
objective of the Housing Survey is to collect information on 
cost of shelter and accommodations including I)'pe of stnlC~, 
number of rooms, heating and air condilioning equipment, 
utility costs, ok:. ~talling up to 600 pieces of individual 
information for each sampled housing unit. Approximately 

60,000 units are priced in the samplo, whk:h is broken into six 
semi-annual panels. 

The price infomaation from both surveys goes through a 
complex series of editing, estimation and imputIItion pmcednres 
to auive at price changes (tmned price relatives). These price 
relatives are used to move (inflato or doflato) index valuca 
associsred with the goods and services in the market basket over 
time. Those indexes are aggregated at various prodUCIand 
geographic levels using additional weighting achomos whicb 
represODI the relative importance of the commodity within the 
geographic or product hierarchy which include, at the highest 
level, foed and beverages, housing, apparel, transportation, 
mectical care, entertainmODl, and miscellaneous goods and 
amrices. Tho highest level of aggregation is tho all items index 

at the natioua1 geographic level (typically. this is the CPI 
repented on the news). 

Complalty - What Makca the CPI Dlfftcult 

There are a number of intricacies associated with the ongoing 
production of the CPL Aside from the statistical complexities 
of sampling and the shifting pattoms of consumer 0lIJII'IIdituIes, 
there are a number of other pIOblems which necessitate periodic 
roviam, such as Ihifts in geogmphic distribution of the 
population. In addition, there are changes in the mazbt place 
which requUe comsponding changes in the sample or the items 
to be priced. These problems include sample attrition through 



atail ou,tlel doaure. housing llllit domoIiIion. bankruptcies. and 
product dUocootinnation. to DIIIDe a few. Thea problems sao, to 
8ClIJIe ment, alleviated through I8DIple augmeutalion &lid 

JOtaIion pmc:eclwa establillhecl for both the C&S and HouaiDg 
Surveys. Other problems include changes in teclmology and 
other changes in product qualliy and quantity. Some of these 
problems sao addreued through the IIIIIIIple actions juSt 
deIcrlbed. Others sao addreaed through item substitution. 'The 
inlplemeIItation of these lOlutions is accomplished either 

through procedures instructing field repzesentltives how to 
addnoss various mubt situations oz through computer based 

models or both. The sheer volume of information collected 

""lWms: a large amount of data storage and considerable 
computer m;ources to process the data through each stage of 

processing. 

THE 1987 REVISION AND BEYOND 

Motivation 

As mentioaed previously, the CPI mainframe systems were 
conVClted to the use of SAS softwue in the 1987 JeVision. The 
seeds of this conversion were sown in Clrly 1981 with a 
mandate fIom m&II&gement within the division responsible for 
the CPI produclion sySlem (Trimble, 1982). Motivation for the 

conversion was partially pl:OVided by a lack of vendor support 

for the existing softwm: l&IIguage and the concems opressed 
by statisticians &lid economists that the ~ did not support 

sufficient numerical accuracy. User access to data was virtually 
inlpossiblc. The system was Cltlmne1y difficult to modify, and 

a t1ilid oz higher generation l&IIguage was deemed desirable as a 
replacement The choice of SAS software from among the 

candidates was motivated by many considerations. Among 

these were the ease of learning the language, automatic 
JNd,Iwrite bandling fea1ures, improved ease of maintenance, the 
wide variety of fOll1l8lting capabilities, the abi.lity to ~ a wide 
variety of input data BIt\ICIUres, and the availability of 
pIqU'Ogrammed PROCa in addition to the DATA step which 
permitted more traditional pmcedural. processing c:apabi1ities. 
P:tototype systems development began at that time with the first 

major replacement component, the price relative calculation 
subsystem for the C&S Survey, in place in 1983. The success 
of this expedment led to the Je&lization that the full COIlveDion 
__ both feasible and desirable. 

Structured Systems EugineerlDg and the 8AS System 

Before discussing the role of SAS .oftwm: in CPI revision 

processing. a review of the approach to systems development 

prececling the implementation of the revision is in order. 
Generally, it can be described as a traditioaallife cycle 

approach as championed by Yourdon and DeMarco in the late 
1970. and early 1980. (DeMarco, 1978). Thus, for each system 
or subsystem that perfODl1S processing tasks, there are several 

phases: ""luirements definition and analysis, system 

spec:iticalion, system design, program design, prototyping, 
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coding, and testing. 

The first stage is the generation of requinments as defined by 
the usea and relined duling attuctured analysis where the 
software developers improve their understanding of the uaers' 
t1Ue needs, both stated and hidden. The SAS system is of 
tremendous help during this process by faciliIating the coding of 
ad hoc programs to examine methodologies and assumptions 
underlying the users' pen:eptions of their needs. Once 
requirements are fully undemood, system specification can 

begin. This process follows structured analysis methodology 
and results in a functional specification (dati flow diagrams and 

process descriptions) fIom which the basic dati structures at tho 

boundaries of the system can be defmed. 

