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What's New in SAS/OR 9.2

Overview

SAS/OR 9.2 continues the improvements delivered starting with SAS/OR 9.1.3 re-
lease 3.1 and release 3.2. Several new and enhanced features expand the scale and
scope of problems that SAS/OR can address. These enhancements also make it easier
for you to use the capabilities of SAS/OR. Brief descriptions of these new features
are presented in the following sections. For more information, see the SAS/OR doc-
umentation, available in the following volumes:

o SAS/OR User’s Guide: Bills of Material Processing
SAS/OR User’s Guide: Constraint Programming
SAS/OR User’s Guide: Local Search Optimization
SAS/OR User’s Guide: Mathematical Programming
SAS/OR User’s Guide: Project Management
SAS/OR User’s Guide: The QSIM Application

Online help can also be found under the corresponding classification.

The NETFLOW Procedure

The NETFLOW procedure for network flow optimization contains a new feature that
enables you to specify and solve generalized network problems. In generalized net-
works, the amount of flow that enters an arc might not equal the amount of flow that
leaves the arc, signifying a loss or a gain as flow traverses the arc. A new PROC
NETFLOW option, GENNET, indicates that the network is generalized. Generalized
networks have a broad range of practical applications, including the following:

transportation of perishable goods (weight loss due to drying)

financial investment account balances (interest rates)

e manufacturing (yield ratios)

electrical power generation (loss during transmission along lines)

Another new option, EXCESS=, enables you to use PROC NETFLOW to solve an
even wider variety of network flow optimization problems for both standard and gen-
eralized networks. As a result, PROC NETFLOW is equipped to deal with many
frequently encountered challenges to successful network flow optimization, such as
the following:
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e networks with excess supply or demand
e networks that contain nodes with unknown supply and demand values

e networks with nodes that have range constraints on supply and demand

In SAS/OR 9.2, the MPSOUT= option directs the NETFLOW procedure to save in-
put problem data in an MPS-format SAS data set. Invoking the MPSOUT= option
causes the NETFLOW procedure to output the data and halt without attempting opti-
mization. The MPS-format SAS data set corresponds closely to the MPS-format text
file (commonly used in the optimization community). Problems that are specified in
this format can be solved by using the OPTLP procedure.

The INTPOINT Procedure

In SAS/OR 9.2, the MPSOUT= option directs the INTPOINT procedure to save in-
put problem data in an MPS-format SAS data set. Invoking the MPSOUT= option
causes the INTPOINT procedure to output the data and halt without attempting opti-
mization. The MPS-format SAS data set corresponds closely to the MPS-format text
file (commonly used in the optimization community). Problems that are specified in
this format can be solved by using the OPTLP procedure.

The LP Procedure

In SAS/OR 9.2, the MPSOUT= option directs the LP procedure to save input problem
data in an MPS-format SAS data set. Invoking the MPSOUT= option causes the LP
procedure to output the data and halt without attempting optimization. The MPS-
format SAS data set corresponds closely to the MPS-format text file (commonly used
in the optimization community). Problems that are specified in this format can be
solved by using the OPTLP or OPTMILP procedure.

The OPTLP Procedure

The OPTLP procedure enables you to choose from three linear programming solvers:
primal simplex, dual simplex, and interior point (experimental). The simplex solvers
implement a two-phase simplex method, and the interior point solver implements a
primal-dual predictor-corrector algorithm.

The TIMETYPE= option enables you to specify the type of time (real time or
CPU time) that can be limited via the MAXTIME= option and reported via the
_OROPTLP_ macro variable.

PROC OPTLP accepts linear programming problems that are submitted in an MPS-
format SAS data set. The MPS-format SAS data set corresponds closely to the MPS-
format text file (commonly used in the optimization community). Problem data in
formats that are used by the LP, INTPOINT, and NETFLOW procedures can be con-
verted into MPS-format SAS data sets by using the new MPSOUT= option in each
of these procedures.
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New in SAS/OR 9.2, the experimental 1IS= option enables you to identify, for an
infeasible problem, constraints and variable bounds that form an irreducible infea-
sible set (IIS). Identifying an IIS can be very helpful in diagnosing and remedy-
ing infeasibility in a linear program. Information about the IIS is contained in the
PRIMALOUT= and DUALOUT= data sets.

Also new in SAS/OR 9.2, the value “2” for the PRINTLEVEL= option directs the
OPTLP procedure to produce an ODS table called “ProblemStatistics” in addition to
the “ProblemSummary” and “SolutionSummary” ODS tables that are produced for
PRINTLEVEL=1.

The OPTMILP Procedure

The OPTMILP procedure solves mixed-integer linear programming problems with
an LP-based branch-and-bound algorithm that has been completely rewritten for this
release. The algorithm also implements advanced techniques including presolvers,
cutting planes, and primal heuristics. The resulting improvements in efficiency enable
you to use PROC OPTMILP to solve larger and more complex optimization problems
than you could solve with previous releases of SAS/OR.

PROC OPTMILP accepts mixed-integer linear programming problems that are sub-
mitted in an MPS-format SAS data set.

New in SAS/OR 9.2, the value “2” for the PRINTLEVEL= option directs the
OPTMILP procedure to produce an ODS table called “ProblemStatistics” in addition
to the “ProblemSummary” and “SolutionSummary” ODS tables that are produced for
PRINTLEVEL=1.

The OPTMODEL Procedure

The OPTMODEL procedure provides a modeling environment that is tailored to
building, solving, and maintaining optimization models. This makes the pro-
cess of translating the symbolic formulation of an optimization model into PROC
OPTMODEL virtually transparent, since the modeling language mimics the symbolic
algebra of the formulation as closely as possible. PROC OPTMODEL also stream-
lines and simplifies the critical process of populating optimization models with data
from SAS data sets. All of this transparency produces models that are more easily
inspected for completeness and correctness, more easily corrected, and more easily
modified, whether through structural changes or through the substitution of new data
for old.

The OPTMODEL procedure comprises the powerful OPTMODEL modeling lan-
guage and state-of-the-art solvers for several classes of mathematical programming
problems.
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Seven solvers are available to OPTMODEL as listed in Table 1:
Table 1. List of OPTMODEL Solvers

Problem Solver
linear programming LP
mixed integer programming MILP
quadratic programming (experimental) QP
nonlinear programming, unconstrained NLPU
general nonlinear programming NLPC
general nonlinear programming SQP

general nonlinear programming (experimental) IPNLP

New in SAS/OR 9.2, the experimental IIS= option for the LP solver enables you to
identify, for an infeasible linear program, constraints and variable bounds that form
an irreducible infeasible set (IIS). Identifying an IIS can be very helpful in diagnosing
and remedying infeasibility in a linear program.

The OPTQP Procedure

The OPTQP procedure solves quadratic programming problems with a new infeasible
primal-dual predictor-corrector interior point algorithm. Performance is excellent for
both sparse and dense quadratic programming problems, and PROC OPTQP excels
at solving large problems efficiently.

PROC OPTQP accepts quadratic programming problems that are submitted in a QPS-
format SAS data set. The QPS-format SAS data set corresponds closely to the format
of the QPS text file (a widely accepted extension of the MPS format).

Earned Value Management Macros

The set of earned value management macros complements the current SAS/OR pro-
cedures for project and resource scheduling (PROC CPM and PROC PM) by provid-
ing diagnostic information about the execution of scheduled projects. Earned value
management (EVM) is growing in prominence and acceptance in the project man-
agement community due to its ability to turn information about partially completed
projects into valid, early projections of overall project performance. EVM measures
current project execution against the project execution plan on a cost and schedule
basis.

SAS/OR provides two sets of EVM macros: a set of four analytical macros to com-
pute EVM metrics, and a set of six macros to create graphical reports based on these
metrics. A wide variety of EVM metrics and performance projections, for both task-
by-task and project-wide evaluations, are supported.
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Microsoft Project Conversion Macros

The SAS macros %MDBTOPM and %MP2KTOPM have been used in previous
releases of SAS/OR to convert files saved by Microsoft Project 98 and Microsoft
Project 2000 (and later), respectively, into SAS data sets that can be used as input for
project scheduling with SAS/OR. Now these two macros are combined in the SAS
macro %MSPTOSAS, which converts Microsoft Project 98 (and later) data. This
macro generates the necessary SAS data sets, determines the values of the relevant
options, and invokes PROC PM in SAS/OR with the converted project data. The
9%MSPTOSAS macro enables you to use Microsoft Project for the input of project
data and still take advantage of the excellent project and resource scheduling capabil-
ities of SAS/OR.

In SAS/OR 9.2, the experimental %SASTOMSP macro converts data sets used by
the CPM and PM procedures into an MDB file that is readable by Microsoft Project.
The macro converts information that is common to both PROC CPM / PROC PM
and Microsoft Project, including hierarchical relationships, precedence relationships,
time constraints, resource availabilities, resource requirements, project calendars, re-
source calendars, task calendars, holiday information, and work-shift information. In
addition, the early and late schedules, the actual start and finish times, the resource-
constrained schedule, and the baseline schedule are also extracted and stored as start-
finish variables.

Execution of the %MSPTOSAS and %SASTOMSP macros requires SAS/ACCESS
software.

The GA Procedure

The GA procedure solves optimization problems through the use of genetic algo-
rithms. The procedure uses functions and call routines to set parameters such as
crossover operators and mutation probabilities for genetic algorithm optimization. In
SAS/OR 9.2, the routines that are used to specify procedure-supplied mutation and
crossover operators (SetMut and SetCross), objective functions (SetObj), and selec-
tion options (SetSel) have been revised to a more flexible and readable form. The
operator type is now specified as a parameter in these routines instead of being incor-
porated into the name of a separate call routine. Parameters for each operator type
are now specified as property name-value pairs.

Note: Several call routines that were available in SAS/OR 9.1.3 have been replaced
by new call routines and are not available in SAS/OR 9.2. Table 2 lists the routines
and their replacements.
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Table 2. PROC GA Routines Replaced in SAS/OR 9.2

New Routine Routines Replaced

Cross call CrossSimple call, Cross2Point call, CrossUniform call,
CrossArithmetic call, CrossHeuristic call, CrossOrder call,
CrossPMatch call, CrossCycle call

Mutate call MutDelta call, MutUniform call, MutSwap call, MutInvert call

SetCross call ~ SetCrossSimple call, SetCross2Point call, SetCrossUniform call,
SetCrossArithmetic call, SetCrossHeuristic call,
SetCrossOrder call, SetCrossPMatch call, SetCrossCycle call

SetMut call SetMutRoutine call, SetMutDelta call, SetMutUniform call,
SetMutSwap call, SetMutlnvert call

SetObj call SetObj TSP call

SetSel call SetSelTournament call, SetSelDuel call

In addition, the following new routines are provided:

e Objective function

e ReadCompare call

e SetCompareRoutine call
e SetObjFunc call

o SetProperty call

o ShellSort call

o Shuffle call

The Boolean encoding has been modified so that 0/1 values can be read from and writ-
ten to solution segments directly, instead of requiring the PackBits and UnpackBits
routines. In addition, each Boolean value is represented by one variable in a
LASTGEN= or FIRSTGEN= data set, similar to the other encodings.

If the FIRSTGEN= data set has a field named “OBJECTIVE,” then in the Initialize
call, the value of that field (if nonmissing) is used as the initial objective value for the
solution represented by that observation.

The default crossover and mutation probabilities have been changed to 0.
New options have been implemented for the Initialize call and the ReEvaluate call.

New in SAS/OR 9.2, the option LIBRARY= specifies an external library of routines.
The NOVALIDATE= and NOVALIDATEWARNING= options control the level of
feasibility checks performed by the GA procedure.
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The CLP Procedure (Experimental)

The CLP procedure features improved algorithms for the “alldifferent” constraint
as well as several extensions to the edgefinder algorithm for resource-constrained
scheduling. The EDGEFINDER option can now determine whether an activity must
be the first (last) to be scheduled from among a set of activities, while the NF= and
NL= options specify the level of propagation for the “not first” and “not last” ex-
tensions. A new activity selection strategy RIRAND and a corresponding activity
assignment strategy MAXTW have been added; these strategies tend to favor right-
justified schedules. The MAXTIME= option enables you to specify a time limit on
the CPU time for controlling execution times.
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Chapter 1
Using This Book

Purpose

SAS/OR User’s Guide: Bills of Material Processing provides a complete reference
for the bills of material processing tools in SAS/OR software. This book serves
as the primary documentation for the BOM procedure and the bill-of-material post-
processing macros. Chapter 2 describes the BOM procedure, and Chapter 3 describes
the bill-of-material post-processing macros.

“Using This Book™ describes the organization of this book and the conventions used
in the text and example code. To gain full benefit from using this book, you should
familiarize yourself with the information presented in this section and refer to it when
needed. “Additional Documentation” at the end of this section provides references to
other books that contain information on related topics.

Organization

Chapter 2 describes the BOM procedure. Chapter 3 and the Appendix describe
the Bill-of-Material Post-Processing Macros and a BOM Web example, respectively.
Each chapter description is self-contained; you need to be familiar with only the basic
features of the SAS System and SAS terminology to use most of them.

The following list summarizes the types of information provided for the BOM proce-
dure:

Overview provides a general description of what the procedure does.
It outlines major capabilities of the procedure and lists all
input and output data sets that are used with it.

Getting Started illustrates simple uses of the procedure using a few short
examples. It provides introductory hands-on information
for the procedure.
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Syntax constitutes the major reference section for the syntax of
the procedure. First, the statement syntax is summarized.
Next, a functional summary table lists all the statements
and options in the procedure, classified by function. In ad-
dition, the online version includes a Dictionary of Options,
which provides an alphabetical list of all options in the
BOM procedure. The PROC BOM statement is then de-
scribed, followed by a description of the STRUCTURE
statement.

Details describes the features of the procedure, including algorith-
mic details and computational methods. It also explains
how the various options interact with each other. This sec-
tion describes input and output data sets in greater detail,
with definitions of the output variables, and explains the
format of printed output, if any.

Examples consists of examples designed to illustrate the use of the
procedure. Each example includes a description of the
problem and lists the options highlighted by the exam-
ple. The example shows the data and the SAS statements
needed, and includes the output produced. You can du-
plicate the examples by copying the statements and data
and running the SAS program. The SAS Sample Library
contains the code used to run the examples shown in
this book; consult your SAS Software representative for
specific information about the Sample Library. A cross-
reference table at the end of the “Examples” section lists
all the options illustrated by the different examples in the
chapter.

References lists references that are relevant to the chapter.

Typographical Conventions

The printed version of SAS/OR User’s Guide: Bills of Material Processing uses vari-
ous type styles, as explained by the following list:

roman is the standard type style used for most text.



Conventions for Examples ¢+ 5

UPPERCASE ROMAN is used for SAS statements, options, and other SAS lan-
guage elements when they appear in the text. However,
you can enter these elements in your own SAS code in
lowercase, uppercase, or a mixture of the two. This style
is also used for identifying arguments and values (in the
Syntax specifications) that are literals (for example, to de-
note valid keywords for a specific option).

UPPERCASE BOLD s used in the “Syntax” section to identify SAS keywords
such as the names of procedures, statements, and options.

bold is used in the “Syntax” section to identify options.

helvetica is used for the names of SAS variables and data sets when
they appear in the text.

oblique is used for user-supplied values for options (for example,
DUPLICATE= dup).

italic is used for terms that are defined in the text, for emphasis,
and for references to publications.

monospace is used to show examples of SAS statements. In most
cases, this book uses lowercase type for SAS code. You
can enter your own SAS code in lowercase, uppercase, or
a mixture of the two. This style is also used for values of
character variables when they appear in the text.

Conventions for Examples

Most of the output shown in this book is produced with the following SAS System
options:

options linesize=80 pagesize=60 nonumber nodate;

In addition, the graphics output shown in Chapter 2 is produced with the following
options:

Printed Version

goptions hpos=80 vpos=32;

Online Version

goptions hpos=80 vpos=32 ypixels=800;

The remaining graphics options used in this book depend on the example that creates
the output. The general options for the graphics output of Example 2.1 are as follows:

goptions hsize=5.75 in vsize=4.0 in;
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In addition, the following GOPTIONS and PATTERN statements are used to create
the online (color) output for this example:

goptions cback=ligr;
patternl v=s c=blue;
pattern2 v=e c=red;
pattern3 v=e c=magenta;
patternd4 v=e c=blue;
pattern5 v=e c=cyan;

The following PATTERN statement is used to create the black-and-white output,
which appears in the printed version of the manual.

patternl c=gray v=s r=5;
The general options for the graphics output of Example 2.2 are as follows:
goptions hsize=5.75 in vsize=8.0 in;

In addition, the following GOPTIONS and PATTERN statements are used to create
the online (color) output for this example:

goptions cback=ligr;
patternl v=e c=blue;
pattern2 v=e c=red;
pattern3 v=e c=magenta;
patternd4 v=e c=blue;
pattern5 v=e c=cyan;

The following PATTERN statement is used to create the black-and-white output,
which appears in the printed version of the manual.

patternl c=black v=e r=5;

Accessing the SAS/OR Sample Library

The SAS/OR sample library includes many examples that illustrate the use of
SAS/OR software, including the examples used in this documentation. To access
these sample programs, select Learning to Use SAS->Sample SAS Programs from
the SAS Help and Documentation window, and then select SAS/OR from the list
of available topics.
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Online Help System and Updates

You can access online help information about SAS/OR software in two ways, de-
pending on whether you are using the SAS windowing environment in the command
line mode or the pull-down menu mode.

If you are using a command line, you can access the SAS/OR help menus by typing
help or on the command line. If you are using the pull-down menus, you can select
SAS Help and Documentation->SAS Products from the Help pull-down menu, and
then select SAS/OR from the list of available topics.

Additional Documentation for SAS/OR Software

In addition to SAS/OR User’s Guide: Bills of Material Processing, you may find these
other documents helpful when using SAS/OR software:

SAS/OR User’s Guide: Constraint Programming
provides documentation for the constraint programming procedure in SAS/OR soft-
ware. This book serves as the primary documentation for the CLP procedure, an
experimental procedure in SAS/OR software.

SAS/OR User’s Guide: Local Search Optimization
provides documentation for the local search optimization procedure in SAS/OR soft-
ware. This book serves as the primary documentation for the GA procedure, which
uses genetic algorithms to solve optimization problems.

SAS/OR User’s Guide: Mathematical Programming
provides documentation for the mathematical programming procedures in SAS/OR
software. This book serves as the primary documentation for the INTPOINT, LP,
NETFLOW, and NLP procedures, in addition to the newer OPTMODEL, OPTLP,
OPTQP, and OPTMILP procedures, the various solvers called by the OPTMODEL
procedure, and the MPS-format SAS data set specification.

SAS/OR User’s Guide: Project Management
provides documentation for the project management procedures in SAS/OR soft-
ware. This book serves as the primary documentation for the CPM, DTREE,
GANTT, NETDRAW, and PM procedures, the earned value management macros,
the Microsoft Project conversion macros, and the PROJMAN application.

SAS/OR User’s Guide: The QSIM Application
provides documentation for the QSIM Application, which is used to build and analyze
models of queueing systems using discrete event simulation. This book shows you
how to build models using the simple point-and-click graphical user interface, how
to run the models, and how to collect and analyze the sample data to give you insight
into the behavior of the system.

SAS/OR Software: Project Management Examples, Version 6
contains a series of examples that illustrate how to use SAS/OR software to man-
age projects. Each chapter contains a complete project management scenario and
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describes how to use PROC GANTT, PROC CPM, and PROC NETDRAW, in addi-
tion to other reporting and graphing procedures in the SAS System, to perform the

necessary project management tasks.

SAS/IRP User’s Guide: Inventory Replenishment Planning
provides documentation for SAS/IRP software. This book serves as the primary doc-
umentation for the IRP procedure for determining replenishment policies, as well as
the %IRPSIM SAS programming macro for simulating replenishment policies.
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Chapter 2
The BOM Procedure

Overview: BOM Procedure

The BOM procedure performs bill-of-material processing. It reads all product struc-
ture records from a product structure data file and all part “master” records from a
part master file, and composes the combined information into indented bills of mate-
rial. In addition, PROC BOM can also output a summarized parts list, which lists all
items and their total quantities required (needed to be made or ordered) in order to fill
a given production plan. A production plan is an agreed-upon plan that comes from
the aggregate planning function; specifically, it is the overall level of manufacturing
output planned to be produced for each product family in each planning period (Cox
and Blackstone, J. H., Jr. 1998). Production plan information can be included in the
part master file.

According to Cox and Blackstone, J. H., Jr. (1998), a product structure record defines
the relationship of one component to its immediate parent. It also contains fields for
quantity required, scrap factor, lead-time offset, engineering effectivity, and so on.
A part master record typically contains identifying and descriptive data such as part
number and part description, and control values (for instance, lead time, lot size, cost,
etc.). It may contain “dynamic” data such as inventory status (for instance, quantities
on hand) and production plan data (for instance, requirements, due dates, etc.). Part
master records are linked by product structure records or bill of material records, thus
defining the bill of material.

Also based on Cox and Blackstone, J. H., Jr. (1998), a bill of material (BOM) for an
item is a list of all items, ingredients, or materials needed to make one production
run of the given item. The bill of material may also be called the formula, recipe, or
ingredients list in certain process industries. The way in which the bill of material
data are organized and presented is called the structure of the bill of material or the
structure of the product.

A variety of display formats is available for bills of material. The simplest format
is the single-level bill of material. It consists of a list of all components that are
directly used in a parent item. It shows only the relationships one level down. On the
other hand, a multilevel bill of material provides a display of all components that are
directly or indirectly used in a parent item. When an item is a subcomponent, blend,
intermediate, etc., then all of its components are also exhibited, down to purchased
parts and raw materials.

An indented bill of material is one form of a multilevel BOM. It exhibits the high-
est level parent item as level 0, and all components going into this parent item are
indented as level 1. All subsequent components are indented one level below their
parent items; that is, the level number is increased by 1. If an item is used in more
than one parent within a given product structure, it appears more than once, under
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every subassembly in which it is used. You can view an indented bill of material as
a family tree with multiple levels. The summarized bill of material is another form
of a multilevel bill of material. It lists all the items and their quantities that are used
in a given product structure. Unlike the indented bill of material, it does not list the
level numbers of items and does not illustrate the parent-component relationships.
Moreover, the summarized bill of material lists each item only once for the total
quantity required. Refer to Cox and Blackstone, J. H., Jr. (1998) for further details.

The input data sets used by the procedure are the Product Structure data set and the
Part Master data set. The Product Structure data set contains all product structure
records, and the Part Master data set contains all part master records for a product,
product line, plant, or company. You can combine the product structure data and the
part master data into one input data set and assign it as the Product Structure data set;
the BOM procedure assumes that all the part master information is also available in
this combined data set.

The Indented BOM output data set produced by PROC BOM contains all indented
bills of material for the product, product line, plant, or company. This data set is
organized in such a manner that it can be easily retrieved and manipulated to gener-
ate reports, and can also be used by other SAS/OR procedures to perform additional
analysis. See Example 2.1 on page 38 and Example 2.2 on page 42 as examples of
using the NETDRAW procedure to draw a tree diagram for an indented bill of mate-
rial. Chapter 3, “Bill-of-Material Post-Processing Macros,” describes a collection
of SAS macros that use the Indented BOM data set as input data to create reports or
perform specialized transactions for maintaining the bills of material.

The BOM procedure can optionally produce a Summarized Parts output data set.
This output data set lists all items and their quantities required (needed to be made or
ordered) to fill the production plan specified in the part master file. This list is useful
in gross requirements planning and other applications.

Getting Started: BOM Procedure

The ABC Lamp Company product line example from Fogarty, Blackstone, and
Hoffmann (1991) illustrates the basic features of PROC BOM. The Part Master data
set, PMaster0, displayed in Figure 2.1, contains the part master records for all items
in the company. Each master record contains the part number (denoted by the Part
variable) and the part description (denoted by the Desc variable) for an item. It also
contains data on unit of measure (denoted by the Unit variable) for the item. The
Product Structure data set, ParComp0, displayed in Figure 2.2, contains all product
structure records in the company. Each product structure defines a parent-component
relationship. The Parent variable contains the part number for the parent item and
the Component variable contains the part number for the component. The QtyPer
variable contains the quantity per assembly for the parent-component relationship.

The values for the Parent and Component variables are linked by the value of the
Part variable in the Part Master data set to define the parent-component relationship.
For example, in the 11th observation of the data set ParComp0 (as displayed in
Figure 2.2), the value Y1100’ for the Parent variable is linked to the first observa-
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tion of the data set PMaster0 (as displayed in Figure 2.1), which provides the part
description and unit of measure for the parent item. Similarly, the value of *2100’
for the Component variable is linked to the eighth observation of the part master
file providing the master data for the component. Therefore, the parent-component
relationship that is represented in the 11th observation of the product structure data
set, ParComp0, should be interpreted as: each finished shaft uses 26 inches of 3/8
steel tubing.

L

ABC Lamp Company

Part Master Data Set

Obs Part Desc Unit
1 1100 Finished shaft Each
2 1200 6-Diameter steel plate Each
3 1300 Hub Each
4 1400 1/4-20 Screw Each
5 1500 Steel holder Each
6 1600 One-way socket Each
7 1700 Wiring assembly Each
8 2100 3/8 Steel tubing Inches
9 2200 1l6-Gauge lamp cord Feet

10 2300 Standard plug terminal Each
11 Al00 Socket assembly Each
12 B100 Base assembly Each
13 LAO1 Lamp LA Each
14 s100 Black shade Each

13

Figure 2.1. Part Master File (PMaster0)

ABC Lamp Company

Product Structure Data Set

oty
Obs Parent Component Per
1 LAO1 B100 1

2 LAO1 S100 1

3 LAO1 Al00 1

4 B100 1100 1

5 B100 1200 1

6 B100 1300 1

7 B100 1400 4

8 Al100 1500 1

9 Al00 1600 1
10 Al00 1700 1
11 1100 2100 26
12 1500 1400 2
13 1700 2200 12
14 1700 2300 1

Figure 2.2. Product Structure File (ParComp0)
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The following code invokes PROC BOM to produce the indented bill of material for
the product *LA01’ and the summarized parts list for the production plan in which
1 unit of *LAO01" is planned in the current planning period (period 1).

/* Create the indented BOM and summarized parts list */
proc bom data=ParComp0 pmdata=PMaster0
out=IndBOMO summaryout=SumBOMO;
structure / part=Part
parent=Parent
component=Component
quantity=QtyPer
id=(Desc Unit);
run;

The Indented BOM data set, INndBOMO, is displayed in Figure 2.3. This data set
contains the indented bill of material for the product *LA01’ . Each record or obser-
vation in this data set contains product structure data: the part number for the parent
item is contained in the _Parent_ variable, the part number for the component is
contained in the _Part_ variable, and the quantity per assembly is contained in the
QtyPer variable. It also contains the part master data (Desc and Unit variables)
from the Part Master data set for the component identified by the _Part_ variable. If
a component is used in more than one parent item, it appears in multiple records. For
example, the item 1/4-20 Screw (part number *1400) is used in both Base
assembly (part number ‘B100’) and Steel holder (part number *1500');
this item occurs in records identified by the values 6 and 10 for the variable Part_ID.

ABC Lamp Company

Indented Bill of Material, Part LAO1l

_ Q P

_ P t a P

L a _ (o] y r a _
e r P t _ e r P
v e a D y P 1) n t r

e n r e P r n _ _ o

1 t t s e o i I I d
_ _ _ c r d t D D _

0 LAO1 Lamp LA . 1 Each . 0 LAO1
1 LAO1 B100 Base assembly 1 1 Each 0 1 LAO1
2 B100 1100 Finished shaft 1 1 Each 1 2 LAO1
3 1100 2100 3/8 Steel tubing 26 26 Inches 2 3 LAO1
2 B100 1200 6-Diameter steel plate 1 1 Each 1 4 LAO1
2 B100 1300 Hub 1 1 Each 1 5 LAO1
2 B100 1400 1/4-20 Screw 4 4 Each 1 6 LAO1
1 LAO1 S100 Black shade 1 1 Each 0 7 LAO1
1 LAO1 Al100 Socket assembly 1 1 Each 0 8 LAO1
2 Al00 1500 Steel holder 1 1 Each 8 9 LAO1
3 1500 1400 1/4-20 Screw 2 2 Each 9 10 LAO1
2 Al00 1600 One-way socket 1 1 Each 8 11 LAO1
2 Al00 1700 Wiring assembly 1 1 Each 8 12 LAO1
3 1700 2200 16-Gauge lamp cord 12 12 Feet 12 13 LAO1
3 1700 2300 Standard plug terminal 1 1 Each 12 14 LAO1

Figure 2.3. Indented Bill of Material (IndBOMO)




Getting Started: BOM Procedure

As discussed in the section “Overview: BOM Procedure” on page 11, each indented
bill of material can be illustrated by a family tree. In fact, each record in the Indented
BOM data set corresponds to a node in this tree. Figure 2.4 displays the tree diagram
for the indented bill of material in the INndBOMO data set. Each tree node or record
is uniquely identified by a sequence or ID number that is assigned to it by the proce-
dure. The Part_ID variable contains this ID number for each record. The Paren_ID
variable contains the sequence number for the parent node or parent record. A parent
record for a given record is the record that defines the parent node of the node de-
fined by the given record. For example, the parent record of record 6 in the data set
INndBOMO is record 1, while record 9 is the parent record of record 10. Record 0 has
no parent record.

Bill of Material Tree Diagram

L_AO1
3 - =
B100O S100 ATOO
= 3 = [ =3 £=1 11 1=
1100 1200 1300 1400 1500 16800 1700

Node shows Sequence Number and Part Number

Figure 2.4. Tree Diagram for the Bill of Material for LAO1

The INndBOMO data set contains other data: The —_Level_ variable denotes the in-
denture level number for each node or record. The root node with the sequence
number 0 is at level 0, and the level numbers increase as you look down the tree. The
—Prod_ variable contains the part number of the end item. The Qty_Prod variable
contains the gquantity per product, that is, the quantity of the component identified
by the _Part_ variable required to make one unit of the end item *LAO01’. Note
that in this particular example, the values of the Qty_Prod variable are identical
to the values of the QtyPer variable. This is because the quantities per assembly
for all the parent-component relationships are 1, except for relationships *B100" -
‘14007, *1100'-"2100", Y15007-31400", Y1700"-12200". The compo-
nents (11400, *2100’,and *2200") of these parent-component relationships do
not have any subcomponents themselves.

L
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Figure 2.3, as well as Figure 2.4, shows that the Indented BOM data set lists all
the records in depth-first order. This scheme lists tree nodes from top to bottom
and from left to right. For example, item *1100’ is listed directly after its par-
ent, ‘B100’, and before items *S100’ and ‘A100’ (the right siblings of item
*B100’). Similarly, item ‘2100 is listed directly after item Y1100’ and before
items *1200’, *1300’,and 1400’ . Refer to Aho, Hopcroft, and Ullman (1983)
for details about depth-first ordering. See the section “Indented BOM Data Set” on
page 28 for details regarding the records in this data set.

ABC Lamp Company

Summarized Parts List, Period 1

_Part_ Low _Code Gros_Req On_Hand Net_Req Desc Unit
1100 2 1 0 1 Finished shaft Each
1200 2 1 0 1 6-Diameter steel plate Each
1300 2 1 0 1 Hub Each
1400 3 6 0 6 1/4-20 Screw Each
1500 2 1 0 1 Steel holder Each
1600 2 1 0 1 One-way socket Each
1700 2 1 0 1 Wiring assembly Each
2100 3 26 0 26 3/8 Steel tubing Inches
2200 3 12 0 12 16-Gauge lamp cord Feet
2300 3 1 0 1 Standard plug terminal Each
Al00 1 1 0 1 Socket assembly Each
B100 1 1 0 1 Base assembly Each
LAO1 0 1 0 1 Lamp LA Each
s100 1 1 0 1 Black shade Each

Figure 2.5. Summarized Parts List (SumBOMO)

The Summarized Parts data set, SUmBOMO, is displayed in Figure 2.5. This data
set, which has been sorted by the _Part_ variable, has a record for each item in
the ABC Lamp Company’s product line. Each record contains the part master data
from the Part Master data set, PMaster0. The _Part_, Desc, and Unit variables
contain the part number, part description, and unit of measure, respectively, for each
item. It also contains some other data: The Low_Code variable denotes the low-
level code of the item. The low-level code for an item is a number that indicates the
lowest level in any bill of material at which this item appears. For example, item
*1400" appears at levels 2 and 3 in this example; thus, its low-level code is 3. The
low-level codes are necessary to make sure that the net requirement for a given item
is not calculated until all the gross requirements have been calculated down to that
level. The On_Hand variable contains the quantity of the item currently on hand.
Since the part master file (as shown in Figure 2.1) does not contain any quantity on
hand information, the procedure assumes that this variable is O for all items. The
Gros_Req and Net_Req variables contain the gross and net requirements, respec-
tively. Again, since the PMasterQ data set does not provide any production plan
information, PROC BOM assumes that the final product, *LA01", is the only master
schedule item and the gross requirement for this item is 1 unit. The net requirement
for item ‘LAO1’ is the gross requirement (1) minus the quantity on hand (0). The
gross and net requirements of the other items are then calculated sequentially:
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‘B100’ Base assembly (1 per lamp)

Gross requirement

(= net requirement of *LAOL1’" X quantity per assembly)
Quantity on hand

Net requirement

‘1100’ Finished shaft (1 per base assembly)

Gross requirement

(= net requirement of *‘B100’ X quantity per assembly)
Quantity on hand

Net requirement

2100’ 3/8 Steel tubing (26 inches per shaft)

Gross requirement

(= net requirement of *1100’ X quantity per assembly)
Quantity on hand

Net requirement

If an item (such as item *1400’ in this example) is used in more than one assembly,
the gross requirement is the total needed in all assemblies where it is used. See the
section “Summarized Parts Data Set” on page 34 for details about determining the

gross and net requirements.

