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Technical Description of KADBASE

Chapter 1
Introduction to the Technical Report

This report is intended to supplement the information provided in the accompanying thesis,
INTERFACING DATABASES AND KNOWLEDGE BASED SYSTEMS FOR STRUCTURAL
ENGINEERING APPLICATIONS [Howard 86]. This document is not independent of the thesis;
the reader is assumed to have some familiarity with the material in the thesis and to have it
available for cross-reference.

The report is divided into the following chapters:

* KADBASE Query Language — defines the data manipulation language for the
KADBASE user interface. KQL provides the basis for the message data structure
used to represent queries and updates in KADBASE.

» Message Data Structure — describes the internal frame-based representation for
requests and replies in KADBASE components. The chapter contains a complete set
of frames for a sample SPEX query.

« KADBASE Schema Description Details — defines the frame-based schema
description components that support semantic mapping in KADBASE. The chapter
also describes the schema description utility that supports the input of schema
descriptions using a problem-oriented language.

« KADBASE Communications — describes the KADBASE communication utilities
and how they operate.

* SPEX Supplement — contains the complete schema definitions for SPEX, the
AISC database, and the global schema as well as transcripts showing the operation of
SPEX and the AISC KBDBI.

* HICOST-II Supplement — contains the complete schema definitions for HICOST-
Il and its three databases, the data in the databases before and after HICOST-I|
execution, and the rules used in the takeoff process.

+ JADE Supplement — contains the complete schema definitions for JADE, the
structural configuration database, the analysis results database, and the global
schema.
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Chapter 2
KADBASE Query Language

KQL (KADBASE Query Language) is the basis for the message frame structure described in
Chapter 3. Its primary purpose is to define the syntax for the frame-based representation request.
As a secondary function, it serves as the language for the KADBASE user interface.

KQL is primarily based on QUEL, the interactive, tuple-based, relational calculus query
language for INGRES [Stonebraker 76, Woodfill 81]. Thus, KQL is a relationa calculus
Ianguage.1 However, since it is intended to reference frame-based data structures with
inheritance, it differs from QUEL in that it is entity-based) i.e., al the inherited attributes of an
entity may be referenced as if they were directly available. KQL aso contains an additional
feature to facilitate queries with minimizing or maximizing criteria.  KQL is strictly a data
manipulation language; i.e., it does not contain capabilities to define or alter the organization of
the KQL schemata, restrict access to data, define storage structures, or create indices. All KQL
capabilities described in this chapter are implemented in the KADBASE user interface, the
INGRES knowledge-based database interface, and the NDAM global subrequest knowledge
module.

This chapter is divided into three sections to discuss the three KQL commands (range,
retrieve, and update), the genera definitions necessary to support the remainder of KQL, and a
discussion of the use of optimizing criteria in KQL. The language is presented in a modified
BNF using the following notational conventions:

Boldface type is used for reserved words in commands.
Angle brackets <>  denote variables.

Square brackets [ ] indicate optional components.

Vertical bars | separate adternate definitions.

Wherever they occur, commas (,) and parentheses () are part of the language.

*In retrospect, some argument can be made for the use of relational agebra as the internal format for KADBASE
reguests. For example, algebra would facilitate recognition of join clauses for semantic translation, make subrequest
decomposition easier, and simplify the implementation of the global subrequest processor. On the other hand, these
objections do not outweigh the original advantages of arelational calculus formulation. The calculus focuses attention
on what is requested rather than how to access it as in the procedural algebraic formulation.
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2.1. KQL Commands

2.1.1. Range

Definition. KQL uses entity range statements that are identical in form to QUEL's relation
range statements. An entity range statement declares an entity variable that references a specific
entity type. Range statements are necessary to provide the capability to reference more than one
instance of the same entity type in a single request. Entity variables retain their scope until
redefined, except within aggregate expressions (see Section 2.2.3).

The form of the entity range statement is as follows:

<range> := range of <entity-variable> is <entity-name>

Examples. An example of the range statement is shown below.

range of beaml is beams

"Beaml" is the entity variable that references instances of the entity "beams'. Further
applications of this command are shown in the following sections.

2.1.2. Retrieve

Definition. The retrieve command is used to query KADBASE for sets of dot values. The
set of dot names in the retrieve command is called the target list. The command may include
boolean qualifiers that limit the sets of dot values returned and optimizing criteria to find the
target-list that satisfies some minimizing or maximizing criteria (see Section 2.3). KADBASE
responds to retrieve commands with a reply containing al satisficing sets of target list values.

The retrieve command is basically the same as its counterpart in QUEL with three exceptions:
* the target list must include the names of dl dots that are to be returned—there is no
option similar to the "al" in QUEL;
« the option to store the result of the query in a relation has been omitted; and
* the option to specify optimizing criteria has been added.

The retrieve command and its components are defined as follows:
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<retrieve> = retrieve [unique] (<target-list>)
[where <qualifier>]
[subject to (<optimizing-criteria-list>)]

<target-list> = <target-item> |
<target-list>, <target-item>

<target-item> := <dot-reference> |
<dlot-reference> = <expression>
<dot-reference> = <entity-variable>.<dot-name>

<optimizing-criterion-list> ::= <optimizing-criterion> |
<optimizing-criterion-list>, <optimizing-criterion>
<optimizing-criterion> = max (<arithmetic-expression>) |
min (<arithmetic-expression>)

Section 2.2 describes the specific syntax for expressions and qualifiers.

Examples. The first example is a smple query for a standard steel wide-flange section that
has a depth less than or equal to 18 inches and a section modulus of at least 300 cubic inches.

range of wf is wide-flange-sections
retrieve (wf.designation, wf.depth, wf.section-modulus)
where wf.depth <= 18 and wf.section-modulus >= 300

The second example shows an optimizing query to return the wide-flange section that has a
section modulus greater than 300 inches and has the minimum weight among those sections
having the smallest nominal depth (see Section 2.3 for a more detailed discussion of this query).

range of wf is wide-flange-sections
retrieve (wf.designation)
where wf.section-modulus >= 300
subject to (min(wf.nominal-depth), min(wf.weight))

The third example is a more complex query involving two entity variables. It represents a
query for the set (presented pairwise) of wide-flange sections that have the same value for weight
per linear foot.

range of wfl is wide-flange-sections

range of wf2 is wide-flange-sections

retrieve (wfl.designation, wf2.designation)
where wfl.weight = wf2.weight
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2.1.3. Update

Definition. The update command is a combination of the append and replace commands in
QUEL. The update command can be invoked in three different modes corresponding to the

following three update options:

* Replace — update information for existing entities only (the same as QUEL's
replace);

» Append—insert information for new entities only (similar to QUEL's append);

» Combined — update information for existing entities and insert information for new
entities (a combination of the first two options).

The latter two options require the key attribute(s) for the entity must be specified in the target li<t.
The third option (combined) is the defaullt.

The form for the update command is as follows:

<update> := update [<update-option>] (<target-list>)
[where <qualifier>]

<update-option> ::= replace | append | combined

The form for the update target list is the same as that for the retrieve target list, except that all
slots specified in the target list must belong to the same entity (called the update entity).

Examples. The first example is a simple update where al the dot values are known. Note
that this update will not create an entity if beam number 201 does not exist.

range of beam is beams
update replace (beam.length = 20, beam.designation = "W10x12")
where beam.number = 201

The second example is similar in appearance to the first, but it will change the database only if
beam number 201 does not exist; in that case, it will add the data specified in the target list.

range of beam is beams
update append (beam.number = 201, beam.length = 20,
beam.designation = MW10xI2")

The third example is a replacement with variables in the target-list. (This update will not create
any entities.)
range of beam is beams

update replace (beam.length = 2 * beam.length)
where beam.left-joint = 798

The fourth example is a combined update with variables in the target-list expressions. This
request will create an adjacent joint entity (where the jointl and joint2 dlots define the primary
key) for each joint combination that does not already exist in the adjacent relation, and it will
update the value of the distance dot for each joint combination that already exists.
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range of jl isjoints

range of j2 isjoints

range of beam is beams

range of g is adjacent-joints

update combined (g.jointl =jl.number, g.joint2=j2.number,
gj.distance = beam.length)
wher e beam.left-joint =j 1 and beam.right-joint =2

2.2. General Definitions

2.2.1. Qualifiers

The form for qualifiers in retrievals, inserts, and updates is taken directly from the INGRES
Reference Manual [Woodfill 81]:
<qualifier> = <clause> |
not <qualifier> |
<qudifier> or <qualifier> |
<qualifier> and <qudifier> |
(<qualifier>)

2.2.2. Clauses

Clauses are comparisons of the values of expressions (arithmetic, string, or boolean) or
boolean expressions (true, fase, boolean attribute values, or boolean functions). Clauses may
take the following forms:

<clause> := <arithmetic-expression> <comparison-operator> <arithmetic-expression> |
<string-expression> <comparison-operator> <string-expression> |
<boolean-expression> <comparison-operator> <boolean-expression> |
<bool ean-expression>

The firgt three forms may be abbreviated "<expression> <comparison-operator> <expression>".
However, the longer form is used in the forma definition to emphasize that the expressions being
compared must be compatible; e.g., strings can not be compared to numbers.

The KQL comparison operators are the same as those in QUEL, which in turn are based on
those in the C programming language:

<comparison-operator> = < | <= | > | >= | = | |I=
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2.2.3. Expressions

Expressions in clauses, updates, and insertions may be arithmetic, string, or boolean
expressions.

<expression> := <arithmetic-expression> | <string-expression> |
<bool ean-expression>

Arithmetic Expressions. The KQL format for arithmetic expressions is based on the QUEL
definition of ajexpr (arbitrary expression). Arithmetic expressions may be integer or rea
expressions; that distinction does not affect the following definition:

<arithmetic-expression> ::= <arithmetic-constant> |
<arithmetic-slot-reference> |
<arithmetic-function> |
<arithmetic-aggregate> |
(<arithmetic-expression>) |
<unary-arithmetic-operator> (<arithmetic-expression>) |
<arithmetic-expression> <binary-arithmetic-operator>

<arithmetic-expression>

An <arithmetic-dot-reference> is smply a <dot-reference> (see Section 2.1.2) in which the slot
represents an arithmetic value in the local data structure. Type coercions are performed within
arithmetic expressions as necessary.

Arithmetic Operators. The arithmetic operators are the same as in QUEL except that ** and
A are both used to indicate exponentiation. The operators are shown in order of descending
precedence:

<unary-arithmetic-operators> = + | -
<binary-arithmetic-operators> = ** | * |
* L/

Exponentiation is not valid for fractional powers of negative numbers.

Arithmetic Functions. The functions listed below are taken from those available under
QUEL, supplemented by some useful C functions.
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<arithmetic-function> ::= abs(<arithmetic-expression>) |
atan(<arithmetic-expression>) |
cos(<arithmetic-expression>) |
exp(<arithmetic-expression>) |
log(<arithmetic-expression>) |
mod(<arithmetic-expression>, <arithmetic-expression>) |
sin(<arithmetic-expression>) |
sgrt(<arithmetic-expression>) |
float(<arithmetic-expression>) |
fix(<arithmetic-expression>)

Arithmetic Aggregates. The KQL format for arithmetic aggregate expressions is identical to
its QUEL counterpart:

<arithmetic-aggregate> ::= <arithmetic-aggregate-operator>(<arithmetic-expression>
[where <qualifier>])

<arithmetic-aggregate-operator> ::= count | sum | avg |
max | min

As in QUEL, the scoping of entity variables in aggregate functions is independent of the scoping
in the rest of the query.?

String and Character Expressions.  String expressions are distinct from arithmetic
expressions in KQL. Characters are strings of length one. String expressions have the following
definition:

<string-expression> ::= "<string-constant>" |

<string-slot-reference> |
<string-function> |

<string-constant> ::= <character> |
<string-constantxstring-constant>

A <string-slot-reference> is smply a <slot-reference> in which the slot represents a string value
in the local data structure. The KQL definition for string constants is less robust than that in
QUEL because KQL lacks wild-card matching.

Specia string functions are defined to perform concatenation of strings, to extract substrings
from strings, and to convert arithmetic expressions to strings.