From this stage, structured system and program design begins. 
The logical functional requirements are redefined in Iemls of 
system function. Once the overall system design has been 
detemtined, program design continues with the objective of a 
complete physical definition of the processing. This definition 
in physical tmns can result in processes which correspond 
directly to PROCa or DATA steps, and the COJDJDunication or 

movement of data is accomp1ished via SAS data sets. 
Prototyping and coding can be accomplished quickly through 
translation of program design elements into SAS language 
statements (Mopsik, 1984). This pem1its illustration of system 
opemion, demonstrates feasibility of design construc:ts, 
identifies design weaknesses, and facilitstes compuison of . 

altemative coding techniques. The SAS system provides a 

language which easily supports dynamic data-driven design 
solutions to processing problems. The use of the SAS Macro 

facility provides tremendous flexibility in the conditional 

compilation and execution of code as determined by other 

RSUltB within the program. resulting in more power than can 
typigilly be realized in most other traditional programming 
languages (Hende%son, 1982). The Macro fKility also provides 
foz an easy modular packaging tool where processing tasks can 
be isolated into main routines and 81Ibroutines which can be 
controlled using MacN variables as parameters and can be 
invoked ancondilionally or as meded using ~IF logic (Phillips. 
1985 and 1986). 

'The testingpbase typically follows program design and coding. 
Sevcra1 features of the SAS system can facilitate testing. ,The 
code used to perform software tests within the program can be 

contmlled by Macro variables. Thus, testing procedures and 

diagnostics iinplemented intemally in any given program within 

a system can be activated or deactivated using a single global 

Macro variable embedded in the production system ~ 

Development of a toolbox of diagnostics, usually written as 

Macros, can also facili.tste testing by cIimination of redundant 

code in favor of geneJalized code which is parameter driven 

(Septoft', 1985 and Hendemm, 1988). 'The combination of 
Macro variables to activate specialized testing paired with a 

toolbox approach dramatigilly simplifies the testing process. 

Hence, as code moves from the development and testing stages 



into producti.CIII, rests established widUn tile daiga can 110 
mactivaIed as needod durlng subsequent system moclifications 
8Dd compared to beDclunuk IeSUlts. 

The lmplomentatiCIII of tile 1987 RVision Rquired sovoml . 
calendar years 8Dd &COIOS of porson yean; in sottwu. 
cI8velopmm a«ivilios. For tile 1987 RVision, tile SAS system 
was effocIive1y UBed in tile softwaro deaiJIII 8Dd implementation 
proc:eas as de.mbed above (1obnatone, Rabb, and Sbarlin. 
1986). This has been benefi.c:iaJ. over tile years as !eCJuilements 
for system func:Iions c:banp, particularly when the overall 

design is not significandy affected. To the 0JtteDt that the SAS 

softwaJe code mimns the design. the associated DATA and 
PROC steps conuponding to identified deaisn processes can 110 
lifted and replaced. Modified system inteIfaces can tben be 

quickly reexamined throup tile use ofPROC CONTENTS to 
determine if new or modified SAS data set strIlctwes 

c:oDNpOnd to desisn needs. 

Syst_ Slruc:hlre - Platforms, FunetlODS and Software 

Having I8Viewed the petal approach to aoftwaIe cI8velopment, 
_ can tum oar atte.ntion to the plOCeSsing cycle for the cwrent 

CPt pmduCliCIII system and the functions perfoJmed by 
applications wallen using SAS sot\wa!e. In the genetalion of 
the CPI on a monthly basis. a number of tasks ~ peIfonned. 
This is a cyclical, ongoing process which can be divided into the 
following six stages: fonus pemtion, data collection, data 
capture, data editing, data storage. and subsequent 
imputatioD/calculaton proc:easing to estimate the CPl 

The initial activity, genetaliCIII of survey fODDl, is a data-drlven 
process using base SAS softwaro and the SAS MacEo fadlity 
executed 011 mM® 3()9OIN series computers or equiva1eDts, 

I1II1Iling under MVS. Fcmns for both the C&S and Housing 
Surveys ue dynamically ge_ted using a number of data 
s1:nJctuIe8 which describe items to price (varying by season and 
location), whexa to price items (varyjng by sample rotstioo 
schedule) and pmviaos price data. This processing is _ely 

complex, since each quotatiCIII is processed incIividnally, 
mflecting special pricing conditions, messages to the field 
repIesentatives, and oIber unique characterlstics. A sepamte 

fonn is produced for each outlet wiIh the itemslisled in the 
onIcr in which they SIC to be priced together wiIh their p~vious 
price and ~laIed data, using full-page plOCeSsing and 

completely blank stock. The fonns SIC printed in the order they 
SIC to 110 used by field personnel. This simplifies wodt in the 

field; data collectors ~ly follow the sequence and record 
information only wbon the price has changed from the last data 
collection. This descrlption is a simplification of the many 
other actions a field ~tative may have to tab. 