Recall that the Part Master data set (as shown in Figure 2.1) does not contain any
quantity on hand and requirement information, and item ‘LAQO1’ is the only final
product. Thus, in this example, the summarized parts list (as displayed in Figure 2.5
on page 16) is actually the same as the summarized bill of material for item ‘LAO1",

I1x1=1

1x26 =26
-0

26

with the gross (or net) requirement representing the total usage of each item.

L
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Syntax: BOM Procedure

The following statements are available in PROC BOM.

PROC BOM options ;

STRUCTURE / options ;

Functional Summary

The following table outlines the options available for the BOM procedure.

Table 2.1. PROC BOM Options

Task Statement Option

Data Set Specification

Product Structure input data set PROC BOM DATA=

Part Master input data set PROC BOM PMDATA=
Indented BOM output data set PROC BOM OUT=
Summarized Parts output data set PROC BOM SUMMARYOUT=
Part Master Information Specification

ID variables STRUCTURE ID=

lead time variable STRUCTURE LEADTIME=
part variable STRUCTURE PART=

quantity on hand variable STRUCTURE QTYONHAND=
gross requirement variable STRUCTURE REQUIREMENT=
Problem Size Options

do not use utility data set PROC BOM NOUTIL
number of items PROC BOM  NPARTS=
number of product structure records PROC BOM NRELTS=
Product Structure Specification

end items STRUCTURE ENDITEM=
Identical Relationships Handling Specification

handling of identical product structure records PROC BOM DUPLICATE=
Relationship Information Specification

component variables STRUCTURE COMPONENT=
scrap factor variables STRUCTURE FACTOR=
lead-time offset variables STRUCTURE OFFSET=
parent variable STRUCTURE PARENT=
quantity per assembly variables STRUCTURE QUANTITY=
RID variables STRUCTURE RID=
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PROC BOM Statement

PROC BOM options ;

The PROC BOM statement invokes the procedure. You can specify the following
options in the PROC BOM statement.

DATA=SAS-data-set

PSDATA=SAS-data-set
names the input SAS data set that contains all the product structure records (parent-
component relationship, quantity per assembly, scrap factor, etc.) for a product, prod-
uct line, plant or company. More than one product structure record can be specified
in one observation if they have the same parent item. This data set is also referred
to as the Product Structure data set, the Single-level BOM data set, or the Parent-
Component Relationship Structure data set. See the section “Product Structure Data
Set” on page 26 for information about the variables that can be included in this data
set. If you do not specify the DATA= option, PROC BOM uses the most recently
created SAS data set as the input data set.

DUPLICATE=dup
specifies how to handle identical product structure records in the Product Structure
data set. Two product structure records are called identical if they have exactly the
same values for the parent, component, lead-time offset, and all the RID variables.
The values allowed for this option are

COMBINE

combines the values of the quantity per assembly and scrap factor of all identi-
cal product structure records together. See the section “Product Structure Data
Set” on page 26 for details about how the procedure combines identical product
structure records. The default value is COMBINE.

DISCARD

discards all identical product structure records except the first one.

KEEP

keeps all identical product structure records.

NOUTIL

specifies that the procedure should not use utility data sets for memory management.
By default, the procedure resorts to the use of utility data sets and swaps between core
memory and utility data sets as necessary if the number of part master or product
structure records in the input data sets is larger than the number of part master or
product structure records for which memory is initially allocated in core. Specifying
this option causes the procedure to increase the memory allocation; if the problem is
too large to fit in core memory, PROC BOM stops with an error message.

NPARTS=nparts
specifies the number of part master records for which memory is initially allocated
in core by the procedure. This enables PROC BOM to make better use of available
memory. See the section “Computer Resource Requirements” on page 38 for details.
The default value is the number of observations in the Part Master data set.
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NRELTS=nrelts

NRELATIONSHIPS=nrelts
specifies the number of product structure records for which memory is initially al-
located in core by the procedure. This enables PROC BOM to make better use of
available memory. See the section “Computer Resource Requirements” on page 38
for details. The default value is nobs x ncomp, where nobs is the number of obser-
vations in the Product Structure data set and ncomp is the number of the Component
variables.

OUT=SAS-data-set

INDBOM=SAS-data-set
specifies a name for the output SAS data set that contains the indented bills of material
for all final products in the input data sets or all end items specified in the ENDITEM=
option. This data set is also referred to as the Indented BOM data set. See the section
“Indented BOM Data Set” on page 28 for information about the variables that are
included in this data set. If the OUT= option is omitted, the SAS System creates a
data set and names it according to the DATAn naming convention.

PMDATA=SAS-data-set

PMASTER=SAS-data-set
names the input SAS data set that contains all the part (item) master records for a
product, product line, plant or company. Each observation in this data set contains
one part master record. This data set is also referred to as the Part Master data set. See
the section “Part Master Data Set” on page 24 for information about the variables that
can be included in this data set. If you do not specify the PMDATA= option, PROC
BOM assumes that the part master data are also included in the Product Structure
input data set.

SUMMARYOUT=SAS-data-set

SUMPART=SAS-data-set
specifies a name for the output SAS data set that contains the summarized parts list
for the production plan specified in the Part Master data set. This data set is also
referred to as the Summarized Parts data set. See the section “Summarized Parts
Data Set” on page 34 for information about the variables that are included in this data
set. If the SUMMARYOUT= option is omitted, PROC BOM does not produce the
summarized parts list.

STRUCTURE Statement
STRUCTURE / options ;

The STRUCTURE statement lists the variables in the Product Structure and the
Part Master input data sets. The main variable in the Part Master data set is the
Part variable; the main variables in the Product Structure data set are the Parent
and Component variables. If all the part master data are contained in the Product
Structure data set, you need not specify a Part Master data set.

If two separate input data sets are specified, you must specify both a Part variable
and a Parent variable. Otherwise, you may specify either a Parent variable or a
Part variable, or both. You must always specify at least one Component variable.
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The number of Component variables specified must be equal to the number of the
product structure records (number of relationships specified) in each observation of
the Product Structure data set. All other variables are optional. However, if you
specify the Quantity, Offset, or Factor variables, you must have the same number
of these variables as the number of Component variables.

In this statement, you can also explicitly specify the items that are to be used as the
end (level-0) items.

COMPONENT=(variables)

COMP=(variables)
specifies variables in the Product Structure input data set that contain the part numbers
(identifications) of the components that are directly used in the common parent item
identified by the Parent variable. These variables are also referred to as Component
variables. The Component variables must be of the same type, format, and length as
the Part variable in the Part Master data set. At least one Component variable must
be specified.

Note: This variable is case-sensitive when it is in character format.

ENDITEM=(enditems)

specifies the items that are to be used as the highest level or level-0 items (also re-
ferred to as end items) in the indented bills of material. In other words, this option
can be used to construct indented bills of material and summarized parts list for sub-
assemblies. The values for enditems must be either numbers (if the Part variable is
numeric) or quoted strings (if the Part variable is character). If you do not specify
this option, the procedure assumes every final product (finished good) is an end item
and builds an indented bill of material for it.

FACTOR=(variables)

SFACTOR=(variables)
identifies variables in the Product Structure data set that contain the scrap factor infor-
mation for each product structure record with the parent item identified by the Parent
variable and the component identified by each of the Component variables; the ith
factor variable corresponds to the ith Component variable. The scrap factor is used
to increase the gross requirement to account for anticipated loss within the manufac-
ture of a particular parent item (Cox and Blackstone, J. H., Jr. 1998). These variables
are also referred to as the Factor variables. The variables specified must be numeric
and the number of Factor variables must be equal to the number of Component
variables. If you do not specify this option, PROC BOM assumes the scrap factors
for all product structure records to be 0.

ID=(variables)
identifies all variables in the Part Master data set that are not specified in the
LEADTIME=, PART=, QTYONHAND=, or REQUIREMENT= options, and are to
be included in the Indented BOM and the Summarized Parts output data sets. These
variables are also referred to as ID variables. An ID variable cannot be named as:
Gros_Req, _Level_, L_Offset, Low_Code, Net_Req, On_Hand, _Parent_,
Paren_ID, _Part_, Part_ID, _Prod—, Qty_Per, Qty_Prod, S_Factor,
Tot_Lead, or Tot_Off. This option is useful for carrying any identifying and
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descriptive information (part description, unit of measure, etc.) and control values
(lot size, unit cost, etc.) about each item (identified by the Part variable) from the
Part Master data set to the output data sets.

LEADTIME=variable

DUR=variable
identifies the variable in the Part Master data set that contains the lead time informa-
tion for the item identified by the Part variable. The lead time of an item is the length
of time between recognition of the need for an order and the receipt of the goods.
Individual components of lead time can include order preparation time, queue time,
processing time, move or transportation time, and receiving and inspection time (Cox
and Blackstone, J. H., Jr. 1998). This variable is also referred to as the LeadTime
variable. The variable specified must be numeric. If you do not specify this option,
PROC BOM assumes the lead time for each item to be 0. On the other hand, if this
option is specified, the procedure creates a new variable, Tot_Lead, in the Indented
BOM data set to contain the total lead time. See the section “Indented BOM Data
Set” on page 28 for details about the calculation of the total lead time.

OFFSET=(variables)

LTOFFSET=(variables)
identifies variables in the Product Structure data set that contain the lead-time offset
information for each product structure record with the parent item identified by the
Parent variable and the component identified by each of the Component variables;
the ith offset variable corresponds to the ith Component variable. The lead-time
offset can be used to control when materials are issued to a work center as well as
to determine the need date when planning, purchasing, or manufacturing a particular
component (Clement, Coldrick, and Sari 1992). These variables are also referred to
as the Offset variables. The variables specified must be numeric and the number of
Offset variables must be equal to the number of Component variables. If you do
not specify this option, PROC BOM assumes the lead-time offsets for all product
structure records to be 0. On the other hand, if this option is specified, the procedure
creates a variable, Tot_Off, in the Indented BOM data set to contain the total offset.
See the section “Indented BOM Data Set” on page 28 for details about the calculation
of the total offset.

Note: The lead-time offset and the total offset can be expressed in units that are
different from the lead time.

PARENT=variable

specifies the variable in the Product Structure data set that contains the part number
or identification for the immediate parent item of the components identified by the
Component variables. This variable is also referred to as the Parent variable. The
Parent variable must be of the same type, format, and length as the Part variable in
the Part Master data set. You must specify this option whenever a Part Master data
set is explicitly specified in addition to the Product Structure data set. On the other
hand, if a Part Master data set is not specified, the Parent variable is not necessary; if
this variable is not specified, the procedure assumes that it is the same as the variable
specified in the PART= option.

Note: This variable is case-sensitive when it is in character format.
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PART=variable

ITEM=variable
specifies the variable in the Part Master data set that contains the part number or
identification. This variable is also referred to as the Part variable. The Part variable
can be either character or numeric. You must specify this option whenever a Part
Master data set is specified in addition to the Product Structure data set. Otherwise,
the Part variable is not necessary; if this variable is not specified, the procedure
assumes that it is the same as the variable specified in the PARENT= option.

Note: This variable is case-sensitive when it is in character format.

QTYONHAND-=variable

INVENTORY=variable
identifies the variable in the Part Master data set that contains the quantity currently
on hand for the item identified by the Part variable. This variable is also referred to
as the QtyOnHand variable. The QtyOnHand variable must be numeric. If you do
not specify the QtyOnHand variable, the procedure assumes that you do not have
any items on hand.

QUANTITY=(variables)

QTYPER=(variables)
identifies variables in the Product Structure data set that contain the quantity per
assembly information for each product structure record with the parent item identified
by the Parent variable and the components identified by each of the Component
variables; the ith quantity variable corresponds to the ith Component variable. The
quantity per assembly for a given parent-component relationship is the quantity of the
component to be used in the production of 1 unit of the parent item. These variables
are also referred to as the Quantity or QtyPer variables. The variables specified must
be numeric and the number of Quantity variables must be equal to the number of
Component variables. If you do not specify these variables, the procedure assumes
that you need 1 unit of each listed component identified by a Component variable to
make 1 unit of the parent item identified by the Parent variable.

REQUIREMENT=variable

GROSSREQ=variable
identifies the variable in the Part Master data set that contains the gross requirement
(the quantity planned to be produced in a production plan) for the item identified
by the Part variable. This variable is also referred to as the Requirement variable
and must be numeric. If you do not specify this option, the procedure assumes that
the gross requirements for all items are missing except for the final products or end
items. All final products or end items are assumed to have gross requirements of 1
unit. In other words, if the Part Master data set does not contain the production plan
information, PROC BOM uses a default production plan in which each end item has
a requirement of 1 unit. The procedure uses the specified (or assumed) values of the
Requirement variable to calculate the gross requirements for all other items. These
values are saved in the Requirement variable in the Summarized Parts output data
set if the SUMMARYOUT= option is specified. If the REQUIREMENT= option is
not specified, the Summarized Parts data set uses the default name, Gros_Req. See
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the section “Summarized Parts Data Set” on page 34 for details on the calculation of
the gross requirements.

RID=(variables)

identifies all variables in the Product Structure data set that are not specified in the
COMPONENT=, FACTOR=, OFFSET=, PARENT=, or QUANTITY= options, and
are to be included in the Indented BOM data set. These variables are also referred
to as RID variables. The RID variables cannot be named as: _Level_, L_Offset,
—Parent_, Paren_ID, _Part_, Part_ID, _Prod—, Qty_Per, Qty_Prod,
S_Factor, Tot_Lead, or Tot_Off. This option is useful for carrying other informa-
tion stored in a product structure record to the Indented BOM data set. This typically
includes engineering effectivity, operation number, reference designator, and line
sequence number.

The number of RID variables specified must be a multiple of the number of the
Component variables. If you specify m RID and n Component variables as

component= (COMP1-COMPn)
RID=(VAR1-VARmM)

the procedure distributes these m RID variables to each product structure record with
the parent item identified by the Parent variable and the component identified by
each of the Component variables in the following manner:

component 1st RID variable 2nd RID variable ... kth RID variable
COMP, VAR, VAR, +1 VAR, —n+1
COMP, VAR, VAR, 12 VAR, —n12
COMP,, VAR, VAR, VAR,

where k = m/n. Note that the procedure treats the variables VAR; to VAR, as the
first RID variable for each of the n product structure records, and hence, they must

have the same type, format, and length. The same rules apply to variables VAR, 11
to VAR, ..., VAR,,_,.1 to VAR,,, etc.

Details: BOM Procedure
Part Master Data Set

The Part Master data set contains all part master records for a product, product line,
plant, or company. A typical part master record contains identifying and descriptive
data and control values (lead time, lot size, etc.). It may contain data on inventory
status (such as quantities on hand), production plan (such as requirements, planned
orders, etc.), and costs (Cox and Blackstone, J. H., Jr. 1998). Each observation in this
data set represents one part master record. If the data set contains more than one part
master record for a given item, only the first one is used.

The BOM procedure uses the Part Master data set as input data with key variable
names being used to identify the appropriate information. The Part variable contains



Part Master Data Set

the part number or other information that uniquely identifies each item. This variable
can be either a numeric or a character variable. The LeadTime, QtyOnHand, and
Requirement variables contain the lead time, quantity on hand, and gross require-
ment, respectively, for the item identified by the Part variable. The QtyOnHand and
Requirement variables are only used when the SUMMARYOUT= option is speci-
fied. The QtyOnHand variable enables you to include inventory information into the
Part Master data set. Similarly, the Requirement variable enables you to specify a
production plan in this data set. Other inventory and production plan information that
is not directly used by the procedure can also be included in this data set and passed
to the output data sets using the ID variables.

The value of the Requirement variable will typically be missing for most items,
except for master schedule items. A master schedule item (MSI) is an item that is
selected to be planned by the master scheduler. In general, final products are master
schedule items. Some companies like to select a few items that are deemed critical in
their impact on lower-level components or resources as master schedule items. The
requirements of the master schedule items are also called independent demands. In
the Part Master data set, if the value of the Requirement variable is greater than or
equal to 0, the procedure treats the item identified by the Part variable as an MSI
and assumes that its gross requirement is planned by the master scheduler. The gross
requirements of other items (also known as the dependent demands) are determined
by the procedure as the value of the net requirement of each parent item times the
quantity required to make one unit of the parent item, summed over all the parent
items. This process is called the dependent demand process (Clement, Coldrick, and
Sari 1992). See the section “Summarized Parts Data Set” on page 34 for details about
determining gross and net requirements.

Other part master data such as part description, lot size, order quantity, unit of mea-
sure, unit of cost, or planner/buyer code can be passed to the Indented BOM and
Summarized Parts output data sets using the ID variables.

Table 2.2 lists all the variables in this input data set, with their type and their interpre-
tation by the BOM procedure. It also lists the options in the STRUCTURE statement
that are used to identify these variables.

Table 2.2. Part Master Data Set and Associated Variables

Variable Type Option Interpretation
ID character or ID= Additional master data
numeric for the item
LeadTime numeric LEADTIME= Lead time of the item
Part character or PART= Part number or
numeric identification for the item

QtyOnHand  numeric QTYONHAND= Quantity of the item that
is currently on hand

Requirement numeric REQUIREMENT= Gross requirement of the
item

L
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You can combine the Part Master data set and the Product Structure data set together
to create a new data set and use it as the input data set for PROC BOM. See the
SIBOM1 data set shown in Output 2.1.1 on page 39 and the SIBOM2 data set shown
in Output 2.2.1 on page 43 for examples.

Product Structure Data Set

The Product Structure data set lists all product structure records in a product, product
line, plant, or company. Each product structure record defines the relationship of one
component to its immediate parent item. It also includes quantity per assembly. The
quantity per assembly is the quantity of the component that is required to make one
unit of the parent item. A product structure record may contain fields for scrap factor,
lead-time offset, and other information. The scrap factor of a parent-component
relationship is used to increase the gross requirement of the component to account
for anticipated loss within the manufacture of the parent item (Cox and Blackstone,
J. H., Jr. 1998). The lead-time offset of a parent-component relationship can be used
to control when the component is issued to a work center while manufacturing the
parent item, as well as to determine the need date when planning, purchasing, or
manufacturing the component (Clement, Coldrick, and Sari 1992). Note that the
lead-time offset may be expressed in a unit that is different from the lead time in the
Part Master data set. For example, the lead time may be measured in weeks while the
lead-time offset is measured in days or hours. If necessary, you can pass the unit that
is used to measure the lead-time offset from this data set to the Indented BOM data
set using the RID= option. Similarly, you can pass the unit for expressing the lead
time to the Indented BOM and Summarized Parts data sets from the Part Master data
set using the ID= option.

You can put more than one product structure record with the same parent item into
one observation in this data set. See the SIBOM1 data set shown in Output 2.1.1 on
page 39 as an example. You can also include part master data in this data set. See
Example 2.1 on page 38 and Example 2.2 on page 42 as examples.

The BOM procedure uses the Product Structure data set as input data with key vari-
able names being used to identify the appropriate information. The Parent and
Component variables contain the part numbers for the parent item and its com-
ponents. These variables must be of the same type, format, and length as the Part
variable in the Part Master data set. The Quantity, Factor, and Offset variables
contain information for the quantity per assembly, scrap factor, and lead-time offset,
respectively. Additional information for the parent-component relationships, such
as engineering effectivity, point-of-use, operation number, reference designator, line
sequence number, etc., can be passed to the Indented BOM data set using the RID
variables.

Table 2.3 lists all the variables in this input data set, with their type and their interpre-
tation by the BOM procedure. It also lists the options in the STRUCTURE statement
that are used to identify these variables.
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Table 2.3. Product Structure Data Set and Associated Variables

Variable Type Option Interpretation
Component same as Part COMPONENT= Part number for
variable the component
Factor numeric FACTOR= Scrap factor for the
relationship
Offset numeric OFFSET= Lead-time offset for
the relationship
Parent same as Part PARENT= Part number for
variable the parent item
Quantity numeric QUANTITY= Quantity per assembly
for the relationship
RID characteror ~ RID= Additional information
numeric about the relationship

A given component can be structured into a parent item more than once. The Offset
variable (if the component is used at a different time in the process) and any RID
variables (point-of-use, parent operation, line sequence number, etc.) can be used
to distinguish product structure records with the same parent and component. See
Example 2.6 on page 60 as an example. If two or more product structure records have
the same parent, component, lead-time offset, and values for all RID variables, the
procedure handles them according to the specification of the DUPLICATE= option.
If the value of the DUPLICATE= option is specified as the keyword COMBINE, the
procedure combines these product structure records into one record. The quantity per
assembly and the scrap factor of this new product structure record are determined as

k
o = Z a4
i=1
and

S (i % fi)
q0

fo=

respectively, where

k = number of identical product structure records
fo = value of the scrap factor of the new product structure record
fi = value of the scrap factor of the ith identical product structure

record

27



28 ¢ Chapter 2. The BOM Procedure

qo = value of the quantity per assembly of the new product structure
record
q; = value of the quantity per assembly of the ith identical product

structure record

If the value of the DUPLICATE= option is specified as the keyword DISCARD, then
the procedure keeps the first identical product structure record and discards the others.
On the other hand, if the value of the DUPLICATE= option is specified as the key-
word KEEP, PROC BOM keeps all identical product structure records and processes
them independently.

Indented BOM Data Set

The Indented BOM data set produced by PROC BOM contains the indented bills of
material for all final products in the Part Master data set, or for all end items specified
in the ENDITEM= option. Each observation of this data set represents one indented
BOM record. Information contained in each indented BOM record can be classified
into three categories: part master data for the item identified by the _Part_ variable,
product structure data for the relationship of the component identified by the _Part_
variable to its parent identified by the _Parent_ variable, and data that are dedicated
to this record.

As discussed in the section “Getting Started: BOM Procedure” on page 12, each
indented bill of material can be illustrated by a family tree. Each node in the family
tree corresponds to a record in the Indented BOM data set. The indented BOM record
that is associated with the root node of a family tree is distinguished as the root
record of the indented bill of material. For a given indented BOM record and its
corresponding node j, the parent record of record j is the indented BOM record that is
associated with the parent node of node j. If the indented BOM record 1 is the parent
record of record j, then record j is a child record of record ¢. Every record in the
Indented BOM data set has a parent record except for the root records. Alternatively,
an indented BOM record can have zero, one, two, or more child records.

Like the product structure record in the Product Structure data set, each indented
BOM record in the Indented BOM data set contains a relationship of one component
to its immediate parent item. The —Part_ variable contains the part number or iden-
tification information of the component. The _Parent_ variable contains the part
number for the immediate parent item. Each record also contains all other product
structure data from the product structure record with the same parent item (identified
by the Parent variable) and component (identified by the Component variable) as
in this record. The BOM procedure uses the following convention for naming the
variable identifying the product structure data.

If you specify exactly one Quantity variable, the procedure uses the same variable
name as specified in the QUANTITY= option for the variable that contains the value
of the quantity per assembly for the relationship. On the other hand, if you do not
specify the QUANTITY= option, or if you specify more than one Quantity variable,
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the variable Qty_Per contains this value. If you do not specify the QUANTITY= op-
tion, the value of the quantity per assembly is 1 for all relationships. The procedure
also uses the same variable name as specified in the FACTOR= option if only one
Factor variable is specified, and uses the default name, S_Factor, if two or more
Factor variables are specified, for the variable that contains the value of scrap factor.
Similarly, if you specify more than one Offset variable, the default name, L_Offset,
is used; if you specify only one Offset variable, the same variable name is used for
the variable that contains the value of the lead-time offset. Note that if you do not
specify the FACTOR= or OFFSET= options, the Indented BOM data set does not
have variables that contain the values of scrap factor or lead-time offset, respectively.
The Indented BOM data set has the same RID variables as in the Product Structure
data set. The values of those variables for each record are copied from the prod-
uct structure record with the same parent item and component. The values of the
—Parent_, Factor, Offset, Quantity, and RID variables for any root records should
be missing, if these variables are present.

Each record of the Indented BOM data set also contains part master data for the item
identified by the _Part_ variable in this indented BOM record. For instance, the
lead time information is contained in the variable with the same variable name as
specified in the LEADTIME= option. The Indented BOM data set also has the same
ID variables as specified in the ID= option. The values of these variables for the
indented BOM record are copied from the corresponding variables in the part master
record for the same item (identified by the _Part_ variable) in the Part Master data
set.

In addition to the product structure and part master data, each record of the Indented
BOM data set contains other data calculated by PROC BOM. The _Prod_ variable
contains the part number for the final product or end item of the indented bill of
material corresponding to this record. For any root records, the value of the _Prod_
variable is the same as the value of the _Part_ variable. The _Level_ variable
contains the indenture level number of the record. The procedure assigns the value
of the indenture level to each record as follows: Each root record has indenture level
0, and all child records corresponding to a root record have level 1. All subsequent
child records of these records have the level number increased by 1. This process
continues until there are no further child records. The Part_ID variable contains the
sequence or ID number that uniquely identifies each record in this data set. PROC
BOM assigns this sequence number to each record in the data set by using the depth-
first numbering scheme (Aho, Hopcroft, and Ullman 1983). The Paren_ID variable
contains the ID number for the immediate parent record. The value of the Paren_ID
variable for a root record is missing. These two variables are useful when you use
the Indented BOM data set as the input data set for other SAS/OR procedures, such
as PROC NETDRAW and PROC CPM, which require unique identification of each
node. Refer to “The NETDRAW Procedure” and “The CPM Procedure” chapters in
the SAS/OR User’s Guide: Project Management for details.

The Qty_Prod variable denotes the quantity of the item (identified by the _Part_
variable) required to make one unit of the end item identified by the _Prod_ variable.

L
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This value is also known as guantity per product and can be determined as

1 if 7 is missing
qpi = , . .
qp;j X q; otherwise
where
i = the value for the Part_ID variable
j = the value for the Paren_ID variable
qp; = the quantity per product of record ¢
q; = the quantity per assembly of record ¢

If the LEADTIME= option is specified, PROC BOM measures the total lead time
accumulated from the root record to the current record and stores it in the Tot_Lead
variable. The formula to determine the total lead time for each record is

i — t; if j is missing
" | tlj+1t; otherwise
where
¢t = the value for the Part_ID variable
j = the value for the Paren_ID variable
t; = the lead time of record ¢
tl; = the total lead time of record %

Similarly, if the OFFSET= option is specified, the procedure computes the total offset
from the root record to the current record and stores it in the Tot_Off variable. The
total offset for each record can be determined as

0; if 7 is missing
tOZ‘ = .
to; + o; otherwise
where
i = the value for the Part_ID variable
j = the value for the Paren_ID variable
0; = the lead-time offset of record ¢
to; = the total offset of record ¢

Note that the lead-time offset and the total offset may be expressed in a unit that is
different from the lead time and the total lead time in this data set.
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Table 2.4 lists all the variables in the Indented BOM data set. It also lists the type and
a brief description of these variables.

Table 2.4. Indented BOM Data Set and Associated Variables

Product Structure Data (for the parent-component relationship)

Variable Type Interpretation

Factor numeric Scrap factor

Offset numeric Lead-time offset

_Parent_  same as _Part_ Part number for the parent item
—Part_ character or numeric  Part number for the component
Quantity numeric Quantity per assembly

RID character or numeric ~ Additional product structure data

Part Master Data (for the component)

Variable Type Interpretation
ID character or numeric  Additional part master data
LeadTime numeric Lead time

Indented BOM Data (for the record)

Variable Type Interpretation

—Level_ numeric Indenture level number
Paren—_ID  numeric ID number of the parent record
Part_ID numeric ID number

—Prod_ same as —Part_ Part number for the end item
Qty_Prod numeric Quantity per product
Tot_Lead numeric Total lead time

Tot_Off numeric Total lead-time offset

The indented BOM records in this data set are organized so that the bills of material
contained in the data set are listed one by one. In each bill of material, the root
record is always listed first. In addition, the left-most (oldest) component of each
parent item is listed directly after its parent and before any right siblings of the parent
item. For example, from the Indented BOM data shown in Figure 2.3 on page 14,
you can easily see that the final product *LAO1’ is the first record of the Indented
BOM data set. Moreover, item *1100" is listed directly after its parent, *B100",
and before the items *S100’ and *A100’ (the right siblings of the item *B100").
Theitem *1100’ is followed immediately by its first component 2100’ (the only
component in this case), and so on.

By organizing indented BOM records in such a manner and using the indenture level
information, the single-level and multilevel relationships are quite clear. Let us use
the indented BOM data set displayed in Figure 2.3 on page 14 as an example. The
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three components, *B100’, *S100’,and *‘A100’, that go into *LAQ1’ are easily
determined by the level 1 identifiers. It is also easy to see that item ‘A100’ takes
three components at level 2, and one of them, item *1500', has a level 3 compo-
nent (item ‘1400’ ) and another item, *1700’, has two level 3 components (items
*22007 and *23007). In fact, record 1 to record 6 of this data set contain the in-
dented bill of material for item *B100’ because record 7 is the first record to have
the same level as record 1. The single-level where-used and indented where-used
lists can also be done in the same manner but by retrieving records in reversed order.
For example, items *B100’ and *1500’ that directly use component *1400’ can
be detected either by looking at the values of the _Parent_ variable directly in record
6 and record 10, or by looking up at the first records with level numbers that are 1 less
than record 6 and record 10, respectively. By continuing to look upward, you see that
item ‘1500’ isused in *‘A100’ and item *‘A100’ isused in *‘LAOL’. As dis-
cussed previously, you can also find the parent record (the first record with one level
up while retrieving the data in reversed order) information in the Paren_ID variable.
The Indented BOM data set can also be used to propagate gross requirements, deter-
mine a schedule of lower-level items needed, aggregate lower-level demands, roll up
material costs, and so on. See the section “Bill of Material Explosion and Implosion”
on page 32 for details.

Bill of Material Explosion and Implosion

As described previously, the records (or observations) in the Indented BOM data set
are organized in depth-first order (Aho, Hopcroft, and Ullman 1983). The order of
observations in the Indented BOM data set and the presence of the _Level_ variable
make it possible to perform bill of material explosion and implosion easily. In fact,
the Indented BOM data set contains the quantity per product, total lead time, and total
lead-time offset data already. The Summarized Parts data set lists the gross and net
requirements for each item to fill a given production plan. Other calculations can be
performed using a simple SAS DATA step. For example, the following SAS code
creates a single-level bill of material for the item ‘LAO1’ from the Indented BOM
data set, INndBOMO, as displayed in Figure 2.3 on page 14. The single-level bill of
material is shown in Figure 2.6.

/* Display the components that are directly used =*/

/* in item LAO1l */
proc print data=IndBOMO (where=(_Parent_='LA0l’)

rename= (_Part_=Component))
noobs;

var Component Desc QtyPer Unit;

title 'ABC Lamp Company’;

title3 ’'Single-level Bill of Material Retrieval, Part LAOl’;
run;
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ABC Lamp Company

Single-level Bill of Material Retrieval, Part LAO1l

oty

Component Desc Per Unit
B100 Base assembly 1 Each
S100 Black shade 1 Each
Al00 Socket assembly 1 Each

Figure 2.6. Components Directly Used in Part LAO1

The single-level where-used list for item 1400, displayed in Figure 2.7, is created
with the following SAS code. PROC SQL is invoked to link the part master data to
each parent item.