%Originally, aggregates in KQL were intended to be dependent on the entity variable scoping in the rest of the query.
However, this form proved to be difficult to trandate into QUEL. Therefore, for programming expediency, the
prototype version of KADBASE uses only independent aggr egates.
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<gtring-function> ::= concat(<string-expression> , <string-expression>) |
substring(<string-expression>,
<integer-arithmetic-expression>,
<integer-arithmetic-expression>) |
ascii(<arithmetic-expression>)

Boolean Expressions. In KQL, boolean expressions have following definition:

<boolean-expression> ::= <boolean-dot-reference> |
<boolean-aggregate> |
true |
false

<boolean-aggregate> ::= any(<slot-expression> [where <qualifier>])

A <boolean-slot-reference> is smply a <dot-reference> in which the slot represents a boolean
value (true or false) in the local data structure. The boolean operator "any" is equivalent to a
clause specifying the value returned by the "count" operator is greater than zero.

2.3. Optimizing Criteria in KQL

The use of a separate specification for optimizing criteria in queries arises from some basic
observations about engineering queries, in particular single-object queries during the design
process. The following sections describe the issues involved, present a KQL form including
optimizing criteria, and discuss the implications of this new form.

2.3.1. Single-Object Queries: Examples and Discussion

Queries to a database for information about a single object take the general form: Find
<attributes of object> where <set of qualifiers> are satisfied. As an example, consider a query
to select a suitable beam cross-section from a database of standard sted wide-flange section. In
relational query languages like QUEL [Stonebraker 76] and SQL [Date 81], the query would take
the following forms:

QUEL

range of wf is wide-flange-sections
retrieve (wf.number)
where wf.section-modulus > 300
and wf.weight = MIN(wf.weight
where wf.section-modulus > 300)
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QL

SELECT wf.designation

FROM  wideflange-sections

WHERE wf.section-modulus > 300

AND wf.weight =
(SELECT MIN(wf.weight)
FROM  wide-flange-sections
WHERE wf.section-modulus > 300)

Clearly, these queries contain two qualifiers: (1) the section modulus must be greater than the
required section modulus, and (2) the weight must be the minimum of the set of sections that
satisfy the firg qudifier. The two qudifiers are excellent paradigms of two basic types of
qualifiers:
 Constraints — those qudifiers that test the entity against an absolute standard; e.g.,
wf.section-modulus is greater than 300. Constraints determine a satisficing set of

entities, i.e, those entities that saisfy the constraints without necessarily being
optimum solutions.

* Optimizing Criteria — Those qudifiers that test the entities against a relative
standard by comparing the entity to other entities of its class; e.g., wf.weight =
min(wf.weight). Optimizing criteria are normally used to select a single object from
the satisficing set determined by the constraints.

This division of qualifiers is not represented very clearly in either of the sample queries as
both formulations require that the constraint be repeated in the aggregate operation. More
complicated queries would further impair the distinction between these types of quaifiers in
practical queries. In particular, the queries can become very complicated as the optimizing
criteria are applied sequentially, i.e, the satisficing set is pared by the application of a first
criteria, and the new smaller set is subjected to a second criteria

2.3.2. KQL Form for Optimizing Criteria

KQL provides a query form that emphasizes the roles of the constraints and the hierarchy of
optimizing criteria. The query consists of a specified entity type (or attributes of that entity), a set
of constraints, and an ordered set of optimizing criteria. The constraints are applied first to
determine the satisficing set, and the optimizing criteria are applied in order to narrow the set to
the desired entity. As an example, consider the selection of a steel wide-flange section for a floor
beam (taken from HI-RISE [Maher 85, Maher 84].) The constraint is the same as in the previous
example—the beam section modulus must be greater than the require section modulus. The
optimizing criteria are based on finding the minimum nominal depth and the minimum weight for
the section with the minimum depth being the more important factor. The query formulations
would be as follows:

10
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QUEL

range of wf is wide-flange-sections
retrieve (wf.number)
wher e wf.section-modulus > 300
and wf.nominal-depth
= MIN(wf.nominal-depth
wher e wf.section-modulus > 300)
and wf.weight
= MIN(wf. weight
where wf.nominal-depth = MIN(wf.nominal-depth
wher e wf.section-modulus
>= 300))

QL

SELECT wf.designation
FROM  wide-flange-sections
WHERE wf.section-modulus > 300
AND wf.nominal-depth =
(SELECT MIN(wf.nominal-depth)
FROM  wide-flange-sections
WHERE wf.section-modulus > 300)
AND wf.weight =
(SELECT MIN(wf.weight)
FROM  wide-flange-sections
WHERE wf.section-modulus > 300
AND wf.nominal-depth =
(SELECT MIN(wf.nominal-depth)
FROM  wide-flange-sections
WHERE wf.section-modulus >= 300))

KQL

range of wf is wide-flange-sections
retrieve (wf.designation)
where wf.section-modulus >= 300
subject to (min(wf.nominal-depth), min(wf.weight))

The intent of the query is much clearer in the KQL formulation than either the QUEL or SQL
forms. The KQL form is also more amenable to query optimization because the structure of the
query is not procedurally restrictive.

11
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2.3.3. Implications For Constraint Processing

The engineering design process is an example of the classic search problem in artificia
intelligence. The set of design constraints defines the solution space for the search. Within that
solution space, the designer has a set of criteria that may be used to compare the relative merit of
the individual solutions. The remaining component of the design process is a strategy for
searching the solution space. When the designer is willing to limit the potential solution space to
a finite domain (e.g., standard wide-flange steel sections), the solution space may be determined
by testing each potential solution against the constraints. Likewise, the optimum solution may be
selected by comparing each satisficing solution against the aggregate optimum value.

Database queries are an application of this technique of searching a limited space. The KQL
query formulation emphasizes this view of queries by separating the constraints and optimizing
criteria. When a designer is willing to accept the range of solutions represented by a library of
solutions in the database, then he need only identify the applicable constraints and optimizing
criteria, form them into a query, and send the query to the KADBASE. This simplification of the
guery process has some important implications for expert system queries to databases. With the
general ability to query a database with an arbitrary list of constraints and optimizing criteria, the
expert system rules can concentrate on the identification of the appropriate constraints and
optimizing criteria without having to be concerned with details of query formulation and query
handling.
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Chapter 3
Message Data Structure

Internally, KADBASE components represent messages as trees of frames. The frame
elements of specific messages are defined as instances of the template frames presented in this
chapter, and therefore each is linked to the corresponding template frame through an instance
relationship. The relationship part-of-message (with its inverse message-subpart) is used to link
the message frame instances into a hierarchy. The root of the tree is an instance of the message
frame. Its direct descendant is an instance of a KQL request frame (retrieve or update) or a
KQL reply frame. Request target lists, qualifiers, and optimizing criteria are represented as
subtrees composed of general purpose message tree node frames. Associated range commands
are represented as instances of the entity variable frame. Each of these template frames is
defined in detail in this chapter.

Updates and replies may have associated data files. For updates, the associated data file
represents a virtual relation that the update target list and qualifier may reference asif it existed in
the local data structure. For replies, the associated data file represents the reply to the
corresponding retrieve request. In both cases, the data in the file is organized into tuples
represented as lists of values.

This chapter has three sections. the first section describes the five specid purpose frames
(message, retrieve, update, reply, and entity variable), roughly paraleling the KQL chapter; the
second section describes the general purpose message tree node; and the third section contains
two complete sample messages from the SPEX demonstration.

In this chapter, frame names are typeset in bold face, and dot names are typeset in SVALL
CARTALS as shown below:

frame-name

SLOT1: slotl -value
S.0T2 dot2-value

13
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3.1. Special Purpose Message Frames

3.1.1. Message Frame

The message frame acts as a header for al messages between KADBASE components. It
contains only that information common to al types of messages. The frame name for a message
instance consists of the three-letter component name of the sender concatenated with a local time
stamp to produce a unique message identifier. The template for the message frame is shown
below, followed by the slot definitions.

message
TO:
FROM:
TIME:

MESSAGE-TYPE:
MESSAGE-SUBPART:

* TO — the KADBASE identifier of the system for which the message is intended;
either an application, a DBMS, or the network manager (e.g., "nda" for the network
data access manager).

* FROM — the KADBASE identifier of the system originating the message; either an
application, a DBMS, or the network manager (e.g., "spx" for the SPEX application).

» TIME — the local time of the sender, expressed as a single value (e.g., the number of
seconds since January 1, 1970: 519005610).

* MESSAGE-TYPE — the type of message tree attached to the MESSAGE-SUBPART; one
of "retrieve", "update”, or "reply".

* MESSAGE-SUBPART — the instance name of the message frame's immediate
descendant in the message tree.

3.1.2. Retrieve Frame

The retrieve frame represents the retrieve command in KQL. It is linked to frames
representing the qualifier, the optimizing criteria, the entity variables, the target list, and the
retrieval meta-knowledge. Those frames are attached by the MESSAGE-SUBPART relationship,
and indicated individually by specific dots in the retrieve frame. The template for the retrieve
frame is shown below, followed by the dot definitions.

14
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retrieve
PART-OF-MESSAGE:
ENTITY-VARIABLES:
TARGET-LIST:
QUALIFIER:
CRITERIA:
RETRIEVE-META-KNOWLEDGE:
UNIQUE:
MESSAGE-SUBPART:

» PART-OFMESSAGE — the name of the message frame instance for this retrieve.

* ENTITY-VARABLES — the list of the entity variable frames; this slot should never be
empty. (This is redly eguivalent to including a list of the applicable range
statements with the retrieve.)

* TARGET-LIST — the ordered list of the target items; this sot should never be empty.
The sequence of the items indicates the order in which they are to appear in the reply.

* QUALIAER — the root of the qualifier tree; if this dot is empty, then al instances of
the target-list data are returned.

* CRITERIA — the ordered list of the optimizing criteria for the retrieve; if this dot is
empty, the retrieve has no optimizing criteria. The order of the criteria determines
their relative priority, with the first entry having the highest priority.

* RETREVEMETAKNOWLEDGE — the dot for attachment of retrieva meta-
knowledge frames.?

* UNIQUE — boolean value indicating that the set of reply tuples should contain no
duplicates.*

* MESSAGE-SUBPART — the instance names of the frames representing the various
components of the retrieve, including the entity-variables, the target-list, the
qualifier, the criteria, and the retrieve meta-knowledge.

3.1.3. Update Frame

The update frame represents the KQL update command. As with the retrieve frame, the
update frame has descendants indicated by the MESSAGE-SUBPART relationship and by direct

dot references.

As noted in the introduction to this chapter, updates may have an associated data file that acts

M his implementation of KADBASE has no specific requirements for the use of meta-knowledge. However, to
preserve compatibility with the original view of the system and to guard agains the need for additional information
about theretrieval, the retrieve frame contains an unused dot for meta-knowledge.

“Since the data sructure for KADBASE is based on an entity-based, frame-based schema overlaying a relational
system, unique should be the default. However, in practice, mog reational database systems do not undertake to
guarantee uniqueness of tuples unless specifically requested, and KADBASE adopts a Ssmilar approach.
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as a virtua relation. In that case, the entity-variable frame instance referenced in the
DATA-HLEENTITY dlot of the update frame is the entity variable that ranges over the tuples in
that virtual relation. The subtrees for the update target list and qualifier may reference that entity
variable in the same way as any other entity variable that is associated with an actual local data
structure.

The template for the update frame is shown below, followed by the dlot definitions.

update
PART-OF-MESSAGE:
UPDATE-ENTITY:
ENTITY-VARIABLES:
UPDATE-OPTION:
TARGET-LIST:
QUALIFIER:
UPDATE-META-KNOWLEDGE:
MESSAGE-SUBPART:
NUMBER-OF-TUPLES:
DATA-FILE-NAME:
DATA-FILE-ENTITY:

* PART-OFMESSAGE — the name of the message instance frame of which it is a part.

o UPDATEENTITY — the name of the entity variable frame which represents the entity
that is being updated. This dot should never be empty.

» ENTITY-VARABLES — the list of the entity variable frames; this dot should never be
empty.

» UPDATE-OPTION — one of replace, append, or combined', combined is the defaullt.

» TARGET-LIST — the list of the update target items; this dlot should never be empty.
All of the target list dots should belong to the update entity.

* QUALIHER — the root of the qualifier treg; if this dot is empty, then the update has
no qualifiers, and will update all applicable entities.

o UMDATEMETAKNOMLEDGE — the dot for the attachment of update
meta-knowledge. 5

MESSAGE-SUBPART — the instance names of the frames representing the various
components of the retrieve, including the entity-variables, the target list, the qualifier,
and the update meta-knowledge.

NUMBER-OFTURLES — the number of tuples in the associated data file, if any.

DATA-HLENAME — the name of the associated data file containing the update tuples,
if needed.

DATA-HLEENTITY — the entity variable frame instance used to represent the tuples
in the associated data file.