Once generated, the fonus aze mailed to the field offices, when: 
final woddoad is detennined and forms SIC distn'buted to data 
collectors (economic assistants). Data collection is conducted 

within very specific time periods for both surveys. The fonns 
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an: then n:tumed to the national office for data captan: md 

additional processing. 

The data captuIe systems for the C&S and Housing Surveys use . 
a netwoJked collection of 286 and 386 architecture micros with 
sottwu. written in PASCAL and C. The networlt of micros is 
linked to a ShareBase 8000 series n:lationsl database machine. 
The data captun: systems peIfcmn double keyed data entry, 
associaIed editing which includes both hard edits foz allowable 
values and soft edits which enmn: that the data SIC consistent 
""lOSS questions 011 the survey, as well as the _lotion of any 
discrepancies between the two keyed versions. As each acn:en 
of data is captured, data aze transferred vis cable into the 

appropriate database n:lations in the ShaIeBase machine. 

Several times a month, the data for a given collection month SIC 

uploaded from the minicomputer to the mahUmme. This is a 

complelt process !eCJuirinS communicalions protocols and a 
variety of tIanslation functiODS. The data an: eventually stored 
in a RAPID (from Statistics Canada) database. The use of a 

RAPID database is well suiled for the storage of survey data and 
provides access to both pocIuction users and researchers 
without the n:striction of any given progrnmming language 
(Tomer et ai, 1979). In addition,then: SIC BLS-wrltten SAS 
procedurea which provide emsct and load capabilities for 
moving data between RAPID n:lations and SAS data sets. 

'These procedures include many capabilities to optimize certsin 
recwring query sltuations. 

Review listing sottwu. wlitten using the SAS system is 

executed on the mainfr.une which peDDits larger scale 
consistency cbecb and review. Expert commodity analysts 
deteJmine corn:ctive action whexa data SIC deemed to be 

suspect. These ccnections ~ made against the minicomputer 
database n:lations and SIC applied to the mainframe database in 
subsequent uploads. 

Data management fealures of the SAS system SIC used widely 
in a number of CPr systems and subsystems. Above and 
beyond the interface to the RAPID database, communication 
widUn and across subsystems is accomplished via SAS data 
sets, allowing n:liable and easy access and cootributing to a 
unifolm system arohi1ectun:. The intermediate results of 
subsystems an: retsined in SAS data libraries pennittiug faster 

determination of problem azeas and data transport to other 
subsystems. Additionally, the extensive use of pezmsnendy 
ssved SAS data sets provides awdliary data strIlctun:s beyond 

the mainframe and minicomputer database. to assist 
researchers, predominandy economists and statisticians, in 
determining inlproved methodologies and to provide baselines 
for comparison of n:sults to deteJmine desirability of alternative 

methods. 

Report pomdion is a large compoMnt of the mainframe 
processing for the CPr production cycle; almost all code for 
these applications is written using SAS software. There an: 



hundads of zeports produced for qpett review at various stases 
of processing. The IOle of commodity analyst review IUId data 
coaectiOD has alMady been diswssed.. The results of each 
SIIbsystem must also be eumined fOl' validity befOte IUbseqaent 
activities can begin. To accomplUh this objective, a host of 
report pINCDlatioas ~ used v;uyi.ng from the usaaI PROCs 
such as PRINT, PREQ. and TABULATE to highly complex 
custom reports which ~ data-driven and require sophisticated 
full-page processing. 

Imputation is widespread tluvughout CPI systems. 'Ibis type of 

processing is handled almost exclusively on the mainframe, and 
a variety of SAS coding solutions have been implemented. 
Elxamples of imputation methods employed includo allocation, 

petccntage distribution, hot decking, cell collapsing and 
weighted means. Many subsystems employ a hierudly of 
imputation methods where SAS software is employed to 
examine imputation results and make a determination of the 
optimal method based on requirements. PedJaps the most 
complex method is hot deck matching. A generalized 
implementation appmach has been defined which establishes an 
estimate fOl' a missing value based on other obsezvations with 
the "closest match" on predefined characteristics using PROC 
SUMMARY. These and other imputation methodologies are 
discussed in mOte detail in pzevious papers (e.g., Mopsik and 
Dippo, 1985). 

Beyond imputation, millions of calculations and other 
processing tasks are required to cIetennine individual price 
movement, relative importance of priced Items, and aggregate 

price movement. These processing tasks include a host of 
mathematical operatioas, string operations. logical operations, 
biruuy operations, and hexadecimal operations as _ll as 
complex recodingltable lookup applications (Johnstone and 
Ray, 1989) to name a few. Many of these could be 
accomplished in any traditional programming language, 

although the built-in features of the SAS system which facilitate 
such tasks make it a mOte desirable choice for CPI processing. 