/* Create the where-used data set */

data UsedOa (keep=_Parent_ Paren_ID QtyPer Unit);
set IndBOMO (where=(_Part_='1400"));

run;

/* Get the part description from the IndBOMO data set */
proc sql;
create table UsedOb as
select UsedOa._Parent_, IndBOMO.Desc,
UsedOa.QtyPer, UsedOa.Unit
from UsedOa left join IndBOMO
on UsedOa.Paren_ID=IndBOMO.Part_ID;

quit;

/* Display the where-used data set */
proc print data=UsedOb noobs;

var _Parent_ Desc QtyPer Unit;

title 'ABC Lamp Company’;

title3 ’'Single-level Where—-used Report, Part 1400';
run;

ABC Lamp Company

Single-level Where-used Report, Part 1400

oty

_Parent__ Desc Per Unit
B100 Base assembly 4 Each
1500 Steel holder 2 Each

Figure 2.7. Parents in Which Part 1400 is Directly Used
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The section “Reporting Macros” on page 85 in Chapter 3, “Bill-of-Material Post-
Processing Macros,” describes six SAS autocall macros that can be used to create
single-level, indented, and summarized bills of material and where-used lists for an
item from the Indented BOM data set. Example 2.8 on page 67 demonstrates a simple
way to roll up costs using SAS DATA step code. Similar techniques can be used to
aggregate lower level requirements up to the end items or to perform other bill of
material explosion and implosion. See Example 2.9 on page 70 and Example 2.10 on
page 73 for further examples.

Summarized Parts Data Set

If the SUMMARYOUT= option in the PROC BOM statement is specified, the BOM
procedure creates a Summarized Parts data set. This data set lists all the items with
their quantities required (needed to be made or ordered) in order to fill the production
plan specified in the Part Master data set, taking into account the quantities of these
items on hand in the planning period. This data set lists each item once for the total
quantity needed. Each observation in this data set represents one record, which is
uniquely identified by the part number in the —Part_ variable. Each record contains
all part master data (from the Part Master data set) for the item identified by the
—Part_ variable. Each record also contains fields for net requirement and low-level
code.

The _Part_ variable contains the part number or identification information of the
item. The data set has the same LeadTime, QtyOnHand, Requirement, and all ID
variables as in the Part Master data set. If you do not specify the QTYONHAND=
option, the default name, On_Hand, is used to name the variable that contains the
quantity of the item identified by the _Part_ variable that is currently on hand in the
planning period. The default value of this variable is 0, since the procedure assumes
there are no items on hand if the QTYONHAND-= option is not specified. Similarly,
if the REQUIREMENT= option is not specified, the default name Gros_Req is used
to name the variable that contains the value of the gross requirement for the item iden-
tified by the _Part_ variable. The values for these variables, except for the variable
that contains the gross requirement, are carried from the Part Master data set. The
gross requirements for all items, except for master schedule items, are determined by
the dependent demand process, which is described later.

The Net_Req variable contains the value of the net requirement and the Low_Code
variable contains the value of the low-level code for the item identified by the _Part_
variable. The low-level code of an item is the lowest indenture level in any bill of
material containing the item. The low-level codes are necessary to make sure that
the net requirement of any item is not calculated until all the gross requirements have
been calculated down to that level.

The gross and net requirements for all items are determined in the order of increasing
low-level codes. Start at an item with the smallest low-level code (usually 0). If an
item c is a master schedule item, the gross requirement for this item is carried from
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the Part Master data set. Otherwise, it is given by

R, = Z [Np X q(p,c) ¥ (1 + e(p,c))]
all(p,c)in¥k

and the net requirement is determined as

N | Re—He if Ro> H,
710 otherwise

where
(p,c) = arelationship between the parent item p and the component ¢
R = acollection of all parent-component relationships
that are defined in the Indented BOM data set
R, = the gross requirement for the item c
N, = the net requirement for the item c
H, = the quantity on hand for the item ¢
d(pe) = the quantity per assembly for the relationship (p, c)
e(p,) = the scrap factor for the relationship (p, c)

This computational process continues for items with larger low-level codes until the
values of the gross and net requirements for all components in the Indented BOM
data set have been determined. This computational process is known as the dependent
demand process.

A summarized parts list should not be confused with a summarized bill of material.
As discussed previously, a summarized parts list shows all the items and their quanti-
ties required to fill a pre-specified production plan. The gross and net requirements in
this list are calculated taking into account the quantity of each item that is available
in the planning period. On the other hand, a summarized bill of material for a pre-
specified item lists all the components and their total quantities used in making one
batch of that item, without any regard for quantities of items on hand. In a special
case when the input data do not contain any requirement, quantity on hand, or scrap
factor information, and the Indented BOM data set contains only one end item, then
the summarized parts list in this data set happens to be the same as the summarized
bill of material for the end item.

Table 2.5 lists all the variables in the Summarized Parts data set. It also lists the type
and a brief description of these variables.

L
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Table 2.5. Summarized Parts Data Set and Associated Variables

Variable Type Interpretation

ID character or numeric  Additional master data for the item
LeadTime numeric Lead time for the item

Low_Code numeric Low-level code for the item

Net_Req numeric Net requirement for the item

—Part_ character or numeric  Part number for the item

QtyOnHand  numeric Quantity of the item that is currently on hand
Requirement numeric Gross requirement for the item

Missing Values in the Input Data Sets

The following table summarizes the treatment of missing values for variables in the
input data sets used by PROC BOM.

Table 2.6. Treatment of Missing Values in the BOM Procedure

Data Set Variable Value Used/Assumption Made/Action Taken
Part Master  ID missing, if Part is not missing;
otherwise ignored
LeadTime 0, if Part is not missing;
otherwise ignored
Part value ignored
QtyOnHand 0, if Part is not missing;
otherwise ignored
Requirement ignored if Part is missing;
1, if Part is not missing and the item identified by the
Part variable is an end item;
otherwise, the value is determined by the procedure
Product Component  value ignored
Structure
Factor 0, if corresponding Component variable is not
missing;
otherwise ignored
Offset 0, if corresponding Component variable is not
missing;
otherwise ignored
Parent input error: procedure stops with error message, if

this is the first observation;
otherwise, the value of the Parent variable in the pre-
vious observation




Macro Variable  ORBOM_ + 37

Table 2.6. (continued)

Data Set Variable Value Used/Assumption Made/Action Taken
Quantity 1, if corresponding Component variable is not
missing;

otherwise ignored

RID missing, if corresponding Component variable is
not missing;
otherwise ignored

Note that in the Product Structure data set, a missing value is allowed for the Parent
variable only when two or more consecutive observations contain product structure
records with the same parent item (see Output 2.1.1 on page 39 and Output 2.3.2 on
page 49 as examples). In the Part Master data set, if the Part variable is missing, the
values for the ID, LeadTime, QtyOnHand, and Requirement variables are ignored
by the procedure. If the Part variable is not missing but the Requirement variable
value is missing, the gross requirement of the item identified by the Part variable
is assumed to be 1 if the item in question is an end item. Otherwise, the gross re-
quirement of this item is determined based on the dependent demand process. See
the section “Summarized Parts Data Set” on page 34 for details about the dependent
demand process.

Macro Variable ORBOM _

The BOM procedure defines a macro variable named _ORBOML_. This variable con-
tains a character string that indicates the status of the procedure. It is set at procedure
termination. The form of the _ORBOML_ character string is STATUS= REASON=,
where STATUS= is either SUCCESSFUL or ERROR_EXIT, and REASON= (if
PROC BOM terminated unsuccessfully) can be one of the following:

CYCLE

BADDATA_ERROR

MEMORY_ERROR

IO_ERROR

SEMANTIC_ERROR

SYNTAX_ERROR

BOM_BUG

UNKNOWN_ERROR
This information can be used when PROC BOM is one step in a larger program
that needs to determine whether the procedure terminated successfully. Because

_ORBOML_ is a standard SAS macro variable, it can be used in the ways that all
macro variables can be used.
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Computer Resource Requirements

There is no inherent limit on the size of the problem that can be handled with the
BOM procedure. The number of items and relationships are constrained only by the
amount of memory available. Naturally, there needs to be a sufficient amount of
core memory available in order to invoke and initialize the SAS System. As far as
possible, the procedure attempts to store all the data in core memory.

However, if the problem is too large to fit in core memory, the procedure resorts to
the use of utility data sets and swaps between core memory and utility data sets as
necessary, unless the NOUTIL option is specified. The procedure uses the NPARTS=
and NRELTS= options to determine approximate problem size. If these options are
not specified, the procedure estimates default values on the basis of the number of ob-
servations in the Product Structure and Part Master data sets. See the section “PROC
BOM Statement” on page 19 for default specifications.

The storage requirement for the data area and the time required by the procedure
are proportional to the numbers of items and parent-component relationships in the
problem.

Examples: BOM Procedure

This section contains examples that illustrate the features of the BOM procedure.
Most of the examples use the data from the ABC Lamp Company product line de-
scribed in the section “Getting Started: BOM Procedure” on page 12.

Example 2.1. Bill of Material with Single Input Data Set

This example uses a single input data set for invoking the BOM procedure. It also
demonstrates the use of PROC NETDRAW to draw a tree diagram for the indented
bill of material contained in the Indented BOM output data set. The input data set,
SIBOMH1, is depicted in Output 2.1.1. Each observation of this data set contains up
to 3 product structure records. It also contains part master data, namely, the part
description denoted by the Desc variable and the unit of measure denoted by the
Unit variable, for the item identified by the value of the Parent variable. Note that
the parent item ‘B100’ has 4 components, causing the specification to require two
observations. The values of the Parent, Desc, and Unit variables for the second ob-
servation are missing because they have the same values as the previous observation.
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Output 2.1.1. The Input Data Set (SIBOM1)

ABC Lamp Company

PROC BOM Input Data Set

Parent Desc Unit Compl Comp2 Comp3 Qtyl Qty2 oQty3
LAO1 Lamp LA Each B100 s100 Al00 1 1 1
B100 Base assembly Each 1100 1200 1300 1 1 1

1400 4
s100 Black shade Each . . .
Al00 Socket assembly Each 1500 1600 1700 1 1 1
1100 Finished shaft Each 2100 26
1200 6-Diameter steel plate Each
1300 Hub Each
1400 1/4-20 Screw Each .
1500 Steel holder Each 1400 2
1600 One-way socket Each .
1700 Wiring assembly Each 2200 2300 12 1
2100 3/8 Steel tubing Inches
2200 16-Gauge lamp cord Feet

2300 Standard plug terminal Each

The following code invokes PROC BOM to produce the indented bill of material
and the summarized parts list. The indented bill of material is displayed in Output
2.1.2, and the summarized parts list, which has been sorted by the _Part_ variable, is
displayed in Output 2.1.3. These are exactly the same as the indented bill of material
shown in Figure 2.3 on page 14 and the summarized parts list shown in Figure 2.5 on
page 16.

/* Create the indented BOM and the summarized parts list */
proc bom data=S1BOM1l out=IndBOM1l summaryout=SumBOM1;
structure / part=Parent
parent=Parent
component= (Compl-Comp3)
quantity=(Qtyl-Qty3)
id=(Desc Unit);
run;
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Output 2.1.2. Indented Bill of Material (IndBOM1)
ABC Lamp Company
Indented Bill of Material, Part LAO1l
_ Q P
_ P Q t a P
L a _ t y r a _
e r P y _ e r P
v e a D _ P U n t r
e n r e P r n _ _ o
1 t t s e o i I I d
_ _ _ c r d t D D _
0 LAO1 Lamp LA . 1 Each . 0 LAO1
1 LAO1 B100 Base assembly 1 1 Each 0 1 LAO1
2 B100 1100 Finished shaft 1 1 Each 1 2 LAO1
3 1100 2100 3/8 Steel tubing 26 26 Inches 2 3 LAO1
2 B100 1200 6-Diameter steel plate 1 1 Each 1 4 LAO1
2 B100 1300 Hub 1 1 Each 1 5 LAO1
2  B100 1400 1/4-20 Screw 4 4 Each 1 6 LAO1l
1 LAO1 S100 Black shade 1 1 Each 0 7 LAO1
1 LAO1 Al100 Socket assembly 1 1 Each 0 8 LAO1
2 Al100 1500 Steel holder 1 1 Each 8 9 LAO1
3 1500 1400 1/4-20 Screw 2 2 Each 9 10 LAO1
2 Al00 1600 One-way socket 1 1 Each 8 11 LAO1
2 Al00 1700 Wiring assembly 1 1 Each 8 12 LAO1
3 1700 2200 16-Gauge lamp cord 12 12 Feet 12 13 LAO1
3 1700 2300 Standard plug terminal 1 1 Each 12 14 LAO1
Output 2.1.3. Summarized Parts List (SumBOM1)
ABC Lamp Company
Summarized Parts List, Period 1
_Part_ Low_Code Gros_Req On_Hand Net_Req Desc Unit
1100 2 1 0 1 Finished shaft Each
1200 2 1 0 1 6-Diameter steel plate Each
1300 2 1 0 1 Hub Each
1400 3 6 0 6 1/4-20 Screw Each
1500 2 1 0 1 Steel holder Each
1600 2 1 0 1 One-way socket Each
1700 2 1 0 1 Wiring assembly Each
2100 3 26 0 26 3/8 Steel tubing Inches
2200 3 12 0 12 16-Gauge lamp cord Feet
2300 3 1 0 1 Standard plug terminal Each
Al00 1 1 0 1 Socket assembly Each
B100 1 1 0 1 Base assembly Each
LAO1 0 1 0 1 Lamp LA Each
s100 1 1 0 1 Black shade Each
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As discussed in the section “Summarized Parts Data Set” on page 34, since item
‘LAO1’ is the only master schedule item in this example, and both the quantity on
hand and the scrap factor are zero for all items, the summarized parts list displayed
in Output 2.1.3 is also the summarized bill of material for item ‘LAQL’.

The following SAS code uses PROC NETDRAW to draw a family tree diagram dis-
playing the indented bill of material for item ‘LAO01’. The NETDRAW procedure
requires the descriptive information for each node to be associated with the parent
node in each observation. However, the Indented BOM data set contains the descrip-
tive (part master) information for the component identified by the _Part_ variable.
Thus, the following code prepares the data for PROC NETDRAW. This code first
creates two data sets from the Indented BOM data set, IndBOM1. The IndBOM1a
data set contains all variables in the Indented BOM data set, except for the Part_ID
variable. The Part_ID variable is dropped and its value is copied to the Paren—_ID
variable. Each record in this data set is represented by a tree node in the diagram,
which is uniquely identified by the value of the Paren—_ID variable. The other data
set, INdBOM1b, contains all parent-component relationships, in which each relation-
ship is identified by the Paren_ID and Part_ID variables. Each observation in this
data set is represented by a link in the diagram. These two data sets are concatenated
to form the input data set for PROC NETDRAW. The tree diagram for the indented
bill of material for item ‘LAO1’ is displayed in Output 2.1.4. For further details
about the NETDRAW procedure, refer to Chapter 7, “The NETDRAW Procedure,”
(SAS/OR User’s Guide: Project Management) .

/* Draw a tree diagram for illustrating the product structure */
/* Each record denotes a node in the tree */
data IndBOMla (drop=Part_1ID);
set IndBOM1;
Paren_ID=Part_1ID;
run;

/* Extract the Parent-Component information =*/
data IndBOMlb;

set IndBOMl (keep=Paren_ID Part_1ID);
run;

/* Prepare the data set for running NETDRAW */
data TreBOM1;

set IndBOMla IndBOMlb;
run;

/* Specify graphics options */
goptions hpos=32 vpos=80 border;
patternl v=s c=white;

title h=5 j=c ’"Multilevel Bill of Material Diagram’;
footnote h=2 j=1
"Node shows ID Number, Part Number, and Quantity Required’;
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/* Invoke PROC NETDRAW to display BOM tree =*/
proc netdraw data=TreBOMl ( where=(Paren_ID NE .) );
actnet / act=Paren_ID succ=Part_ID id=(Paren_ID _Part_ QtyPer)
ctext=black font=swiss htext=3 carcs=black
ybetween=3 xbetween=8 centerid
tree pcompress rotatetext rotate
arrowhead=0 rectilinear nodefid nolabel;
run;

Output 2.1.4. Tree Diagram for the Bill of Material

Multilevel Bill of Material Diagram

1 £=3
B100 A100
1 1

=] S a1
1300 1400 18600
1 < 1

Node shows ID Number, Part Number, and Quantity Required

Example 2.2. Bill of Material with Lead Time Information

As in Example 2.1 on page 38, this example also uses a single input data set with
each observation containing product structure data and part master data. Unlike the
SIBOMH1 data set (shown in Output 2.1.1 on page 39) in which each observation con-
tains three product structure records, each observation in the input data set SIBOM2,
as depicted in Output 2.2.1, contains only one product structure record. The obser-
vations in both input data sets also contain one part master record. However, in the
previous example, the variable Parent contains the part number for the part master
record, whereas in the current example, the part number for the part master record is
contained in the variable Component. In addition, in this example, each part master
record also contains requirement (contained in the Gros—_Req variable) and quantity
on hand (contained in the On_Hand variable) information.
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The Input Data Set (SIBOM2)

L
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Parent Component

LAO1
LAO1
LAO1
B100
B100
B100
B100
Al00
Al00
Al00
1100
1500
1700
1700

LAO1
B100
s100
Al00
1100
1200
1300
1400
1500
1600
1700
2100
1400
2200
2300

ABC Lamp Company

PROC BOM Input Data Set

Desc

Lamp LA

Base assembly

Black shade

Socket assembly
Finished shaft
6-Diameter steel plate
Hub

1/4-20 Screw

Steel holder

One-way socket

Wiring assembly

3/8 Steel tubing
1/4-20 Screw

l6-Gauge lamp cord
Standard plug terminal

Unit

Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Inches
Each
Feet
Each

B NP WEFRERNMNMEFEDNMWDNMNREDNDERDN

Lead Oty
Time Per

N
FNNOHRHEAMRERRERRR.

[y

Gros_Req On_Hand

50

20
50

The following code produces the Indented BOM data set and the Summarized Parts
data set. The Indented BOM data set, INndBOM2, is displayed in Output 2.2.2. The
“PART=Component” specification in the STRUCTURE statement indicates that the
Component variable contains the part number for the part master record in each
observation. Since the LEADTIME= option is specified, a new variable, Tot_Lead,
has been added to the Indented BOM data set. This variable denotes the total lead
time accumulated from the root record (the top-most record) to the record identified

by the value of the Part_ID variable.

/* Create the indented BOM and the summarized parts list =*/
proc bom data=S1BOM2 out=IndBOM2 summaryout=SumBOM2;
structure / part=Component

run;

leadtime=LeadTime

parent=Parent

component=Component
quantity=QtyPer
gtyonhand=0On_hand

requirement=Gros_Req

id=(Desc Unit);
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Output 2.2.2. Indented Bill of Material with Lead Time (IndBOM2)
ABC Lamp Company
Indented Bill of Material, Part LAO1l
_ Q L T
_ P t e o
L a _ Q y a t —
e r P t _ d _ P
v e a D y P U T L r
e n r e P r n i e o
1 t t s e o i m a d
_ _ _ c r d t e d _
0 LAO1 Lamp LA . 1 Each 2 2 LAO1
1 LAO1 B100 Base assembly 1 1 Each 1 3 LAO1
2 B100 1100 Finished shaft 1 1 Each 2 5 LAO1
3 1100 2100 3/8 Steel tubing 26 26 Inches 3 8 LAO1
2 B100 1200 6-Diameter steel plate 1 1 Each 3 6 LAO1
2 B100 1300 Hub 1 1 Each 2 5 LAO1
2 B100 1400 1/4-20 Screw 4 4 Each 1 4 LAO1
1 LAO1 S100 Black shade 1 1 Each 2 4 LAO1
1 LAO1 Al100 Socket assembly 1 1 Each 1 3 LAO1
2 Al00 1500 Steel holder 1 1 Each 2 5 LAO1
3 1500 1400 1/4-20 Screw 2 2 Each 1 6 LAO1
2 Al00 1600 One-way socket 1 1 Each 2 5 LAO1
2 Al00 1700 Wiring assembly 1 1 Each 1 4 LAO1
3 1700 2200 16-Gauge lamp cord 12 12 Feet 2 6 LAO1
3 1700 2300 Standard plug terminal 1 1 Each 1 5 LAO1
Output 2.2.3. Summarized Parts List (SumBOM2)
ABC Lamp Company
Summarized Parts List, Period 2
Lead
_Part_ Low_Code Gros_Req On_Hand Net_Req Time Desc Unit
1100 2 0 0 0 2 Finished shaft Each
1200 2 0 0 0 3 6-Diameter steel plate Each
1300 2 0 0 0 2 Hub Each
1400 3 60 0 60 1 1/4-20 Screw Each
1500 2 30 0 30 2 Steel holder Each
1600 2 30 0 30 2 One-way socket Each
1700 2 30 0 30 1 Wiring assembly Each
2100 3 0 0 0 3 3/8 Steel tubing Inches
2200 3 360 0 360 2 16-Gauge lamp cord Feet
2300 3 30 0 30 1 Standard plug terminal Each
Al100 1 30 0 30 1 Socket assembly Each
B100 1 30 50 0 1 Base assembly Each
LAO1 0 50 20 30 2 Lamp LA Each
s100 1 30 0 30 2 Black shade Each
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The data set SumBOM2 displayed in Output 2.2.3 contains the sorted summarized
parts list for the production plan, in which 50 units of ‘Lamp LA’ are planned
(say, in period 2). Based on the input data, *Lamp LA’ has 20 units and ‘Base
assembly’ has 50 units currently on hand. The gross requirements of 30 units
for *B100’, *S100’,and *‘A100’ are from the net requirement of *LA01’ (com-
puted as Gros_Req — On_Hand). Since item *B100"’ has 50 units on hand, which
is more than its gross requirement, the net requirement of this item is 0. This implies
that the gross requirements for *1100’, Y1200/, and *1300’ (components of the
item *B100’) are all 0. However, the gross requirement for item ‘1400’ , which
is also a component of *B100’, is not 0 but 60. This is due to the fact that item
*1400' is also used in item *1500".

The following code uses the Indented BOM data set produced in the previous in-
vocation of PROC BOM to create a data set that can be used by the NETDRAW
procedure.

/* Prepare the data set for running NETDRAW */
data IndBOM2a (drop=Part_ID);

set IndBOM2;

Paren_ID=Part_1ID;
run;

data IndBOM2b;
set IndBOM2 (keep=Paren_ID Part_ID);
run;

data TreBOM2;

set IndBOM2a IndBOM2b;

LTnQP = put (LeadTime, £3.)||" "||put(QtyPer, £3.);
run;

PROC NETDRAW is invoked with the NODISPLAY option to create a data set
(Layout2) that contains all the layout information for the tree structure. The OUT=
option specifies the name of the layout data set:

/* Specify graphics options =*/
title h=1 j=c ’'Bill of Material Diagram with Lead-time Offsetting’;
footnote h=0.5 j=1
"Node shows Part Number, Lead-time, and Quantity Required’;
patternl v=e c=gray;

/* Get the layout information for the BOM tree */
proc netdraw data=TreBOM2 ( where=(Paren_ID NE .) )
out=Layout2 nodisplay;
actnet / act=Paren_ ID succ=Part_ID id=(_Part_ LTnQP Tot_Lead)
ybetween=3 xbetween=15 tree
rectilinear nodefid nolabel;
run;

45
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In the next invocation, PROC NETDRAW uses a modified layout of the nodes to
produce a diagram where the nodes are aligned according to the total lead time. The
resulting tree diagram is shown in Output 2.2.4. Refer to Chapter 7, “The NETDRAW
Procedure,” (SAS/OR User’s Guide: Project Management) for details about the
NETDRAW procedure.

/* Lead time offset the X coordinate of each node */
data TreBOM2a;

set Layout2;

if _seq_ = 0;

drop _seq ;

_x_ = Tot_Lead;
run;

/* Display the BOM tree with lead-time offsetting */
proc netdraw data=TreBOM2a;
actnet / id=(_Part_ LTnQP)
font=swiss ctext=black htext=3 carcs=black
align=Tot_Lead frame pcompress
xbetween=15 ybetween=3
arrowhead=0 rectilinear nodefid nolabel;
run;



Example 2.2. Bill of Material with Lead Time Information

Output 2.2.4. Bill of Material Diagram with Lead-time Offsetting

Bill of Material Diagram with Lead —time Offsetting

2 3 4 5 6 7 | 8
1100 2100
2 1 3 26
1200
3 1
B100 1300
1 1 2 1
1400
1 4
LAOT S100
2 . 2 1
1500 1400
2 1 1 2
A100 1600
1 9 2 1
1700 2200
1 9 5 12
2300
19

L

Node shows Part Number, Lead—time, and Quantity Required
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Example 2.3. Bill of Material with Scrap Factor Information

As in the introductory example described in the section “Getting Started: BOM
Procedure” on page 12, this example uses two data files, PMaster3 and ParComp3,
as input data sets for the BOM procedure. The PMaster3 data set, shown in Output
2.3.1, lists the part master records for all items of the ABC Lamp Company. The
Part and Desc variables contain the part number and description, respectively. The
Unit and LeadTime variables contain the unit of measure and lead time informa-
tion for the item identified by the Part variable. The ParCompg3 data set (shown in
Output 2.3.2) lists all product structure records in the company. The Parent and the
Component variables contain the part numbers for the parent item and the compo-
nent, respectively. The QtyPer, Fscrap, and LTOff variables contain the quantity per
assembly, scrap factor, and lead-time offset information, respectively, for the rela-
tionship identified by the Parent and Component variables. The SDate and EDate
variables are the start and end dates for the bill of material effectivity dates. The ef-
fectivity dates are used to determine when a component is active as a part of the bill
of material. In this example, item ‘1700’ uses component ‘2200’ until the end
of the 7th of April, 2001. Starting on April 8, 2001, item *1700’ uses component
‘2210’ instead. Refer to Landvater and Gray (1989) for more information about
bill of material effectivity dates.

Output 2.3.1. Part Master Data Set (PMaster3)

ABC Lamp Company
Part Master Records
Lead
Part Desc Unit Time
1100 Finished shaft Each 2
1200 6-Diameter steel plate Each 3
1300 Hub Each 2
1400 1/4-20 Screw Each 1
1500 Steel holder Each 2
1600 One-way socket Each 2
1700 Wiring assembly Each 1
2100 3/8 Steel tubing Inches 3
2200 16-Gauge lamp cord Feet 2
2210 l4-Gauge lamp cord Feet 2
2300 Standard plug terminal Each 1
Al00 Socket assembly Each 1
B100 Base assembly Each 1
LAO1 Lamp LA Each 2
s100 Black shade Each 2
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Output 2.3.2. Product Structure Data Set (ParComp3)

49

ABC Lamp Company
Product Structure Records

oty
Parent Component Per Fscrap LTOff SDate EDate

LAO1 B100
s100
Al00
B100 1100
1200
1300
1400
Al100 1500
1600
1700
1100 2100
1500 1400
1700 2200
2210
2300

N
NOOHRHEHAMRRRERRBR
w

07APR2001

oo
[

08APR2001

[
H NN

The following code invokes PROC BOM to produce the indented bill of material and
the summarized parts list.

/* Create the indented BOM with lead time */
proc bom data=ParComp3 pmdata=PMaster3
out=IndBOM3 summaryout=SumBOM3;
structure / part=Part
leadtime=LeadTime
parent=Parent
component=Component
quantity=QtyPer
factor=Fscrap
offset=LTOff
id=(Desc Unit)
rid=(SDate EDate);
run;

The indented bill of material in Output 2.3.3 is similar to the one displayed in Output
2.2.2 on page 44, with additional fields for scrap factor, lead-time offset, total offset,
and the start and end effectivity dates. The values of scrap factor, lead-time offset
and the effectivity dates are carried from the product structure input data set shown
in Output 2.3.2. The value of the total offset (denoted by the Tot_Off variable) is
determined by the procedure as the total lead-time offset accumulated from the end
item identified by the —Prod_ variable to the item identified by the _Part_ variable.
In addition, the value of the quantity per product (denoted by the Qty_Prod variable)
for each record of this indented bill of material has been increased by the scrap factor
to account for anticipated loss within the manufacture of the product *LAQ01’. See
the section “Indented BOM Data Set” on page 28 for information about determining
the quantity per product when scrap factor is in effect.
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Output 2.3.3. Indented Bill of Material with Scrap Factor (IndBOMS3)

ABC Lamp Company

Indented Bill of Material, Part LAO1l

oty
Obs _Level_  _Parent_ _Part_Desc Per Fscrap Qty Prod
1 0 LAO1 Lamp LA . . 1
2 1 LAO1 B100O Base assembly 1 0.0 1
3 2 B100 1100 Finished shaft 1 0.0 1
4 3 1100 2100 3/8 Steel tubing 26 0.2 26
5 2 B100 1200 6-Diameter steel plate 1 0.0 1
6 2 B100 1300 Hub 1 0.0 1
7 2 B100 1400 1/4-20 Screw 4 0.0 4
8 1 LAO1 s100 Black shade 1 0.0 1
9 1 LAO1 Al100 Socket assembly 1 0.0 1
10 2 Al00 1500 Steel holder 1 0.0 1
11 3 1500 1400 1/4-20 Screw 2 0.0 2
12 2 Al00 1600 One-way socket 1 0.0 1
13 2 Al00 1700 Wiring assembly 1 0.0 1
14 3 1700 2200 16-Gauge lamp cord 12 0.1 12
15 3 1700 2210 l4-Gauge lamp cord 12 0.1 12
16 3 1700 2300 Standard plug terminal 1 0.0 1
Lead
Obs Unit Time Tot_Lead LTOff Tot Off SDate EDate _Prod_
1 Each 2 2 . 0 LAO1
2 Each 1 3 0 0 LAO1
3 Each 2 5 0 0 LAO1
4 1Inches 3 8 0 0 LAO1
5 Each 3 6 0 0 LAO1
6 Each 2 5 1 1 LAO1
7 Each 1 4 3 3 LAO1
8 Each 2 4 0 0 LAO1
9 Each 1 3 2 2 LAO1
10 Each 2 5 0 2 LAO1
11 Each 1 6 0 2 LAO1
12 Each 2 5 0 2 LAO1
13 Each 1 4 0 2 . LAO1
14 Feet 2 6 0 2 07APR2001 LAO1
15 Feet 2 6 0 2 08APR2001 . LAO1
16 Each 1 5 0 2 LAO1

The summarized parts list, which has been sorted by the _Part_ variable, is displayed
in Output 2.3.4. Comparing it with the summarized parts list displayed in Output
2.1.3 on page 40, you can see the impact of scrap factor on the gross requirement
(and hence, the net requirement). Moreover, the summarized parts list data set shown
in Output 2.3.4 contains a record for each of the items ‘2200’ and ‘2210’, and
the gross requirements of these two items are not affected by the bill of material
effectivity dates.
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Output 2.3.4. Summarized Parts List (SumBOMB3)

ABC Lamp Company
Summarized Parts List, Period 1
Lead
_Part_ Low_Code Gros_Req On_Hand Net_Req Time Desc Unit
1100 2 1.0 0 1.0 2 Finished shaft Each
1200 2 1.0 0 1.0 3 6-Diameter steel plate Each
1300 2 1.0 0 1.0 2 Hub Each
1400 3 6.0 0 6.0 1 1/4-20 Screw Each
1500 2 1.0 0 1.0 2 Steel holder Each
1600 2 1.0 0 1.0 2 One-way socket Each
1700 2 1.0 0 1.0 1 Wiring assembly Each
2100 3 31.2 0 31.2 3 3/8 Steel tubing Inches
2200 3 13.2 0 13.2 2 16-Gauge lamp cord Feet
2210 3 13.2 0 13.2 2 14-Gauge lamp cord Feet
2300 3 1.0 0 1.0 1 Standard plug terminal Each
A100 1 1.0 0 1.0 1 Socket assembly Each
B100 1 1.0 0 1.0 1 Base assembly Each
LAO1 0 1.0 0 1.0 2 Lamp LA Each
S100 1 1.0 0 1.0 2 Black shade Each

Example 2.4. Planning Bill of Material

The previous examples dealt with the bill of material from the perspective of the
manufacturing process. In this example, let us turn to another type of BOM that
is often useful in planning and handling engineering charges. It is referred to as a
planning BOM, pseudo BOM, super BOM, or phantom BOM.