®Sec footnote on page 15 about retrieve-meta-knowledge.
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3.1.4. Reply Frame

A reply frame must indicate the request message to which it is replying, the success of the
request, a description of any errors in the event of failure, the number of tuples returned, and, of
course, the requested data organized as tuples. |f the reply is successful and the number of tuples
is greater than zero, the tuples are contained in an associated data file whose name is stored in the
DATA-HLENAME dot. The template for the reply frame is shown below, followed by the dot
definitions.

reply
PART-OF-MESSAGE:
IN-REPLY-TO:
SUCCESS:
ERROR-CONDITION:

NUMBER-OF-TUPLES:
DATA-FILE-NAME:

» PART-OF-MESSAGE — the name of the message frame instance of which it is a part.
 IN-REFLY-TO — the name of the message frame instance that elicited the reply.

» UCCESS — the status of the request represented as a boolean value; "true" indicates
success of request.

* ERRORCONDITION — the KADBASE-specific description of the error resulting
from the request. For the prototype implementation, KADBASE traps only errors
that arise from invalid commands to the INGRES DBMS; in the event of such an
error, the INGRES error message is stored as a string in the ERROR-CONDITION slot.

* NUMBER-OFTURLES — the number of tuples in the associated data file.
» DATA-HLENAME — the name of the data file containing the reply tuples.

3.1.5. Entity Variable Frame

Entity variable frames represent the entity variables referenced in a request. In effect, they
are implicit range statements attached to the request. They contain information on the entity type
represented by the entity variable. Each entity reference within a retrieve or update tree is
indicated by the name of the corresponding entity-variable frame. The template for the entity
variable frame is shown below, followed by the dot definitions.

entity-variable
PART-OF-MESSAGE:

VARIABLE-NAME:
ENTITY-TYPE:

» PART-OFMESSAGE — the instance name of the retrieve, union, or update frame that
includes the entity variable.

17
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» VARABLENAME — the string used to represent the entity variable (e.g., "wf' for the
entity type "wide-flange-shapes").

o ENTITY-TYFE — the name of the entity in the terminology of the current schema
(local schema, local frame-based schema, or global schema); the Ifbs-entity facet of
the ENTITY-TYPE dot is used to link the entity-variable frame to the frame
representing the entity in the local frame-based schema; likewise, the gs-entity facet
is used to link the frame to the entity frame in the global schema.

3.2. General Purpose Message Tree Node Frames

Qualifiers, target lists, and criteria lists are represented by trees of message tree node frames.
An instance of the message tree node frame can represent an operator, a literal value (arithmetic,
string, or boolean), or a dot in the local data structure. Each type of message tree node frame is
represented by a template frame. Message tree nodes are linked to a template frame via an is-a
relationship. The three types of template frames are defined below.

» Operator template frames — The set of pre-defined operator template frames
represents the operators defined in KQL (e.g., "+", "*", "min", etc.). The operators
are organized into a shallow hierarchy of template frames, grouped according to
similar properties (e.g., "binary arithmetic operators") as shown in Table 3-1. Each
operator frame has (or can inherit) a TYPE dot and an ARGUMENT corresponding to
the same dots in the message tree node frame. Binary operators have a specia
BINDINGPOWER dot to indicate operator precedence for converting from the infix
notation KQL to the prefix notation message data structure. The special symbol
value used for the argument data types of the binary comparison operators ("==" and
" 1=") indicates that the two operands must be of the same data type.

Literal value template frames— The set of literal value template frames represents
the four types of literal values defined in KQL (i.e., "real", "integer", "string", and
"boolean™). The value frames have a TYFE dot indicating the data types that value
may assume, e.g., alitera integer value can be a "integer" or a"number”. Table 3-2
shows the four types of literal values with the template frame names and the possible
data type each can assume.

Slot reference template frame — The dot reference template frame
(kad-slot-value) is basically the same as the literal value template except that its
type dot includes al possible data types ("boolean”, "number”, "integer", "rea",
"string"). KADBASE determines the data type according the usage of the slot
reference.

Message tree node frames have the following uses in qualifiers, target lists, and optimizing
criteria
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oper ator template binding
name frame name power type argument
Assignment Operator
Assignment kad-op= N/A N/A N/A
Unary arithmetic operators
+ kad-unary-op+ N/A number number
— kad-unary-op- N/A number number
Binary arithmetic operators
A kad-op* 5 number number
kad-op* 4 number number
/ kad-op/ 4 number number
+ kad-op+ 3 number number
— kad-op- 3 number number
Non-aggregatefunction operators
absolutevalue  kad-op-abs N/A number number
arctangent kad-op-atan N/A real number
cosine kad-op-cos N/A real number
exponentiation  kad-op-exp N/A real number
logarithm kad-op-log N/A real number
modulo kad-op-mod N/A integer integer
sine kad-op-sin N/A real number
square root kad-op-sgrt N/A real number
number to ascii  kad-op-ascii N/A string number
concatenate kad-op-concat N/A string string,string
substring kad-op-substring N/A string string,int,int
Aggregatefunction operators
minimum kad-op-min N/A number slot,boolean
maximum kad-op-max N/A number slot,boolean
sum kad-op-sum N/A number slot,boolean
average kad-op-avg N/A number slot,boolean
count kad-op-count N/A integer slot,boolean
any kad-op-any N/A boolean slot,boolean
Binary comparison operators
== kad-op== 2 boolean value,value
< kad-op< 2 boolean number,number
<= kad-op<= 2 boolean number,number
> kad-op> 2 boolean number,number
>= kad-op>= 2 boolean number,number
= kad-op!= 2 boolean valuevalue
Unary logical operator
not kad-op-not N/A boolean boolean
Binary logical operators
and kad-op-and 1 boolean boolean,boolean
or kad-op-or 0 boolean boolean,boolean

Table 3-1: KADBASE Operator Template Frame Definitions
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value template

type frame name TYFE

real kad-real-value number, real
integer kad-integer-value number,integer
string kad-string-value string

boolean kad-boolean-value boolean

Table 3-2: KADBASE Literal Value Template Frame Definitions

» A qualifier consists of a hierarchy of message tree node instances representing a
valid sequence of operators and values (expressed in prefix notation), as defined in
the KQL qualifier syntax. For instance, the KQL qualifier "10 == wf.area " is
represented as a tree of three message tree node instances, with the frame for the
equality comparison operator being the root of the tree as shown below:

nodel
IS-A: kad-op==
MESSAGE-SUBPART: node2 node3
node2
ISA: kad-integer-value
VALUE: 10

PART-OF-MESSAGE: nodel

node3
ISA: kad-slot-value
ENTITY-REFERENCE: wf-entity-variable
SLOT-REFERENCE: area
PART-OF-MESSAGE: nodel

where wf-entity-variable is entity variable frame linking the variable "wf to the
entity type "wide-flange-shapes'.

A target list is an ordered set of message tree node instances. Each instance in the
target list must be either a reference to a slot in the local data structure or an
assignment operator ("=") with a slot reference as its first descendant and a hierarchy
of message tree node instances representing an expression as its second descendant
(see the definition of target list in Section 2.1.2)

An optimizing criteria list is an ordered set of message tree node instances. Each
frame instance in the list must be either a "min" or "max" operator. The order of the
instances indicates the priority of the optimizing criteria.

The general template for the message tree node frame is shown below, followed by the slot
definitions.



Technical Description of KADBASE

message tree node
PART-OF-MESSAGE:
MESSAGE-SUBPART:
IS-A:
TYPE:
ARGUMENTS:
VALUE:
ENTITY-REFERENCE:
SLOT-REFERENCE:

* PART-OFMESSAGE — the name of the frame's parent node in tree.

» MESSAGE-SUBPART — the ordered list of descendants; only filled when the message
tree node instance is an operator, in which case the descendants are the operands.
The ordering of the descendants is dependent on the operator.

* ISA — the name of the operator, litera value, or dot reference template frame to
which the message tree node corresponds.

* TYPE — the list of the possible data types of the value or operator represented by the
message tree node; one of number, integer, real, string, or boolean; may be inherited
through the ISA dlot.

» ARGUMENTS — an ordered list of the data types of the arguments (operands) of the
message tree node if it is an operator; may be inherited through the ISA slot.

* VALUE — the numeric, string, or boolean value.
» ENTITY-REFERENCE — the instance name of the entity-variable frame.

* 9 OT-REFERENCE — the name of a dot in the local schema; the Ifbs-slot facet of the
S OT-REFERENCE dot is used to link the message tree node to the frame
representing the dot in the local frame-based schema; likewise, the gs-slot facet is
used to link the frame to the dot frame in the global schema.

3.3. Sample Message Frames

This section contains two sample messages taken from the SPEX demonstration described in
the thesis. The first message represents the SPEX query as it is sent from the SPEX KBSI to the
AISC KBDBI. The second message represents the reply from the AISC KBDBI.

3.3.1. Sample SPEX Query

The query is shown graphicaly in Figure 3-1 (Figure 54 in the thesis). The frame
representation of the query is shown below and on the following pages.
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Retrieve
— / ——
Target list Qualifier Entity variables Optimizing Criteria
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Figure 3-1: Graphical Representation of SPEX Query
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$x519005610

MESSAGE-SUBPART: spx-retrieve-g00013

MESSAGE-TYPE: retrieve

TIME: 519005610

FROM: spx

TO: ais

INSTANCE: message

spx-retrieve-g00013

PART-OF-MESSAGE: spx519005610

CRITERIA: spx-msg-tree-g00073

QUALIFIER: spx-msg-tree-g00022

TARGETLIST: spx-msg-tree-g00021 spx-msg-tr ee-g00020
Spx-msg-tr ee-g00019spx-msg-tr ee-g00018
Spx-msg-tree-g00017 spx-msg-tree-g00016
Spx-msg-tree-g00015

ENTITY-VARIABLES: spx-entity-g00014

MESSAGE-SUBPART:  spx-entity-g00014 spx-msg-tree-g00021
Spx-msg-tr ee-g00020spx-msg-tr ee-g00019
Sspx-msg-tr ee-g00018spx-msg-tr ee-g00017
Spx-msg-tr ee-g00016spx-msg-tr ee-g00015
Spx-msg-tree-g00022 spx-msg-tree-g00073

INSTANCE: retrieve

ox-msg-tree-g00073
PART-OF-MESSAGE: spx-retrieve-g00013
MESSAGE-SUBPART: spx-msg-tree-g00074
IS-A: kad-op-min
INSTANCE: message-tree-node

spx-msg-tree-g00074
TYPE: slot
PART-OF-MESSAGE: spx-msg-tree-g00073
ENTITY-REFERENCE: spx-entity-g00014
SLOT-REFERENCE: area
ISA: kad-slot-value
INSTANCE message-tree-node

Spx-msg-tr ee-g00022
PART-OF-MESSAGE: spx-retrieve-g00013

MESSAGE-SUBPART: spx-msg-tree-g00030 spx-msg-tree-g00023
ISA: kad-op-and
INSTANCE: message-tree-node

Spx-msg-tree-g00023
TYPE: boolean
PART-OF-MESSAGE: spx-msg-tree-g00022

MESSAGE-SUBPART: spx-msg-tree-g00025 spx-msg-tree-g00024
ISA: kad-op<=
INSTANCE: message-tree-node

Spx-msg-tree-g00024

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00023

VALUE: 2400.0

ISA: kad-real-value

INSTANCE: message-tree-node
Spx-msg-tree-g00025

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00023

MESSAGE-SUBPART: spx-msg-tree-g00027 spx-msg-tree-g00026
ISA: kad-op*
INSTANCE: message-tree-node
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spx-msg-tree-g00026
TYPE: number

PART-OF-MESSAGE: spx-msg-tr ee-g00025
VALUE: 0.9

ISA: kad-real-value

INSTANCE: message-tree-node
spx-msg-tree-g00027

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00025

MESSAGE-SUBPART: spx-msg-tree-g00029 spx-msg-tree-g00028
ISA: kad-op*

INSTANCE: message-tree-node
Spx-msg-tree-g00028
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00027
VALUE: 36.0

ISA: kad-real-value

INSTANCE: message-tree-node
spx-msg-tree-g00029

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00027

ENTITY-REFERENCE: spx-entity-g00014

S OT-REFERENCE: plastic-modulus-x
ISA: kad-slot-value

INSTANCE: message-tree-node
Spx-msg-tree-g00030

TYPE: boolean

PART-OF-MESSAGE: spx-msg-tree-g00022

MESSAGE-SUBPART: spx-msg-tree-g00032 spx-msg-tr ee-g00031
ISA: kad-op<=

INSTANCE: message-tree-node
spx-msg-tree-g00031
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00030
VALUE: 120.0