Replacement and N_ Systems - Examples 

Since the 1987 revision, th ..... have been swprlsingly few 

replacement systems developed. Generally, changes are 
implemented into existing systems or new subsystems are 
written to inte!cede between existing processing nodes. These 
changes can be sigaificlUlt, impacting many systems, and are 
initiated to improve the IICCUl'IICY and timeliness of the CPt 
These changes includo the following types of activilies: 
accommodation for sample reduction in both surveys, 
streamlining the processing cycle for the C&S Survey, 
reorganization and majOl' changes to the C&S Commodity 
Review subsystem (used in determination of data COIreCtions), 
movement of fuDc1ions from application systems to database 
functions, eliurinatiOD of pe-1'e\Iision transition processing, 
C&S and Housing Survey collection fODD changes; an archival 
system for the massive C&S mainfiame database, a sample 
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IlIfficieacy and aupentatiao system for the C&S Survey, 
improved methods fOl'imputation of vacant sampled housing 
units, and automated methods for IlOllCCSDpambJe item 

substitution in the C&S Survey, to name a few. 

One majOl' development effort has been the design and 
implementaliOD of a Variance Calculatinn System fOl' the CPL 
Following on the heels of an effort to estimate variances of the 
CPI prior to the 1987 revision (Leaver, Johnstone, and A.n:her, 
1991), this system was developed using a Yourdon/Constantine 
design approach with Strict attCDIiao paid to isolation of system 
functions (Yourdon, 1989). Very highly modular, the system 

makes heavy use of the Macro facility in packaging work units 
into modules and explicitly codes intercommunication between 
modules with Macro vatiables as parameters. It is not pow'ble 
to assign a value to a Macro vadable in a called module and 
then rerum the value as a Macro variable to the calling module 
via parameter passing. 'Ibis is not typical of parameter use in 
other programming languages. The only way to "retum" the 

value is to reference the same Macro variable in both the calling 
and called module. 'Ibis was problematic in that it is contrary to 
the stNctured design concepts used in the development of the 
system. The system is highly flOXl'ble, relying on user input to 
detemline specifications for estimation such as time period and 
aggregate level for which estimation is to be performed. It 
includes many data management capabilities which ensure that 
duplicate wode is not performed if overlapping requests at 
different times would have resulted in reeslimation of values . 
alMady residont in the database. 

In another significant development effort, the Consumer 

Expenditure Survey installed a major replacement for ita . 
publication system in 1991 after several years of dovelopment 
WOlk. The old publication system relied enlirely on TPL, the 
table producing package doveloped and used at BLS. 1PL lI\8y 
be familiar to SAS users as the basis ofPROC TABULATE. In 
the old publication system, 1PL was used both to perform a 
complex series of computations to create the data fOl' the tables 
and to fannat the computed values into tabular fOIm. In. the new 
publication system, SAS software is used to compute the values. 
1PL is used only to fOImat the values into tables. In addition, 
SAS software is used to geneIate the needed 1PL code 
automatically, using editable text parameter files as input. 

HOW WELL HAS THE SAS SYSTEM FARED 

Having doscribed the dovelopment and implementation of the 
~ucIion CPI system, we can now adc:Ire.s the question of how 
well development, maintenance IUId upgrado activities have 
fared using SAS software. The CPI is an amazingly compl~ 
system with many specialized data treatments. Due to changes 
in methodology and the marlceIplace, a number of functional 
changes to processing systems have been required. Many of 
these changes challenge the original design cOncepts and affect 
dozens of subsystems. Managing the process of software 
redovelopment is done care~y and in a controlled fashion in 



the a>Ipropm (HemU:kao.n,l991). 

J.. _ haw no compadlm Jusuaae 011 the lIIIIIIe plalfonn 
enpgecl in IIimibr poc:essins laW, _ c\o DOt have metd08 to 
illDJIrate ad compve zelative productivity aDd _ ' 

eoDSIID1ption duzing development and maintlmance activities. 

Rather, impressions from managers cIiRctly lUpORSible for 
production data pnx:essins and the implementation of changes 
8IId euhanccmcats wen soupt to provide an indica1ioo ofhow 
well the SA.S system has been perceived to WOIk in our . 
envi.IomnenL Geneully speaking. the peteeption is that things 
have sone quite well given the size and complexity of the 
system. Indeed, many managers note additional advantages 
beyond those originally attributed to SAS software in the initial 
caovemon elIpOlimems in the early 19808 (doscribed 
previously). Benefits cited include ease of leaming the basics 
of the languaae, portability of code to oIher applications of a 
sinWar nature, the self documenting features of SA.S data sets, 

access of data by variable IUIIIIO without knowledge of file 
layout, automaIic uad/wrlte operation handling. ability to 
implement user-wdtten ~ the wide variety of 
fonnatIing capabilities, the availability of prqnogzammed 
PROCs, full-page processing. ability to develop toolboxes of 
multipuIpo. and reusable code using the Macro facility, and 
mOle Radable code. J.. a teSUlt, quali1iecl developers become 
profic:ieut mOle quic:kl:y using SAS software than they do using 
other languages. 