Assume that the ABC Lamp Company sells lamps with eight different shades (either
14 inches or 15 inches, in the colors black, white, cream, or yellow), three alternate
base plates (6 inches, 7 inches, or 8 inches), and two types of sockets (‘One-way’
and ‘Three-way’). Working with all possible combinations, the company now has 48
(=8 x 3 x 2) different final products. In other words, the ABC Lamp Company has
48 different end items to forecast and plan. This might not sound too complicated;
however, this example is a simplified case. Manufacturing companies producing au-
tomobiles, computers, or machine tools can easily make over 5,000 different final
products. So many final products are obviously impossible to forecast accurately
and plan with any hope of validity. However, a reasonable forecast for total lamp
sales could be made, for example, 10,000 per week. Some items (such as Y1100
Finished shaft’) are common to all configurations. Although these items are
produced independently of one another, they can be grouped as common items on the
BOM for administrative purposes. The new item that is created to group all common
items is never stocked and hence it is called a phantom item. Phantom items are gen-
erally assigned O lead times and lot-for-lot order quantity. Besides the phantom item
for grouping common items, other phantom items are created for planning different
options. These items are referred to as model items. This process is known as the
modularized bill of material construction.

The following SAS code creates three data sets: The Phantom4 data set contains the
generic item ‘LAXX’ and all phantom items. The data set Option4 lists all options
of each model item that are not already in the Part Master data set PMaster3 (shown
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in Output 2.3.1 on page 48). Finally, the ParComp4 data set contains the re-grouped
product structure information.

/* Generic and phantom Part Master data */
data Phantom4;

format Part $8. Desc $24. Unit $8.;

input Part & Desc & Req Unit & LeadTime;

datalines;
LAXX Lamp LA 10000 Each 3
4000 Common parts . Each 0
Al0X Socket assembly options . Each 0
B10X Base assembly options . Each 0
S10xX Shade options . Each 0

/* Additional options and alternative parts */
data Option4;

format Part $8. Desc $24. Unit $8.;

input Part & Desc & Req Unit & LeadTime;
datalines;
Al01 Three-way socket assem. . Each 1
B101 7in Base assembly . Each 1
B102 8in Base assembly . Each 1
S101 14in White shade . Each 2
S102 14in Cream shade . Each 2
S103 14in Yellow shade . Each 2
S104 15in Black shade . Each 2
S105 15in White shade . Each 2
S106 15in Cream shade . Each 2
S107 15in Yellow shade . Each 2
1201 7-Diameter steel plate . Each 3
1202 8-Diameter steel plate . Each 3

2

1601 Three-way socket . Each

4
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/* Parent—component relationship data =*/
data ParComp4;

format Part $8. Component $8. QtyPer 8.2 ;

input Part $ Component $ QtyPer;

datalines;
LAXX 4000 1.00
LAXX B10X 1.00
LAXX S10X 1.00
LAXX Al10X 1.00
4000 1100 1.00
4000 1300 1.00
4000 1400 4.00
4000 1500 1.00
4000 1700 1.00
B10X B100 0.32
B10X B101 0.41
B10X B102 0.33
S10X S100 0.07
S10X S101 0.18
S10xX S102 0.24
S10X S103 0.10
S10X S104 0.06
S10X S105 0.14
S10X S106 0.22
S10xX S107 0.10
Al0X Al00 0.11
Al0X Al01 0.92
B100 1200 1.00
B101 1201 1.00
B102 1202 1.00
Al00 1600 1.00
Al01 1601 1.00
1100 2100 26.00
1500 1400 2.00
1700 2200 12.00
1.00

1700 2300

4

The item identified as ‘4000’ is the phantom item for common items ‘1100,
1300, Y1400’, *1500’,and *1700". Each available option is structured into
a model item with a quantity per assembly (identified as the QtyPer variable) that
represents its forecast popularity or option percentage. Note that the total percentage
of each option in this example is more than 100 percent (for example, the total per-
centage of the *A10X: Socket assembly options’ is(0.11+0.92 = 1.03).
This extra percentage is used to cover the uncertainty of the exact percentage split.
Using this procedure to cover possible high side demand for each option is called
option overplanning (Fogarty, Blackstone, and Hoffmann 1991).
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The new Part Master data set, PMaster4, combines the generic and phantom item
data, the additional options data, and the old Part Master file shown in Output 2.3.1
on page 48. The SAS code to accomplish this is as follows:

/* Append the old Part Master data to the new */
/* phantom item and additional option data sets x*/
data PMaster4;
set Phantom4
Option4
PMaster3 (where=(Part NE ’'LAO1l’ AND Part NE '2210'));
run;

proc sort data=PMaster4;
by Part;
run;

The following code invokes PROC BOM to generate the planning bill of material
and the summarized parts list from the modularized product structure data and the
expanded part master file.

/* Generate the Indented BOM and Summarized Parts data sets x*/
proc bom data=ParComp4 pmdata=PMaster4
out=IndBOM4 summaryout=SumBOM4;
structure / part=Part
requirement=Req
leadtime=LeadTime
parent=Parent
component=Component
quantity=QtyPer
id=(Desc Unit);
run;

The indented bill of material is shown in Output 2.4.1. Output 2.4.2 lists the quantity
of each item that is needed to build 10,000 lamps in period 4, sorted by the _Part_
variable.



Example 2.4. Planning Bill of Material

L

55

Output 2.4.1. Planning Bill of Material with Option Overplanning (IndBOM4)
ABC Lamp Company
Indented Bill of Material, Part LAXX
— Q L T

_ P t e o
L a _ (o] y a t _
e r P t _ d _ P
v e a D y P U T L r
e n r e P r n i e o
1 t t s e o i m a d
_ _ _ c r d t e d _
0 LAXX Lamp LA . 1.00 Each 3 3 LAXX
1 LAXX 4000 Common parts 1.00 1.00 Each 0 3 LAXX
2 4000 1100 Finished shaft 1.00 1.00 Each 2 5 LAXX
3 1100 2100 3/8 Steel tubing 6.00 26.00 Inches 3 8 LAXX
2 4000 1300 Hub 1.00 1.00 Each 2 5 LAXX
2 4000 1400 1/4-20 Screw 4.00 4.00 Each 1 4 LAXX
2 4000 1500 Steel holder 1.00 1.00 Each 2 5 LAXX
3 1500 1400 1/4-20 Screw 2.00 2.00 Each 1 6 LAXX
2 4000 1700 Wiring assembly 1.00 1.00 Each 1 4 LAXX
3 1700 2200 16-Gauge lamp cord 2.00 12.00 Feet 2 6 LAXX
3 1700 2300 Standard plug terminal 1.00 1.00 Each 1 5 LAXX
1 LAXX B10X Base assembly options 1.00 1.00 Each 0 3 LAXX
2 Bl0X B100 Base assembly 0.32 0.32 Each 1 4 LAXX
3 B1l00 1200 6-Diameter steel plate 1.00 0.32 Each 3 7 LAXX
2 B1l0X B101 7in Base assembly 0.41 0.41 Each 1 4 LAXX
3 B101 1201 7-Diameter steel plate 1.00 0.41 Each 3 7 LAXX
2 B1l0X B102 8in Base assembly 0.33 0.33 Each 1 4 LAXX
3 B1l02 1202 8-Diameter steel plate 1.00 0.33 Each 3 7 LAXX
1 LAXX S10X Shade options 1.00 1.00 Each 0 3 LAXX
2 S10X sS100 Black shade 0.07 0.07 Each 2 5 LAXX
2 S10X S101 14in White shade 0.18 0.18 Each 2 5 LAXX
2 S10X 8S102 14in Cream shade 0.24 0.24 Each 2 5 LAXX
2 S10X S103 14in Yellow shade 0.10 0.10 Each 2 5 LAXX
2 8S10X S104 15in Black shade 0.06 0.06 Each 2 5 LAXX
2 S10X S105 15in White shade 0.14 0.14 Each 2 5 LAXX
2 S10X S106 15in Cream shade 0.22 0.22 Each 2 5 LAXX
2 S10X S107 15in Yellow shade 0.10 0.10 Each 2 5 LAXX
1 LAXX Al0X Socket assembly options 1.00 1.00 Each 0 3 LAXX
2 Al0X Al00 Socket assembly 0.11 0.11 Each 1 4 LAXX
3 Al00 1600 One-way socket 1.00 0.11 Each 2 6 LAXX
2 Al0X Al01 Three-way socket assem. 0.92 0.92 Each 1 4 LAXX
3 Al01 1601 Three-way socket 1.00 0.92 Each 2 6 LAXX
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Output 2.4.2. Summarized Parts List (SumBOM4)

_Part_ Low_Code

1100
1200
1201
1202
1300
1400
1500
1600
1601
1700
2100
2200
2300
4000
Al00
Al01l
Al0X
B100
B101
B102
B10X
LAXX
s100
s1l01
s102
s103
s104
s105
s106
s107
S10X

EFNNMDNMNMNNDMDNMNMNMNORNMNDMNMEDMNMNDNMRFEPWOWWONDNWWDNDNWDMNDNWWWLWDN

ABC Lamp Company

Summarized Parts List, Period 4

Lead

Req On_Hand Net_Req Time Desc

10000
3200
4100
3300

10000

60000

10000
1100
9200

10000

260000
120000

10000

10000
1100
9200

10000
3200
4100
3300

10000

10000

700
1800
2400
1000

600
1400
2200
1000

10000

OO0 O00D0D0D0DO0D0DO0DO0DO0DO0DO0DO0DO0DO0ODO0DO0DO0ODO0OO0OO0OOO0OOOOO OO

10000
3200
4100
3300

10000

60000

10000
1100
9200

10000

260000
120000

10000

10000
1100
9200

10000
3200
4100
3300

10000

10000

700
1800
2400
1000

600
1400
2200
1000

10000

ONDNMDNNMNDNMNMDNMNNMNNMNWORRFERFORFEFORNWENDNMDDNMDMENDWWWDN

Finished shaft
6-Diameter steel plate
7-Diameter steel plate
8-Diameter steel plate
Hub

1/4-20 Screw

Steel holder

One-way socket
Three-way socket
Wiring assembly

3/8 Steel tubing
16-Gauge lamp cord
Standard plug terminal
Common parts

Socket assembly
Three-way socket assem.
Socket assembly options
Base assembly

7in Base assembly

8in Base assembly

Base assembly options
Lamp LA

Black shade

14in White shade

14in Cream shade

14in Yellow shade

15in Black shade

15in White shade

15in Cream shade

15in Yellow shade
Shade options

Unit

Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Inches
Feet
Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
Each
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Example 2.5. Modular Bills of Material

The previous example illustrated how the bills of material can be arranged in product
modules or options in order to obtain better forecasting, master production schedul-
ing, and planning. There are also a number of other reasons for using modular bills
of material. One reason is that the task of maintaining modularized bills of mate-
rial is much simpler. The only bills of material that have to be maintained are the
modules; there is no need to maintain enormous numbers of unique product configu-
rations (Landvater and Gray 1989). You can easily construct a bill of material for a
particular product configuration from the modular bills of material, if necessary. This
example shows how to build modular bills of material for the 48 product configura-
tions as described in Example 2.4 (page 51). It also demonstrates how to construct a
final-product-oriented bill of material from the modularized bills of material.

The ParComp5 data set contains the new product structure information. In this data
set, the phantom items ‘A10X’, *‘B10X’,and *S10X’ are used as place holders for
product modules: *A100’, *‘A101’, ‘B100’, ..., *S107". The following code
first creates the new Product Structure data set, ParComp5. It then invokes PROC
BOM with the Part Master data set, PMaster4 (described in Example 2.4 on page
51), and the new Product Structure data set, ParComp5, to construct modular bills
of material for the production line of the company. It also displays the modularized
indented bills of material.

/* Product Structure data */

data ParComp5;
format Parent $8. Component $8. QtyPer 8.2 ;
input Parent $ Component $ QtyPer;

datalines;
LAXX 4000 1.00
LAXX B10X 1.00
LAXX S10xX 1.00
LAXX Al10X 1.00
4000 1100 1.00
4000 1300 1.00
4000 1400 4.00
4000 1500 1.00
4000 1700 1.00
B100 1200 1.00
B101 1201 1.00
B102 1202 1.00
Al00 1600 1.00
Al01 1601 1.00
1100 2100 26.00
1500 1400 2.00
1700 2200 12.00
1.00

1700 2300

4

/* Generate the indented BOM data set */
proc bom data=ParComp5 pmdata=PMaster4 out=IndBOMS5;
structure / part=Part
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leadtime=LeadTime

parent=Parent

component=Component

quantity=QtyPer

id=(Desc Unit);
run;

The Indented BOM data set, INndBOMS, is shown in Output 2.5.1. This output data
set contains a pseudo bill of material for the pseudo end item *LAXX’ and 13 mod-
ules (modular bills of material) for items ‘A100’, ‘A101’, *‘B100’, *‘B101",
‘B102’,and 'S100’ ..., *S107’, respectively.

Output 2.5.1. Modularized Indented Bills of Material (IndBOM5)

ABC Lamp Company

Indented Bills of Material

— Q L T

_ P t e o

L a _ o y a t _

e r P t _ d _ P

v e a D y 4 U T L r

e n r e P r n i e o

1 t t s e o i m a d
_ _ _ c r d t e d _

0 Al100 Socket assembly . 1 Each 1 1 Al00
1 Al00 1600 One-way socket 1 1 Each 2 3 Al00
0 Al01 Three-way socket assem. . 1 Each 1 1 Al01
1 Alo01l 1601 Three-way socket 1 1 Each 2 3 Alo01l
0 B100 Base assembly . 1 Each 1 1 B100
1 B100 1200 6-Diameter steel plate 1 1 Each 3 4 B100
0 B101 7in Base assembly . 1 Each 1 1 B101
1 B101 1201 7-Diameter steel plate 1 1 Each 3 4 B101
0 B102 8in Base assembly . 1 Each 1 1 B102
1 B102 1202 8-Diameter steel plate 1 1 Each 3 4 B102
0 LAXX Lamp LA . 1 Each 3 3 LAXX
1 LAXX 4000 Common parts 1 1 Each 0 3 LAXX
2 4000 1100 Finished shaft 1 1 Each 2 5 LAXX
3 1100 2100 3/8 Steel tubing 26 26 Inches 3 8 LAXX
2 4000 1300 Hub 1 1 Each 2 5 LAXX
2 4000 1400 1/4-20 Screw 4 4 Each 1 4 LAXX
2 4000 1500 Steel holder 1 1 Each 2 5 LAXX
3 1500 1400 1/4-20 Screw 2 2 Each 1 6 LAXX
2 4000 1700 Wiring assembly 1 1 Each 1 4 LAXX
3 1700 2200 16-Gauge lamp cord 12 12 Feet 2 6 LAXX
3 1700 2300 Standard plug terminal 1 1 Each 1 5 LAXX
1 LAXX B10X Base assembly options 1 1 Each 0 3 LAXX
1 LAXX S10X Shade options 1 1 Each 0 3 LAXX
1 LAXX Al10X Socket assembly options 1 1 Each 0 3 LAXX
0 S100 Black shade 1 Each 2 2 S100
0 s101 14in White shade 1 Each 2 2 s101
0 S102 14in Cream shade 1 Each 2 2 S102
0 S103 14in Yellow shade 1 Each 2 2 S103
0 s104 15in Black shade 1 Each 2 2 S104
0 S105 15in White shade 1 Each 2 2 S105
0 Ss106 15in Cream shade 1 Each 2 2 S106
0 S107 15in Yellow shade 1 Each 2 2 S107

The following SAS code constructs an indented bill of material for the product
‘LAO01’, which is configured with *A100’ (One-way socket assembly),
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‘B100’ (6in Base assembly),and *S100’ (14in Black shade). It first
uses the %BOMTSAE SAS macro to create a bill of material that is the same as the
bill for the item *LAXX’, except the pseudo item *B10X’ is replaced by the mod-
ular bill for the item *B100’. It then uses the %BOMTREP SAS macro to replace
the pseudo items *S10X’ and *A10X’ with the bills of material for *S100’ and
‘A100’. Note that the %BOMTSAE macro refers to the part master file PMaster3
(shown in Output 2.3.1 on page 48) for the master data of the item *LAQ1’. See the
section “Transactional Macros” on page 105 for details about these SAS macros.

/* Copy LAXX to LAOl with B10X replaced by B100 */

$bomtsae (root="1LA01’, sameas='LAXX', except='Bl0X’, repby='B100’,
in=IndBOM5, pmdata=PMaster3, part=Part, quantity=QtyPer,

leadtime=LeadTime, id=Desc Unit, out=BomOut}5);

/* Merge the bill of material for S100 to the new BOM */
data BomOut51;
set BomOut5
IndBOMS5 (where=(_Prod_='S100"));
run;

/* Replace S10X with S100 */

$bomtrep (root='S10X’, repby='S100’, in=BomOut5l1, quantity=QtyPer,

leadtime=LeadTime, id=Desc Unit, del=1l, out=BomOut52);

/* Merge the bill of material for Al100 to the new BOM x/
data BomOut53;
set BomOut52
IndBOMS (where=(_Prod_=’A100'));
run;

/* Replace Al0X with A100 */

$bomtrep (root="A10X’, repby='Al100’', in=BomOut53, quantity=QtyPer,

leadtime=LeadTime, id=Desc Unit, del=1, out=BomOut}5);

The indented bill of material for item ‘LAQ01’ is displayed in Output 2.5.2. It is
the same as the bill of material displayed in Output 2.2.2 on page 44 (which is
created directly by PROC BOM), except for the common items such as Y1100,
13007, Y1400, *1500’,and *1700’, which are regrouped under the phantom
item ‘4000'.
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Output 2.5.2. Indented Bill of Material for Product ‘LA01’ (BomOut5)

ABC Lamp Company
Indented Bill of Material, Part LAO1l
_ Q L T

_ P t e o

L a _ Q y a t —
e r P t _ d _ P
v e a D y P 9] T L r

e n r e P r n i e o

1 t t s e o i m a d
_ _ _ c r d t e d _

0 LAO1 Lamp LA . 1 Each 2 2 LAO1
1 LAO1 4000 Common parts 1 1 Each 0 2 LAO1
2 4000 1100 Finished shaft 1 1 Each 2 4 LAO1
3 1100 2100 3/8 Steel tubing 26 26 Inches 3 7 LAO1
2 4000 1300 Hub 1 1 Each 2 4 LAO1
2 4000 1400 1/4-20 Screw 4 4 Each 1 3 LAO1
2 4000 1500 Steel holder 1 1 Each 2 4 LAO1
3 1500 1400 1/4-20 Screw 2 2 Each 1 5 LAO1
2 4000 1700 Wiring assembly 1 1 Each 1 3 LAO1
3 1700 2200 16-Gauge lamp cord 12 12 Feet 2 5 LAO1
3 1700 2300 Standard plug terminal 1 1 Each 1 4 LAO1
1 LAO1 Al100 Socket assembly 1 1 Each 1 3 LAO1
2 Al00 1600 One-way socket 1 1 Each 2 5 LAO1
1 LAO1 B100 Base assembly 1 1 Each 1 3 LAO1
2 B100 1200 6-Diameter steel plate 1 1 Each 3 6 LAO1
1 LAO1 s100 Black shade 1 1 Each 2 4 LAO1

Example 2.6. Bills of Material with Repeated Relationships

As briefly described in the section “Product Structure Data Set” on page 26, some-
times it is necessary to structure a given component into a parent item more than once
because it is used at different places, at different times in the process, or in different
operations. The Product Structure data set shown in Output 2.6.1 is an example of
this situation. Because of the different points of use (denoted by the PointUse vari-
able) and lead-time offsets (denoted by the LTOff variable) involved in its two rela-
tionships, item ‘1400’ (1/4-20 Screw) cannot be structured just once into the
parentitem ‘B100’ (Base assembly). The Line variable in this data set denotes
the line sequence number, which is part of the unique key in the product structure
record. Although it is not necessary in the BOM procedure, some software packages
will not allow two relationships with the same parent and component. However, when
unique line sequence numbers are assigned, a given component can be structured into
a parent item any number of times. Line sequence numbers are sometimes used to
sequence components in the desired order on a bill of material, frequently in order of
use. They are also used on occasion to refer to the balloon or find number on engineer
drawings (Clement, Coldrick, and Sari 1992).
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Output 2.6.1. Product Structure Data Set with Repeated Relationships

L

ABC Lamp Company

Product Structure Records

oty Point

Parent Component Per Fscrap Line Use LTOff
LAO1 B100 1 010 SA2 0
S100 1 015 SA2 0
Al00 1 020 SAS 15
B100 1100 1 010 SA4A 0
1200 1 . 020 SA4A 0
1400 4 0.25 110 SA4A 0
1300 1 120 SA4B 20
1400 4 0.50 215 SA4B 20
Al00 1500 1 100 SA3 0
1600 1 110 SA3 0
1700 1 . 120 SAS5 0
1100 2100 26 0.20 SA9B 0
1500 1400 2 . SA7 0
1700 2200 12 0.10 010 SAS 0
2300 1 030 SAS5 5
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The following code invokes PROC BOM with this Product Structure data set,
ParComp6, and the Part Master data set, PMaster3 (shown in Output 2.3.1 on page
48), to create the indented bill of material for the product *LA01’. The Line and
PointUse variables specified in the RID= option can be used to distinguish the two
relationships with the same parent item *‘B100’ and components ‘1400’ (obser-
vations 6 and 8) in the indented BOM data set as displayed in Output 2.6.2.

/* Create the indented BOM x/
proc bom data=ParComp6 pmdata=PMaster3 out=IndBOM6a;
structure / part=Part
leadtime=LeadTime
parent=Parent
component=Component
quantity=QtyPer
factor=Fscrap
offset=LTOff
id=(Desc Unit)
rid=(Line PointUse)
enditem=("LAO1");
run;



62 ¢ Chapter 2. The BOM Procedure
Output 2.6.2. Indented Bill of Material with Repeated Relationships
ABC Lamp Company
Indented Bill of Material, Part LAO1l
_ Q LT P

_ P t e o T o

L a _ Q F y at o i _

e r P t s _ d_ L t n P

v e a D y c P 19) TL T _ L t r
Oe n r e P r r n ie O O i U o
b1l t t s e a o i ma f £ n s d
s _  _ _ c r P d t ed £ f e e _
10 LAOl1 Lamp LA .. 1 Each 22 . 0 LAO1
2 1 LAOl1 B100 Base assembly 1 0.00 1 Each 13 0 0 010 sAa2 1AO01
3 2 B100 1100 Finished shaft 1 0.00 1 Each 25 0 0 010 sA4A 1LAOl
4 3 1100 2100 3/8 Steel tubing 26 0.20 26 Inches 38 0 O SA9B LAO1
5 2 B100 1200 6-Diameter steel plate 1 0.00 1 Each 36 0 0 020 sa4Aa 1LAO1
6 2 B100 1400 1/4-20 Screw 4 0.25 4 Each 14 0 0 110 sA4A LAO1
7 2 B100 1300 Hub 1 0.00 1 Each 2 5 20 20 120 SA4B LAO1
8 2 B100 1400 1/4-20 Screw 4 0.50 4 Each 1 4 20 20 215 sSA4B LAO1
9 1 LAO1 S100 Black shade 1 0.00 1 Each 24 0 0 015 sa2 1AO1l
10 1 LAO1 Al00 Socket assembly 1 0.00 1 Each 1 3 15 15 020 SA5 LAO1
11 2 A100 1500 Steel holder 1 0.00 1 Each 25 0 15 100 sAa3 ©LAO1l
12 3 1500 1400 1/4-20 Screw 2 0.00 2 Each 16 015 SA7 LAO1
13 2 A100 1600 One-way socket 1 0.00 1 Each 25 0 15 110 sA3 ©LAO1
14 2 A100 1700 Wiring assembly 1 0.00 1 Each 14 0 15 120 sA5 1AO1
15 3 1700 2200 16-Gauge lamp cord 12 0.10 12 Feet 2 6 0 15 010 sa5 LAaOl
16 3 1700 2300 Standard plug terminal 1 0.00 1 Each 15 5 20 030 sA5 1ILAOl

The BOM procedure can create bills of material with two or more identical relation-
ships in a given parent item, if necessary. The specification of the keyword KEEP for
the DUPLICATE= option tells PROC BOM to sequence components in the same or-
der as they are listed in the Product Structure data set while constructing the indented
bills of material. The following SAS code invokes PROC BOM to create a bill of
material with identical relationships, displayed in Output 2.6.3. Note that the RID=
option is not specified in this invocation of PROC BOM: the two relationships with

the same parent item *B100’ and component ‘1400’ are identical.

/* Create the indented BOM =x/

proc bom data=ParComp6 pmdata=PMaster3 out=IndBOM6b

duplicate=KEEP;

structure / part=Part

run;

leadtime=LeadTime
parent=Parent
component=Component

quantity=QtyPer
factor=Fscrap
id=(Desc Unit)

enditem=("LAO1");
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Output 2.6.3. Indented Bill of Material with Identical Relationships

L

ABC Lamp Company

Indented Bill of Material, Part LAO1l

_ Q L T

_ P t e o

L a _ Q F y a t _
e r P t s _ d _ P
v e a D y c P 1) T L r

e n r e P r r n i e )

1 t t s e a o i m a d
_ _ _ c r P d t e d _

0 LAO1 Lamp LA . . 1 Each 2 2 1LAO1
1 LAOl1 B100 Base assembly 1 0.00 1 Each 1 3 1LAO1l
2 B100 1100 Finished shaft 1 0.00 1 Each 2 5 LAO1
3 1100 2100 3/8 Steel tubing 26 0.20 26 1Inches 3 8 LAOl
2 B100 1200 6-Diameter steel plate 1 0.00 1 Each 3 6 LAO1
2 B100 1400 1/4-20 Screw 4 0.25 4 Each 1 4 1A01
2 B100 1300 Hub 1 0.00 1 Each 2 5 LAOl
2 B100 1400 1/4-20 Screw 4 0.50 4 Each 1 4 1LAO01
1 LAO1 S100 Black shade 1 0.00 1 Each 2 4 LAO1l
1 LAO1 Al00 Socket assembly 1 0.00 1 Each 1 3 1LAOl
2 Al00 1500 Steel holder 1 0.00 1 Each 2 5 LAOl
3 1500 1400 1/4-20 Screw 2 0.00 2 Each 1 6 LAO1
2 Al100 1600 One-way socket 1 0.00 1 Each 2 5 1AO1
2 Al00 1700 Wiring assembly 1 0.00 1 Each 1 4 1LAOl
3 1700 2200 16-Gauge lamp cord 12 0.10 12 Feet 2 6 LAO1
3 1700 2300 Standard plug terminal 1 0.00 1 Each 1 5 1LAaO01l
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On other occasions, you may want the bills of material to show the total quantity
of each component used by a given parent item without any reference to the order,
time, or place of use. To do this, you can specify the keyword COMBINE for the
DUPLICATE= option. This is the default behavior of the DUPLICATE= option. The
SAS code to accomplish this is as follows:

/* Create the indented BOM x/
proc bom data=ParComp6 pmdata=PMaster3 out=IndBOM6c
duplicate=COMBINE;
structure / part=Part
leadtime=LeadTime
parent=Parent
component=Component
quantity=QtyPer
factor=Fscrap
id=(Desc Unit)
enditem=("LAO1");
run;

The indented bill of material is displayed in Output 2.6.4. Note that the two identical
relationships of the parent *B100’ and the component *1400’ are collapsed into
one relationship. See the section “Product Structure Data Set” on page 26 for details
about combining identical parent-component relationships.
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Output 2.6.4. Indented Bill of Material with Identical Relationships Collapsed

ABC Lamp Company
Indented Bill of Material, Part LAO1l
_ Q L T

_ P t e o

L a _ Q F y a t _
e r P t s _ d _ P
v e a D y c P U T L r

e n r e P r r n i e [<)

1 t t s e a o i m a d
_ _ _ c r P d t e d _

0 LAO1 Lamp LA . . 1 Each 2 2 1LAO1
1 LAO1 B100 Base assembly 1 0.000 1 Each 1 3 1Lao1l
2 B100 1100 Finished shaft 1 0.000 1 Each 2 5 1I1LAO01
3 1100 2100 3/8 Steel tubing 26 0.200 26 1Inches 3 8 LAO1
2 B100 1200 6-Diameter steel plate 1 0.000 1 Each 3 6 LAO1
2 B100 1400 1/4-20 Screw 8 0.375 8 Each 1 4 1LAa01
2 B100 1300 Hub 1 0.000 1 Each 2 5 1ILAO1
1 ©LAO1 S100 Black shade 1 0.000 1 Each 2 4 1A01
1 ©LAO1 Al00 Socket assembly 1 0.000 1 Each 1 3 1Lao1l
2 Al100 1500 Steel holder 1 0.000 1 Each 2 5 1I1LAO01
3 1500 1400 1/4-20 Screw 2 0.000 2 Each 1 6 1LAO1
2 Al00 1600 One-way socket 1 0.000 1 Each 2 5 1I1LAO01
2 Al00 1700 Wiring assembly 1 0.000 1 Each 1 4 1LAa01
3 1700 2200 16-Gauge lamp cord 12 0.100 12 Feet 2 6 1LAO1
3 1700 2300 Standard plug terminal 1 0.000 1 Each 1 5 1Laol

Example 2.7. Bills of Material Verification

The previous examples illustrated how companies may have more than one type of
bill of material. It is important that while the different types of BOM may differ
in the way items are grouped together, they must use the same components (except
the phantom items) in the same quantities, or require the same amount of materials
in order to fill the same production plan. This example demonstrates some simple
methods that compare the different types of BOM and detect any differences.

One way to compare two bills of material is to compare their summarized parts lists
for the same production plan. The following SAS code creates a transactional data
set, Trans7, which contains the new values of the gross requirements for the lamp
‘LAXX' and all base assembly, shade, or socket assembly options that are described
in Example 2.4 on page 51. The gross requirements for the lamp *LAXX’ and options
‘B100’, 'S100’, and *A100’ that are associated with the lamp ‘LAO01’ are 1.
All other options have 0 gross requirement. Therefore, the item ‘*LAXX’ and all of
the options listed in the data set Trans7 are master schedule items. See the section
“Part Master Data Set” on page 24 for a detailed description about master schedule
items.
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/* Gross requirement transactional data set */
data Trans7;
format Part $8. Req 8.0 ;
input Part $ Req ;
datalines;
LAXX
B100
B101
B102
S100
s1io01
S102
S103
S104
S105
S106
S107
A100
Al01

4

oOrooocoocoocoookroormH

The following SAS DATA step code updates the value of the Req variable in the
PMaster4 data set (described in Example 2.4 on page 51) with the value of the
variable in the transactional data set Trans7.

proc sort data=Trans7;
by Part;
run;

/* Update the gross requirement values of the x*/

/* Product Structure data set */
data PMaster7 (drop=01ldReq) ;

merge PMaster4 (rename=(Req=0ldReq)) Trans7(in=in2);

by Part;

if not in2 then Reg=0ldReq;
run;

The following code invokes PROC BOM with the new Part Master data set PMaster7
and the Product Structure data set ParComp4 (described in Example 2.4 on page 51).
The summarized parts list is shown in Output 2.7.1.
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/* Generate the indented BOM and summarized parts list =*/
proc bom data=ParComp4 pmdata=PMaster?7
out=IndBOM7 summaryout=SumBOM7;
structure / part=Part
requirement=Req
leadtime=LeadTime
parent=Parent
component=Component
quantity=QtyPer
id=(Desc Unit);
run;

Output 2.7.1. Summarized Parts List (SumBOM?7)

ABC Lamp Company

Summarized Parts List, Period 1

Lead
_Part_ Low _Code Req On_Hand Net_Req Time Desc Unit
1100 2 1 0 1 2 Finished shaft Each
1200 3 1 0 1 3 6-Diameter steel plate Each
1300 2 1 0 1 2 Hub Each
1400 3 6 0 6 1 1/4-20 Screw Each
1500 2 1 0 1 2 Steel holder Each
1600 3 1 0 1 2 One-way socket Each
1700 2 1 0 1 1 Wiring assembly Each
2100 3 26 0 26 3 3/8 Steel tubing Inches
2200 3 12 0 12 2 16-Gauge lamp cord Feet
2300 3 1 0 1 1 Standard plug terminal Each
4000 1 1 0 1 0 Common parts Each
Al100 2 1 0 1 1 Socket assembly Each
Al0X 1 1 0 1 0 Socket assembly options Each
B100 2 1 0 1 1 Base assembly Each
B10X 1 1 0 1 0 Base assembly options Each
LAXX 0 1 0 1 3 Lamp LA Each
s100 2 1 0 1 2 Black shade Each
S10X 1 1 0 1 0 Shade options Each

The summarized parts list in Output 2.7.1 and the one in Output 2.1.3 on page
40 are in agreement in the values of gross and net requirements, except for
those phantom items, such as ‘4000 Common parts’, ‘Al0X Socket
assembly options’, ‘B10X Base assembly options’, and ‘S10X
Shade options’, which are not listed in Output 2.1.3.