ISA: kad-real-value

INSTANCE: message-tree-node
Spx-msg-tree-g00032

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00030

MESSAGE-SUBPART: spx-msg-tree-g00071 spx-msg-tr ee-g00033
ISA: kad-op/

INSTANCE: message-tree-node
spx-msg-tree-g00033

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00032

MESSAGE-SUBPART: spx-msg-tree-g00035 spx-msg-tr ee-g00034
1SA: kad-op*

INSTANCE: message-tree-node
spx-msg-tree-g00034
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00033
VALUE: 300

ISA: kad-integer-value
INSTANCE: message-tree-node
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Spx-msg-tr ee-g00035
TYPE: number
PART-OF-MESSAGE: spx-msg-tree-g00033
MESSAGE-SUBPART: spx-msg-tree-g00036
ISA: kad-op-sgrt
INSTANCE: message-tree-node
spx-msg-tr ee-g00036
TYPE: number
PART-OF-MESSAGE: spx-msg-tr ee-g00035

MESSAGE-SUBPART: spx-msg-tr ee-g00058 spx-msg-tree-g00037
ISA: kad-op/

INSTANCE: message-tree-node
spx-msg-tree-g00037

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00036

MESSAGE-SUBPART: spx-msg-tree-g00047 spx-msg-tr ee-g00038
ISA: kad-op+

INSTANCE: message-tree-node
spx-msg-tree-g00038

TYPE: number

PART-OF-MESSAGE: spx-msg-tr ee-g00037

MESSAGE-SUBPART: spx-msg-tree-g00044 spx-msg-tr ee-g00039
1SA: kad-op*

INSTANCE: message-tree-node
spx-msg-tree-g00039

TYPE: number

PART-OF-MESSAGE: spx-msg-tr ee-g00038

MESSAGE-SUBPART: spx-msg-tree-g00041 spx-msg-tr ee-g00040
1SA: kad-op*

INSTANCE: message-tree-node
spx-msg-tr ee-g00040
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00039
VALUE: 2

ISA: kad-integer-value

INSTANCE: message-tree-node
spx-msg-tree-g00041

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00039

MESSAGE-SUBPART: spx-msg-tree-g00043 spx-msg-tr ee-g00042
1SA: kad-op/

INSTANCE: message-tree-node
spx-msg-tree-g00042

TYPE: number

PART-OF-MESSAGE: spx-msg-tr ee-g00041

ENTITY-REFERENCE: spx-entity-g00014

S OT-REFERENCE: flange-thickness
ISA: kad-slot-value

INSTANCE: message-tree-node
Spx-msg-tr ee-g00043
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00041
VALUE: 12

ISA: kad-integer-value
INSTANCE: message-tree-node
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Spx-msg-tr ee-g00044
TYPE: number
PART-OF-MESSAGE: spx-msg-tree-g00038

MESSAGE-SUBPART: spx-msg-tree-g00046 spx-msg-tr ee-g00045
ISA: kad-op”

INSTANCE: message-tree-node
spx-msg-tree-g00045

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00044

ENTITY-REFERENCE: spx-entity-g00014

S OT-REFERENCE: flangewidth
ISA: kad-slot-value

INSTANCE: message-tree-node
Spx-msg-tr ee-g00046
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00044
VALUE: 3

ISA: kad-integer-value

INSTANCE: message-tree-node
spx-msg-tree-g00047

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00037

MESSAGE-SUBPART: spx-msg-tree-g00055 spx-msg-tr ee-g00048
ISA: kad-op*

INSTANCE: message-tree-node
Spx-msg-tree-g00048

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00047

MESSAGE-SUBPART: spx-msg-tree-g00054 spx-msg-tr ee-g00049
ISA: kad-op/

INSTANCE: message-tree-node
Spx-msg-tree-g00049
TYPE: number
PART-OF-MESSAGE: spx-msg-tree-g00048

MESSAGE-SUBPART: spx-msg-tree-g00051 spx-msg-tr ee-g00050
ISA: kad-op-

INSTANCE: message-tree-node
spx-msg-tr ee-g00050

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00049

ENTITY-REFERENCE: spx-entity-g00014

S OT-REFERENCE: depth

ISA: kad-slot-value

INSTANCE: message-tree-node
Spx-msg-tree-g00051

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00049

MESSAGE-SUBPART: spx-msg-tree-g00053 spx-msg-tr ee-g00052
ISA: kad-op*

INSTANCE: message-tree-node
spx-msg-tree-g00052
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00051
VALUE: 2

ISA: kad-integer-value
INSTANCE: message-tree-node
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Spx-msg-tr ee-g00053
TYPE: number
PART-OF-MESSAGE: spx-msg-tree-g00051
ENTITY-REFERENCE: spx-entity-g00014
S OT-REFERENCE: flange-thickness
ISA: kad-slot-value

INSTANCE: message-tree-node
spx-msg-tree-g00054
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00048
VALUE: 12

ISA: kad-integer-value

INSTANCE: message-tree-node
Sspx-msg-tr ee-g00055

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00047

MESSAGE-SUBPART: spx-msg-tree-g00057 spx-msg-tr ee-g00056
ISA: kad-op”

INSTANCE: message-tree-node
spx-msg-tree-g00056
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00055
ENTITY-REFERENCE: spx-entity-g00014
S OT-REFERENCE: web-thickness

ISA: kad-slot-value

INSTANCE: message-tree-node
Spx-msg-tr ee-g00057
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00055
VALUE: 3

ISA: kad-integer-value

INSTANCE: message-tree-node
spx-msg-tree-g00058

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00036

MESSAGE-SUBPART: spx-msg-tree-g00066 spx-msg-tr ee-g00059

ISA: kad-op+

INSTANCE: message-tree-node
Sspx-msg-tr ee-g00059

TYPE: number

PART-OF-MESSAGE: spx-msg-tr ee-g00058

MESSAGE-SUBPART: spx-msg-tree-g00065 spx-msg-tree-g00060
ISA: kad-op*

INSTANCE: message-tree-node
spx-msg-tree-g00060
TYPE: number
PART-OF-MESSAGE: spx-msg-tr ee-g00059
MESSAGE-SUBPART: spx-msg-tree-g00062 spx-msg-tree-g00061
ISA: kad-op-
INSTANCE: message-tree-node
Sspx-msg-tree-g00061
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00060
ENTITY-REFERENCE: spx-entity-g00014
S OT-REFERENCE: depth

ISA: kad-slot-value

INSTANCE: message-tree-node
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Spx-msg-tr ee-g00062
TYPE number
PART-OF-MESSAGE: spx-msg-tree-g00060

MESSAGE-SUBPART: spx-msg-tree-g00064 spx-msg-tree-g00063
IS-A: kad-op*

INSTANCE: message-tree-node
Spx-msg-tr ee-g00063
TYPE number

PART-OF-MESSAGE: spx-msg-tree-g00062
VALUE: 2

IS-A: kad-integer-value

INSTANCE: message-tree-node
Spx-msg-tr ee-g00064

TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00062

ENTITY-REFERENCE: spx-entity-g00014

SLOT-REFERENCE: flange-thickness
IS-A: kad-slot-value

INSTANCE: message-tree-node
Spx-msg-tr ee-g00065

TYPE number

PART-OF-MESSAGE: spx-msg-tree-g00059

ENTITY-REFERENCE: spx-entity-g00014

SLOT-REFERENCE: web-thickness
ISA: kad-slot-value

INSTANCE: message-tree-node
Spx-msg-tr ee-g00066

TYPE number

PART-OF-MESSAGE: spx-msg-tree-g00058

MESSAGE-SUBPART: spx-msg-tree-g00068 spx-msg-tree-g00067
ISA: kad-op*

INSTANCE: message-tree-node
Spx-msg-tr ee-g00067
TYPE number

PART-OF-MESSAGE: spx-msg-tree-g00066
VALUE: 2

IS-A: kad-integer-value

INSTANCE: message-tree-node
Spx-msg-tr ee-g00068

TYPE number

PART-OF-MESSAGE: spx-msg-tree-g00066

MESSAGE-SUBPART: spx-msg-tree-g00070 spx-msg-tree-g00069
IS-A: kad-op*

INSTANCE: message-tree-node
Spx-msg-tr ee-g00069
TYPE: number

PART-OF-MESSAGE: spx-msg-tree-g00068
ENTITY-REFERENCE: spx-entity-g00014
SLOT-REFERENCE: flange-width

ISA: kad-slot-value

INSTANCE: message-tree-node
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spx-msg-tree-g00070
TYPE: number
PART-OF-MESSAGE: spx-msg-tree-g00068
ENTITY-REFERENCE: spx-entity-g00014
SLOT-REFERENCE: flange-thickness
ISA: kad-slot-value
INSTANCE: message-tree-node

Spx-msg-tree-g00071
TYPE: number
PART-OFMESSAGE: spx-msg-tree-g00032
MESSAGE-SUBPART: spx-msg-tree-g00072
ISA: kad-op-sqrt
INSTANCE: message-tree-node

spx-msg-tree-g00072
TYPE: number
PART-OFMESSAGE: spx-msg-tree-g00071
VALUE: 36.0
ISA: kad-real-value
INSTANCE: message-tree-node

spx-msg-tree-g00015
PART-OFMESSAGE: spx-retrieve-g00013
ENTITY-REFERENCE: spx-entity-g00014
SLOT-REFERENCE: plastic-modulus-x
ISA: kad-slot-value
INSTANCE: message-tree-node

spx-msg-tree-gO0O0 16
PART-OFMESSAGE: spx-retrieve-g00013
ENTITY-REFERENCE: spx-entity-g00014
SLOT-REFERENCE: depth
ISA: kad-slot-value
INSTANCE: message-tree-node

Spx-msg-tree-g00017
PART-OFMESSAGE: spx-retrieve-g00013
ENTITY-REFERENCE: spx-entity-g00014
SLOT-REFERENCE: web-thickness
ISA: kad-slot-value
INSTANCE: message-tree-node

spx-msg-tree-g00018
PART-OFMESSAGE: spx-retrieve-g00013
ENTITY-REFERENCE: spx-entity-g00014
SLOT-REFERENCE:  flange-width
ISA: kad-slot-value
INSTANCE: message-tree-node

spx-msg-tree-g00019
PART-OFMESSAGE: spx-retrieve-g00013
ENTITY-REFERENCE: spx-entity-g00014
SLOT-REFERENCE: flange-thickness
ISA: kad-slot-value
INSTANCE: message-tree-node

spx-msg-tree-g00020
PART-OFMESSAGE: spx-retrleve-g00013
ENTITY-REFERENCE: spx-entity-g00014
SLOT-REFERENCE: area
ISA: kad-slot-value
INSTANCE: message-tree-node
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Spx-msg-tr ee-g00021
PART-OF-MESSAGE: spx-retrieve-g00013
ENTITY-REFERENCE: spx-entity-g00014
SLOT-REFERENCE: designation
IS-A: kad-slot-value
INSTANCE: message-tree-node

spx-entity-g00014
PART-OF-MESSAGE: spx-retrieve-g00013
ENTITY-TYPE: wide-flange-shape
VARIABLE-NAME: X
INSTANCE: entity-variable

3.3.2. Sample SPEX Reply

The frame representation of the reply from the AISC KBDBI to the SPEX query is shown

below. Itisfollowed by alisting of the contents of the reply datafile.

ais519007098
MESSAGE-SUBPART: ais-reply-g00005
MESSAGE-TYPE: reply
TIME 519007098
FROM: ais
TO: spx
INSTANCE: message

ais-reply-g00005
NUMBER-OF-TUPLES: 1
DATA-FILE-NAME: ais519007104
PART-OF-MESSAGE: ais519007098
SUCCESS: t
IN-REPLY-TO: spx519005610
INSTANCE: reply

The corresponding reply data file contains the following line.
(77.9 12.06 0.345 9.995 0.575 15.6 "W12x53")
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Chapter 4
KADBASE Schema Description Details

This chapter presents a detailed definition of each frame-based schema description
component. The schema definitions are represented using instances of the template frames
described in the following sections. The frames representing a schema are organized into a
hierarchy using the part-of-schema relationship and its inverse relationship schema-subpart. This
chapter also describes the KADBASE schema definition utility, which uses a problem-oriented
language to build the schema description frames for each component. The material in this chapter
is intended to supplement the information found in Section 4.1 of the thesis.

The local schema examples are based on the concrete footing entity definition for the
HICOST-II building design database, described in Section 5.3.2.3 and the accompanying Figure
5.4 of the thesis. The global schema examples are based on the HICOST-II construction quantity
and unit cost entity definitions. The following six sections describe the local frame-based schema
(LFBS), the local frame-based mapping (LFBM), the local integration mapping (LIM), the global
schema (GS), the globa data source mapping (GDSM), and the global integration mapping
(GIM). The seventh section describes the problem-oriented language for the schema definition
utility.