One of the biggest advantages seen on the part of management 
is the combinatioa of the power of the base language and. the 
MacJO fac:ility for systems solutions, together with the 
accessibility of non-pmceduml progmmming (bui1I:-in PROCs) 
for economists, 1ItatiBticiaDs, and other end UselS. In addition, 
IDIIIJa8ClS feel that the SA.S system lends itself _n to structured 

propmming. This,~, does not alleviate the need for 
80lid design and well maintained documentaliOll. As changing 
JeqUUements demand the code to stretd!. beyond the original 
design constraints. up-to-date documentation becomes C%ilical. 
To some cmeot, the readability and ~g understsndsbility 

of SAS code has encoumged short cuts where documentation is 
not always maintained 011 a timely basis. Often. the code itself 
has had to substitute. 

While SAS software is easy to learn and use for routine 
applkatiOll8, it can be exlmnely complicated in the plOduction 
level systems developed and used in the a>I pmgram. T.tUly 
c:omple:ll: operaDOIIB RSUlt in somewhat comple:ll: code. This is 
paI1:icularly the case for code written using the Macro fac:ility. 
While the SAS Macro facility has enabled mOR'J powerful and 
d~ applicatioD.s to be written, there are cancema regarding 
the maintainability of such applicatiOllB in the tiu:e of changing 
oeeds. 'lbe straigbtforward nature of the base language 
disappears when working with the Macro facility. The full 
wolkings of applications written using Macro are often obtuse 
to the novice. and the mationsbip between the code and the 
design becomes obscuJed. This has lengthened the time 
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.Recruiting and. developing ,aff appIOpIiate for CPI systems 

develapmeat has been difficult Many of the inclividuals birecI 
in the systems development officeI of the a>I program are 
recent colJege graduates. Vse of SAS software to develop large­
scale production syltems 01' even small scale data processins 
applications is generally not taupt in the computer scienoe 
cwriculum. Expertise is developed throup training. but the 
CPI pmgnun has not availed itself of SAS InBlilute training 
beyond ~ _. Pezmanent application development 
backlogs have also prevented development of a high quality 
alternative, such as a comprehensive in-house prognun or a 
fODllalimi. widesp!ead mentoring prognun. In the pas!, the CPI 
program has experienced significsnt problems in recJUiting 
individuals who already have 8AS software expertise, 
padiculUly individuals who also have expertise in building 
large procIuctioo level systems. 

Software developers within the CPl prognun have ~ 
cIifIiculties in the design and telling of syateml written using 
SAS software. This is. in large part. due to a greater reliance on 
c:uuent systems engineering tedmology and methodologies. 
This is particularly evident in the l¥k of software development 
tools that are applicable to builcling systems using SAS 
software. Automated tools such as code genemtoIs based on 
design. complexity anal)'Zelll. and testing tools are almolt 
always language specific and do not support code written using 
SAS software. Bven manual muctured design and struCtured 
testing techniques have to be adsptOd for use with SAS 
softwaze. CPI Systems &taff have &ad to develop the 
methodology, thonp the proper method of adaptation is not 
always clear. 

VeniOll changes in the SAS system have been time _ming 
to implement in the CPI production systems. This is primatily 
due to the bigbly complex and time crllical procIucIion syltems 
of the CPl pmgnun and the extensive lise ofBLS-written SAS 
procedures. Also, version changes to the SAS syltem have not 
been completely upward compatible, requiring thoroup , 
inspection, modification, and testing of production pmgnuns. 
This has Rq1Iired and continues to JeqUire a c:oosiderable 
investment in time 8IId peIBODlleL In spite of this o;:olt, the 
benefits of SAS vemon changes, particulazly the new featuRs 

and capabilities provided by SAS Version 6 have made 

conversion efforts wortbwbUe. Examples include 
SBLBCT/WHBRB processing, PROC 8QL, and data set 
compreasinn and inde:ll:ing. 

In summary, the use of SAS software has not presented 
overwbelming impediments. The problems in finclinS resoun:es 
with the level of apertise required combined with alsck of 
software development tools to assist designers has JeSUlted in a 
pen:eption that system development using SAS software is not 
as easily accomplished as was thought several years ago. Still, 
the benefits are seen as far ow-ighing these cIlfficulties, and 



the dlok:e of the SAS I)'stem for softwam ardIitedme is BIill 
~pnIecI ... fnndamentally lI01IIId. 