Another way to compare two bills of material is to compare their summarized bills
of material. Recall that, as discussed in Example 2.1, the summarized parts list as
displayed in Output 2.1.3 on page 40 is also the summarized bill of material for the
item ‘LAO1’. You can also use the %BOMRSUB SAS macro described in Chapter
3, “Bill-of-Material Post-Processing Macros,” or the SAS DATA step to create the
summarized bill of material from an indented bill of material. See Example 2.9 on
page 70 for an example of using a SAS DATA step to create a summarized bill of
material from the Indented BOM data set.

The following SAS code uses the %BOMRSUB macro to create a summarized bill
of material for the item *LA01’ from the Indented BOM data set shown in Output
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2.5.2 on page 60. The “gtyreg=Gros_Req” specification indicates that the total
requirement for the item identified by the _Part_ variable should be stored in the
Gros_Req variable.

/* Create the summarized bill of material x/
$bomrsub (root='"LA01’, in=BomOut5, quantity=QtyPer,
gqtyreq=Gros_Req, out=BomOut7);

Output 2.7.2. Summarized Bills of Material (BomOut7)

ABC Lamp Company
Summarized Bill of Material, Part LAOl
_Part_ Gros_Req Desc Unit
1100 1 Finished shaft Each
1200 1 6-Diameter steel plate Each
1300 1 Hub Each
1400 6 1/4-20 Screw Each
1500 1 Steel holder Each
1600 1 One-way socket Each
1700 1 Wiring assembly Each
2100 26 3/8 Steel tubing Inches
2200 12 16-Gauge lamp cord Feet
2300 1 Standard plug terminal Each
4000 1 Common parts Each
Al00 1 Socket assembly Each
B100 1 Base assembly Each
S100 1 Black shade Each

Again, the summarized bill of material, shown in Output 2.7.2, agrees with the sum-
marized bill of material displayed in Output 2.1.3 on page 40 in the values of gross
requirements, except for the phantom items *4000 Common parts’. Note also
that the gross requirement of the finished good *‘LA01’ is not listed in Output 2.7.2.

Example 2.8. Roll-Up Cost in Indented Bill of Material

As mentioned in the section “Bill of Material Explosion and Implosion” on page 32,
the presence of the _Level_ variable and the order of the observations in the Indented
BOM data set enables easy bill of material explosion and implosion. This example
demonstrates how to calculate the costs for upper-level items using the SAS DATA
step.

Suppose the ABC Lamp Company wishes to calculate the cost of the lamp *LA01"
based on the costs of purchased items that are at the “leaf”” nodes of the BOM family
tree. The Indented BOM data set can be used to aggregate values assigned at the
“leaf” nodes, up the BOM family tree to calculate the value at the root node, or the
final product *LAOL".

In the following SAS code, the data set PMaster8 extends the part master file as
displayed in Figure 2.1 on page 13 to contain the cost for purchased items. PROC
BOM is invoked with this Part Master data set and the Product Structure data set,



68 ¢ Chapter 2. The BOM Procedure

ParComp0 as displayed in Figure 2.2 (page 13) to create the Indented BOM data
set, INndBOMS.

/* Part master records */

data PMasterS$8;
format Part $8. Desc $24. Unit $8. Cost 8.2 ;
input Part $ Desc & Unit $§ Cost;

datalines;

1100 Finished shaft Each .
1200 6-Diameter steel plate Each 9.25
1300 Hub Each 5.00
1400 1/4-20 Screw Each 0.20
1500 Steel holder Each .
1600 One—-way socket Each 3.50
1700 Wiring assembly Each .
2100 3/8 Steel tubing Inches 0.05
2200 16-Gauge lamp cord Feet 0.35
2300 Standard plug terminal Each 0.50
Al00 Socket assembly Each

B100O Base assembly Each

LAO1 Lamp LA Each .
S100 Black shade Each 4.10

4

/* Create the indented BOM x/
proc bom pmdata=PMaster8 data=ParCompO out=IndBOMS;
structure / part=Part
parent=Parent
component=Component
quantity=QtyPer
id=(Desc Unit Cost);
run;

The following code first reverses the order of the observations in the Indented BOM
data set, and then determines the costs for the upper-level items. Afterward, the order
of the observations is restored to the original order. The indented bill of material with
cost information is displayed in Output 2.8.1. In each observation, the variable Cost
contains the cost for the item identified by the value of the _Part_ variable.

/* Sort the indented BOM in reverse order */
proc sort data=IndBOM8 (drop=_Prod_ Paren_ID);
by descending Part_1ID;
run;
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/* Roll up material cost */
data IndBOMS8a;
set IndBOMS;
array costs[4] costl cost2 cost3 cost4;

retain costl cost2 cost3 cost4d 0;

drop costl cost2 cost3 cost4;

/* Determine the cost for the current item %/

if Cost=.
Cost =

/* Roll up cost to the upper-level item */

then Cost=0;

Cost + costs[_Level +1];

if Level > 0 then
costs[_Level ]=costs[_Level ]+ (QtyPerxCost);

/* Reset roll up cost for the current level */
costs[_Level_ +1]=0;

output;
run;

/* Sort the indented BOM back to the original order =*/
proc sort data=IndBOM8a;
by Part_1ID;

L

run;
Output 2.8.1. Indented Bills of Material with Roll-Up Cost (IndBOM8a)
ABC Lamp Company
Indented Bill of Material, Part LAO1l
oty

_Level_ _Parent_ _Part_ Desc Per Qty Prod Unit Cost
0 LAO1 Lamp LA . 1 Each 29.05
1 LAO1 B100 Base assembly 1 1 Each 16.35
2 B100 1100 Finished shaft 1 1 Each 1.30
3 1100 2100 3/8 Steel tubing 26 26 Inches 0.05
2 B100 1200 6-Diameter steel plate 1 1 Each 9.25
2 B100 1300 Hub 1 1 Each 5.00
2 B100 1400 1/4-20 Screw 4 4 Each 0.20
1 LAOl1 s100 Black shade 1 1 Each 4.10
1 LAO1 Al100 Socket assembly 1 1 Each 8.60
2 Al100 1500 Steel holder 1 1 Each 0.40
3 1500 1400 1/4-20 Screw 2 2 Each 0.20
2 Al00 1600 One-way socket 1 1 Each 3.50
2 Al00 1700 Wiring assembly 1 1 Each 4.70
3 1700 2200 16-Gauge lamp cord 12 12 Feet 0.35
3 1700 2300 Standard plug terminal 1 1 Each 0.50
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Example 2.9. Bill of Material Explosion

Example 2.8 illustrated using the Indented BOM data set to roll up costs assigned at
the leaf nodes of the BOM family tree to obtain the cost of the final product. Similarly,
the same data set can also be used to “explode” (or “propagate”) requirements along
the tree, based on requirements specified for the root nodes. The “explosion” can
be performed with or without taking into account the quantities on hand or the scrap
factors. This example demonstrates a few of these explosions.

Note that the BOM procedure automatically performs the requirement explosion in
the calculation of the gross and net requirements of each item when producing the
summarized parts list. In the Summarized Parts data set produced by PROC BOM,
the gross and net requirements are calculated taking into account both the quantities
on hand and the scrap factors. See the section “Summarized Parts Data Set” on page
34 for details about calculating the gross and net requirements for each item.

The following SAS code uses the data set SIBOM2 (displayed in Output 2.2.1 on
page 43) with additional specifications of scrap factors (20 percent for the relation-
ship between the parent item 1100’ and its component ‘2100, and 10 percent
for the relationship of the component *2200’ and its parent *1700") to produce
the indented bill of material for *LA01’ and the summarized parts list for the re-
quirement of 50 units of item *LAO01’. The indented BOM, IndBom9, is shown in
Output 2.9.1, and the summarized parts list, SUMBOMO, is shown in Output 2.9.2.

/* Product structure and part master data */
data S1BOMS9;
set S1BOM2 (drop=LeadTime) ;

/* Specify scrap factors for 2100 and 2200 */

if (Component="2100" and Parent="1100") then Scrap=0.2;

else if (Component="2200" and Parent="1700") then Scrap=0.1;
run;

/* Create the indented BOM and the summarized parts list */
proc bom data=S1BOM9 out=IndBOM9 summaryout=SumBOM9;
structure / part=Component
parent=Parent
component=Component
quantity=QtyPer
id=(Desc Unit)
requirement=Gros_Req
gtyonhand=0On_Hand
factor=Scrap;
run;
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Output 2.9.1. Indented Bill of Material for ‘LA01’

ABC Lamp Company

Indented Bill of Material, Part LAO1l

71
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_Level _Parent__Part_ Desc Per Qty Prod Unit Scrap

0 LAO1 Lamp LA . 1 Each

1 LAO1 B100 Base assembly 1 1 Each 0.0
2 B100 1100 Finished shaft 1 1 Each 0.0
3 1100 2100 3/8 Steel tubing 26 26 Inches 0.2
2 B100 1200 6-Diameter steel plate 1 1 Each 0.0
2 B100 1300 Hub 1 1 Each 0.0
2 B100 1400 1/4-20 Screw 4 4 Each 0.0
1 LAO1 s100 Black shade 1 1 Each 0.0
1 LAO1 Al00 Socket assembly 1 1 Each 0.0
2 Al00 1500 Steel holder 1 1 Each 0.0
3 1500 1400 1/4-20 Screw 2 2 Each 0.0
2 Al100 1600 One-way socket 1 1 Each 0.0
2 Al100 1700 Wiring assembly 1 1 Each 0.0
3 1700 2200 16-Gauge lamp cord 12 12 Feet 0.1
3 1700 2300 Standard plug terminal 1 1 Each 0.0
Output 2.9.2. Item Requirements for a Planned Order of 50 Units of ‘LA01’

ABC Lamp Company
Summarized Parts List, Part LAOl: Requirement=50

_Part_ Low_Code Gros_Req On_Hand Net_Req Desc Unit
1100 2 0 0 0 Finished shaft Each
1200 2 0 0 0 6-Diameter steel plate Each
1300 2 0 0 0 Hub Each
1400 3 60 0 60 1/4-20 Screw Each
1500 2 30 0 30 Steel holder Each
1600 2 30 0 30 One-way socket Each
1700 2 30 0 30 Wiring assembly Each
2100 3 0 0 0 3/8 Steel tubing Inches
2200 3 396 0 396 l6-Gauge lamp cord Feet
2300 3 30 0 30 Standard plug terminal Each
Al100 1 30 0 30 Socket assembly Each
B100 1 30 50 0 Base assembly Each
LAO1 0 50 20 30 Lamp LA Each
s100 1 30 0 30 Black shade Each

The summarized parts list displayed in Output 2.9.2 lists all items and their quantities
required to be made or ordered in order to fill the requirement of 50 units for *LAQ1" .
The requirements in this list are calculated taking into account each item’s quantity
on hand and each relationship’s scrap factor. However, if you want to analyze how
future orders for end items will impact inventory levels, a gross requirements report
that lists all items and their total requirements to make the pre-specified amount of
end items, without any regard for quantities on hand, will be helpful. The gross
requirements report can be determined by a top-down calculation through indented
bills of material, taking into account only the scrap factors. In other words, once
you have an Indented BOM data set available, you can use it to calculate the gross
requirements report for any specified quantity of any end item, as shown below. It is
not necessary to invoke the BOM procedure for each value.
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The following code performs the top-down calculation, as discussed above, through
the Indented BOM data set as displayed in Output 2.9.1 to produce a gross require-
ments report for an additional order of 50 units of *LA01’ . The gross requirements
report, SumReq9, is displayed in Output 2.9.3; this data set has been sorted by the
—Part_ variable.

/* Explode the gross requirement to low-level components */
data IndBOM9Y9a;

set IndBOMY;

array reqgs[4] reql req2 req3 reqg4;

retain reql req2 req3 req4 0;

drop reql req2 req3 req4;

/* Calculate the gross requirement =*/
if _Level_=0 then Reg=50;
else Reg=reqgs|[_Level_]xQtyPerx*(1l.0+Scrap);

/* keep the requirement of the current level x*/
regs[_Level_+1l]=Req;

output;
run;

/* Calculate the total requirement for each item */
proc sql;
create table SumReq9 as
select _Part_, Desc, Unit,
sum (Req) as Gros_Req
from IndBOMY9a
group by _Part_, Desc, Unit;
quit;

Output 2.9.3. Total Requirements for Ordering 50 Units of ‘LAO1’

ABC Lamp Company

Gross Requirements Report, Part LAOl: Requirement=50

_Part_ Desc Unit Gros_Req
1100 Finished shaft Each 50
1200 6-Diameter steel plate Each 50
1300 Hub Each 50
1400 1/4-20 Screw Each 300
1500 Steel holder Each 50
1600 One-way socket Each 50
1700 Wiring assembly Each 50
2100 3/8 Steel tubing Inches 1560
2200 16-Gauge lamp cord Feet 660
2300 Standard plug terminal Each 50
Al100 Socket assembly Each 50
B100 Base assembly Each 50
LAOL Lamp LA Each 50

s100 Black shade Each 50
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In another situation, you may like to know the quantity of each component used in
making a certain amount of the end item, without any regard for items on hand and
scrap factors. A similar calculation as described above can be used to determine the
total usage for each item. In fact, the quantities of lower-level components that are
used to make 1 unit of the end item are already contained in the variable Qty_Prod
of the Indented BOM data set. You only need to multiply those quantities by the
specified amount of the end item and then add the values for the same item together
for each one. The following codes performs this task to create a report of the total
usage for each item in making 50 units of *LA01”. This usage report, SumUse9,
has been sorted by the _Part_ variable and is shown in Output 2.9 4.

/* Calculate the total usage for each item */
proc sql;
create table SumUse9 as
select _Part_, Desc, Unit,
sum(Qty_Prod x 50) as Qty_ Use
from IndBOM9
group by _Part_ , Desc, Unit;
quit;

Output 2.9.4. Total Usages for Making 50 Units of ‘LAO1’

ABC Lamp Company

Summarized Bill of Material, Part LAOl: Requirement=50

_Part_ Desc Unit Oty Use
1100 Finished shaft Each 50
1200 6-Diameter steel plate Each 50
1300 Hub Each 50
1400 1/4-20 Screw Each 300
1500 Steel holder Each 50
1600 One-way socket Each 50
1700 Wiring assembly Each 50
2100 3/8 Steel tubing Inches 1300
2200 16-Gauge lamp cord Feet 600
2300 Standard plug terminal Each 50
Al00 Socket assembly Each 50
B100 Base assembly Each 50
LAO1 Lamp LA Each 50
S100 Black shade Each 50

As discussed in Example 2.7 on page 64, you can also use the %BOMRSUB SAS
macro described in Chapter 3, “Bill-of-Material Post-Processing Macros,” to create
the same report as that shown in Output 2.9.4.

Example 2.10. Aggregating Forecasts Using PROC BOM

In this example, the BOM procedure is used in a nonstandard application. Recall
that the input data for the procedure requires items that are related in a parent-child
hierarchy. The procedure uses this information to create an output data set that lists
the items in a top-down order that can be used to aggregate information in a variety
of ways. Suppose, for example, that the ABC Lamp Company has forecasts that are
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available for lamps to be stocked at various stores. The stores are served by ware-
houses that are, in turn, served by distribution centers. In other words, the different
units of business are organized as a “tree.” If the company wishes to aggregate the
forecasts to calculate the overall forecast at the distribution center, it can do so using
the BOM procedure as follows.

/* The input data set =*/

data demandlO0;
format parent $14. child $12. code $2. ;
input parent & child & code $ pct nitems;
datalines;

Dist.Center 1 Warehouse 1 DC 1
Dist.Center 1 Warehouse 2 DC 1
Dist.Center 2 Warehouse 3 DC 1
Dist.Center 2 Warehouse 4 DC 1
Dist.Center 2 Warehouse 5 DC 1
Warehouse 1 Store 01 WH 1
Warehouse 1 Store 02 WH 1
Warehouse 1 Store 03 WH 1
Warehouse 2 Store 04 WH 1
Warehouse 2 Store 05 WH 1
Warehouse 3 Store 06 WH 1
Warehouse 3 Store 07 WH 1
Warehouse 3 Store 08 WH 1
Warehouse 4 Store 09 WH 1
Warehouse 4 Store 10 WH .5
Warehouse 5 Store 11 WH 1
Warehouse 5 Store 10 WH .5 .
Store 01 . ST . 10
Store 02 . ST . 20
Store 03 . ST . 10
Store 04 . ST . 20
Store 05 . ST . 10
Store 06 . ST . 20
Store 07 . ST . 10
Store 08 . ST . 20
Store 09 . ST . 10
Store 10 . ST . 20
Store 11 . ST . 10

4

The data set demand10 defines the parent-child relationships of the company’s busi-
ness units. It also specifies the forecasts, via the nitems variable, for each store. The
code variable specifies the type of the business unit identified by the parent vari-
able: ‘DC’ for distribution center, *WH’ for warehouse, and ‘ST’ for store. Note
that some business units may be stocked from more than one parent unit. The pct
variable specifies the percentage of the items in the unit identified by the child vari-
able that are from the parent unit. For example, *Store 10’ is stocked evenly (50
percent each) from ‘Warehouse 4’ and ‘Warehouse 5'.

The following code constructs the hierarchical structure of the ABC Lamp Company
and aggregates the forecasts for stores up to each distribution center. The aggregated
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forecasts for stores, warehouses, and distribution centers are displayed in Output
2.10.1, Output 2.10.2, and Output 2.10.3, respectively.

/* Create the hierarchy structure x/
proc bom data=demandl0 out=indbomlO;
structure / part=parent
parent=parent
component=child
quantity=pct
id=(nitems code);
run;

/* Sort the output data set in reverse order x*/
proc sort data=indbomlO;

by descending part_id;
run;

/* Aggregate forecasts through the hierarchy structure =*/
data accumulatelO;

set indbomlO;

array items[3] dcitems whitems stitems;

retain dcitems whitems stitems 0;

do i=1 to _level_;
if nitems then items[i]=items[i] + pct * nitems;
end;

if nitems then items[_level_+l]=items|[_level_+1] + nitems;
output;

do i=_level_+1 to 3;
items[i]=0;
end;
run;

/* Display the forecast for each store */
proc sort data=accumulatelO (where=(code="ST"))
out=storesl0
nodupkey;
by _part_;
run;

proc print data=storeslO noobs;
titlel 'ABC Lamp Company’;
title3 ’'Totals for Stores’;
var _Part_ code stitems;
run;

/* Display the aggregated forecast for each warehouse */
proc sort data=accumulatelO (where=(code="WH"))
out=housesl0
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nodupkey;

by _part_;
run;

proc print data=housesl0 noobs;
titlel 'ABC Lamp Company’;
title3 ’'Totals for Warehouses’;
var _Part_ code whitems;

run;

/* Display the aggregated forecast for each distribution center x/
proc sort data=accumulatelO (where=(code="DC"))
out=desl10
nodupkey;
by _part_;
run;

proc print data=dcsl0 noobs;
titlel 'ABC Lamp Company’;
title3 ’'Totals for Distribution Centers’;
var _Part_ code dcitems;

run;

Output 2.10.1. Forecasts for Stores

ABC Lamp Company

Totals for Stores
_Part__ code stitems
Store 01 ST 10
Store 02 ST 20
Store 03 ST 10
Store 04 ST 20
Store 05 ST 10
Store 06 ST 20
Store 07 ST 10
Store 08 ST 20
Store 09 ST 10
Store 10 ST 20
Store 11 ST 10

Output 2.10.2. Aggregated Forecasts for Warehouses

ABC Lamp Company

Totals for Warehouses

_Part__ code whitems
Warehouse 1 WH 40
Warehouse 2 WH 30
Warehouse 3 WH 50
Warehouse 4 WH 20
Warehouse 5 WH 20
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Output 2.10.3. Aggregated Forecasts for Distribution Centers

ABC Lamp Company

Totals for Distribution Centers

_Part_ code dcitems
Dist.Center 1 DC 70
Dist.Center 2 DC 920

77

Statement and Option Cross-Reference Tables

The following table references the options in the BOM procedure that are illus-
trated by the examples in this section. Note that the DATA=, DUPLICATE=, OUT=,
PMDATA=, and SUMMARYOUT= options are specified on the PROC BOM state-
ment. All other options are specified on the STRUCTURE statement.

Table 2.7. Options Specified in Examples

Option

1

2

3

4

COMPONENT=
DATA=
DUPLICATE=
ENDITEM=
FACTOR=

D=

LEADTIME=
OFFSET=

OUT=

PARENT=

PART=
PMDATA=
QTYONHAND=
QUANTITY=
REQUIREMENT=
RID=
SUMMARYOUT=

X
X

XX

X

X
X

ol

oy

X
X
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Chapter 3
Bill-of-Material Post-Processing
Macros

Overview

The bill-of-material post-processing macros are divided into two groups based on
their functionality. The reporting macros generate miscellaneous reports from the
Indented BOM output data set of PROC BOM, or a data set that contains indented
bills of material. The reports include:

Single-level bill of material

Single-level where-used list

Indented bill of material

Indented where-used list

Summarized bill of material

Summarized where-used list

See the section “Indented BOM Data Set” on page 28 in Chapter 2, “The BOM
Procedure,” for details on the Indented BOM data set.

The transactional macros perform specialized transactions for maintaining and up-
dating the bills of material for a product, product line, plant, or company. The trans-
actions include:

Copy-and-paste

Multiple-delete

Multiple-replace

e Same-as-except

Used correctly, these transactions make it possible to avoid some clerical work and
reduce the time to maintain the bills of material. However, if the transactions are
used incorrectly, it may take hours to reconstruct what was changed automatically in
a matter of seconds (Landvater and Gray 1989).
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Input Data Sets

All SAS macros described in this chapter use a SAS input data set that contains the
indented bills of material for all end items of the product line, plant, or company. This
data set is referred to as the Indented BOM data set. It is typically the Indented BOM
output data set created by PROC BOM. See the section “Indented BOM Data Set” on
page 28 in Chapter 2 for details about the variables and special structure of this SAS
data set. Not every variable in the Indented BOM data set is needed in all macros.
The variables required by each macro depend on the requirements of the macro, and
are listed in the corresponding section describing each macro. Note that the macros
depend heavily on the form of the Indented BOM data set that

e contains the complete indented bill of material for each end item.

e lists the components of each indented bill of material in the depth-first order.

Refer to Aho, Hopcroft, and Ullman (1983) for details about depth-first ordering.
See also the section “Indented BOM Data Set” on page 28 in Chapter 2 for details
regarding the records in this data set.

A simple Indented BOM data set, INndBOM, is displayed in Figure 3.1. It contains
two indented bills of material, one for the item *‘A101’ and the other for the item
*LAOL’. You can easily check that each indented bill of material in this data set lists
its components in depth-first order. The data set INndBOM is used as the Indented
BOM input data set in all examples in this chapter.

You specify the name of the Indented BOM data set using the IN= parameter. If you
do not provide a name when calling a post-processing macro, the macro uses the most
recently created SAS data set as the Indented BOM data set.

One SAS macro, %BOMTCNP, requires an additional data set that contains the
product structure record for the new parent-component relationship that will be cre-
ated while performing the copy-and-paste transaction. This data set is referred to as
the Product Structure data set. See the section “Product Structure Data Set” on page
26 in Chapter 2 for details about this SAS data set.

Another SAS macro, %BOMTSAE, requires another data set that contains the part
master record for the item specified in the ROOT= parameter of the macro. This data
set is referred to as the Part Master data set. See the section “Part Master Data Set”
on page 24 in Chapter 2 for details about this SAS data set.
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ABC Lamp Company

Indented Bills of Material

Obs _Level__Parent_ Paren_ID _Part_ Part_ID Desc

1 0

2 1 Al01l
3 2 1500
4 1 Al01l
5 1 Al01l
6 2 1700
7 2 1700
8 2 1700
9 0

10 1 LAO1
11 2 Al00
12 3 1500
13 2 Al00
14 2 Al00
15 3 1700
16 3 1700
17 3 1700
18 1 LAO1
19 2 B100
20 3 1100
21 2 B100
22 2 B100
23 2 B100
24 1 LAO1

Obs Qty Prod Unit

1 1 Each
2 1 Each
3 2 Each
4 1 Each
5 1 Each
6 12 Feet
7 12 Feet
8 1 Each
9 1 Each
10 1 Each
11 1 Each
12 2 Each
13 1 Each
14 1 Each
15 12 Feet
16 12 Feet
17 1 Each
18 1 Each
19 1 Each
20 26 Inches
21 1 Each
22 1 Each
23 4 Each
24 1 Each

. Al01l 0 Three-way socket assem.
0 1500 1 Steel holder
1 1400 2 1/4-20 Screw
0 1601 3 Three-way socket
0 1700 4 Wiring assembly
4 2200 5 1l6-Gauge lamp cord
4 2210 6 l4-Gauge lamp cord
4 2300 7 Standard plug terminal
. LAO1 8 Lamp LA
8 Al100 9 One-way socket assem.
9 1500 10 Steel holder
10 1400 11 1/4-20 Screw
9 1600 12 One-way socket
9 1700 13 Wiring assembly
13 2200 14 16-Gauge lamp cord
13 2210 15 l4-Gauge lamp cord
13 2300 16 Standard plug terminal
8 B100 17 Base assembly
17 1100 18 Finished shaft
18 2100 19 3/8 Steel tubing
17 1200 20 6-Diameter steel plate
17 1300 21 Hub
17 1400 22 1/4-20 Screw
8 s100 23 Black shade
Lead
Time Tot_Lead LTOff Tot_ Off SDate
1 1 . 0
2 3 0 0
1 4 0 0
2 3 0 0
1 2 0 0 .
2 4 0 0 07APR2001
2 4 0 0 08APR2001
1 3 0 0
2 2 . 0
1 3 2 2
2 5 0 2
1 6 0 2
2 5 0 2
1 4 0 2 .
2 6 0 2 07APR2001
2 6 0 2 08APR2001
1 5 0 2
1 3 0 0
2 5 0 0
3 8 0 0
3 6 0 0
2 5 1 1
1 4 3 3
2 4 0 0

oty

Per Fscrap

HFNNHERENKR.

FARKHOHRRERKENNRREBNDERER.

EDate _Prod_

Al01l
Al01l
Al01
Al01l
Al01
Al01l
Al01
Al01
LAO1
LAO1
LAO1
LAO1
LAO1
LAO1
LAO1
LAO1
LAO1
LAO1
LAO1
LAO1
LAO1
LAO1
LAOl
LAO1
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Figure 3.1. Indented BOM Data Set (IndBOM)
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Software Requirements

This collection of SAS macros uses procedures from Base SAS and SAS/OR soft-
ware, as shown in the following table:

SAS Software Module Procedure Used in Macros

Base SAS SORT  %BOMRSLB, %BOMRSLW, %BOMRSUB,
%BOMRSUW, %BOMTCNP, %BOMTREP,
%BOMTSAE

Base SAS SQL %BOMRSLW, %BOMRSUB, %BOMRSUW

SAS/OR BOM %BOMTCNP, %BOMTREP, %BOMTSAE

Calling the Macros

The macros are part of the SAS Autocall library, and are automatically available for
use in your SAS program, provided the SAS system option MAUTOSOURCE is in
effect. For more information about autocall libraries, refer to SAS Macro Language:
Reference.

All macros are defined using keyword parameters. With keyword parameters, you
do not have to keep track of the positions of the parameters when calling any of the
bill-of-material post-processing macros. The general format of a call to a macro in
this chapter is:

$bommacro (keywordl=valuel, keyword2=value2, ..., keywordn=valuen);

Each keyword parameter allows you to initialize a macro variable with the same name
as the parameter inside the macro program to the value after the equals sign of a pa-
rameter. It is not necessary to specify all the keyword parameters in a macro program
call. If you do not specify a keyword parameter, the macro program uses the default
value of the parameter to initialize the corresponding macro variable. If the param-
eter does not have a default value defined for it, the corresponding macro variable is
initialized with a null value. In a macro program call, no value after the equals sign
of a parameter initializes the corresponding macro variable with a null value. Refer
to Chapter 4, “Macro Programs,” in SAS Macro Programming Made Easy (Burlew
1998) for details about macros with keyword parameters.

Output Data Sets

Each macro in this chapter creates a SAS output data set. You can provide the name of
this data set by specifying the OUT= parameter in each macro. If you do not provide
a name when calling a post-processing macro, the macro creates an output data set
named _BOMOUT_. This data set contains the same variables as the Indented BOM
data set, except for those variables that are specified in the DROP= parameter. Some
macros add new variables to the output data sets for particular information, such as
quantity used and quantity needed, that are not contained in the Indented BOM data
set.



Reporting Macros

Macro Variables

Each bill-of-material post-processing macro defines a macro variable named
_MACRONAME_, where “MACRONAME” is the name of the macro. Each macro
variable contains a character string that indicates the status of the corresponding
macro execution. It is set at the completion of the macro execution. The form of the
character string is STATUS=status, where status can be one of the following:

SUCCESSFUL
IO_ERROR

RUNTIME_ERROR

RUNTIME_WARNING

SYNTAX_ ERROR

SYNTAX_WARNING

indicates successful completion of the macro.

indicates that the macro failed to open the input data sets
or to create the output data set.

indicates that macro execution was halted due to an error
found by the SAS System.

indicates that macro execution was completed, but a
warning was issued by the SAS System.

indicates that macro execution was halted due to an error
in the macro invocation syntax.

indicates that macro execution was completed, but a
warning in the macro invocation syntax was issued.

You can check the SAS log for detailed error or warning messages if a macro vari-
able has a value other than “STATUS=SUCCESSFUL”. These messages will help
you determine the source of the errors. You can also use MPRINT, MLOGIC,
SYMBOLGEN, or other SAS System options to help track down errors. For de-
tails, refer to the “Macro Facility Error Messages and Debugging” chapter in SAS
Macro Language: Reference.

Reporting Macros

The reporting macros are used to construct reports from an Indented BOM output
data set as produced by the BOM procedure. The macros contained in this section

are as follows:

%BOMRMLB  constructs an indented bill of material
%BOMRMLW  constructs an indented where-used list
%BOMRSLB  constructs a single-level bill of material

%BOMRSLW  constructs a single-level where-used list

%BOMRSUB constructs a summarized bill of material

%BOMRSUW  constructs a summarized where-used list

The single-level bill of material lists the components directly used by a given item.
The indented bill of material of a given item lists all components that are directly
or indirectly used by that item. It starts with the single-level bill of material for the

¢+ 85
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given item. Each component in this bill of material is checked to see if it has sub-
components or a single-level bill of material. If so, the component is exploded. If
any component on this second level bill has subcomponents, that component is ex-
ploded in the same fashion. The explosion of bills of material continues until the
lowest levels are reached (Landvater and Gray 1989). The summarized bill of ma-
terial lists all components and their quantities that are directly or indirectly used to
make prespecified units of the given item.

On the other hand, the single-level where-used list traces all parent items where the
given item is directly used. The indented where-used list starts with the single-level
where-used list of the given item, and traces upward to all the places each parent item
is used, and so on until the top-level end item is reached. The summarized where-used
list shows all parents at higher levels in which a given item is directly or indirectly
used, along with the total quantities of the item used in those parents.

%BOMRMLB: Indented Bill of Material

Y%bomrmlb (ROOT=root, IN=SAS-data-set, LEV=variable, FARENT=variable,
COMP=variable, QUANTITY=variable, QTYPROD=variable,
FACTOR=variable, LEADTIME=variable, TOTLEAD=variable,
OFFSET=variable, TOTOFF=variable, PARENID=variable,
PROD-=variable, REQ=req, OUT=SAS-data-set, DROP=variables);

constructs an indented bill of material for a given item referred to as the item Root,
which lists all components directly or indirectly used in the item Root. If a component
is a subassembly, all its components and all their components are also listed, down to
purchased items and raw materials. The parameters for this macro are as follows:

ROOT=root
specifies the part number of the item for which the indented bill of material is con-
structed. This item is referred to as the item Root. You must specify either a number
or a quoted string for the ROOT= parameter, depending on the type of the Component
variable.

IN=SAS-data-set
names the Indented BOM input data set. The default value is the most recently created
SAS data set. A null value is replaced by the default value.

LEV=variable
identifies the variable in the Indented BOM data set that contains the indenture level
information. The default value is _Level_. A null value is replaced by the default
value.

PARENT=variable
identifies the variable in the Indented BOM data set that contains the parent item’s
part number. A null value tells the macro program not to look for the variable in
the input data set that contains the parent item’s part number. The default value is
—Parent_.