4.1. Local Frame-Based Schema Definition

The local frame-based schema (LFBS) of a database or KBS context consists of the
definitions of the entities and slots included in the local data structure. An entity may be
represented in the underlying data structure by a single relation, a frame template, or a network
node (depending on the underlying local data representation), or it may be a composite of several
relations, frames, or nodes. For instance, dl relations having the same primary key describe the
same entity. The entities and dots in the local frame-based schema are defined as frames and
linked into a hierarchy via the part-of-schema relationship. The LFBS frame is the top node of
the hierarchy, and the entity defintion frames are its direct descendants. The following sections
describe the information required for entity slot definitions.
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4.1.1. LFBS Entity Definition

The following information is required to define an entity type in the LFBS. These items
correspond to the slots in the frame that represents the entity.

« ENTITY NAME — the local schema name for the entity.® The entity name must be a
label

* FRMARY KEY — a single attribute or a list of attributes and relationships that serves
to uniquely identify the entity (a designation, an object number, a frame instance
name, etc.). Wherever possible, entities should have a single-attribute primary key.’

» CANDIDATEKEYS — the single attributes or lists of attributes and relationships, each
of which uniquely identifies an instance of the entity. The primary key is by
definition a candidate key and therefore must be a value for this dot.

o PART-ORSCHEMA — the link to the LFBS frame.
o SCHEMA-SUBPART — the dot frames that are associated with this entity.

In the building design database, the LFBS definition for the concrete footing entity is as
follows:

concrete-footing
ENTITY-NAME: concrete-footing
PRIMARY-KEY: ID
CANDIDATE-KEYS: ID
PART-OF-SCHEMA: Ifbs

4.1.2. LFBS Slot Definition

Slots represent attributes or relationships with other entities. The following genera

information is required to describe a slot irrespective of its type:
+ 9 OT-NAME — the name of the dot in the local data structure. The sot name must
be alabdl.

« 9 OT-TYPE — the role of the dot in the local data structure; either attribute or
relationship.

®If the entity corresponds to a several local data structures, then it may not be feasible or desirable to have the entity
name correspond to a particular name in the local schema.

"As an implementation restriction, the current of K ADBASE cannot perform some mappings for entities that do not
have single-attribute primary keys. Translations between the LS and L FBS for entities that correspond to multiple local
data structures are implemented only for the case where the entity has a single-attribute primary key that is present is all
corresponding local data structures. Also, any entity which acts as the range in a relationship must have a single
attribute primary key.

A relationship can not be a primary key by itself because that would imply a one-to-one relationship which would be
better expressed by grouping the attributes and relationships of the object into a single entity definition.
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+ LOCAL-CONSTRAINTS — a list of local constraints.? These constraints may apply to
either attributes (e.g., dot value is less than 10) and relationships (e.g., the dot value
must be a value for slot X in relation Y).

» DATA-TYFE — the local storage type; may be one of integer, decimal, real, number
(may be either real or integer), character (treated as strings of length 1), boolean, or
string (string may include an optional length specification, e.g., string[10]). A
relationship dlot is restricted to integers, characters, or strings. A specid list type
may be used in frame-based systems for inverse relationship slots, but usualy it is
restricted to local use and cannot be mapped across schemata.”

¢ PART-ORSCHEMA — the link to the entity frame for the dot.

The following special information is required for dots that define attributes.

* UNITS — fedt, inches, |bgIf, dollars, etc. Onlly those units that have been defined in
the global set of unit descriptions are allowed. 0

The following specia information is required for dots that define relationships.

» RELATIONSHIPTYFE — the name of the underlying relationship type (or its inverse);
e.g., ISA, PART-OF, INSTANCE, and their inverses.

* RANGE — the entity types that may be referenced by the relationship.

The following definitions for the ID, J2, and SS9 dlots of concrete footing are examples of the
LFBS dot definition frame.

ID
S OT-NAME ID
S OT-TYPE attribute
DATA-TYFE integer
PART-OF-SCHEMA: concrete-footing
J2

SLOT-NAME: J2

SLOT-TYPE: attribute

DATA-TYPE: real

UNITS. inches

PART-OF-SCHEMA.: concrete-footing

8_ocal congtraints are not implemented in the current version of KADBASE.
°Additional special data types (e.g., a bitmap type to represent images) may be required.

*Ahe unit description may be regarded as an implicit domain mapping, but it isincluded here because units serve to
characterize the quantities represented in addition to providing a means of mapping between those dimensioned
quantities. In this implementation of KADBASE, unit descriptions are treated as literals, i.e, an arithmetic unit
definition such as "ft * Ib/ s' are not treated as combination of feet (ft), pounds (Ib), and seconds (s), but as a single
literal unit. An excellent discussion of the proper way to define units may be found in [Manner 86]. The allowable list
of units is stored in a global variablekad-units™
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SS9
SLOT-NAME: SS9
SLOT-TYPE: attribute
DATA-TYPE: integer
PART-OF-SCHEMA: concrete-footing

4.2. Local Frame-Based Mapping

The local frame-based mapping (LFBM) relates the entities and slots in the local frame-based
schema to the underlying local schema. The need for this mapping information arises from the
fact that entities in the LFBS may be represented by multiple relations in the local schema. If two
relations share a common primary key, then both represent the same entity type, and the dots
from both relations apply to that entity type.

The local frame-based mapping is required for two phases of the semantic mapping: from
LFBS to loca schema (LS) and from LS to LFBS. Accordingly, the mapping information needs
to be readily accessible for either type of trandation; i.e., given an entity or slot in the LFBS,
identify the corresponding relation(s) or slot(s) in the LS, and vice versa. For the LFBS to LS
tranglation, the information can be attached to the entity and dot definitions in the LFBS schema.
For the LS to LFBS trandation, a separate index is required to map the LS data structures into the
LFBS entities and dots. Since both sets of mapping information are equivalent, one set can be
generated from the other. Therefore, only one set needs to be defined.™

To provide the LFBS to LS trandation, the following dot is added to each entity definition
frame:

» LFBM — the names of the local data structures (relations, frames, objects, nodes, €tc.)
that define the entity in the local data representation.

Likewise, the following slot is added to each slot definition frame:

» LFBM — the local occurrences of the slot. Each local occurrence is represented as a
pair consisting of the local data structure name and the local slot name.

The LS to LFBS trandation is represented by an index that maps the LS data structures into
the LFBS. The index is implemented as a frame. Each dot of the index frame corresponds to the
name of an LS data structure (relation, frame, etc.) The value of the dot is the name of the
corresponding entity in the LFBS. The other facets of the dot correspond to each attribute of the
LS data structure.

"The KADBASE schema definition utility uses the LFBS to LS mapping information to define the LFBM.
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To represent the LFBM for the building design database, the following dots are attached to
the entity and slot frames previously defined.

concrete-footing
LFBM: d_at cf _spec

ID

LFBM: (cf_att.ID) (cf_spec. ID)
J2

LFBM: (cf_att. J)
SS9

LFBM: (cf_spec. SS9)

4.3. Local Integration Mapping

The loca integration mapping is essentialy a terminology and domain mapping between the
local frame-based schema and the global schema. The global names for the entities and sots
must be indicated if the local names are different, and the local attribute domains must be mapped
into the corresponding global domains if they differ.

As with the local frame-based mapping, the local integration mapping is required for two
phases of the semantic mapping: from LFBS to GS and from GS to LFBS. Accordingly, the
mapping information needs to be readily accessible for either type of trandation; i.e., given an
entity or slot in the LFBS, identify the corresponding entity or ot in the GS, and vice versa. For
the LFBS to GS trandation, the information can be attached to the entity and dot definitions in
the LFBS schema. For the GS to LFBS trandation, a separate index is required to map the GS
data structures into the LFBS entities and slots. Since both sets of mapping information are
equivalent, one set can be generated from the other. Therefore, only one set needs to be
defined.™

To provide the LFBS to GS entity trandation, the following dot is added to each entity
definition frame:
» LIM — the name of the corresponding global entity, if different from the local name.

2The KADBASE schema definition utility uses the LFBS to GS mapping information to define the LIM.
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The LFBS to GS trandation for slots includes both name mappings for al slots and domain
mappings for dots that act as attributes. These domain mappings include tabular domain
mappings, which are used to represent one-to-one mappings between local attribute values and
global values, and functional domain mappings, which are used when tabular mappings are
inappropriate. Domain mapping functions need not be reversible; i.e., either a direct or an inverse
mapping function may appear independently. The following LIM dlots are attached to the LFBS
dot frame.

* LIM — the global name for the dlot, if different from the local name.

* DIRECT-MAPANGTABLE — a table that represents a one-to-one mapping from the
local domain values to the globa domain values. Only one of the two mapping
tables needs to be defined explicitly as the other may be generated directly. In the
KADBASE prototype, a mapping table is represented by Lisp "assoc" list of dotted
pairs corresponding to each pair of values in die one-to-one mapping.

* INVEREEMAFANGTABLE — a table that represents a one-to-one mapping from the
global domain values to the local domain values.

» DIRECT-MAPANGHFUNCTION — a function that takes a local value of the attribute
and produces an equivalent value in the corresponding domain of the global system.
For KADBASE, the mapping functions are defined in Lisp.

* INVERSEEMAPRANG-FUNCTION — a function that takes a global value of the attribute
and produces an equivalent value in the corresponding domain of the local system.

* MAFFED-TYPE — the data type of the attribute value after direct tabular or functional
mapping, i.e., the global type.

The GS to LFBS trandation in the LIM is represented by an index which maps the GS data
structures into the LFBS in the same fashion as the index in the LFBM maps the LS into the
LFBS. The index is implemented as a frame. Each dot of the index frame corresponds to the
name of a GS entity. The value of the dot is the name of the corresponding entity in the LFBS.
The other facets of the dot correspond to each GS dlot for that entity that is present in the LFBS.

The following shows the LIM additions to the previoudly-defined sample slot definitions for
the concrete footing entity.

R S S e e
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ID
LIM: component-id

J2
LIM: long-bar-spacing
DIRECT-MAPPING-FUNCTION: (lambda x (fix))
MAPPED-TYPE: integer

SS9

LIM: quality-of-concrete
DIRECT-MAPPING-TABLE: ((0 . "3000 psi standard mix")
(1. "deduct for 2500 psi*)
(2. "add for 3500 psi")
(3. "add for 3750 psi")
(4. "add for 4000 psi"))
INVERSE-MAPPING-TABLE: (("3000 psi standard mix" . 0)
("deduct for 2500 psi" . 1)
("add for 3500 psi" . 2)
("add for 3750 psi" . 3)
("add for 4000 psi" . 4))
MAPPED-TYPE: string

4.4. Global Schema

The global schema is formed by taking the union of the local frame-based schemata using the
globa terminology. All entity types and al dots are represented in the global schema. Since
LFBSs may differ with respect to terminology (the names for common frames and dots) and dot
domains (data types and dimensions), the establishment of the global schema involves the
selection of a single set of global names and domains. This selection is performed by the global
schema administrator, who is responsible for the consistency and completeness of the global
schema. The KADBASE prototype does not perform automated schema integration. The
concluding chapter of the thesis describes some of the considerations relevant to automated
schema integration.

As in the LFBS, the entities and dlots in the globa schema are defined as frames and linked
into a hierarchy via the part-of-schema relationship. The GS frame is the top node of the
hierarchy; the global entity definition frames are its direct descendants.
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4.4.1. GS Entity Definition

The description of entities in the global schema shown in the following sections parallels the
LFBS entity definition in Section 4.1.1

* GLOBAL-ENTITY-NAME — the global name for the entity. The entity name must be a
label.

* PRIMARY-KEY— a single attribute or a list of attributes and relationships that serves
to uniquely identify the entity.™

» CANDIDATEKEYS — the single attributes or lists of attributes and relationships, each
of which uniquely identifies an instance of the entity. The primary key is by
definition a candidate key, and therefore must be a value for this dot.

* PART-OFRSCHEMA — the link to the GS frame.
» SCHEMA-SUBPART — the global slots associated with this entity.

The construction quantity and unit-cost entities in the HICOST-II global schema are defined
as follows.

construction-quantity :
GLOBAL-ENTITY-NAME: construction-quantity
PRIMARY-KEY: (component-id quantity-id)
CANDIDATE-KEYS: (component-id quantity-id)
PART-OFSCHEMA: GS

unit-cost
GLOBAL-ENTITY-NAME: unit-cost
PRIMARY-KEY: quantity-id
CANDIDATE-KEYS: quantity-id
PART-OF-SCHEMA: GS

4.4.2. GS Slot Definition

Slots represent attributes or relationships with other entities.
information is required to describe a slot irrespective of its type:

* CLOBAL-S.OT-NAME — the name of the dot in the global schema. The slot name
must be a label.