VISIONS FOR THE FUTURE 

Other Vses of SA8 Software - Research and Analysis 

In both JUealCh for a better undemanding of the market place 
and for improved computalional algoridlms and estimation 
methods used in the CPI, SAS roftwanI plays a sisnificantrole. 
While the production system and roftwanI =levelopment 
efforts are sIi1l wedded almost exclusively to the mainfmne 
platfann, ~ers are beginnins to make mudl mOle 
significant use of SAS roftwanI on microcompute%s. Currently, 
SAS Idease 6.04 for DOS is available on the BLS network, and 
Ih_ are over 200 active users of the basic product throughout 
the Bweau. Most of1lle Italistical reseuehers ~sing issues 
mated to the CPI WIe SAS software on 386 machines. 
Typically, the mainframe is being used for extI1Icting data from 
the RAPID databases and perfonning basic data shaping using 
SAS software. The Mic:ro-to-Host Link is then used to facilitate 
a doWDload to the individual's midline. This is aoc:omplished, 
in pari, through a RabbitGate SNAJSDLC gateway that links 
nodes 011 the DetwoJlt to the roamtr-e via high speed data 
traosmissiOlllioes. Ooc:e the data are =cIeol on the 
~se&Idm's machine, investigative analysis and modeling 
activities are peIformed to ~ resean:b questions at hand. 
These vary from sampling researoh and applicatioDs to 
investigation of estimation tecboiques. The advantages of the 
SAS system cited eloewb_ in this paper are geoerally seen to 
hold, although ~ is still preference to use a variety of 
languages and packages depeoding on the individual 
~se&Idm's prefe~nces and baclcgroUDd. Another interesting 
development is the construction of initial models and mated 
code 011 the PC and the subsequent portiog of the application to 
the mainframe to lower timesharing costs. The availability of 
Vem0ll6 of SAS software on the mainfrmne has improved the 
possibility of portable appIicatioos. Slill to be addressed within 
the Buzeau is the developmenl and availability of user frieodly 
procedu=: to peunit mulliplatfmm processing and 
intacommllllk:ation, sparlog the user from generating the 
~ sc:ript using SAS/CONNBC'fIN software. At this . 
point, inclividUal offices must provide suffiQeot npe11ise to 
acc:omplish these tasks. 

Io a prototype application, SAS/AP® software is being 
considemi for WIe to pro'Vide an interactive analysis system for 
commodity analysts. Termed the Professional Review Aoalysis 
subsystem, it is inteDded to provide the capability 10 acc:ess both 
1IIe mainframe database (currently through RAPID user 
intezface) and minicomputer database (using IKON, an in-house 
developed retrieval system 11181 builds SQL against ShareBase 
databases) and amalgamate data into SAS data sets. The system 
theo provides the aoalyst a bost of ways to present the data in 
gmphic, tabular and other comparative approaches. The intent 
is to improve the ability to analyze and undetstaod c:haoges in 
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the market place and samples without the aoalyst having to do 
any pmgramming Given Ihat IKON fully iotafeccs with 
Microsoft's W'mdows operatiDg 1)'SIem, retumiog queried data 
to a given window, poteDlial ~ts of 1IIe prototype I)'stcm 

are looking forward to the W'mdowl measc of SAS 6.CJ1 in 
hopes of improved point and click aoalysis capabilities. 

OngoJDg Development - SASiAF Software Use 

The CPI pl'Ogram currently uses a Production Control System 
(Pes) to cootro.I submission ofbab:h jobs on the mainframe. 

The Pes was developed within BLS using the command 
language of the mainframe editor available at the commercial 
data center used by the CPI pJUgtam. The Pes prompts the user 
for a sedes of job submissioD paramete%s and does I)'mbolic 
substitution (similar to that of the SAS Macro facility) in a JCL 

template. The PCS then allows 1IIe user 10 submit the job with 
the desired paramete%s ~y in place in the JCL. 

The Pes has served the CPI pl'Ogram well, but it does have 
some problems. Not every data center has the mainfr.uoe editor 
command language on whim the Pes is based. A DlDDber of 
problems have ~ wbeo the CPI program has ~uired 
data centers to instalI1IIe mainframe editor, ineluding I)'atem 

perfonnaoce problema and lack of support from data centec 
personnel because the product is WIfamiliar to them. In 
addition, the Pes is a very limited interface; basical1y it is an 
old style,line-by-line command based editor that can DOt 

support many desirabJe user inted_ tochniques. For example, 
to change a parameter after it has been enleled, the user has to 
ask explic:itly to make a change. The user is then led through the 
change process by yet another sedes of pmmpts. 