COMP-=variable
identifies the variable in the Indented BOM data set that contains the component’s
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part number. This variable is referred to as the Component variable. The default
value is _Part_. A null value is replaced by the default value.

QUANTITY=variable
identifies the variable in the Indented BOM data set that contains the quantity per as-
sembly information. A null value tells the macro program not to look for the variable
in the input data set that contains the quantity per assembly information. The default
value is Qty_Per.

QTYPROD=variable
identifies the variable in the Indented BOM data set that contains the quantity per
product information. A null value tells the macro program not to look for the variable
in the input data set that contains the quantity per product information. The default
value is Qty_Prod.

FACTOR=variable
identifies the variable in the Indented BOM data set that contains the scrap factor
information. A null value tells the macro program not to look for the variable in
the input data set that contains the scrap factor information. The default value is
S_Factor.

LEADTIME=variable
identifies the variable in the Indented BOM data set that contains the lead time in-
formation. If you do not specify this parameter or specify a null value, the macro
program will not look for the variable in the input data set that contains the lead time
information.

TOTLEAD=variable
identifies the variable in the Indented BOM data set that contains the total lead time
information. A null value tells the macro program not to look for the variable in
the input data set that contains the total lead time information. The default value is
Tot_Lead. The specification of the TOTLEAD= parameter is ignored if the macro
program cannot find the variable in the Indented BOM data set that contains the lead
time information.

OFFSET=variable
identifies the variable in the Indented BOM data set that contains the lead-time offset
information. A null value tells the macro program not to look for the variable in
the input data set that contains the lead-time offset information. The default value is

L_Offset.

TOTOFF=variable
identifies the variable in the Indented BOM data set that contains the total lead-time
offset information. A null value tells the macro program not to look for the variable
in the input data set that contains the total lead-time offset information. The default
value is Tot_Off. The specification of the TOTOFF= parameter is ignored if the
macro program cannot find the variable in the Indented BOM data set that contains
the lead-time offset information.

PARENID=variable
identifies the variable in the Indented BOM data set that contains the ID number for

L
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the parent record. A null value tells the macro program not to look for the variable in
the input data set that contains the ID number of the parent record. The default value
is Paren_ID.

PROD=variable
identifies the variable in the Indented BOM data set that contains the end item’s part
number. A null value tells the macro program not to look for the variable in the input
data set that contains the end item’s part number. The default value is _Prod_.

REQ=req
specifies the quantity required for the item Root. The default value is 1. A null value
is replaced by the default value.

OUT=SAS-data-set
names the output data set that contains indented bill of material for the item Root.
The default value is _BOMOUT_. A null value is replaced by the default value.

DROP=variables
identifies all the variables in the Indented BOM data set that you do not want to be
included in the output data set. You can list the variables in any form that SAS allows.
If you do not specify the DROP= parameter, or specify a null value, all variables in
the Indented BOM data set are included in the output data set.

The Input Data Set

The input data set for this macro is the Indented BOM data set described in the section
“Input Data Sets” on page 82.

The following parameters specify the variables in the input data set that are required
by the %BOMRMLB macro.

COMP= A character or numeric variable that contains the part number of
the component.

LEV= A numeric variable that contains the indenture level information.

The following parameters specify the variables in the Indented BOM input data set
that are used by the macro, if they can be found in the data set.

FACTOR= A numeric variable that contains the scrap factor information.

LEADTIME= A numeric variable that contains the lead time of the component.

OFFSET= A numeric variable that contains the lead-time offset information.

PARENID= A numeric variable that contains the ID number for the parent
record.

PARENT= A character or numeric variable that contains the part number of

the parent item. The type of this variable must be the same as that
of the variable specified in the COMP= parameter.

PROD= A character or numeric variable that contains the part number of
the end item. The type of this variable must be the same as that of
the variable specified in the COMP= parameter.
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QTYPROD= A numeric variable that contains the quantity per product informa-
tion.

QUANTITY= A numeric variable that contains the quantity per assembly infor-

mation.
TOTLEAD= A numeric variable that contains the total lead time information.
TOTOFF= A numeric variable that contains the total lead-time offset informa-
tion.
DROP= Variables that you do not want to be included in the output data set.

The Output Data Set

The output data set contains the indented bill of material for the item Root. This
data set is a subset of the Indented BOM input data set, and has the same vari-
ables as the Indented BOM data set, except for the variables that are specified in
the DROP= parameter. The quantity per product (the value of the variable specified
in the QTYPROD= parameter) of each record in this data set reflects the quantity
needed in producing m units of the item Root, where m is the value specified in the
REQ= parameter.

Note that the first record of the output data set does not contain a parent-component
relationship. Therefore, the values for all variables that contain product structure in-
formation in this record have to be missing. The %BOMRMLB macro sets the values
for the variables that are specified in the PARENT=, QUANTITY=, FACTOR=, and
OFFSET= parameters to a missing value. It also sets the value of the variable spec-
ified in the PARENID= parameter to a missing value since the first record does not
have a parent record. If there are other variables that also contain product structure
data, you must manually set the values for those variables in the first record. See the
section “Product Structure Data Set” on page 26 in Chapter 2 for the variables that
contain product structure information.

Macro Variable _BOMRMLB_

Upon completion, this macro defines a macro variable, _BOMRMLB_, which con-
tains a character string that indicates the status of the macro execution. See the section
“Macro Variables” on page 85 for the possible values of this macro variable.

An Example

The following statement constructs an indented bill of material for the item *A100’
from the Indented BOM data set displayed in Figure 3.1 on page 83.

$bomrmlb (root="A100’, in=IndBOM, quantity=QtyPer,
factor=Fscrap, leadtime=LeadTime, offset=LTOff,
out=BomOutl, drop=Paren_ID Part_ID _Prod );

The indented bill of material for the item ‘A100’ is displayed in Figure 3.2.
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ABC Lamp Company
Indented Bill of Material, Part A1l00
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0 A100 One-way socket assem. . l1Each 11 .0
1 A100 1500 Steel holder 10.0 1Each 2300
2 1500 1400 1/4-20 Screw 2 0.0 2Each 1400
1 A100 1600 One-way socket 10.0 1Each 2300
1 A100 1700 Wiring assembly 10.0 1 Each 1200 . .
2 1700 2200 16-Gauge lamp cord 12 0.1 12 Feet 2 4 0 0 . 07APR2001
2 1700 2210 14-Gauge lamp cord 12 0.1 12 Feet 2 4 0 0 08APR2001
2 1700 2300 Standard plug terminal 1 0.0 1 Each 1 3 00

Figure 3.2. Indented Bill of Material for ltem A100 (BomOut1)

%BOMRMLW: Indented Where-Used List

%bomrmlw (ROOT=root, IN=SAS-data-set, LEV=variable, COMP=variable,
QTYPROD-=variable, QTYUSED=qtyused, OUT=SAS-data-set,
DROP=variables);

constructs an indented where-used list for a given item referred to as the item Root,
which lists every parent item of the item Root and the respective quantities required,
as well as each of their respective parent items, continuing until the end item is ref-
erenced (Cox and Blackstone, J. H., Jr. 1998). The parameters for this macro are as
follows:

ROOT=root
specifies the part number of the item for which the indented where-used list is con-
structed. This item is referred to as the item Root. You must specify either a number
or a quoted string for the ROOT= parameter, depending on the type of the Component
variable.

IN=SAS-data-set
names the Indented BOM input data set. The default value is the most recently created
SAS data set. A null value is replaced by the default value.

LEV=variable
identifies the variable in the Indented BOM data set that contains the indenture level
information. The default value is —Level_. A null value is replaced by the default
value.

COMP=variable
identifies the variable in the Indented BOM data set that contains the component’s
part number. This variable is also referred to as the Component variable. The default
value is —Part_. A null value is replaced by the default value.
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QTYPROD=variable
identifies the variable in the Indented BOM data set that contains the quantity per
product information. The default value is Qty_Prod. A null value tells the macro
program not to look for the variable in the input data set that contains the quantity per
product information.

QTYUSED=qtyused

specifies the name for the variable in the output data set that contains the quantity
of the item Root used by the item identified by the Component variable. A null
value tells the macro program not to calculate and write the quantity-used information
to the output data set. The default value is Qty_Used. The specification of the
QTYUSED= parameter is ignored if the macro program cannot find the variable in
the Indented BOM data set that contains the quantity per product information. The
Indented BOM data set should not contain a variable with the name specified in the
QTYUSED= parameter. Otherwise, the values of the variable with the name specified
in the QTYUSED= parameter will be overwritten.

OUT=SAS-data-set
names the output data set that contains indented where-used list data for the item
Root. The default value is _~BOMOUT_. The null value is replaced by the default
value.

DROP=variables
specifies all variables in the Indented BOM data set that you do not want to be in-
cluded in the output data set. You can list the variables in any form that SAS allows.
The default value is the variable that is specified in the QTYPROD= parameter. A
null value tells the macro program to write all the variables in the Indented BOM data
set to the output data set.

The Input Data Set

The input data set of this macro is the Indented BOM data set described in the section
“Input Data Sets” on page 82.

The following parameters specify the variables in the input data set that are required
by the %BOMRMLW macro.

COMP= A character or numeric variable that contains the part number of
the component.

LEV= A numeric variable that contains the indenture level information.

The following parameters specify the variables in the Indented BOM input data set
that are used by the macro, if they can be found in the data set.

QTYPROD= A numeric variable that contains the quantity per product informa-
tion.

DROP= Variables that you do not want to be included in the output data set.
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The Output Data Set

The output data set contains the indented where-used list for the item Root. This
data set has the same variables as the Indented BOM data set, except for those vari-
ables that are specified in the DROP= parameter. If both values for QTYPROD= and
QTYUSED= parameters are not null, the output data set contains a new variable with
the name specified by the following parameter:

QTYUSED= A numeric variable that contains the quantity of the item Root that
is used in the item identified by the Component variable.

Macro Variable _BOMRMLW _

Upon completion, this macro defines a macro variable, _-BOMRMLW_, which con-
tains a character string that indicates the status of the macro execution. See the section
“Macro Variables” on page 85 for the possible values of this macro variable.

An Example

The following statement constructs an indented where-used list for the item ‘1400
from the Indented BOM data set displayed in Figure 3.1 on page 83.

$bomrmlw (root='1400’, in=IndBOM, gtyused=QtyUsed,
out=BomOut2, drop=Paren_ID Part_ID Qty Prod);

The indented where-used list for the item 1400 is displayed in Figure 3.3. In this
list, the variable QtyUsed contains the quantity of the item Y1400’ that is used in
the item identified by the variable _Part_. For example, if you trace back from the
item ‘1400’ up to the end item ‘*A101’, you will observe that the item ‘1500
uses 2 units of *1400’, and the item *A101’ uses 1 unit of Y1500’ , and hence,
2 units of '1400’. Therefore, the value for the variable QtyUsed is 2 on both
observations 2 and 3.
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ABC Lamp Company
Indented Where-Used List, Part 1400
oty oty
Obs _Level  _Parent_ _Part_ Desc Per Fscrap Used

1 2 1500 1400 1/4-20 Screw 2 0 .

2 1 Al101 1500 Steel holder 1 0 2

3 0 Al01 Three—-way socket assem. . . 2

4 3 1500 1400 1/4-20 Screw 2 0

5 2 A100 1500 Steel holder 1 0 2

6 1 LAO1 Al00 One-way socket assem. 1 0 2

7 0 LAO1 Lamp LA . . 2

8 2 B100 1400 1/4-20 Screw 4 0 .

9 1 LAO1 B100 Base assembly 1 0 4
10 0 LAO1 Lamp LA . . 4

Lead
Obs Unit Time Tot_Lead LTOff Tot_Off SDate EDate _Prod_

1 Each 1 4 0 0 Al01
2 Each 2 3 0 0 Al01
3 Each 1 1 . 0 Al01
4 Each 1 6 0 2 LAO1
5 Each 2 5 0 2 LAO1
6 Each 1 3 2 2 LAO1
7 Each 2 2 . 0 LAO1
8 Each 1 4 3 3 LAO1
9 Each 1 3 0 0 LAO1
10 Each 2 2 . 0 LAO1

Figure 3.3. Indented Where-Used List for ltem 1400 (BomOut2)

%BOMRSLB: Single-Level Bill of Material

Y%bomrslb (ROOT=root, IN=SAS-data-set, PARENT=variable,
COMP=variable, OUT=SAS-data-set, DROP=variables);

constructs a single-level bill of material for a given item referred to as the item Root,
which lists all components that are directly used in the item Root. The parameters for
this macro are as follows:

ROOT=root
specifies the part number of the item for which the single-level bill of material is
constructed. This item is referred to as the item Root. You must specify either a
number or a quoted string for the ROOT= parameter, depending on the type of the
Component variable.

IN=SAS-data-set
names the Indented BOM input data set. The default value is the most recently created
SAS data set. A null value is replaced by the default value.

PARENT=variable
identifies the variable in the Indented BOM data set that contains the parent item’s
part number. The default value is —Parent_. A null value is replaced by the default
value.
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COMP=variable
identifies the variable in the Indented BOM data set that contains the component’s
part number. This variable is also referred to as the Component variable. The default
value is —Part_. A null value is replaced by the default value.

OUT=SAS-data-set
names the output data set that contains single-level bill of material data for the item
Root. The default value is _~BOMOUT_. A null value is replaced by the default
value.

DROP=variables
specifies all variables in the Indented BOM data set that you do not want to be in-
cluded in the output data set. You can list the variables in any form that SAS allows.
The default value is the list of variables _Level_, Paren_ID, Part_ID, _Prod_,
Qty_Prod, Tot_Lead, and Tot_Off, if they are in the Indented BOM data set. A
null value tells the macro program to write all variables in the Indented BOM data set
to the output data set.

The Input Data Set

The input data set of this macro is the Indented BOM data set described in the section
“Input Data Sets” on page 82.

The following parameters specify the variables in the input data set that are required
by the %BOMRSLB macro.

COMP= A character or numeric variable that contains the part number of
the component.

PARENT= A character or numeric variable that contains the part number of
the parent item. The type of this variable must be the same as that
of the variable specified in the COMP= parameter.

The following parameter specifies the variables in the Indented BOM input data set
that are used by the macro, if they can be found in the data set.

DROP= Variables that you do not want to be included in the output data set.

The Output Data Set

The output data set contains the single-level bill of material for the item Root. This
data set has the same variables as the Indented BOM data set, except for those vari-
ables that are specified in the DROP= parameter.

Macro Variable _BOMRSLB

Upon completion, this macro defines a macro variable, _BOMRSLB_, which con-
tains a character string that indicates the status of the macro execution. See the section
“Macro Variables” on page 85 for the possible values of this macro variable.
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An Example

The following statement constructs a single-level bill of material for the item
*B100’ from the Indented BOM data set displayed in Figure 3.1 on page 83.

$bomrslb (root="B100’, in=IndBOM, out=BomOut3);

The single-level bill of material for the item *B100” is displayed in Figure 3.4.

ABC Lamp Company
Single-Level Bill of Material, Part B100

_ L

P e

a _ Q F a

r P t s d L S E
e a D y ¢ U T T D D
n r e P r n i o a a
t t s e a i m £ t t
_ _ c r p t e f e e
B100 1100 Finished shaft 1 0 Each 2 0
B100 1200 6-Diameter steel plate 1 0 Each 3 0
B100 1300 Hub 1 0 Each 2 1
B100 1400 1/4-20 Screw 4 0 Each 1 3

Figure 3.4. Single-Level Bill of Material for ltem B100 (BomOQOut3)

%BOMRSLW: Single-Level Where-Used List

%bomrslw (ROOT=root, IN=SAS-data-set, PARENT=variable,
COMP-=variable, QUANTITY=variable, PARENID=variable,
PARTID=variable, RID=variables, QTYUSED=qtyused,
OUT=SAS-data-set, DROP=variables);

constructs a single-level where-used list for a given item referred to as the item Root,
which lists each parent item in which the item Root is directly used and in what
quantity. The parameters for this macro are as follows:

ROOT=root
specifies the part number of the item for which the single-level where-used list is
constructed. This item is referred to as the item Root. You must specify either a
number or a quoted string for the ROOT= parameter, depending on the type of the
Component variable.

IN=SAS-data-set
names the Indented BOM input data set. The default value is the most recently created
SAS data set. A null value is replaced by the default value.

PARENT=variable
identifies the variable in the Indented BOM data set that contains the parent item’s
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part number. The default value is —Parent_. A null value is replaced by the default
value.

COMP=variable
identifies the variable in the Indented BOM data set that contains the component’s
part number. This variable is also referred to as the Component variable. The default
value is —Part_. A null value of the corresponding macro variable is replaced by this
default value in the macro program.

QUANTITY=variable
identifies the variable in the Indented BOM data set that contains the quantity per as-
sembly information. A null value tells the macro program not to look for the variable
in the input data set that contains the quantity per assembly information. The default
value is Qty_Per.

PARENID=variable
identifies the variable in the Indented BOM data set that contains the ID number for
the parent record. The default value is Paren—_ID. A null value is replaced by the
default value.

PARTID=variable
identifies the variable in the Indented BOM data set that contains the ID number for
the current record. The default value is Part_ID. A null value is replaced by the
default value.

RID=variables
identifies variables in the Indented BOM data set that contain the product structure
information, and are not specified in PARENT=, COMP=, or QUANTITY= parame-
ters. If you do not specify this parameter or specify a null value, the macro program
assumes the Indented BOM data set contains no RID variables.

QTYUSED=qtyused

specifies the name for the variable in the output data set that contains the quantity of
the item Root used by the parent item identified by the Component variable. A null
value tells the macro program not to calculate and write the quantity-used information
to the output data set. The default value is Qty_Used. The specification of the
QTYUSED= parameter is ignored if the macro program cannot find the variable in
the Indented BOM data set that contains the quantity per assembly information. The
Indented BOM data set should not contain any variables with the name specified
by the QTYUSED= parameter. Otherwise, the values of the variable with the name
specified in the QTYUSED= parameter will be overwritten.

OUT=SAS-data-set
names the output data set that contains a single-level where-used list for the item
Root. The default value is _-BOMOUT_. A null value is replaced by this default
value.

DROP=variables
specifies all variables in the Indented BOM data set that you do not want to be in-
cluded in the output data set. You can list the variables in any form that SAS al-
lows. The default value is the list that contains the variables specified in the COMP=,
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QUANTITY=, PARENID=, and PARTID= parameters; plus the _Level_, _Prod_,
Qty_Prod, Tot_Lead, and Tot_Off variables if they are in the Indented BOM data
set. A null value tells the macro program to write all the variables in the Indented
BOM data set to the output data set.

The Input Data Set

The input data set of this macro is the Indented BOM data set described in the section
“Input Data Sets” on page 82.

The following parameters specify the variables in the input data set that are required
by the %o BOMRSLW macro.

COMP= A character or numeric variable that contains the part number of
the component.

PARENID= A numeric variable that contains the ID number for the parent
record.
PARENT= A character or numeric variable that contains the part number of

the parent item. The type of this variable must be the same as that
of the variable specified in the COMP= parameter.

PARTID= A numeric variable that contains the ID number for the current
record.

The following parameters specify the variables in the Indented BOM input data set
that are used by the macro, if they can be found in the data set.

QUANTITY= A numeric variable that contains the quantity per assembly infor-

mation.

RID= Variables that contain product structure information, except for
those specified in the COMP=, PARENT=, or QUANTITY= pa-
rameters.

DROP= Variables that you do not want to be included in the output data set.

The Output Data Set

The output data set contains the single-level where-used list for the item Root. This
data set has the same variables as the Indented BOM data set, except for the vari-
ables specified in the DROP= parameter. If both values for the QUANTITY= and
QTYUSED= parameters are not null, the output data set contains a new variable with
the name specified by the following parameter:

QTYUSED= A numeric variable that contains the quantity of the item Root that
is used in the parent item identified by the Component variable.
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Macro Variable _BOMRSLW _

Upon completion, this macro defines a macro variable, _.BOMRSLW_, which con-
tains a character string that indicates the status of the macro execution. See the section
“Macro Variables” on page 85 for the possible values of this macro variable.

An Example

The following statement constructs a single-level where-used list for the item
‘1400’ from the Indented BOM data set displayed in Figure 3.1 on page 83.

$bomrslw (root='1400’, in=IndBOM, quantity=QtyPer,
rid=SDate EDate, gtyused=QtyUsed, out=BomOut4);

The single-level where-used list for the item 1400’ is displayed in Figure 3.5.

ABC Lamp Company

Single-Level Where-Used List, Part 1400

oty Lead
_Parent_ Desc Used Fscrap Unit Time LTOff SDate EDate
1500 Steel holder 2 0 Each 2 0
B100 Base assembly 4 0 Each 1 0

Figure 3.5. Single-Level Where-Used List for Item 1400 (BomOut4)

%BOMRSUB: Summarized Bill of Material

%bomrsub (ROOT=root, IN=SAS-data-set, LEV=variable, PARENT=variable,
COMP=variable, QUANTITY=variable, QTYPROD=variable,
RID=variables, QTYREQ=qtyreq, REQ=req,
OUT=SAS-data-set, DROP=variables);

constructs a summarized bill of material for a given item referred to as the item Root,
which lists all the components and their quantities used to make m units of the item
Root, where m is the value specified in the REQ= parameter. Unlike the indented
bill of material, it does not list the levels of manufacture and lists a component only
once for the total quantity used (Cox and Blackstone, J. H., Jr. 1998). Note that
the summarized bill of material created by this macro is more general than the one
described in Chapter 2, where the total quantity used of each component is for making
1 unit of the item Root. The form of the summarized bill of material constructed by
this macro enables you to determine how a future order for m units of the item Root
will impact inventory levels. The parameters for this macro are as follows:

ROOT=root
specifies the part number of the item for which the summarized bill of material is
constructed. This item is referred to as the item Root. You must specify either a
number or a quoted string for the ROOT= parameter, depending on the type of the
Component variable.
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IN=SAS-data-set
names the Indented BOM input data set. The default value is the most recently created
SAS data set. A null value is replaced by the default value.

LEV=variable
identifies the variable in the Indented BOM data set that contains the indenture level
information. The default value is _Level_. A null value is replaced by the default
value.

PARENT=variable
identifies the variable in the Indented BOM data set that contains the parent item’s
part number. A null value tells the macro program not to look for the variable in
the input data set that contains the parent item’s part number. The default value is
—Parent_.

COMP-=variable
identifies the variable in the Indented BOM data set that contains the component’s
part number. This variable is referred to as the Component variable. The default
value is —Part_. A null value is replaced by the default value.

QUANTITY=variable
identifies the variable in the Indented BOM data set that contains the quantity per as-
sembly information. A null value tells the macro program not to look for the variable
in the input data set that contains the quantity per assembly information. The default
value is Qty_Per.

QTYPROD=variable
identifies the variable in the Indented BOM data set that contains the quantity per
product information. The default value is Qty_Prod. A null value is replaced by the
default value.

RID=variables
identifies variables in the Indented BOM data set that contain product structure in-
formation and are not specified in the PARENT=, COMP=, or QUANTITY= param-
eters. These variables are only needed in creating the default drop variables. If you
do not specify this parameter or specify a null value, the macro program assumes the
Indented BOM data set contains no RID variables.

QTYREQ=qtyreq

specifies the name for the variable in the output data set that contains the quantity
of the item identified by the Component variable that is used to make m units of the
item Root, where m is the value specified in the REQ= parameter. The default value is
Qty_Req. A null value is replaced by the default value. The Indented BOM data set
should not contain any variables with the name specified by the QTYREQ= parame-
ter. Otherwise, the values of the variable with the name specified in the QTYREQ=
parameter will be overwritten.

REQ=req
specifies the quantity required for the item Root. The default value is 1. A null value
is replaced by the default value.

L
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OUT=SAS-data-set
names the output data set that contains summarized bill of material data. The default
value is _BOMOUT_. A null value is replaced by this default value.

DROP=variables

identifies all variables in the Indented BOM data set that you do not want to be in-
cluded in the output data set. You can list the variables in any form that SAS al-
lows. The default value is the list that contains the variables specified in the LEV=,
PARENT=, QUANTITY=, QTYPROD=, and RID= parameters, in addition to the
Paren_ID, Part_ID, _Prod_, Tot_Lead, and Tot_Off variables, if they are in the
Indented BOM data set. A null value tells the macro program to write all the variables
in the Indented BOM data set to the output data set.

The Input Data Set

The input data set of this macro is the Indented BOM data set described in the section
“Input Data Sets” on page 82.

The following parameters specify the variables in the input data set that are required
by the %BOMRSUB macro.

COMP= A character or numeric variable that contains the part number of
the component.

LEV= A numeric variable that contains the indenture level information.
QTYPROD= A numeric variable that contains the quantity per product informa-
tion.

The following parameters specify the variables in the Indented BOM input data set
that are used by the macro, if they can be found in the data set.

PARENT= A character or numeric variable that contains the part number of
the parent item. The type of this variable must be the same as that
of the variable specified in the COMP= parameter.

QUANTITY= A numeric variable that contains the quantity per assembly infor-
mation.

RID= Variables that contain product structure information, except for
those specified in the PARENT=, COMP=, or QUANTITY= pa-
rameters. These variables are only needed in creating the default
drop variables.

DROP= Variables that you do not want to be included in the output data set.

The Output Data Set

The output data set contains the summarized bill of material for the item Root. This
data set has the same variables as the Indented BOM data set, except for those vari-
ables specified in the DROP= parameter. The output data set contains a new variable
with the name specified by the following parameter:
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QTYREQ= A numeric variable that contains the quantity of the component
identified by the Component variable that is used to produce m
units of the item Root, where m is the value specified in the REQ=
parameter.

Macro Variable _BOMRSUB _

Upon completion, this macro defines a macro variable, _BOMRSUB_, which con-
tains a character string that indicates the status of the macro execution. See the section
“Macro Variables” on page 85 for the possible values of this macro variable.

An Example

The following statement constructs a summarized bill of material for the item
*LAO1’ from the Indented BOM data set displayed in Figure 3.1 on page 83.

$bomrsub (root="LA01’, in=IndBOM, quantity=QtyPer, qtyreg=QtyReq,

rid=SDate EDate LTOff Fscrap, req=50, out=BomOut5);

The summarized bill of material for the item *LAO01’ is displayed in Figure 3.6.
Note that a summarized bill of material lists a component only once for the total
quantity used. For example, the total quantity of 300 units of the item ‘1400’
comes from 200 units that are for making 50 units of *B100”, and 100 units that are
for producing 50 units of *1500".
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ABC Lamp Company

Summarized Bill of Material, Part LAOl: Requirement=50
Lead Qty
_Part__ Desc Unit Time Req
1100 Finished shaft Each 2 50
1200 6-Diameter steel plate Each 3 50
1300 Hub Each 2 50
1400 1/4-20 Screw Each 1 300
1500 Steel holder Each 2 50
1600 One-way socket Each 2 50
1700 Wiring assembly Each 1 50
2100 3/8 Steel tubing Inches 3 1300
2200 16-Gauge lamp cord Feet 2 600
2210 l4-Gauge lamp cord Feet 2 600
2300 Standard plug terminal Each 1 50
Al00 One-way socket assem. Each 1 50
B100 Base assembly Each 1 50
S100 Black shade Each 2 50

Figure 3.6. Summarized Bill of Material for Item LAO1 (BomOut5)
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%BOMRSUW: Summarized Where-Used List

%bomrsuw (ROOT=root, IN=SAS-data-set, LEV=variable, COMP=variable,
QUANTITY=variable, QTYPROD=variable, RID=variables,
QTYUSED=gtyused, OUT=SAS-data-set, DROP=variables);

constructs a summarized where-used list for a given item referred to as the item Root,
which lists all parent items in which the item Root is directly or indirectly used and
the required quantities. Unlike the indented where-used list, it does not list the levels
of manufacture (Cox and Blackstone, J. H., Jr. 1998). The parameters for this macro
are as follows:

ROOT=root
specifies the part number of the item for which the summarized where-used list is
constructed. This item is referred to as the item Root. You must specify either a
number or a quoted string for the ROOT= parameter, depending on the type of the
Component variable.

IN=SAS-data-set
names the Indented BOM input data set. The default value is the most recently created
SAS data set. A null value is replaced by the default value.

LEV=variable
identifies the variable in the Indented BOM data set that contains the indenture level
information. The default value is _Level_. A null value is replaced by the default
value.

COMP=variable
identifies the variable in the Indented BOM data set that contains the component’s
part number. This variable is referred to as the Component variable. The default
value is —Part_. A null value is replaced by the default value.

QUANTITY=variable
identifies the variable in the Indented BOM data set that contains the quantity per
assembly information. This variable is only needed in creating the default drop vari-
ables. The default value is Qty_Per. A null value tells the macro program not to
look for the variable that contains the quantity per assembly information.

QTYPROD=variable
identifies the variable in the Indented BOM data set that contains the quantity per
product information. The default value is Qty_Prod. A null value is replaced by the
default value.

RID=variables
identifies variables in the Indented BOM data set that contain product structure infor-
mation and are not specified in COMP= or QUANTITY= parameters. These variables
are only needed in creating the default drop variables. If you do not specify this pa-
rameter or specify a null value, the macro program assumes the Indented BOM data
set contains no RID variables.
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QTYUSED=qtyused
specifies the name for the variable in the output data set that contains the quantity of
the item Root used by the parent item identified by the Component variable. The
default value is Qty_Used. A null value is replaced by the default value. The
Indented BOM data set should not contain any variables with the name specified
by the QTYUSED= parameter. Otherwise, the values of the variable with the name
specified in the QTYUSED= parameter will be overwritten.

OUT=SAS-data-set
names the output data set that contains summarized where-used list data for the item
Root. The default value is _.BOMOUT_. A null value is replaced by the default
value.

DROP=variables
specifies all variables in the Indented BOM data set that you do not want to be in-
cluded in the output data set. The default value is the list that contains the variables
specified in the LEV=, QUANTITY=, QTYPROD-=, and RID= parameters, in addi-
tion to the _Parent_, Paren_ID, Part_ID, _Prod_, Tot_Lead, and Tot_Off vari-
ables, if they are in the Indented BOM data set. A null value tells the macro program
to write all the variables in the Indented BOM data set to the output data set.

The Input Data Set

The input data set of this macro is the Indented BOM data set described in the section
“Input Data Sets” on page 82. The following parameters specify the variables in the
input data set that are required by the %eBOMRSUW macro.

COMP= A character or numeric variable that contains the part number of
the component.

LEV= A numeric variable that contains the indenture level information.
QTYPROD= A numeric variable that contains the quantity per product informa-
tion.

The following parameters specify the variables in the Indented BOM input data set
that are used by the macro, if they can be found in the data set.

QUANTITY= A numeric variable that contains the quantity per assembly infor-
mation. This variable is only needed in creating the default drop
variables.

RID= Variables that contain product structure information, except for
those specified in the COMP= or QUANTITY= parameters. These
variables are only needed in creating the default drop variables.

DROP= Variables that you do not want to be included in the output data set.
These variables are optional.
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The Output Data Set

The output data set contains the summarized where-used list for the item Root. This
data set has the same variables as the Indented BOM data set, except for the variables
specified in the DROP= parameter. The output data set contains a new variable with
the name specified by the following parameter:

QTYUSED= A numeric variable that contains the total quantities of the item
Root used, directly or indirectly, in the item identified by the
Component variable.

Macro Variable _BOMRSUW _

Upon completion, this macro defines a macro variable, _-BOMRSUW_, which con-
tains a character string that indicates the status of the macro execution. See the section
“Macro Variables” on page 85 for the possible values of this macro variable.

An Example

The following statement constructs a summarized where-used list for the item
‘1400’ from the Summarized BOM data set as displayed in Figure 3.1 on page
83.

$bomrsuw (root="1400’, in=IndBOM, quantity=QtyPer,
gtyused=QtyUsed, rid=SDate EDate LTOff Fscrap,
out=BomOut6) ;

The summarized where-used list for the item ‘1400’ is displayed in Figure 3.7.
Note that a summarized where-used lists a parent item only once for the total quan-
tity of the given component (the item ‘1400’ in this example) used by the parent
item. For example, the item *LA01’ uses 6 units of the item Y1400, 4 units for
making the item ‘B100’ and 2 for making *1500’. However, the summarized
where-used list displayed in Figure 3.7 shows that the item *1500’ uses 4 units of
*1400. This is because another 2 units are used in the bill of material for the end
item *A101".