The following genera

» S OT-TYPE — the role of the dot in the global data structure; either attribute or
relationship.

* DATA-TYFE — globa data type; may be one of integer, decimal, real, number (may

"*The primary key may be superfluous at the global level because each LFBS may use a different element from the

list of candidate keys as aprimary key. However, this implementation of KADB ASE uses primary keys (in fact, single
attribute primary keys) for convenience whenever possible.
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be either real or integer), character (treated as strings of length 1), boolean, or string
(string may include an optional length specification, e.g., string[10]). A relationship
slot is restricted to integers, characters, or strings.

The following special information is required for slots that define attributes.

* UNITS — fedt, inches, Ibglf, dollars, etc. Only those units that have been defined in
the global set of unit descriptions are allowed. 4

The following specia information is required for ots that define relationships.

* RELATIONSHIP-TYFE — the name of the underlying relationship type (or its inverse);

e.g., is-a, part-of, sub-part, instance, or name of the special relationship definition, if
applicable.

* RANGE — the entity types that may be referenced by the relationship.

The following frames define the COMPONENT-ID and QUANTITY-D dots for the construction
guantity entity and the QUANTITY-D and UNIT-COST dots for the unit cost entity.

component-id
GLOBAL-SLOT-NAME: component-id
SLOT-TYPE: relationship
DATA-TYPE: symbol
RELATIONSHIP-TYPE: is-a
RANGE: concrete-footing
PART-OF-SCHEMA: construction-quantity

quantity-id
GLOBAL-SLOT-NAME: quantity-id
SLOT-TYPE: relationship
DATA-TYPE: symbol
RELATIONSHIP-TYPE: is-a
RANGE: unit-cost
PART-OF-SCHEMA: construction-quantity

quantity-id
GLOBAL-SLOT-NAME: quantity-id
SLOT-TYPE: attribute
DATA-TYPE: integer
PART-OF-SCHEMA: unit-cost

unit-cost
GLOBAL-SLOT-NAME: unit-cost
SLOT-TYPE: attribute
DATA-TYPE: real
UNITS: dollars
PART-OF-SCHEMA: unit-cost

A suggested alternative to the use of specific units in the global schema is the assignment of unit types to Sots at
the global level; eg., length, area, volume, time, energy, grad-sudent-years, etc. However, differences between the

units in local schemata must ill beresolved. It is better to resolve them on alocal to global bass rather than alocal to
local to local to local to ..., ad infinitum.

See footnote on page 33 for discussion of implementation of units in KADBASE.
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4.5. Global Data Source Mapping

The global data source mapping (GDSM) relates each entity and dot in the globa schema to
the list of LFBSs in which they can be found. The following slot is added to the entity definition
frame to provide this mapping:

» SOURCE — the names of the local schemata where the entity type occurs.
The following slot is added to the dot definition frame;

*» SOURCE — the names of the local schemata where the slot occurs for the indicated
entity type.

The previoudy-defined entity and dot frames for the global schema have the following
SOURCE dots.

construction-quantity
PART-OF-SCHEMA: GS
SOURCE: (hicpmd)

unit-cost
PART-OF-SCHEMA: GS
SOURCE: (ucd)

component-id
PART-OF-SCHEMA: construction-quantity
SOURCE: (hicpmd)

quantity-id
PART-OF-SCHEMA: construction-quantity
SOURCE: (hicpmd)

quantity-id
PART-OF-SCHEMA: unit-cost
SOURCE: (ucd)

unit-cost
PART-OF-SCHEMA: unit-cost
SOURCE:

The abbreviations hie, pmd, and ucd represent HICOST-I11, the project management database, and
the unit cost database respectively. Note that the UNIT-COST dlot of the unit-cost entity does not
have any sources.
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4.6. Global Integration Mapping

The global integration mapping (GIM) consists of constraints that define mathematical
relationships between the attributes of an entity at the global level. The constraint mappings are
intended to relate attributes from different data sources. Each constraint represents one global
attribute as an arithmetic expression of other attributes. To avoid problems with entity variable
scoping, the dlots within a constraint may come from only one entity type. A combination of
constraints and inheritance through relationships is used to represent multi-entity constraints.

A constraint is defined as a separate frame in the global integration mapping, and it is linked
to the constrained slot by means of the CONSTRAINT dlot in the global schema dot frame. The

following dlots are required for each constraint frame.

» CONSTRAINED-9.OT — the name of the dot that is being constrained; i.e., the slot
that is alone on one side of the equality expression for the constraint.

» CONSTRAINT-SLOTS — the names of dots that are part of the constraint, excluding
the constrained dot; i.e., the ingredients of the constraint expression.

» CONSTRAINT-EXPRESION — the constraint represented as a tree of frames in terms
of the KADBA SE message data structure (see Chapter 3).

The HICOST-II global schema uses the following constraint to represent the combination of
the material and installation unit costs into a single unit cost value for the unit cost entity.
UNIT-COST == MATLQOST + INSTCOST

That constraint is represented by the constraint frame and the five message tree node frames
shown below.
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unit-cost-constraint
CONSTRAINED-SLOT: unit-cost
CONSTRAINT-SLOTS: matlcost instcost
CONSTRAINT-EXPRESSION: (+ matlcost instcost)

nodel
IS-A: kad-op==
PART-OF-MESSAGE: unit-cost-constraint
MESSAGE-SUBPART: node2 node3

node2
IS-A: kad-slot-value
PART-OF-MESSAGE: nodel
SLOT-REFERENCE: unit-cost

node3
IS-A: kad-op+
PART-OF-MESSAGE: nodel
MESSAGE-SUBPART: node4 nodeb

node4
IS-A: kad-slot-value
PART-OF-MESSAGE: node3
SLOT-REFERENCE: matlcost

nodeS
IS-A: kad-slot-value
PART-OF-MESSAGE: node3
SLOT-REFERENCE: instcost

4.7. Schema Definition Utility

The schema definition utility builds the frames that define the schema description components
using input in the form of a problem-oriented language (POL). The complete definition of the
POL is given below and on the following pages. The formalisms used in the definition of the
POL in this section are the same as used those in the definition of KQL (see Chapter 2). The
keywords used in the language are basically the same as those used for the dot names in the
schema description frames. For convenience, the POL permits the LFBS, LFBM, and LIM to be
defined together or separately; likewise, the GS, GDSM, and GIM may be defined
simultaneously. This feature speeds the language processing and groups the information logically
according to entities and dots instead of mapping usage.
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<LFBS description := Ifbs <lfbs name>
<Ifbs entities> s
[ <relationship range declarations> ]l

<Ifbs entities> := <Ifbs entity description> |
<Ifbs entities> <Ifbs entity description>

<Ifbs entity description> := entity <entity name>
Ifom <loca data structure name>
lim <global entity hame>
<lIfbs dots>
primary-key <slotlist>
candidate-key <dot lists>

<dlotlist> ::= <glothame> | <dot list> <dot name>
<slotlists> = <dlotlist> | <dot listsxslot lists>

<Ifbs dots> := <lIfbs dot description> |
<lIfbs dots> <Ifbs slot description>

<Ifbs dlot description> := dot <dot name>
dlot-type <dot type>
data-type <datatype>
[ units <unit name> |
[ relationship-type <relationship type> ]
Ifom <Ifbm dots>
[ lim <global ot name> |
[ mapped-type <datatype> ]
[ mapping-table ( <mapping table>) ]
[ direct-function <lisp expression> |
[ inverse-function <lisp expression> ]

<slottype> ::= attribute | relationship

<datatype> ::= integer | real | decimal | number |
character | string[[<integer>]] | boolean

<Ifom dots> ::= ( <local data structure name> . <local attribute name>) |
<Ifbm dots> ( <local data structure name> . <local attribute name> )

<mapping table> ::= (<local value> . <global vaue>) |
<mapping table> (<loca value> . <global value>)

<relationship type> ::= is-a | part-of |instance |
isatinv | subpart | instance-finv
<relationship range declarations> := <entity range declaration> |

<relationship range declarations>
<entity range declaration>

<entity range declaration> := entity <entity name> <dot range declaration> |
<entity range declaration> <dot range declaration>

BThe relationship range declarations are listed last because al the entities involved in the relationship must be
defined prior to the declaration since the schema definition utility checks the validity of the entities involved.
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<dlot range declaration> := dot <slot name> <range declaration>
<dot range declaration> <range declaration>
<range declaration> := range <entity name>

<GS description> = global-schema
<GS entities>
[<entity constraint declarations:A*®
[ <relationship range declarations> ]
<GS entities> ::= <GS entity description> |
<GS entities> <GS entity description>

<GS entity description> := entity <entity name>
<GS dlot descriptions>
primary-key <slotlist>
candidate-key <dot lists>

<GS dots> ::= <GS dot description> |
<GS dots> <GS dlot description>

<GS dlot description> := dlot <dlot name>
dot-type <slottype>
data-type <datatype>
[ units <unit name> |
[ relationship-type <relationship-type> |
[ sources ( <data sources>) |

<data sources> ::= <data source hame> |
<data sources> <data source hame>

<entity constraint declaration> := entity <entity name> <dot constraint declaration> |
<entity constraint declaration>
<dlot constraint declaration>

<dot constraint declaration> := dot <slot name> <constraint declaration>
<dot constraint declaration> <constraint declaration>

<constraint declaration> := constraint ( <clause'’>)

To demonstrate the use of the schema definition language, the definitions for the local and
global schema examples used in this chapter are presented on the following pages. The complete
versions of these schemata are found in the HICOST-II supplement in Chapter 7.

®The constraint declarations are last because al the slots involved in the constraint must be defined prior to the
declaration since the schema definition utility checks the validity of tho dots involved.

"See Chapter 2 for definition of clause.
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| fbs sanple-Ifbs
entity concrete-footing
[ fbmcf att
| fbm cf spec
lim concrete-footing
slot 1D
slot-type attribute

dat a-type integer

[ fbm (cf att . ID) (cf_spec . ID
I'im conponent-id
slot J2

slot-type attribute

data-type rea

units inches

[ fbm (cf att . J)

I'i m | ong- bar - spaci ng

di rect - mappi ng-function |lanbda x fix

mapped-type integer

sl ot SS9

slot-type attribute

dat a-type integer

| fbm (cf spec . SS9)

lim quality-of-concrete

di rect-mapping-table 0 . "3000 psi standard m x"
1 . "deduct for 2500 psi"
2 . "add for 3500 psi"
3 . "add for 3750 psi"
4 "add for 4000 psi"

i nver se- mappi ng-table "3000 psi standard mx" . O
"deduct for 2500 psi" . 1
"add for 3500 psi" . 2
“add for 3750 psi" . 3
"add for 4000 psi" 4

primary-key 1D
candi dat e- keys ID
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gl obal - schema
entity construction-quantity
source (hie pnd)
sl ot conponent-id
slot-type relationship
dat a-type synbol
rel ati onship-type is-a
range concrete-footing
source (hie pnd)
slot quantity-id
slot-type relationship
dat a-type synbol
rel ati onshi p-type is-a
range unit-cost
source (hie pnd)
primary-key conponent-id quantity-id
candi dat e- keys conponent-id quantity-id

entity unit-cost
source (ucd)
slot quantity-id
slot-type attribute
dat a-type integer
source (ucd)
sl ot wunit-cost
slot-type attribute
dat a-type real
units dollars
constraint (unit-cost.unit-cost —es unit-cost.mtlcost +
unit-cost.instcost)
primary-key quantity-id
candi dat e-keys quantity-id
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Chapter 5
KADBASE Communications

The KADBASE communications utilities provide the means to transfer messages (expressed
as frames in the form described in Chapter 3) between KADBASE components. The utilities are
intended to hide the implementation-specific details of communications protocols from the
communicating components. Therefore, the top level functions are very simple:

» K2i&-message-name{component-name) — returns a unique message name formed
from the requesting component's name!® and alocal time stamp.

» K.ad'Send-message(message-frame) — sends the message represented by the
message frame instance to the component indicated in the TO dlot of the message
frame.

» Kad-check-message(component-name) — checks to see if a message has arrived for
the indicated component. The function returns the name of the message frame if
found.

 Kad-wait-for-message(component-name) — waits until a message arrives for the
indicated component. The function returns the name of the message frame when it
arrives.