To ~ these problems, the CPI program is c:unently 
developing a new production control system, PCS/AII, based on 
SAS/AF software. Io the new pes/AIl I)'stem, each application 
will have associated with it a customized screen displaying a 
skeleton of all of the oeceuary job submiasioo parameters. The 
user will be able to use the cursor to move around the SCRen, 
entering and d1aoging pazameter eotrles at will before electing 
to submit the job. The capabililies of the old pes will be 
~ed, but the userintedace will be patiy improved. Each 
new app1ic:atioD will ~un only the developmeot of a job 
pazameterentry screen. PCS/AF will be _sible either 
Ihrougb modification of the COle program or Ihrough 
modification of individual screens. Vse of SAS/AII softwaIe 
will Dot ~ data cente%s to install addiliooal software, since 
any data center that wishes to providoo automated data 
processing services to the B~u must ~y offer ~ 
software and support. In addition, PCS/AII applicatioos may be 
ported to micros to minimize mainframe activities. Finally, 
pes/AIl will providoo a user friendly interface that will reduce 
operator fatigue and errors. The CPI program has already 
developed a wolking pes/AIl prototype for one of the . 

program's major subl)'SlemS. WOlk is uoderway to extend 
Pes/AF for WIe in the rest of the CPI program's subsystems 



(Phillips and Peer, 1m). 

Coavenlon to a Commercial RDBMS and Use ofN_ 
IDterfaees 

Ii$ mentioaecl pmously, the CPI program uaes the RAPID 
cIalabase management system in a1most an of its mainfIame 
1UbsyIIems. RAPID is a sopbisIicated product offering basic 
da!a managanent functioaa, a wealth of useful utilities, and 
excellent capabilities for storing statislical and IIIIrVeY data; Ii$ 

dt:scrlbed pmviously, the interface between the SAS system and 
RAPID is provided by a aeries of BLS-wtitIen SAS procedures 
that were developed in the CPI program. RAPID is not a 
canmetcially available product, and the CPI program's copy, as 
well as the procedIIRs that provide the interface with the SAS 
system, _ maintained solely in house. Maintenance in house 

has allowed the CPI program to achieve superior levels of 
optimiWion and bas also allowed the CJeaIion of new da!a types 

specially suited to the CPI program', data. Maintenanc;e and 
support of RAPID and the ~ that provide the inteJface 
with the SAS system _, however, highly complex and have 

sametimes plOVCII very difficult. Moreover, RAPID is an old 
system that is not truly mational and that does not support a 
StnJc:twed QueJy Language (SQL) consistent with curtent 
standards. 

To address these problems, the CPI program intends to replace 
the cunent database manager with a commercial relatioDal 
cIalabase management system (RDBMS). Using a commercial 
RDBMS will e1imin ate enlimy the need to maintain the system 

and support software. Using a COJIIIII=:iaI RDBMS would also 

Jecluce the need for user-written inlefface products. 'Ibe SAS 
system has buill-in inteJfaces for many major RDBMS p!Oducts. 
'Ibe availability of a SAS system iII1erface will greatly facililate 

the conveniOll ~ soun:e code dJanges may involve little 
mOle than rqXaclng the calls to BLS-written SAS interfac:e 
proc:ec11=a with DATA steps or calls to buill in SAS procedures 
Ihrough products anch as SAS/ACCESS® softwaze. In 
addition, the availabllir:y of PROC SQL should dramatically 
inCJaSe the <:apabiJilies of CPI production prooessing systems. 
Improved database access within the scope of the SAS system 

will inevitably enhance end uaer computing anch as researd1 
and analysis ac:tivities. The CPI program is curtenlly engaged 
in a pilot projeQ examining conversiOll of mainftune database 
sInIctuRS to DB2®, the Bureau standard for a mainframe 
RDBMS, in order to determine the scope and magnitude of such 
a project. 

Proposed 1m CPI RevlslOll Systems - £samples 

Since plaoDing activities for the next revisiOll are at an early 
stage, it sIill mnains unclear what the full scope of the 1997 
ftOvisiOll will be. The objectives of the survey and the mission 
of the program as a whole ftOmain unchanged, as does the 
overall objecIi.ve of improved accuracy and limelines& 'Ibe . 
cyde of infonnatim to be gathered mnains fundamentally the 
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same, though the methods of coI1ection, captuftI, and sublequent 
prooessing of data _ 6b1y to undergo significant changes. 

Some of these propoad changes in the form of potential 
systems are discussed below. 

'Ibe eolleclion of data in the field is anticipated to be computer 

assisted. Temted Computer Assisted Data Collection or 
Computer Aasisted Survey Infonnation Colleetion, the process 
is envisioned to be accomplished via notebook or pen-based 

computing. While this topic is beyond the scope of this paper, it 
is wmtby of note in that SAS software willlike1y not play a IOle 

other than, peDlaps, in WOJldoad sdleduling. Furthennore, a 
significant proportion of systems development staff lime may be 
spent on survey instrument software development and a host of 
da!a communication issues to transpoIt da!a from the field 
through intem\ediary minicomputers or cIirectly to national 
office minicomputers for assessment and cozrecIion and thence 
to the mainframe databases. Thua, development of other 
~g syReIu may be leIS ambitious in their lKlope. 