ABC Lamp Company
Summarized Where-Used List, Part 1400

Lead oty

_Part_ Desc Unit Time Used
1500 Steel holder Each 2 4
Al100 One-way socket assem. Each 1 2
Al101 Three-way socket assem. Each 1 2
B100 Base assembly Each 1 4
LAOl1 Lamp LA Each 2 6

Figure 3.7. Summarized Where-Used List for ltem 1400 (BomOut6)
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Transactional Macros

The SAS macros described in this section perform specialized transactions for reduc-
ing the clerical time required to maintain the bills of material. These macros update
Indented BOM data sets and are not concerned with the original Part Master and
Product Structure data sets. Some companies use these two data sets to create an
Indented BOM data set. Thereafter, they use, maintain, or update only the Indented
BOM data set without referring again to the Part Master and Product Structure data
sets.

The transactional macros enable you to make changes to the indented bill of material,
such as replacing an item with another one, deleting an item, and so on. These macros
should be used carefully. Used correctly, they enable you to avoid some clerical work
and can be helpful in certain situations. However, if the macros are used incorrectly, it
may take hours to reconstruct what was changed automatically in a matter of seconds
(Landvater and Gray 1989).

The macros contained in this section are as follows:

%BOMTCNP performs copy-and-paste transaction
9%BOMTDEL performs multiple-delete transaction
9%BOMTREP performs multiple-replace transaction

%BOMTSAE performs same-as-except transaction

The copy-and-paste transaction copies a bill of material for a given item and attaches
it to another parent item. This is normally followed by some transactions to change a
few of the components in the copied bill of material. The multiple-delete transaction
removes the entire bill of material for a given item in all its appearances. This trans-
action is used most often when an item is obsolete. The multiple-replace transaction
searches the entire data set and replaces the bill of material for a given item with
another in all its uses. This transaction is used when one item is replacing another in
every bill of material where the original item is used (Landvater and Gray 1989). The
same-as-except transaction creates a new bill of material that is a clone of an old one,
and then replaces one item with another in all its appearances in the newly created
bill.

%BOMTCNP: Copy-and-Paste Transaction

Yebomtcnp (ROOT=root, ATTACH=attach, IN=SAS-data-set,
PSDATA=SAS-data-set, PARENT=variable, PARENI|D=variable,
COMP-=variable, QUANTITY=variable, OF FSE T=variable,
FACTOR-=variable, LEADTIME=variable, ID=variables,
RID=variables, OUT=SAS-data-set);

performs the copy-and-paste transaction, which copies the bill of material for the item
specified in the ROOT= parameter (referred to as the item Root), and attaches it to
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the parent item specified in the ATTACH= parameter (referred to as the item Attach).
The parameters for this macro are as follows:

ROOT=root
specifies the part number of the item for which the bill of material is copied. This
item is referred to as the item Root. You must specify either a number or a quoted
string for the ROOT= parameter, depending on the type of the Component variable.

ATTACH=attach
specifies the part number of the parent item to which the copied bill of material is
attached. This item is referred to as the item Attach. You must specify either a
number or a quoted string for the ATTACH= parameter, depending on the type of the
Component variable.

IN=SAS-data-set
names the Indented BOM input data set. The default value is the most recently created
SAS data set. A null value is replaced by the default value.

PSDATA=SAS-data-set

names the Product Structure input data set that contains the product structure record
for the relationship between the parent item Attach and the component Root. The
default value is _BOMPS_. A null value is replaced by the default value. If the
data set specified in the PSDATA= parameter does not exist, the macro will create a
data set _BOMPS_ which contains the product structure record for the relationship
between the item Attach and the item Root only. In this product structure record, the
quantity per assembly is 1, and both the lead-time offset and the scrap factor are 0.
The values of all RID variables for the product structure record are missing.

PARENT=variable
identifies the variable in the Indented BOM and the Product Structure data sets that
contains the parent item’s part number. The default value is _Parent_. A null value
is replaced by the default value.

PARENID=variable
identifies the variable in the Indented BOM data set that contains the ID number for
the parent record. The default value is Paren—_ID. A null value is replaced by the
default value.

COMP=variable
identifies the variable in the Indented BOM and the Product Structure data sets that
contains the component’s part number. This variable is referred to as the Component
variable. The default value is _Part_. A null value is replaced by the default value.

QUANTITY=variable
identifies the variable in the Indented BOM and the Product Structure data sets that
contains the quantity per assembly information. A null value tells the macro program
not to look for the variable in both the Indented BOM and the Product Structure
data sets that contains the quantity per assembly information. The default value is

Qty_Per.

OFFSET=variable
identifies the variable in the Indented BOM and the Product Structure data sets that
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contains the lead-time offset information. A null value tells the macro program not
to look for the variable in both the Indented BOM and the Product Structure data sets
that contains the lead-time offset information. The default value is L_Offset.

FACTOR=variable
identifies the variable in the Indented BOM and the Product Structure data sets that
contains the scrap factor information. A null value tells the macro program not to
look for the variable in both the Indented BOM and the Product Structure data sets
that contains the scrap factor information. The default value is S_Factor.

LEADTIME=variable
identifies the variable in the Indented BOM data set that contains the lead time in-
formation. If you do not specify this parameter or specify a null value, the macro
program will not look for the variable in the input data set that contains the lead time
information.

ID=variables
identifies all ID variables in the Indented BOM data set that contain part master data
and are not specified in the COMP= or LEADTIME= parameters. See the section
“Part Master Data Set” on page 24 and the section “STRUCTURE Statement” on
page 20, both in Chapter 2 for details about the part master data and the ID vari-
ables. If you do not specify this parameter or specify a null value, the macro program
assumes the Indented BOM data set contains no ID variables.

RID=variables
identifies all RID variables in the Indented BOM and Product Structure data sets
that contain product structure data, and are not specified in the PARENT=, COMP=,
QUANTITY=, FACTOR=, or OFFSET= parameters. See the section “Product
Structure Data Set” on page 26 and the section “STRUCTURE Statement” on page
20, both in Chapter 2 for details about the product structure data and the RID vari-
ables. If you do not specify this parameter or specify a null value, the macro program
assumes both the Indented BOM and the Product Structure data sets contain no RID
variables.

OUT=SAS-data-set
names the output data set that contains the modified indented bills of material. The
default value is _.BOMOUT_. A null value is replaced by the default value.

The Input Data Sets

The input data sets of this macro are the Indented BOM and the Product Structure
data sets described in the section “Input Data Sets” on page 82. The Indented BOM
data set contains the bills of material for all end items of the product line, plant, or
company.

The following parameters specify the variables in the Indented BOM input data set
that are required by the %BOMTCNP macro.

COMP= A character or numeric variable that contains the part number of
the component.
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PARENID= A numeric variable that contains the ID number for the parent
record.
PARENT= A character or numeric variable that contains the part number of

the parent item. The type of this variable must be the same as that
of the variable specified in the COMP= parameter.

The following parameters specify the variables in the Indented BOM input data set
that are used by the macro, if they can be found in the data set.

FACTOR= A numeric variable that contains the scrap factor information.

ID= Variables that contain part master information, except for those
specified in the COMP= or LEADTIME= parameters.

LEADTIME= A numeric variable that contains the lead time of the component.
OFFSET= A numeric variable that contains the lead-time offset information.

QUANTITY= A numeric variable that contains the quantity per assembly infor-
mation.

RID= Variables that contain product structure information, except for
those specified in the COMP=, FACTOR=, OFFSET=, PARENT=,
or QUANTITY= parameters.

The copy-and-paste transaction creates a new parent-component relationship with
the item Attach as the parent item and the item Root as the component. The product
structure data for this new relationship usually cannot be found in the Indented BOM
input data set. Therefore, this macro needs a Product Structure input data set that
contains the product structure record for the new relationship.

The following parameters specify the variables in the Product Structure data set that
are required by the %6BOMTCNP macro.

COMP= A character or numeric variable that contains the part number of
the component.

PARENT= A character or numeric variable that contains the part number of
the parent item. The type of this variable must be the same as that
of the variable specified in the COMP= parameter.

The following parameters specify the variables in the Product Structure input data set
that are used by the macro, if they can be found in the data set.

FACTOR= A numeric variable that contains the scrap factor information. If
the macro cannot find this variable in the Product Structure data
set, it assumes the scrap factor of the new relationship is 0.

OFFSET= A numeric variable that contains the lead-time offset information.
If the macro cannot find this variable in the Product Structure data
set, it assumes the lead-time offset of the new relationship is 0.
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QUANTITY= A numeric variable that contains the quantity per assembly in-
formation. If the macro cannot find this variable in the Product
Structure data set, it assumes the quantity per assembly of the new
relationship is 1.

RID= Variables that contain product structure information, except for
those specified in the COMP=, FACTOR=, OFFSET=, PARENT=,
or QUANTITY= parameters. If the macro cannot find an RID vari-
able in the Product Structure data set, but it is in the Indented BOM
data set, it assumes the value of this variable is missing.

The Output Data Set

The output data set of this macro contains all the bills of material in the input data
set, with the bill of material for the item Root that is copied and attached to the
parent item Attach. This transaction is done by extracting the Product Structure data
from the Indented BOM input data set. Thereafter, the product structure record for
the new relationship with the item Attach as the parent item and the item Root as
the component is added to this data set. The product structure record for this new
relationship should be contained in the input data set with the name specified by the
PSDATA= parameter. The BOM procedure is then invoked with the new Product
Structure data set to create the new indented bills of material. Therefore, the output
data set of this macro has the same variables as the Indented BOM output data set
of the BOM procedure. See the section “Indented BOM Data Set” on page 28 in
Chapter 2 for the variables in this data set.

Macro Variable _BOMTCNP_

Upon completion, this macro defines a macro variable, _-BOMTCNP_, which con-
tains a character string that indicates the status of the macro execution. See the section
“Macro Variables” on page 85 for the possible values of this macro variable.

An Example

In this example, we assume the engineers of the ABC Lamp Company decide that the
wiring assembly (part number ‘1700 ) also needs one 1/4-20 screw (part number
*1400"). To modify the company’s bills of material data, they need to create a
new product structure record for the relationship of the parent item ‘1700’ and the
component 1400 . The Product Structure input data set, ParComp1, displayed in
Figure 3.8, provides the product structure record for this new relationship.
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ABC Lamp Company

Product Structure Record; Parent 1700, Component 1400

oty
_Parent_ _Part_ Per Fscrap LTOff SDate EDate
1700 1400 1

Figure 3.8. Product Structure Record for the Relationship 1700-1400 (ParComp1)
The following SAS code invokes the %oBOMTCNP macro to perform the transaction.

$bomtcnp (root='1400’, attach='1700’, in=IndBOM, psdata=ParCompl,
quantity=QtyPer, offset=LTOff, factor=Fscrap,
leadtime=LeadTime, id=Desc Unit, rid=SDate EDate,
out=BomOut7) ;

The data set BomOut7 displayed in Figure 3.9 contains the new indented bills of
material. Note that the item Y1400’ is now used by the item Y1700’ in the bills of
material for both end items *‘A101’ and *LAO1’.
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ABC Lamp Company

Indented Bills of Material

Obs _Level__Parent_ Paren_ID _Part_ Part_ID Desc

oty

Per Fscrap

1 0 . Al01l 0 Three-way socket assem. . .
2 1 Al01l 0 1500 1 Steel holder 1 0.0
3 2 1500 1 1400 2 1/4-20 Screw 2 0.0
4 1 Al01 0 1601 3 Three-way socket 1 0.0
5 1 Al01 0 1700 4 Wiring assembly 1 0.0
6 2 1700 4 2200 5 16-Gauge lamp cord 12 0.1
7 2 1700 4 2210 6 l4-Gauge lamp cord 12 0.1
8 2 1700 4 2300 7 Standard plug terminal 1 0.0
9 2 1700 4 1400 8 1/4-20 Screw 1 0.0
10 0 . LAO1 9 Lamp LA . .
11 1 LAO1 9 A100 10 One-way socket assem. 1 0.0
12 2 Al00 10 1500 11 Steel holder 1 0.0
13 3 1500 11 1400 12 1/4-20 Screw 2 0.0
14 2 Al00 10 1600 13 One-way socket 1 0.0
15 2 Al00 10 1700 14 Wiring assembly 1 0.0
16 3 1700 14 2200 15 16-Gauge lamp cord 12 0.1
17 3 1700 14 2210 16 l4-Gauge lamp cord 12 0.1
18 3 1700 14 2300 17 Standard plug terminal 1 0.0
19 3 1700 14 1400 18 1/4-20 Screw 1 0.0
20 1 LAO1 9 B100 19 Base assembly 1 0.0
21 2 B100 19 1100 20 Finished shaft 1 0.0
22 3 1100 20 2100 21 3/8 Steel tubing 26 0.2
23 2 B100 19 1200 22 6-Diameter steel plate 1 0.0
24 2 B100 19 1300 23 Hub 1 0.0
25 2 B100 19 1400 24 1/4-20 Screw 4 0.0
26 1 LAO1 9 s100 25 Black shade 1 0.0
Lead
Obs Qty Prod Unit Time Tot_Lead LTOff Tot_ Off SDate EDate _Prod_

1 1 Each 1 1 . 0 Alo01l

2 1 Each 2 3 0 0 Al101

3 2 Each 1 4 0 0 Al01l

4 1 Each 2 3 0 0 Al101

5 1 Each 1 2 0 0 . Al01

6 12 Feet 2 4 0 0 07APR2001 Al01

7 12 Feet 2 4 0 0 08APR2001 Al101

8 1 Each 1 3 0 0 Alo01l

9 1 Each 1 3 0 0 Al01l
10 1 Each 2 2 . 0 LAO1
11 1 Each 1 3 2 2 LAO1
12 1 Each 2 5 0 2 LAO1
13 2 Each 1 6 0 2 LAO1
14 1 Each 2 5 0 2 LAO1
15 1 Each 1 4 0 2 . LAO1
16 12 Feet 2 6 0 2 07APR2001 1LAO1
17 12 Feet 2 6 0 2 08APR2001 LAO1
18 1 Each 1 5 0 2 LAO1
19 1 Each 1 5 0 2 LAO1
20 1 Each 1 3 0 0 LAO1
21 1 Each 2 5 0 0 LAO1
22 26 Inches 3 8 0 0 LAO1
23 1 Each 3 6 0 0 LAO1
24 1 Each 2 5 1 1 LAO1
25 4 Each 1 4 3 3 LAO1
26 1 Each 2 4 0 0 LAO1
Figure 3.9. Indented Bills of Material Updated by the Copy-And-Paste Transaction

(BomOut7)
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%BOMTDEL: Multiple-Delete Transaction

%bomtdel (ROOT=root, IN=SAS-data-set, LEV=variable,
COMP=variable, OUT=SAS-data-set);

performs the multiple-delete transaction, which removes the entire bill of material
for the item specified in the ROOT= parameter (referred to as item Root) in all its
appearances. The parameters for this macro are as follows:

ROOT=root
specifies the part number of the item for which the bill of material is deleted from the
Indented BOM data set. This item is referred to as the item Root. You must specify
either a number or a quoted string for the ROOT= parameter, depending on the type
of the Component variable.

IN=SAS-data-set
names the Indented BOM input data set. The default value is the most recently created
SAS data set. A null value is replaced by the default value.

LEV=variable
identifies the variable in the Indented BOM data set that contains the indenture level
information. The default value is —_Level_. A null value is replaced by the default
value.

COMP-=variable
identifies the variable in the Indented BOM data set that contains the component’s
part number. This variable is referred to as the Component variable. The default
value is —Part_. A null value is replaced by the default value.

OUT=SAS-data-set
names the output data set that contains the modified indented bills of material. The
default value is _~BOMOUT_. A null value is replaced by the default value.

The Input Data Set
The input data set of this macro is the Indented BOM data set described in the section
“Input Data Sets” on page 82.

The following parameters specify the variables in the input data set that are required
by the %BOMTDEL macro.

COMP= A character or numeric variable that contains the part number of
the component.

LEV= A numeric variable that contains the indenture level information.

The Output Data Set

The output data set of this macro contains all the bills of material in the input data set
except for the complete bill of material for the item Root, which is removed from the
input data set in all places where the item Root appears. This data set has the same
variables as the Indented BOM input data set.
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Macro Variable _BOMTDEL_

Upon completion, this macro defines a macro variable, _.BOMTDEL_, which con-
tains a character string that indicates the status of the macro execution. See the section
“Macro Variables” on page 85 for the possible values of this macro variable.

An Example

In this example, the engineers of the ABC Lamp Company decide to retire the item
*2200" . The following code invokes the %BOMTDEL macro to remove the item
12200’ from the Indented BOM data set, INndBOM, as displayed in Figure 3.1 on
page 83.

$bomtdel (root="2200’, in=IndBOM, out=BomOut8) ;

The data set BomQOut8 displayed in Figure 3.10 contains the updated indented bills
of material of the company. Note that the item 2200’ is removed from both bills
of material for the end items *A101’ and *LAO1".
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ABC Lamp Company

Indented Bills of Material

oty
Obs _Level__Parent_ Paren_ID _Part_ Part_ID Desc Per Fscrap
1 0 . Alol 0 Three-way socket assem. . .
2 1 Al01 0 1500 1 Steel holder 1 0.0
3 2 1500 1 1400 2 1/4-20 Screw 2 0.0
4 1 Al01l 0 1601 3 Three-way socket 1 0.0
5 1 Al01 0 1700 4 Wiring assembly 1 0.0
6 2 1700 4 2210 6 l4-Gauge lamp cord 12 0.1
7 2 1700 4 2300 7 Standard plug terminal 1 0.0
8 0 . LAO1 8 Lamp LA . .
9 1 LAO1 8 Al00 9 One-way socket assem. 1 0.0
10 2 Al00 9 1500 10 Steel holder 1 0.0
11 3 1500 10 1400 11 1/4-20 Screw 2 0.0
12 2 Al100 9 1600 12 One-way socket 1 0.0
13 2 Al100 9 1700 13 Wiring assembly 1 0.0
14 3 1700 13 2210 15 l4-Gauge lamp cord 12 0.1
15 3 1700 13 2300 16 Standard plug terminal 1 0.0
16 1 LAO1 8 B100 17 Base assembly 1 0.0
17 2 B100 17 1100 18 Finished shaft 1 0.0
18 3 1100 18 2100 19 3/8 Steel tubing 26 0.2
19 2 B100 17 1200 20 6-Diameter steel plate 1 0.0
20 2 B100 17 1300 21 Hub 1 0.0
21 2 B100 17 1400 22 1/4-20 Screw 4 0.0
22 1 LAO1 8 S100 23 Black shade 1 0.0
Lead
Obs Qty Prod Unit Time Tot_Lead LTOff Tot_ Off SDate EDate _Prod
1 1 Each 1 1 . 0 Al01
2 1 Each 2 3 0 0 Al01
3 2 Each 1 4 0 0 Al01
4 1 Each 2 3 0 0 Al01
5 1 Each 1 2 0 0 . . Alo1l
6 12 Feet 2 4 0 0 08APR2001 . Alo1l
7 1 Each 1 3 0 0 Al01l
8 1 Each 2 2 . 0 LAO1
9 1 Each 1 3 2 2 LAO1
10 1 Each 2 5 0 2 LAO1
11 2 Each 1 6 0 2 LAO1
12 1 Each 2 5 0 2 LAO1
13 1 Each 1 4 0 2 . . LAO1
14 12 Feet 2 6 0 2 08APR2001 . LAO1
15 1 Each 1 5 0 2 LAO1
16 1 Each 1 3 0 0 LAO1
17 1 Each 2 5 0 0 LAO1
18 26 Inches 3 8 0 0 LAO1
19 1 Each 3 6 0 0 LAO1
20 1 Each 2 5 1 1 LAO1
21 4 Each 1 4 3 3 LAO1
22 1 Each 2 4 0 0 LAO1

Figure 3.10. Indented Bills of Material Updated by the Multiple-Delete Transaction
(BomOut8)
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%BOMTREP: Multiple-Replace Transaction

Y%bomtrep (ROOT=root, REPBY=repby, IN=SAS-data-set,
LEV=variable, PARENT=variable, PARENID=variable,
COMP-=variable, QUANTITY=variable, OFFSE T=variable,
FACTOR-=variable, LEADTIME=variable, ID=variables,
RID=variables, DEL=del, OUT=SAS-data-set);

performs the multiple-replace transaction, which replaces the bill of material for the
item specified in the ROOT= parameter (referred to as the item Root) with the bill
of material for the item specified in the REPBY= parameter (referred to as the item
Repby) in all places where the item Root is used. The parameters for this macro are

as follows:

ROOT=root

specifies the part number of the item for which the bill of material is replaced with
the one for the item Repby in all places where it is used. This item is referred to as
the item Root. You must specify either a number or a quoted string for the ROOT=

parameter, depending on the type of the Component variable.

REPBY=repby

specifies the part number of the item for which the bill of material is replacing the one
for the item Root in all places it is used. This item is referred to as the item Repby.
You must specify either a number or a quoted string for the REPBY= parameter,

depending on the type of the Component variable.
IN=SAS-data-set

names the Indented BOM input data set. The default value is the most recently created

SAS data set. A null value is replaced by the default value.
LEV=variable

identifies the variable in the Indented BOM data set that contains the indenture level
information. The default value is _Level_. A null value is replaced by the default

value.

PARENT=variable

identifies the variable in the Indented BOM data set that contains the parent item’s
part number. The default value is —Parent_. A null value is replaced by the default

value.

PARENID=variable

identifies the variable in the Indented BOM data set that contains the ID number for
the parent record. The default value is Paren—_ID. A null value is replaced by the

default value.

COMP-=variable

identifies the variable in the Indented BOM data set that contains the component’s
part number. The default value is _Part_. A null value is replaced by the default

value.
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QUANTITY=variable
identifies the variable in the Indented BOM data set that contains the quantity per as-
sembly information. A null value tells the macro program not to look for the variable
that contains the quantity per assembly information. The default value is Qty_Per.

OFFSET=variable
identifies the variable in the Indented BOM data set that contains the lead-time offset
information. A null value tells the macro program not to look for the variable that
contains lead-time offset information. The default value is L_Offset.

FACTOR=variable
identifies the variable in the Indented BOM data set that contains the scrap factor
information. A null value tells the macro program not to look for the variable that
contains the scrap factor information. The default value is S_Factor.

LEADTIME=variable
identifies the variable in the Indented BOM data set that contains the lead time in-
formation. If you do not specify this parameter or specify a null value, the macro
program will not look for the variable in the input data set that contains the lead time
information.

ID=variables
identifies all ID variables in the Indented BOM data set that contain part master data
and are not specified in the COMP= or LEADTIME= parameters. See the section
“Part Master Data Set” on page 24 and the section “STRUCTURE Statement” on
page 20, both in Chapter 2 for details about the part master data and the ID vari-
ables. If you do not specify this parameter or specify a null value, the macro program
assumes the Indented BOM data set contains no ID variables.

RID=variables

identifies all RID variables in the Indented BOM data set that contain product struc-
ture data and are not specified in the PARENT=, COMP=, QUANTITY=, FACTOR=,
or OFFSET= parameters. See the section “Product Structure Data Set” on page 26
and the section “STRUCTURE Statement” on page 20, both in Chapter 2 for details
about the product structure data and the RID variables. If you do not specify this pa-
rameter or specify a null value, the macro program assumes the Indented BOM data
set contains no RID variables.

DEL=de/
specifies either O or 1 to indicate whether or not the bill of material for the item Root
should be removed after the replace transaction is done. The value O indicates that
the bill of material should not be removed; any other value indicates that the bill of
material should be removed. The default value is 0. A null value is replaced with the
default value.

OUT=SAS-data-set
names the output data set that contains the modified indented bills of material. The
default value is _-BOMOUT_. A null value is replaced by this default value.
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The input data set of this macro is the Indented BOM data set as described in the
section “Input Data Sets” on page 82.

The following parameters specify the variables in the input data set that are required

by the % BOMTREP macro.

COMP= A character or numeric variable that contains the part number of
the component.

LEV= A numeric variable that contains the indenture level information.

PARENID= A numeric variable that contains the ID number for the parent
record.

PARENT= A character or numeric variable that contains the part number of

the parent item. The type of this variable must be the same as that
of the variable specified in the COMP= parameter.

The following parameters specify the variables in the Indented BOM input data set
that are used by the macro, if they can be found in the data set.

FACTOR=
ID=

LEADTIME=
OFFSET=
QUANTITY=

RID=

The Output Data Set

A numeric variable that contains the scrap factor information.

Variables that contain part master information, except for those
specified in the COMP= or LEADTIME= parameters.

A numeric variable that contains the lead time of the component.
A numeric variable that contains the lead-time offset information.

A numeric variable that contains the quantity per assembly infor-
mation.

Variables that contain product structure information, except for
those specified in the COMP=, FACTOR=, OFFSET=, PARENT=,
or QUANTITY= parameters.

The output data set contains all the bills of material in the input data set with the bill
of material for the item Root replaced by the bill of material for the item Repby. This
output data set has the same variables as the Indented BOM output data set of the
BOM procedure. See the section “Indented BOM Data Set” on page 28 in Chapter 2
for the variables in this data set.
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Macro Variable _ BOMTREP_

Upon completion, this macro defines a macro variable, _.BOMTREP_, which con-
tains a character string that indicates the status of the macro execution. See the section
“Macro Variables” on page 85 for the possible values of this macro variable.

An Example

In this example, the engineers of the ABC Lamp Company want to replace the one-
way socket assembly (part number *A100’) with the three-way socket assembly
(part number *A101") in all places where *A100’ is used. The following code
performs this multiple-replace transaction.

$bomtrep (root="A100’, repby='Al01’, in=IndBOM, quantity=QtyPer,
offset=LTOff, factor=Fscrap, leadtime=LeadTime,
id=Desc Unit, rid=SDate EDate, del=1l, out=BomOut)9);

The data set BomOut9 displayed in Figure 3.11 contains the updated indented bills of
material of the company. Note that the item *A100” is replaced by the item *A101"
in the bill of material for the end item ‘LAO01’. The bill of material for the item
*A100’ is removed from the company’s product structure because the parameter
DEL-=1 is specified in the invocation of the %eBOMTREP macro.
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ABC Lamp Company

Indented Bills of Material

oty

Obs _Level__Parent_ Paren_ID _Part_ Part_ID Desc Per Fscrap
1 0 . LAO1 8 Lamp LA . .
2 1 LAO1 8 Al101 9 Three-way socket assem. 1 0.0
3 2 Al01l 9 1500 10 Steel holder 1 0.0
4 3 1500 10 1400 11 1/4-20 Screw 2 0.0
5 2 Al01 9 1601 12 Three-way socket 1 0.0
6 2 Al01 9 1700 13 Wiring assembly 1 0.0
7 3 1700 13 2200 14 16-Gauge lamp cord 12 0.1
8 3 1700 13 2210 15 l4-Gauge lamp cord 12 0.1
9 3 1700 13 2300 16 Standard plug terminal 1 0.0
10 1 LAO1 8 B100 17 Base assembly 1 0.0
11 2 B100 17 1100 18 Finished shaft 1 0.0
12 3 1100 18 2100 19 3/8 Steel tubing 26 0.2
13 2 B100 17 1200 20 6-Diameter steel plate 1 0.0
14 2 B100 17 1300 21 Hub 1 0.0
15 2 B100 17 1400 22 1/4-20 Screw 4 0.0
16 1 LAO1 8 s100 23 Black shade 1 0.0
Lead
Obs Qty Prod Unit Time Tot_Lead LTOff Tot_ Off SDate EDate _Prod_

1 1 Each 2 2 . 0 LAO1

2 1 Each 1 3 2 2 LAO1

3 1 Each 2 5 0 2 LAO1

4 2 Each 1 6 0 2 LAO1

5 1 Each 2 5 0 2 LAO1

6 1 Each 1 4 0 2 . LAO1

7 12 Feet 2 6 0 2 07APR2001 ILAO1

8 12 Feet 2 6 0 2 08APR2001 LAO1

9 1 Each 1 5 0 2 LAO1
10 1 Each 1 3 0 0 LAO1
11 1 Each 2 5 0 0 LAO1
12 26 Inches 3 8 0 0 LAO1
13 1 Each 3 6 0 0 LAO1
14 1 Each 2 5 1 1 LAO1
15 4 Each 1 4 3 3 LAO1
16 1 Each 2 4 0 0 LAO1
Figure 3.11. Indented Bills of Material Updated by the Multiple-Replace

Transaction (BomOut9)
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%BOMTSAE: Same-as-Except Transaction

Y%bomtsae (ROOT=root, SAMEAS=sameas, EXCEPT=except,
REPBY=repby, IN=SAS-data-set, PMDATA=SAS-data-set,
PART=variable, LEV=variable, PARENT=variable,
PARENID=variable, COMP=variable, QUANTITY=variable,
OFFSET=variable, FACTOR=variable, LEADTIME=variable,
ID=variables, RID=variables, OUT=SAS-data-set);

performs the same-as-except transaction, which creates a new indented bill of ma-
terial for the item specified in the ROOT= parameter (referred to as the item Root),
which is a clone of the bill of material for the item specified in the SAMEAS= pa-
rameter (referred to as the item Sameas). Then, it replaces the item specified in the
EXCEPT= parameter (referred to as the item Except) with the item specified in the
REPBY= parameter (referred to as the item Repby) in the newly created bills of ma-
terial. Note that, unlike other transactional macros, the output data set of this macro
contains the new bill of material for the item Root only. In addition, if the item Root
is in the Indented BOM input data set, the bill of material for the item Root in the
input data set may be different from the one in the output data set. The parameters
for this macro are as follows:

ROOT=root
specifies the part number of the item for which the bill of material is a clone of the bill
of material for the item Sameas. This item is referred to as the item Root. You must
specify either a number or a quoted string for the ROOT= parameter, depending on
the type of the Component variable. If you do not specify this parameter or specify a
null value, the macro will only perform the “replace” transaction, which replaces the
item Except with the item Repby in the bill of material for the item Sameas.

SAMEAS=sameas
specifies the part number of the item for which the bill of material is cloned. This item
is referred to as the item Sameas. You must specify either a number or a quoted string
for the SAMEAS= parameter, depending on the type of the Component variable.

EXCEPT=except

specifies the part number of the item for which the bill of material is replaced by the
bill of material for item Repby in all its uses. This item is referred to as the item
Except. You must specify either a number or a quoted string for the EXCEPT= pa-
rameter, depending on the type of the Component variable. If you do not specify this
parameter or specify a null value, the macro will only perform the “clone” transac-
tion, which copies the bill of material for the item Sameas to the item Root. In other
words, the indented bill of material in the output data set is identical to the indented
bill of material for the item Sameas in the Indented BOM input data set.

REPBY=repby
specifies the part number of the item for which the bill of material is replacing the
bill of material for item Except. This item is referred to as the item Repby. You must
specify either a number or a quoted string for the REPBY= parameter, depending on
the type of the Component variable. If you do not specify this parameter or specify
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a null value, the macro will remove the bill of material for the item Except in all its
appearances in the new indented bill of material.

IN=SAS-data-set
names the Indented BOM input data set. The default value is the most recently created
SAS data set. A null value is replaced by the default value.

PMDATA=SAS-data-set
names the Part Master input data set that contains the part master data for the item
Root. The default value is the name specified by the IN= parameter. A null value
is replaced by the default value. The PMDATA= parameter is ignored if you do not
specify the ROOT= parameter, or specify a null value for it.

PART=variable
identifies the variable in the Part Master data set that contains the item’s part number.
The default is the variable specified in the COMP= parameter. A null value is replaced
by the default value.

LEV=variable
identifies the variable in the Indented BOM data set that contains the indenture level
information. The default value is _Level_. A null value is replaced by the default
value.

PARENT=variable
identifies the variable in the Indented BOM data set that contains the parent item’s
part number. The default value is —Parent_. A null value is replaced by the default
value.

PARENID=variable
identifies the variable in the Indented BOM data set that contains the ID number for
the parent record. The default value is Paren—_ID. A null value is replaced by the
default value.

COMP-=variable
identifies the variable in the Indented BOM data set that contains the component’s
part number. This variable is referred to as the Component variable. The default
value is _Part_. A null value is replaced by the default value.

QUANTITY=variable
identifies the variable in the Indented BOM data set that contains the quantity per as-
sembly information. A null value tells the macro program not to look for the variable
that contains the quantity per assembly information. The default value is Qty_Per.

OFFSET=variable
identifies the variable in the Indented BOM data set that contains the lead-time offset
information. A null value tells the macro program not to look for the variable that
contains lead-time offset information. The default value is L_Offset.