These four functions are dl that a KADBASE component needs to know about communications.
The following sections describe the basic implementation details of KADBASE communications.

5.1. Message Files

KADBASE messages are transmitted as ASCII files, containing the information necessary to
reassemble the message frame and al its descendants in another component. The sending
component is responsible for creating the ASCII message file from the message frames, and the
receiving component is responsible for recreating the message frames from the information in the
message file. The name of the file is the same as the name of the top-level message frame. The
form of the ASCIl message file is implementation-dependent. Update and reply messages may
have auxiliary files that contains data to augment the frame representation of the message.

In the Lisp-Framekit environment, messages files represent message frames using the
Framekit functions for building frames. An outgoing message is written to a file in the Framekit
format, and an incoming message is read using the Lisp "load" function.

! Components are identified by unique three-character names; eg., "kui" for KADBASE User Interface, "nda' for
Network Data Access Manager, etc.
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5.2. Sending Messages

To send a message, a component first requests a unique message name using the
kad-message-name function. Then, the component creates a message frame instance having that
name; fills the MESSAGE-TYFE, TIME, FROM, and TO dlots; and attaches the request or reply frame
via the MESSAGE-SUBPART relationship dot. The sending component need not know anything
about the addressee other than its three-character KADBASE component name. Finally, the
component calls kad-send-message with the message frame as the argument.

Messages for KADBASE components are placed in special message file directories by
kad-send-message. A separate directory is used for each component; eg.,
M/..Icivelusrihch/kad/kui/messagelin™ for the KADBASE user interface ("kui"). The message
directories constitute the absolute addresses of the components and are stored in a global frame
for access by the function kad-send-message. The message file transfer is implemented in one of
the following two ways, depending on the location of the sending and receiving components in
the computer network:

* Intra-machine transfers are accomplished by using operating system utilities (e.g.,
UNIX "cp") to copy the message file to the indicated directory.

* Inter-machine transfers are accomplished by using network utilities (e.g., TCP-IP
"ftp") to copy the message to the indicated directory on the indicated machine.

5.3. Receiving Messages

The arrival of a message is indicated by the presence of afile in the message directory. The
function kad-wait-for-message waits for a message to appear in the component's message
directory, loads the message frame and its descendants into memory, removes the file, and returns
the name of the message frame. The function kad-get-message performs the same set of actions
if a message file is present when the function is invoked. If no message file is present,
kad-get-message performs no actions and returns a"null" value.
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Chapter 6
SPEX Supplement

This chapter is intended to supplement the description of the SPEX-KADBASE
implementation found in Section 5.1 of the thesis. The supplement contains the schema
description information for the SPEX KBS context and the AISC database (including the LFBS,
LFBM, and LIM for each component) as well as the GS, GDSM, and GIM. This supplement
does not reproduce the data contained in the AISC database as that data is readily available in the
AISC Manual of Steel Construction [AISC 80]. The chapter concludes with traces of the
components (SPEX and the AISC KBDBI) at runtime.

6.1.Schemata

The schema descriptions are expressed in the problem-oriented language of the schema
description utility (described in Section 4.7). Each of the component description sections
contains the local frame-based schema (LFBS), the local frame-based mapping (LFBM), and the
local integration mapping (LIM) grouped into a single set of definitions. The fina subsection
presents the global schema (GS), the global data source mapping (GDSM), and the global
integration mapping (GIM) in the same fashion.

6.1.1. SPEX Context Schemata

| fbs spx

entity w_shape
| f bm w__shape
lim w de-fl ange- shape
sl ot designation
slot-type attribute
data-type string
| fbm (w_shape . designation)
sl ot nom__depth
slot-type attribute
data-type real
| fbm (w_shape . nom depth)
i m nom nal -depth
sl ot wei ght
slot-type attribute
data-type real
I fbm (w_shape . weight)
slot area
slot-type attribute
dat a-type real
| fbm (w_shape . area)
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slot d

slot-type attribute

dat a-type real

| fbm (w_shape . d)

Iim depth
slot tw

slot-type attribute

dat a-type real

| fbm (w_shape . tw)

I'i m web-thi ckness
sl ot bf

slot-type attribute

dat a-type real

| fbm (w_shape . bf)

lim flange-w dth
slot tf

slot-type attribute

data-type real

I fbm (w_shape . tf)

Iim flange-thickness
sl ot k

slot-type attribute

dat a-type real

| fbm (w_shape . k)
sl ot bf2tf

slot-type attribute

dat a-type real

| fbm (w_shape . bf2tf)
slot fyp

slot-type attribute

data-type real

| fbm (w_shape . fyp)
slot dtw

slot-type attribute

data-type real

| fbm (w_shape . dtw)
slot fyppp

slot-type attribute

data-type real

| fbm (w_shape . fyppp)
slot rt

slot-type attribute

data-type real

| fbm (w_shape . rt)
sl ot daf

slot-type attribute

dat a-type real

| fbm (w_shape . daf)
slot ri

slot-type attribute

dat a-type real

| fbm (w_shape . ri)
slot ra

slot-type attribute

dat a-type real

| fbm (w_shape . ra)
sl ot nt

slot-type attribute

dat a-type real

| fbm (w_shape . nt)
slot ix .

slot-type attribute

dat a-type real

| fbm (w_shape . 1x)
lim nmonent-of-inertia-x
sl ot sx
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slot-type attribute

dat a-type real

| fbm (w_shape . Sxc)

| fbm (w_shape . Sxt)

I i m section-nodul us-x
slot rx

slot-type attribute

dat a-type real

| fbm (w_shape . rx)

I'imradi us-of-gyration-x
slot iy

slot-type attribute

dat a-type real

| fbm (w_shape . 1y)

limnmonment-of-inertia-y
sl ot sy

slot-type attribute

dat a-type real

| fbm (w_shape . Syt)

| fbm (w_shape . Syc)

lim section-nodul us-y
slot ry

slot-type attribute

dat a-type real

| fbm (w_shape . ry)

Iimradius-of-gyration-y
slot j

slot-type attribute

data-type real

| fbm (w_shape . j)

I'imtorsional -constant
sl ot zx

slot-type attribute

dat a-type real

| fbm (w_shape . 2Zx)

I implastic-nodul us-x
slot zy

slot-type attribute

dat a-type real

| fbm (w_shape . Zy)

Iimplastic-nodul us-x

candi dat e- key desi gnation
primary-key designation

’

6.1.2. AISC Database Schemata

| fbs ais

entity w_shape
| f bm w_shape
Iimw de-fl ange-shape
sl ot designation
slot-type attribute
data-type stringl2
I fbm (w_shape . designation)
sl ot nom depth
slot-type attribute
dat a-type real
| fbm (w_shape . nom dept h)
i mnom nal -depth
sl ot wei ght
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slot-type attribute

dat a-type real

| fbm (w_shape . weight)
slot area

slot-type attribute

dat a-type real

| fbm (w_shape . area)
slot depth

slot-type attribute

dat a-type real

I fbm (w_shape . depth)
slot tw

slot-type attribute

dat a-type real

I fbm (w_shape . tw)

I'i m web-t hi ckness
sl ot bf

slot-type attribute

dat a-type real

| fbm (w_shape . bf)

lim flange-w dth
slot tf

slot-type attribute

dat a-type real

| fbm (w_shape . tf)

lim flange-thickness
slot k

slot-type attribute

dat a-type real

I fbm (w_shape . k)
slot Dbf2tf

slot-type attribute

dat a-type real

| fbm (w_shape . bf2tf)
slot fyp

slot-type attribute

dat a-type real

| fbm (w_shape . fyp)
slot dtw

slot-type attribute

dat a-type real

| fbm (w_shape . dtw)
slot fyppp

slot-type attribute

dat a-type real

| fbm (w_shape . fyppp)
slot rt

slot-type attribute

dat a-type real

I fbm (w_shape . rt)
sl ot daf

slot-type attribute

dat a-type real

| fbm (w_shape . daf)
slot ri

slot-type attribute

data-type real

I fbm (w_shape . ri)
slot ra

slot-type attribute

dat a-type real

| fbm (w_shape . ra)
sl ot nt

slot-type attribute

dat a-type real

| fbm (w_shape . nt)
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slot ix
slot-type attribute
dat a-type real

| fbm (w_shape . iXx)
lim nonent-of-inertia-x
sl ot sx

slot-type attribute

dat a-type real

I fbm (w_shape . sx)

I'im section-nodul us-x
slot rx

slot-type attribute

data-type real

| fbm (w_shape . rx)

Iim radius-of -gyration-x
slot iy

slot-type attribute

dat a-type real

| fbm (w_shape . iy)

lim monent-of-inertia-y
sl ot sy

slot-type attribute

dat a-type real

| fbm (w_shape . sy)

Iim section-nodul us-y
slot ry

slot-type attribute

data-type real

| fbm (w_shape . ry)

Iim radius-of-gyration-y
slot j

slot-type attribute

dat a-type real

| fbm (w_shape . j)

l'im torsional -constant
sl ot zx

slot-type attribute

data-type real

| fbm (w_shape . 2zx)

lim plastic-nmodul us-x
slot zy

slot-type attribute

dat a-type real

| fbm (w_shape . zy)

lim plastic-nmodul us-x

candi dat e- key designation
primary-key designation

[

6.1.3. Global Schemata

gl obal - schema

entity w de-fl ange-shape
sources (spx ais)
sl ot designation
slot-type attribute
data-type string
sources (spx ais)
sl ot nomi nal -depth
slot-type attribute
data-type real




sources (spx ais)
sl ot wei ght
slot-type attribute
dat a-type real
sources (spx ais)
slot area
slot-type attribute
dat a-type real
sources (spx ais)
slot depth
slot-type attribute
dat a-type real
sources (spx ais)
sl ot web-thi ckness
slot-type attribute
dat a-type real
sources (spx ais)
sl ot flange-w dth
slot-type attribute
dat a-type real
sources (spx ais)
slot flange-thickness
slot-type attribute
dat a-type real
sources (spx ais)
sl ot k
slot-type attribute
data-type real
sources (spx ais)
slot bf2tf
slot-type attribute
dat a-type real
sources (spx ais)
slot fyp
slot-type attribute
dat a-type real
sources (spx ais)
slot dtw
slot-type attribute
data-type real
sources (spx ais)
slot fyppp
slot-type attribute
dat a-type real
sources (spx ais)
slot rt
slot-type attribute
dat a-type real
sources (spx ais)
sl ot daf
slot-type attribute
data-type real
sources (spx ais)
slot ri
slot-type attribute
data-type real
sources (spx ais)
slot ra
slot-type attribute
dat a-type real
sources (spx ais)
slot nt
slot-type attribute
dat a-type real
sources (spx ais)

slot nonent-of-inertia-x
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slot-type attribute
dat a-type real
sources (spx ais)

sl ot section-nodul us-x
slot-type attribute
dat a-type real
sources (spx ais)

sl ot radius-of-gyration-x
slot-type attribute
dat a-type real
sources (spx ais)

sl ot nonent-of-inertia-y
slot-type attribute
data-type real
sources (spx ais)

sl ot section-nodul us-y
slot-type attribute
dat a-type real
sources (spx ais)

slot radius-of-gyration-y
slot-type attribute
data-type real
sources (spx ais)

sl ot torsional-constant
slot-type attribute
dat a-type real
sources (spx ais)

sl ot plastic-nmodul us-x
slot-type attribute
data-type real
sources (spx ais)

sl ot plastic-nodul us-x
slot-type attribute
dat a-type real
sources (spx ais)

candi dat e- key designation
primary-key designation

[

6.2. Program Traces

This section contains complete listings of the output for SPEX and the AISC KBDBI
corresponding to the example described in Section 5.1.3 of the thesis. The message frames
corresponding to this example are found in Section 3.3 of this report.

6.2.1. SPEX Trace

The listing starting below and continuing on the following pages shows the SPEX terminal
output. The listing begins with the loading of the constituent Lisp code files, proceeds through
the query formulation and processing by the SPEX KB SI, and concludes with the SPEX post-
processing.