Data capture being perfonned at the point of collectiaa by 
personal eomputer deviees will eliminate the need for forms 

based systems. Thus, the time and ftOIIOIIl'CeS consumed in fonns 
generation, data captuIe and pzeliminary da!a editing _ viewed 
as diminishing in the new environment. 'Ibe implementation of 
an a1tem:ative RDBMS bas been pteviously diseussed, though 
there will still be the neeessity of moving data from 
minicomputer to the mainframe database, and new upload 
procedures may be RquUed. 

The mainframe poItiOllS of the CPI proc:essing system, the 
Housing Survey in particular, aR seen as undergoins additional 
major renovation shove and beyond the potential conversion of 
the mainframe RDBMS used. Some likely Houaing Survey 
systems to be written and implemented using SAS scltware_ 
deIcn"bed below. 

First, a sample must be aelected. While the sample seleetion 
itself may follow roughly the same model as used in the 
ptevious reviaion, the identification of primary and all shadow 
(altemate) samples will ftOSU1t in a data stmctuftO to be later used 
by a Sample Maintenance and Control System (SMCS). 'This 
SMCS, to be cleve10ped using SAS ~, is envisioned to 

include not only a master RDBMS clatahase with all sample 
related information from ssmple selection and initiation, but 

subsidiary pDcing databases whieh contain IIIIrVeY information 
for those samples being actively prioed. Ii$ a sample 
approaches deficieney, the SMCS will alert appropJiate 
RVi.ewers who will then have a variety of sample aetions, 
available. The SMCS, under statistical review and verification, 
will have the capability to optimally se1eet augmentation or 
rotation samples on a nonscheduled basis automatically. 'This is 
seen as improving the statiAical validity of the CPI in a more 
lime responsive manner. The SAS system is also seen as 
playing a sisJUficant role in Monnulation of major estimation 
systems, IIICh as the price mative calculation system. In this 



and otber CGlDpulIItion 1I)'Itoms, agnjfiemt chau .. in 
OIIinIalioll mocIeb, methods and alsotithms are projected, 
primarily for the Houaing Survey. 

Thus, wbiIe plans mnaln unfixed at this time. it is appa=u that 
the SAS II)'stem will mnaln. the bednJc,k of mainframe softwaxe 
arcbileclUre in the 1997 CPI with many new or replacement 
applications systems to be cIeveloped. Above and beyond 
systems mentioned and others yet to eome, the possibility of 
introd1!c:iDg multiplatfcmn proc:essing using SAS softwaxe will 
be explored. 

Potential Role of Distributed Processlog 

Sevczal factors suggest the possibility of a more dislribulcd 
proc:e.1IsiDg enviromnent for the procluc:tion system for the CPL 
Among these are the projected inc:reasiDg costs of mainlnune 
proc:essing, the proliferation of 386 and bigher arc:hitecture 
mad1ines available, the proc:urement of high speed WOlbtations 
to pezfcmn other proc:easiDg, the pottabiIity of Version 6 SAS 
applic:ation softwue across opelating systems and platforms, 
and impxovements in inteJplatfonn eommunication. Given 
these factors, the possibility of isolating c:eItain subsystems to 
selec1cd platfcmns and the interc:ommunication of parallel 
proc:e.1Ising results introduc:ed by subll)'stem independenc:c are 
seen as viable. solutions to lowering overall eosts of proc:e.1Ising 
as well as inipmving: the timeliness of the CPL There are a 
number of issues to be c:onsidered in such an endeavor, many of 
wbic:h have not been addressed as yeL Should Ibis distributed 
proc:e.1IsiDg bec:ome a reality, it is likely that SAS software will . 
play an even more promineot JOle in the CPI procIuc:tion II)'stem 
with its inc:reasing power, f1ex1'bi1ity. and capabilities realized 
through Mull1'Vendor Arc:hitec:bue'IM and expanding products. 

CONCLUSIONS 

Originally c:hosen as an a1temative to traditional programming 
langua .. in selec1cd applications, SAS software bec:ame the 
c:omeIStone of mainframe software architecture for the 
procluc:1ion proc:e.1Ising systems of the CPL Despite more rec:ent 
melhodologic:al problems in the implementation of stmc~ 
design tec:1miques using SAS softwue and the relatively high 
c:ost of version changes, the dec:ision is seen as remaining 
fundamentally SOIIIld given the benefits delived from the 
ehoic:e. It is anticipated that the CPI plOSJ8Ill will continue to 
use SAS software in the 1997 revision and beyond and that the 
progAlll will be increasingly able to take advantage of new 
products and fealUres in a multiplatfOJD1 envimnment as they 
bec:ome available. 
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