FACTOR=variable
identifies the variable in the Indented BOM data set that contains the scrap factor
information. A null value tells the macro program not to look for the variable that
contains the scrap factor information. The default value is S_Factor.
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LEADTIME=variable
identifies the variable in the Indented BOM and Part Master data sets that contains
the lead time information. If you do not specify this parameter or specify a null value,
the macro program will not look for the variable in the Indented BOM data set that
contains the lead time information.

ID=variables
identifies all ID variables in the Indented BOM and Part Master data sets that con-
tain part master data and are not specified in the PART=, COMP=, or LEADTIME=
parameters. See the section “Part Master Data Set” on page 24 and the section
“STRUCTURE Statement” on page 20, both in Chapter 2 for details about the part
master data and the ID variables. If you do not specify this parameter or specify a
null value, the macro program assumes the Indented BOM data set contains no ID
variables.

RID=variables

identifies all RID variables in the Indented BOM data set that contain product struc-
ture data and are not specified in the PARENT=, COMP=, QUANTITY=, FACTOR=,
or OFFSET= parameters. See the section “Product Structure Data Set” on page 26
and the section “STRUCTURE Statement” on page 20, both in Chapter 2 for details
about the product structure data and the RID variables. If you do not specify this pa-
rameter or specify a null value, the macro program assumes the Indented BOM data
set contains no RID variables.

OUT=SAS-data-set
names the output data set that contains the new indented bill of material for the item
Root. The default value is _BOMOUT_. A null value is replaced by the default
value.

Input Data Sets

The input data sets of this macro are the Indented BOM and the Part Master data sets
described in the section “Input Data Sets” on page 82. The Indented BOM data set
contains the bills of material for all end items of the product line, plant, or company.

The following parameters specify the variables the Indented BOM data set that are
required by the %6BOMTSAE macro.

COMP= A character or numeric variable that contains the part number of
the component.

LEV= A numeric variable that contains the indenture level information.

PARENID= A numeric variable that contains the ID number for the parent
record.

PARENT= A character or numeric variable that contains the part number of

the parent item. The type of this variable must be the same as that
of the variable specified in the COMP= parameter.

The following parameters specify the variables in the Indented BOM input data set
that are used by the macro, if they can be found in the data set.
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FACTOR= A numeric variable that contains the scrap factor information.

ID= Variables that contain part master information, except for those
specified in the COMP= or LEADTIME= parameters.

LEADTIME= A numeric variable that contains the lead time of the component.
OFFSET= A numeric variable that contains the lead-time offset information.

QUANTITY= A numeric variable that contains the quantity per assembly infor-
mation.

RID= Variables that contain product structure information, except for
those specified in the COMP=, FACTOR=, OFFSET=, PARENT=,
or QUANTITY= parameters.

Unlike other transactional macros, the item Root is not necessarily defined in the
Indented BOM input data set. If it is not, you must specify a Part Master data set
in the PMDATA= parameter that contains the part master record for the item Root.
Otherwise, you can use the Indented BOM data set as the Part Master data set. The
Part Master input data set may contain one part master record for the item Root only,
or contain the part master records for all items, including the item Root, that are used
in the company’s product structure.

The following parameter specifies the variable in the Part Master data set that is re-
quired by the %BOMTSAE macro.

PART= A character or numeric variable that contains the part number of
the item. The type of this variable must be the same as that of the
variable specified in the COMP= parameter.

The following parameters specify the variables in the Product Structure input data set
that are used by the macro, if they can be found in the data set.

ID= Variables that contain part master information, except for those
specified in the PART= or LEADTIME= parameters.

LEADTIME= A numeric variable that contains the lead time of the component.

The Output Data Set

The output data set of this macro contains the bill of material for the item Root,
which is a clone of the bill of material for the item Sameas, except the item Except,
which is replaced by the item Repby in all its uses. The output data set has the same
variables as the Indented BOM output data set of the BOM procedure. See the section
“Indented BOM Data Set” on page 28 in Chapter 2 for the variables in this data set.
Note that if the item Root is in the Indented BOM data set specified by the IN=
parameter, the bill of material for the item Root in the input data set may be different
from the one in this output data set.
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Macro Variable _  BOMTSAE _

Upon completion, this macro defines a macro variable, _-BOMTSAE_, which con-
tains a character string that indicates the status of the macro execution. See the section
“Macro Variables” on page 85 for the possible values of this macro variable.

An Example

In this example, the engineers of the ABC Lamp Company need to create a new
product, a lamp with three-way socket (part number *LA03"’ ), which is the same as
the lamp *LAO1’ except that the new product has a three-way socket assembly (part
number *A101’), instead of a one-way socket assembly (part number *A100").
They first create a part master record for the new product *LA03”’ . The Part Master
input data set, PMaster1, displayed in Figure 3.12, contains this part master record.

ABC Lamp Company

Part Master Record; Part LAO3

Lead
Part Desc Unit Time
LAO3 Lamp LA w/ 3-way socket Each 2

Figure 3.12. Part Master Record for ltem LAO3 (PMaster1)
The following SAS code invokes the %o BOMTSAE macro to perform the transaction.

$bomtsae (root='LA03’, sameas='LAO1l’, except='Al00’, repby='Al01’,
in=IndBOM, pmdata=PMasterl, part=Part, quantity=QtyPer,
offset=LTOff, factor=Fscrap, leadtime=LeadTime,
id=Desc Unit, rid=SDate EDate, out=BomOutlO);

The data set BomOut10 that contains the indented bill of material for the new item
‘LAO3’ is displayed in Figure 3.13.
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ABC Lamp Company
Indented Bill of Material, Part LAO3
oty
Obs _Level__Parent_ Paren_ID _Part_ Part_ID Desc Per Fscrap
1 0 . LAO3 8 Lamp LA w/ 3-way socket . .
2 1 LAO3 8 Al101 9 Three-way socket assem. 1 0.0
3 2 Al01 9 1500 10 Steel holder 1 0.0
4 3 1500 10 1400 11 1/4-20 Screw 2 0.0
5 2 Al01 9 1601 12 Three-way socket 1 0.0
6 2 Al01 9 1700 13 Wiring assembly 1 0.0
7 3 1700 13 2200 14 16-Gauge lamp cord 12 0.1
8 3 1700 13 2210 15 l4-Gauge lamp cord 12 0.1
9 3 1700 13 2300 16 Standard plug terminal 1 0.0
10 1 LAO3 8 B100 17 Base assembly 1 0.0
11 2 B100 17 1100 18 Finished shaft 1 0.0
12 3 1100 18 2100 19 3/8 Steel tubing 26 0.2
13 2 B100 17 1200 20 6-Diameter steel plate 1 0.0
14 2 B100 17 1300 21 Hub 1 0.0
15 2 B100 17 1400 22 1/4-20 Screw 4 0.0
16 1 LAO3 8 S100 23 Black shade 1 0.0
Lead
Obs Qty Prod Unit Time Tot_Lead LTOff Tot_ Off SDate EDate _Prod_
1 1 Each 2 2 . 0 LAO3
2 1 Each 1 3 2 2 LAO3
3 1 Each 2 5 0 2 LAO3
4 2 Each 1 6 0 2 LAO3
5 1 Each 2 5 0 2 LAO3
6 1 Each 1 4 0 2 . LAO3
7 12 Feet 2 6 0 2 07APR2001 LAO3
8 12 Feet 2 6 0 2 08APR2001 . LAO3
9 1 Each 1 5 0 2 LAO3
10 1 Each 1 3 0 0 LAO3
11 1 Each 2 5 0 0 LAO3
12 26 Inches 3 8 0 0 LAO3
13 1 Each 3 6 0 0 LAO3
14 1 Each 2 5 1 1 LAO3
15 4 Each 1 4 3 3 LAO3
16 1 Each 2 4 0 0 LAO3

Figure 3.13. Indented Bill of Material for Item LA0O3 (BomQOut10)
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Appendix A
BOM Web Example

Overview

The BOM procedure and the macros described in this book can be used to maintain
and update bills of material and produce related reports for use in the manufacturing
process. The output data set produced by the BOM procedure can be used to plan
for material requirements and analyze the critical path for planned orders. This ap-
pendix illustrates this process using a sample Web demo as a detailed example. In
this example, 48 different items are used in the production of four final products: a
3-gallon carpet cleaner, a 4-gallon carpet cleaner, a 5-gallon carpet cleaner, and a
bottled concentrate.

This application supports several different types of bills of material, providing valu-
able and diverse views of product makeup and part/component/material usage. It
also reports on upcoming shortages and identifies the shortage status of critical parts
and components. The example enables you to explore how each assembly or sub-
assembly of a final product is manufactured, and also enables you to investigate how,
where, and in what quantities any specific part or material is used. Combining this
information with lead time and order information, you can identify upcoming short-
ages, gauge their effects on timely order fulfillment, and set procurement priorities
accordingly.

Note: The BOM Web demo is a client-server application driven from your desk-
top and running at SAS Institute in Cary, NC. You can access the demo from
SAS Institute’s Supply Chain Web site (http://support.sas.com/sassamples/demos/
supplychain/demos/bom/index.html). The graphs and reports in the demo have not
been saved but are calculated on demand; this means that they change dynamically as
the data used to calculate them change. This demo requires Internet Explorer, version
5.0 or later.

Data

There are three main components to the data used to maintain bills of material and
evaluate effects of planned orders: Part Master File, Product Structure File, and
Planned Orders. This example illustrates typical forms of these data elements.

The data for the BOM Web example are directly related to the data sets required for
the BOM procedure, as discussed in Chapter 2, “The BOM Procedure.” The Part
Master File and Planned Orders file together correspond to the PMDATA= data set,
and the Product Structure File corresponds to the DATA= data set. Refer to Chapter
2 for more information about these data sets and PROC BOM.
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Part Master File

The Part Master File includes, for each item:

Part number and description

Unit cost

Lead time

Lot size (for replenishment)

Unit of measure

Item type

The Part Master File for the BOM Web example is shown in Figure A.1. Typical
transactional operations required to maintain bills of material can be performed using
the transactional macros described in Chapter 3, “Bill-of-Material Post-Processing
Macros.” Some of these operations are illustrated using this table. You can add a
new part using the top table, update the data for existing parts using the bottom table,
and delete multiple parts simultaneously. Refer to Chapter 3 for information on the
BOM transactional macros.

Bills of Material

Home Data Reports

View and Edit Add New Part

Part Master File

Part Number Part Description

Product Structure File

Add | Clear |

Edit Part Master File

0041 |&smmoriurn Hydroxide | =0 ES [ 100000 | | Grams | [ 2 —
[ o123 |3-Gal Carpet Cleaner | & | 7 | & | Ea | 3 =
O o1z4 |4-Gal Carpet Cleansr | 10 | 7 | 50 | Ea | 3
O o1zs |5-Gal Carpet Cleansr [ | 7 | 50 | Ea | 3
O o403 |Clamp [ | 14 | 200 [ Ea | 2
O 1115 |Customer Pack G | 7 | 200 [ Ea | 1
[ 1196 |5-Housing ] | 14 | 120 | | Ea |1
— El

Update | Delete |

Figure A.1. Part Master File



Product Structure File ¢ 131

Product Structure File

The Product Structure File describes each parent-component relationship, using the
following information:

e Part number for the parent item
e Part number for the component

e Quantity of the component used in the parent item

The Product Structure File for the BOM Web example is shown in Figure A.2.

Bills of Material

Home Data ts

Yiew and Edit

Qty. Per
Assembly*

Parent

Add || Clear |

Edit Parent-Component Relationships

e o 35D
“
[T 0123/ 3-Gal Carpet Cleaner 1115 / Customer Pack |1— —
[T 0123/ 3-Gal Carpet Cleaner 2927 / 3-Gal Tank Assembly I‘I— =
[T 0123/ 3-Gal Carpet Cleaner 3804 / 1-Hp Housing Assembly I‘I—
[T 0123/ 3-Gal Carpet Cleaner 4651 / Handle Assembly |1—
[T 0124 /4-Gal Carpet Cleaner 1115 / Custormner Pack |1—
[T 0124 /4-Gal Carpet Cleaner 1527 / 4-Gal Tank Assembly |1—
[T 0124 / 4-Gal Carpet Cleaner 3814 / 1.5-Hp Housing Assembly I‘I—
[T 0124 / 4-Gal Carpet Cleaner 4651 / Handle Assembly |1— LI

Update Deleta

* "Qty, Per Assembly" refers to the amount of this component required for a single parent item.

Figure A.2. Product Structure File
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Planned Orders

To use bill of materials information in analyzing material requirements and antici-
pated shortages, it is necessary to keep records of all planned orders. A planned order
is a future demand for a given quantity of a final product, which must be filled by a
specified due date. The Planned Orders data describe each planned order, listing the
following information for each order:

e Part number and description for the final product or master schedule item
e Order quantity

e Due date

The Planned Orders file for the BOM Web example is shown in Figure A.3. The
planned order information is carried along to the indented bill of materials, and can be
used to calculate material requirement schedules for the planned orders, as described
in the section “Shortage and Critical Path Analysis Reports” on page 140.

Bills of Material

Home Data Reports

View and Edit Add New Order

Part Master File

Part Humber | Order Quantity Due Date

Froduct Structure File

Planned Orders I I

add || Clear |
Edit Orders
. Part Humber Part Description Order Quarntity
0123 3-Gal Carpet Cleansr | 27sEP2001
M oz 4-G3al Carpet Cleansr | 45 | 273EP2001
M ooizs 5-Gal Carpet Cleaner | 40 | 2rsEP2001

Update | Delete |

Figure A.3. Planned Orders
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Reports

Several reports can be generated using the output from the BOM procedure de-
scribed in Chapter 2 and the reporting macros described in Chapter 3. This section
illustrates several such reports, grouped by categories: Product Structure Reports,

Miscellaneous Reports, and Shortage and Critical Path Analysis Reports

Product Structure Reports

The Product Structure Reports include a summarized parts list and indented bills of

material; these reports are described in detail in the following sections.

Summarized Parts List

The summarized parts list combines the summarized bills of material for all final
products or master schedule items. The gross requirement for any final product is the
total planned order quantity for that final product. The net requirement is calculated
as the gross requirement minus the quantity on hand.

The summarized parts list is given by the SUMMARYOUT= output data set in PROC
BOM. For details about this data set, see the section “Summarized Parts Data Set” on
page 34. Figure A.4 shows the summarized parts list for the BOM Web example.

5746 2
4215 2
1201 2
0403 3
4z09 2
1959 2
2156 2
2215 2
2219 2
5319 2
6221-1 2
7114 2
1115 1
4651 1
1196 2
5703 2

230

123

125

125

125

125

125

125

125

125

125

125

25

43

125

1235

125

125

125

125

125

123

125

125

125

25

43

Hose

Brush Assembly
Gasket

Clamp

Painted Tank Top
Instruct Set
Trigger Assembly
Solution Tank
Handle

Walve Assembly
Bottled Concentrate
Power Cord
Customer Pack
Handle Assembly
S-Housing

4-Gal Painted Tank
Bottom

Summarized Parts List
across all planned orders

Ea

Ea

Ea

Ea

Ea

Ea

Ea

Ea

Ea

Ea

Ea

Ea

260

200

200

200

200

200

200

300

300

200

200

120

60

22

18

78

63

29

150

23

12

23

B?Ll

Figure A.4. Summarized Parts List
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Indented BOM

To reduce the size of the displays, the indented bill of material can be separated into
a bill of material for each final product. Chapter 3 describes a macro, %BOMRMLB,
that constructs an indented bill of material for a selected item.

Figure A.5 shows the tabular view of the Indented BOM for the 5-Gal Carpet Cleaner.
In the BOM Web example, each part number is selectable and produces the Indented
BOM for the item identified by the selected part number. You can also selectively
collapse or expand sections of the Indented BOM by clicking on the - and + icons
next to the part numbers.

Indented BOM for Product 0125
5-Gal Carpet Cleaner

u] E 0125 5-Gal Carpet Cleaner 3 Ea ) 9 7 =
1 = 1115 Customer Pack 1 Ea 1 &] 7 14
2 - 1959 Instruct Set 2 Ea 1 a8 7 21
2 - B221-1 Bottled Concentrate 2 Ea 1 150 105 119
1 B 2104 S-Gal Tank Assembly 1 Ea 1 a0 14 21
2 - 5319 valve Assembly 2 Ea 1 137 a1 112
2 - 5748 Hose 2 In 10 45 28 449
2 = 7350 g&%i';g;fbw 1 Ea 1 25 14 35
2 - 0403 Clamp 2 Ea 1 22 14 449
3 - 1201 Gasket 2 Ea 2 3 7 42
3 E 4209 Painted Tank Top 1 Ea 1 15 14 49
4 - 5640 Steel 2 Lb= 2 115 70 118
3 = 5706 o-al Painted Tank 1 Ea 1 ;| 21 s6
4 - 5640 Steel 2 Lbs 2 115 70 126
1 o 3624 f\;ﬁgr:'glfi”g 1 Ea 1 17 14 21
2 = 1198 M-Housing 1 Ea 1 25 14 35 ;l

Figure A.5. Indented BOM, Tabular View

Figure A.6 shows the diagram view of the Indented BOM for the 5-Gal Carpet
Cleaner. Each node in the diagram represents a record in the tabular view as dis-
played in Figure A.5. This diagram is generated using the NETDRAW procedure;
Example 2.1 in Chapter 2 illustrates the use of PROC NETDRAW to draw a tree di-
agram for an indented bill of material. In addition, you can use the WEB= option in
PROC NETDRAW to construct a “clickable” Indented BOM diagram. For example,
clicking on the node ‘“2104” in Figure A.6 produces the Indented BOM shown in
Figure A.7.
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Indented Bill of Material for Product '0123

1838
mbrusk Sak

8221

A3 nar o Batiled Canssntrats

(vl rmam b

2104
[E—&al Tork fesarmbl

___+5324 f______ﬁjats |
| 2—Hp Haualry) A it S lutlan Tamk

4851 f___ z210 |
Ha i e Octeia Py B | Hohdla

Node shows Part Number and Part Descriotion

Figure A.6. Indented BOM, Diagram View

Indented Bill of Material for Part '2104

— 519
Yahe Assembly
L5746
Hose
2104 — — 0403
5=Ga Tank Assembly Clamp
L {1201
Gasket
L7l 4209 540
5= Tank Subassembly Painted Tank Ton Sted
L5705 640
5=l Painted Tank Botiom Sted

Hoede shows Port Number and Fart Descrintion

Figure A.7. Indented BOM, Diagram View Drilldown
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Miscellaneous Reports

In addition to the Summarized Parts List and Indented BOM reports described in the
section “Product Structure Reports™ on page 133, the output from PROC BOM and
the BOM reporting macros can also be used to generate summarized bills of material,
gross requirement summaries, and where-used lists.

Summarized BOM

The Summarized BOM for an item describes all the parts and their total quantity
required in the production of the item. For each component, the Summarized BOM
lists the following information:

e Part number and description for the component

Quantity required to make one unit of the end item

Item type

Unit of measure

Unit cost

Lead time

The Summarized BOM for the 5-Gal Tank Assembly in the BOM Web example is
shown in Figure A.8. Chapter 3 describes a macro, %2BOMRSUB, that constructs a
summarized bill of material for a selected item.

Summarized BOM for Part 2104
5-Gal Tank Assembly
Quantity Required: 1

0403 Clamp 1 2 Ea 22 14
1201 Gasket 2 2 Ea 3 7
4209 Painted Tank Top 1 1 Ea 18 14
5319 Walve Assembly 1 2 Ea 137 a1
5640 Steel 3 2 Lhs 115 70
5-Gal Painted Tank
5706 Bothomm 1 1 Ea a8 21
5746 Hose 10 z2 In 45 28
7350 5-Gal Tank 101 Ea 25 14

e Subassembly

Figure A.8. Summarized BOM
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Miscellaneous Reports

¢

The Gross Requirement Summary for an item lists the quantities of all components
needed to produce the required quantity of the item. This report enables you to an-
alyze how future orders for an item will impact inventory levels. See the section
“Summarized Parts Data Set” on page 34 and Example 2.9 in Chapter 2 for details
about the gross requirement calculation.

For each component, the Gross Requirement Summary includes the following:

e Part number and description for the component

Quantity required

Quantity on hand

Item type

Unit of measure

Unit cost

Lead time

Figure A.9 shows the Gross Requirement Summary report for the 5-Gal Tank
Assembly with a required quantity of 40. Notice that this report is similar to the
Summarized BOM in Figure A.8, with a column “Gross Req.” that is 40 times
the “Qty. Required” column from the Summarized BOM. The Gross Requirement
Summary also includes a column for quantity on hand for inventory status informa-
tion to compare with component requirements.

Gross Requirement Summary for Part 2104

5-Gal Tank Assembly
Quantity Required: 40

. ; Qty.
: Component Gross

0403

Clamp 40 0
Gasket a0 0
Painted Tank Top 40 0
Walve Assembly 40 0
Steel 200 u]
5-Gal Painted Tank

Bottamn 40 o
Hose 400 ]
5-Gal Tank 40 o

Subassembly

. S Lead
2 Ea 22 14

2 Ea
1 Ea
2 Ea
2 Lbs
1 Ea
2 In
1 Ea

3

18

137

28

43

23

7

14

91

70

21

28

14

Figure A.9. Gross Requirement Summary
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Where-Used Reports

0122

o124

01235

| . e Qty. o Lead
Final Product Parent Item Parent Description m Unit Cost
1910 1 Ea 28 14

The Single-Level Where-Used report for an item lists each parent in which that item
is directly used and in what quantity. For each parent item, the Single-Level Where-
Used report lists the following:

e Part number and description for the parent item

Quantity required

Item type
e Unit of measure

Unit cost

Lead time

The Single-Level Where-Used report for the Clamp is shown in Figure A.10. Chapter
3 describes a macro, %BOMRSLW, that constructs a single-level where-used list for
a selected item.

Single-Level Where-Used List for Part 0403
Clamp

3-Gal Tank
Subassembly

1

4-Gal Tank
4721 Subassembly 1 1 Ea 23 14
7350 5-Gal Tank 1 1 Ea 25 14

e Subassembly

Figure A.10. Single-Level Where-Used Report

The Indented Where-Used report for an item traces its use through the indented bill
of material. This report lists the item and steps through each higher-level component
or assembly using the item until a final product is reached. At each level, for the
current part or assembly, the Indented Where-Used report lists the following:

e Indentation level

o Part number for the parent item
o Part number and description

e Quantity required

e [tem type

e Unit of measure

e Unit cost

e | ead time and total lead time

e Final product
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The Indented Where-Used report for the Clamp is shown in Figure A.11. Chapter 3
describes a macro, % BOMRMLW, that constructs an indented where-used list for a
selected item.

Indented Where-Used List for Part 0403

Clamp
B e
3 1910 0403 Clamp 1z Ea 22 14| 49 0123
2 2927 1910 g;%i'szzr;fblv 101 Ea 28 14 35 0123
1 o123 2027 g;‘zggﬁ;‘k 11 Ea 23 14 21 0123
o 0123 gl'gjrljgfmet 3 Ea 8 7 7 | o123
3 4721 0403 Clamnp 12 Ea 22 14| 49 0124
2 1527 4721 g;%:'szzr;fbly 11 Ea 25 14 35 0124
1| o124 1527 :;E:H;?k 101 Ea 28 14 21 D124
0 0124 gl'gjrljgrarmt 3 Ea 10 7 7 | Diz4
3 7350 0403 Clarnp 1z Ea 22 14| 49 0125
2 2104 7350 g&%:'sggr;fbly 101 Ea 25 14 35 | 0125
1 o1zs 2104 g;ﬁggﬁ?k 101 Ea 30 14 21 0125
0 0125 g;g:r!gfrpet 3 Ea g 7 7 0125

Figure A.11. Indented Where-Used Report

In addition, the %BOMRSUW macro can be used to construct a summarized where-
used list for a selected item, which lists the total usage of this item for every higher-
level parent using it. See Chapter 3 for more information on these BOM reporting
macros.
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Shortage and Critical Path Analysis Reports

The BOM Web example includes reports on anticipated part shortages and analyzes
the critical path for each planned order. The reports include a rough-cut shortage
analysis, critical path identification, and material requirement/availability schedule.
These reports are described in the following sections.

Rough-Cut Shortage Analysis Report

The Rough-Cut Shortage Analysis report describes the shortages related to the
planned order. This report is termed a “rough-cut” because it does not account for
on-hand stock of any items, and assumes that procurement and production begins on
the user-specified start date. This report is structured according to the product’s bill
of materials, and for the final product and each subassembly or component it lists the
following:

o Indentation level

e Part number and description

e Need date (date on which the item is needed)

e Promised date (date on which the item will be available)

e Variance (promised date minus need date; the amount of delay in availability
of the item)

e Slack to next assembly (the maximum delay in availability of the item that will
not delay availability of the parent item)

e Slack to final product (the maximum delay in availability of the item that will
not delay receipt of the final product)

e [ead time and total lead time

e [tem type

e Unit of measure

e Part number for the parent item

e Quantity per assembly of the parent item (defining the parent-component rela-
tionship)

e Final product’s number

e Quantity needed to produce the amount ordered of the final product

Figure A.12 shows a portion of the Rough-Cut Shortage Analysis report for the order
of 40 5-Gal Carpet Cleaners that is due on September 27, 2001. The starting date of
the planning period is June 11, 2001. This figure shows only the first eight columns of
the report; the remaining columns include Lead Time, Total Lead Time, Type, Unit,
Parent, Qty. Per Assembly, Final Product, and Qty. Needed.
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Rough-Cut Shortage Analysis
Part: 0125 {5-Gal Carpet Cleaner) Order Quantity: <0
Start Date:11JUN2001 Due Date: 27SEP2001

0125 S-Gal Carpet Cleaner | 26SEP2O01 | 140CT2001 18 o 0 r
1115 Customer Pack 195EP2001 | 30SEP2001 11 7 7
1959 Instruct Set 125EP2O01 | 17JUNZO01 87 58 105
6221-1  Bottled Concentrate  12SEPZ001  23SEP2001 11 o 7 1]
2104 S-Gal Tank Assembly | 19SEP2001 | 070CT2001 18 o 0
5319 yalve Assembly 0SSEP2O01 | DUSEP2001 4 14 14
5745 Hose 0SSEP2001 | 0SIUL2001 59 77 77
7350 g&%ﬂ;ﬂ:ﬁhw OSSEP200L | 23SEP2001 18 o D
0403 Clamp 25AUG2001 241UN2001 59 77 77
1200 st onauonnes =i . o o Llﬂ

Figure A.12. Rough-Cut Shortage Analysis

Items with positive Variance will not be available in the desired quantity when
needed, and hence will have shortage or schedule problems. There might be many
items with such problems, but typically only a few affect the release dates for the
planned orders.

You can evaluate the impact of the Variance value for an item by comparing it to
the two reported slack values. If Variance does not exceed Slack to Next Assembly,
availability for the item will not delay production of the listed parent component. If
Variance does not exceed Slack to Final Product, availability for the item will not
delay release of the order.

The items controlling their parent items’ availability are those items with a zero value
for Slack to Next Assembly; these are referred to as pacing items. Every subassembly
has its own pacing item. Items with a zero value for Slack to Final Product are said
to be critical. For example, Figure A.12 indicates that Part Numbers 0125, 6221-1,
2104, and 7350 are pacing items. In addition, Part Numbers 0125, 2104, and 7350
are critical.

The Rough-Cut Shortage Analysis report uses the CPM procedure to compute the
promised date, the slack to next assembly, and the slack to final product, and back-
ward scheduling to determine the need date. You can construct a similar report with

141
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a single call to PROC CPM, followed by one data step. Suppose the indented bill of
materials for the 5-Gal Carpet Cleaner is stored in a data set named INndBOM_0125.
The following code creates a Rough-Cut Shortage Analysis report for the product,
which is saved in a data set named RoughCut0125. This data set contains the infor-
mation listed in Figure A.12, along with some additional variables that will be used
in the section “Material Requirement/Availability Schedule” on page 143 to produce
Gantt charts of the schedules.

proc cpm data=IndBOM_ 0125 out=RoughCut0125
date=’11Jun2001’d addact;
act Part_1ID;
succ Paren_1ID;
dur Leadtime;
id _all_;
run;

data RoughCut0125;

format PromDate NeedDate date?9.;

set RoughCut0125 (rename= (e_finish=PromDate
f float=Slack2NA
t_float=Slack2FP));

NeedDate '27Sep2001’'d - (Tot_Lead-Leadtime) - 1;

Variance = PromDate - NeedDate;

QtyNeeded = 40xQty_ Prod;

run;

Critical Path Identification Report

The critical items (items with zero Slack to Final Product) in the Rough-Cut Shortage
Analysis form a path in the indented bill of material. This path is referred to as the
critical path for the planned order. The Critical Path Identification Report lists this
critical path. Among those critical items are the items that delay product availabil-
ity; the ones with lowest level are most crucial and often merit special attention and
expedited scheduling.

Figure A.13 shows a portion of the Critical Paths report for the order of 40 5-Gal
Carpet Cleaners that is due on September 27, 2001. The figure shows only the first
nine columns of the report; the remaining columns include Total Lead Time, Type,
Unit, Parent, Qty. Per Assembly, Final Product, and Qty. Needed. In this example,
steel (Part 5640) is the lowest level item and, therefore, is the most crucial of the
critical items.
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Critical Paths
Part: 0125 {5-Gal Carpet Cleaner) Order Quantity: 40
Start Date: 11JUNZ2001 Due Date: 275EP2001

0 0125 5-Gal Carpet Cleaner | 265EP2001 | 140CT2001 18 D o 7
1| 2104 5-Gal Tank Assembly | 195EP2001 | 070CT2001 18 D o 14
2 | 7350 g&%i';i?ﬁhw OSSEP2001  23SEPZO0L 18 D o 14
3 5706 S‘D‘gf'u'n':ai”ted Tank  95auG2001 09SEP2001 18 0 o 21
4 5640 Steel 01AUG2001 19AUG2001 18 D o 70

4| | ]

Figure A.13. Critical Path Identification Report

Material Requirement/Availability Schedule

The Material Requirement/Availability Schedule is a Gantt chart, a time-scaled
graphical depiction of the schedule for a planned order. The schedules for all items
needed to fulfill the order are displayed hierarchically, with critical items depicted in
red and all others depicted in green schedule bars. Schedule bars indicate the start and
finish of production or procurement for each item, and also indicate any slack time
that exists. Links between the schedule bars indicate the hierarchical relationships
between the items. Milestone markers indicate the Need Date and Promised Date for
each item, and a vertical line indicates the Due Date for the order.

The Material Requirement/Availability Schedule for the order of 40 5-Gal Carpet
Cleaners is shown in Figure A.14. In this printed version, the red and green schedule
bars are indistinguishable; however, the BOM Web example shows a full-color ver-
sion of the Material Requirement/Availability Schedule, in which the critical items
are depicted in red schedule bars, and all other schedule bars are colored green.

In the BOM Web example, the schedule bars are selectable and produce a “Material
Requirement Implosion,” which uses a Gantt chart to depict a full level pegging for
the selected item. This is a time-scaled Indented Where-Used report for the selected
item in the designated final product. Figure A.15 shows the Material Requirement
Implosion produced by selecting Steel (Part 5640) from Figure A.14.
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Material Requirement / Availability Schedule
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Figure A.14. Material Requirement/Availability Schedule

Material Requirement Implosion
Part: 5640 (Steel)
Due Date: 2FSEP2001
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Figure A.15. Material Requirement Implosion
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You can use PROC GANTT to produce Material Requirement/Availability Schedules
similar to the Gantt chart shown in Figure A.14. The following code produces
a Material Requirement/Availability Schedule for the 5-Gal Carpet Cleaner with
an order quantity of 40, a starting date of June 11, 2001, and a due date of
September 27, 2001. The code uses the RoughCut0125 data set created in the sec-
tion “Rough-Cut Shortage Analysis Report” on page 140.

titlel ’'Material Requirement / Availability Schedule’;
title2 ’'Part: 0125 (5-Gal Carpet Cleaner) Order Quantity: 40’;
title3 ’ Start Date: 11JUN2001 Due Date: 27SEP2001’;

patternl v=s c=green;

pattern2 v=e c=green;

pattern3 v=s c=red;

patternd4 v=e c=red;

symboll v="B" c=green f=ORFONT h=0.5;
symbol2 v="D" c=blue f=ORFONT h=0.5;

proc gantt data=RoughCut0125
logic=RoughCut0125;
chart PromDate NeedDate /
act=Part_1ID
succ=Paren_ID
duration=Leadtime
e_finish=PromDate
ref='27SEP2001'd
cref=red
reflabel
nojobnum
noarrowhead
compress;
id Description Qty Prod Variance;
label Description = ’'Part Description’
Qty Prod = ’'Quantity Required’;
run;
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