CMULi sp, 5-16-86, fromFranz Lisp, Opus 38

1. (load ' spex)
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| oad spex.|]

fasl /usrceQjhg/framekit/rulekit.o]
load /usrceQjhg/framekit/general.1]
load /usrceQ jhg/franekit/ macros. 1]
load /usrceQjhg/framekit/machacks. 1]
fasl /usrceQ jhg/franekit/bigframe. o]
load /usr/jhg/thesis/spex/cnuenv. 1]
fasl /usr/lisp/lisplib/cmunacs. o]

fasl /usr/lisp/lisplib/cmufncs. o]

fasl /usr/lisp/lisplib/cmutpl.o]

fasl /Jusr/lisp/lisplib/cmufile.o]
fasl /usr/jhg/thesis/spex/auxfens. 0]
load /usr/jhg/thesis/spex/frame-fun.l]
load /usr/jhg/thesis/spex/class-st. 1]
load /usr/jhg/thesis/spex/bboard. 1]
fasl /usr/jhg/thesis/spex/syscont. 0]
load /usr/jhg/thesis/spex/trks. 1]

fasl /usr/jhg/thesis/spex/scanner. 0]
load /usr/jhg/thesis/spex/dfks.|]
load /usr/jhg/thesis/spex/dfks-nod. 1]
load /usr/jhg/thesis/spex/rul ebd. 1]
load /usr/jhg/thesis/spex/cgks. 1]
load /usr/jhg/thesis/spex/prks. 1]
load /usr/jhg/thesis/spex/csgks. 1]
load /usr/jhg/thesis/spex/csg-nod.l]
load /usr/jhg/thesis/spex/deriv.1]
load /usr/jhg/thesis/spex/cssks. 1]
load /usr/jhg/thesis/spex/cssks-nod. 1]

Loading OPT as a foreign function

fusr/msc/.lisp/lisplib/nld -N -x -A /usr/msc/bin/cmulisp -T 131a00
[usr/jhg/thesis/spex/opt.o -e _opt_ -b /tnp/Li8356.0 -1F77 -1177 -lc

load /usr/jhg/thesis/spex/evks. 1]

load /usr/jhg/thesis/spex/dte.1]

load /usr/jhg/thesis/spex/post-pro. 1]

load /usr/jhg/thesis/spex/debug-funs. 1]

load /usr/jhg/thesis/spex/kadbase. 1]

load /usr/hch/kad/ kad- spex/ spex-kbsi-1oad. ]

fasl /usr/hch/src/lisp/util.o]

fasl /usr/hch/src/lisp/fkutil. o]

fasl /usr/kbes/bin/bigfrane. 0]

fasl /usr/hch/kad/ kadutil . o]

fasl /usr/hch/kad/kui/ parse/kui - scanner. 0]

fasl /usr/hch/ kad/ comm schena/ nessage. 0]

fasl /usr/hch/kad/ comm kadconm o]

usr/msc/.lisp/lisplib/nld -N -x -A /tnp/Li8356.0 -T 17d600
[ usr/ hch/ kad/ conm kadcommutil.o -e _ kadfilecopy -o /tnp/Li8356.1 -lc

load /usr/hch/kad/ comml kad- addr ess. 1]

fasl /usr/hch/kad/ kui/kui . o]

fasl /usr/hch/kad/kui/ parse/ parseschena. 0]

fasl /usr/hch/kad/kui/parse/transutil. o]

fasl /usr/hch/kad/ kui/parse/w nston. 0]

fasl /usr/hch/ kad/ map/ schema. o]

fasl /usr/hch/ kad/ map/ senutil. o]

fasl /usr/hch/ kad/ map/ sensl ot . 0]

fasl /usr/hch/kad/ map/ senreply. 0]

| oad /usr/hch/kad/ kad- spex/ spex.|.schem]

| oad /usr/hch/kad/ db/ ai sc/aisc-gs. 1. schem]

fasl /usr/hch/kad/ kad- spex/ spex-kbsi . 0]

rm /usr/hch/ kad/ kad-spex/ message/i n/* nonexi stent

[load c-rules.|]

* VELCOVE TO SPEX *
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As an interactive user of SPEX, you are first required to input
the task specification. Your input will be parsed until you type
the any of these keywords "end", "stop", "bye", "quit", "halt".
If you desire help on the input syntax, type the keyword "hel p".

*
*
*
*

* * X ¥

*

............... QU e ke ek K e kK kK K kK K Kk kK Kk ko k k ok ko x ok ko xx REWNKEIK A kKK

SPEX> input init5b.dat [load /usr/jhg/thesis/spex/|lrfd.1]
[load [usr/jhg/thesis/spex/lrfd-ct.1]

[load /usr/jhg/thesis/spex/dl-bt.I]

SPEX> qui t

The foll owi ng nessage was just posted : DESI GN_FOCUS COVPLETE

1 <Enter> do-all-actions ((read-nessage 'DESI GN FOCUS COVPLETE) (prks) (pp
requi renent-check__list) (pp requirenent-satisfy-list))

|2 <Enter> do-all-actions ((prks) (pp requirenent-check_list) (pp
requi renent-satisfy-list))

The foll owi ng nessage was just posted : REQUI REMENTS RETRI EVED

| 3 <Enter> do-all-actions ((pp requirenent-check__list) (pp requirement-
satisfy-list))

| |4 <Enter> do-all-actions ((pp requirenent-satisfy-list))

(defprop requirenent-satisfy-Iist
(requirement-satisfy-list (set (value |rfd-LFB-average)))
frame:)

| 5 <Enter> do-all-actions nil

| 5 <EXIT> do-all-actions t

14 <EXIT> do-all-actions t

3 <EXIT> do-all-actions t

|12 <EXIT> do-all-actions t

1 <EXIT> do-all-actions t

1 <Enter> do-all-actions ((read-nessage 'REQUI REMENTS RETRI EVED) (csgks)
(debug-out putl))

12 <Enter> do-all-actions ((csgks) (debug-outputl))

;
}
|
j

The followi ng nessage was just posted : CONSTRAI NT_SET_GENERATED

| 3 <Enter> do-all-actions ((debug-outputl))

(defprop constraint-franes
(constraint-franes
(set

(val ue constraint-ct-def
constrai nt - h-def
constrai nt - Af - def
constrai nt - | x- def
constrai nt - Sxt - def
constraint-M-action
constraint - Mp-action
constraint-Ch-action
constraint-Mh-fl bl -action
const rai nt - LFB- AVERAGE- C3
constraint-Fr-action
const rai nt - LFB- AVERAGE- ¢c2
constrai nt - LFB- AVERAGE-cl ) ))
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frame:)

constraint-ct - def

(constraint-ct-def (is-a (value constraint-frane))
(definition (value yes))
(data-item (value ct))
(forced-action-of (value constraint-Sxt-def))
(menber-of (value constraint-franes))
(expression (value (ct - (d // 2))))
(expr-type (value numeric)))

frame:)

constrai nt - h- def

(constraint-h-def (is-a (value constraint-frane))
(definition (value yes))
(data-item (value h))
(forced-action-of (value constraint-Ix-def))
(menber-of (value constraint-frames))
(expression (value (h - (d - (2 * tf)))))
(expr-type (value nuneric)))

franme:)

constrai nt - Af - def

(constraint-Af-def (is-a (value constraint-frane))
(definition (value yes))
(data-item (value Af))
(forced-action-of (value constraint-Ix-def))
(menber-of (value constraint-frames))
(expression (value (A - (bf * tf))))
(expr-type (value numeric)))

franme:)

constraint- I x-def
(constraint-1x-def (is-a (value constraint-frane))
(definition (value yes) )
(data-item (value 1x))
(forced-action-of (value constraint-Sxt-def))
(nmenber-of (value constraint-franes))
(expression
(val ue
(Ix =
(A
(((h +tf) /1 2) ** 2)
+

(tw /] 12)
(h **3)))))

(expr-type (value nuneric))
(forced-actions
(value constraint-h-def constraint-Af-def)))

frane:)

(defprop constraint- Sxt-def

(constraint-Sxt-def (is-a (value constraint-frane))
(definition (value yes))
(data-item (value Sxt))
(forced-action-of (value constraint-M-action))
(nmenber-of (value constraint-franes))
(expression (value (Sxt = (Ix // ct))))
(expr-type (value nuneric))
(forced-actions
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(value constraint-ct-def constraint-1x-def)))
frame)

(defprop constraint-M-action

(constraint-M-action (is-a (value constraint-frane))
(definition (value yes))
(data-item (value M))
(forced-acti on- of
(value constraint-M-flbl-action))
(menber-of (value constraint-franes))
(expression (value (M = (St * (36.0 -

Fr))))) ,

(expr-type (value numeric))
(forced-actions (value constraint-Sxt-def)))

frame:)

(defprop constraint-M-action

(constraint-M-action (is-a (value constraint-frane))
(definition (value yes))
(data-item (value M))
(forced-action-of
(value constraint-M-flbl-action))
(menber-of (value constraint-franes))
(expression (value (M = (36.0 * 2Zx))))
(expr-type (value nuneric)))

frane:)

(defprop constraint-Ch-action

(constraint-Cbh-action (is-a (value constraint-frane))
(definition (value yes))
(data-item (value Cb))
(forced-action-of
(value constraint-M-flbl-action))
(menber-of (value constraint-franes))
(expression (value (G = (1.0))))
(expr-type (value nuneric)))

frame:)

(defprop constraint-M-flbl-action
(constraint-M-flbl-action (is-a (value constraint-frane))
(definition (value yes))
(data-item (value M-flbl))
(forced-action-of
(val ue constraint - LFB- AVERAGE- c3))
(menber-of (value constraint-franes))
(expression
(val ue
(M-flbl =
(0.9 *
Cb

<«« start back on the left <««
(M-
(M- M)
</(/(bf [l (2 * tf)) - (65 // sgrt (36.0)))

((247 /] sgrt (36.0 - Fr)) - (65 // sqgrt (36.0)))))
/ >»>» continue on the right »»>

)))

(expr-type (value nurreric))
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frame:)

(def prop constraint-LFB- AVERAGE- c3

(forced-actions
(value constraint-M-action
constraint-M-action
constraint-Ch-action)))

(constraint-LFB- AVERAGE-c3 (is-a (value constraint-frane))

frame:)

(defprop constraint-Fr-action

(forced-constraint - of

(value Irfd-LFB-average))
(expression (value (2400.0 <« Mi-flbl)))
(type (value perfornmance))
(expr-type (value nuneric))
(menber-of (value constraint-franmes))
(forced-actions

(value constraint-M-flbl-action)))

(constraint-Fr-action (is-a (value constraint-frane))
(definition (value yes))
(data-item (value Fr))
(forced-action-of
(val ue constraint-LFB- AVERAGE-c2))

( menber - of
(expression (value (F =

(value constraint-franes))

(10.0))))

(expr-type (value numneric)))

frane:)

(defprop constrai nt - LFB- AVERAGE- ¢2

(constraint-LFB- AVERAGE-c2 (is-a (value constraint-frane))

frame:)

(def prop constrai nt-LFB- AVERAGE- cl
(constrai nt - LFB- AVERAGE- cl

(36.0))))

frame:)

| .14 <Enter> do-all-actions nil

(forced-constraint - of
(value Irfd-LFB-average))
(expression
(val ue

((bf 1/ (2 * tf))

<=

147

/7

sqrt

(36.0 - Fr))))
(type (value applicability))
(expr-type (value nuneric))
(nmenber-of (value constraint-franes))
(forced-actions
(value constraint-Fr-action)))

(is-a (value constraint-frane))

(forced-constrai nt - of

(value |rfd-LFB-average))

(expression

(val ue
((bf /1 (2 * tf)) > 65 // sqrt

(type (value applicability))

(expr-type (value nuneric))

(rmenber-of (value constraint-franes)))
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| |4 <EXIT> do-all-actions t

| 3 <EXIT> do-all-actions t

|2 <EXIT> do-all-actions t

1 <EXIT> do-all-actions t

1 <Enter> do-all-actions ((read-message 'CONSTRAI NT__SET_GENERATED) (post--
message ' SATI SFY_CONSTRAI NT_SET) )

| 2 <Enter> do-all-actions ((post-message 'SATI SFY_CONSTRAI NT_SET))

The foll owi ng message was just posted : SATI SFY__CONSTRAI NT_SET

| 3 <Enter> do-all-actions nil

j 3 <EXIT> do-all-actions t

|2 <EXIT> do-all-actions t

1 <EXIT> do-all-actions t

1 <Enter> do-all-actions ((read-nmessage 'SATI SFY_CONSTRAI NT_SET) (cssks)
(debug-out putl) (debug-output?2))

12 <Enter> do-all-actions ((cssks) (debug-outputl) (debug-output?2))

The query frane is

(defprop query-frane
(query-frame (reply
(if-added (map-database-resuits-to-data-itens

‘frame)))
(target (value (Zx tw d bf tf area designation)))
(object (value w_shape) )
(constraints
(val ue
( (2400.0 <=
(0.9 *
(1.0)
(£36.0 * Zx)
(£36.0 * Zx)
(CC(bf = tf)
(<<(d - (2 * tf)) + tf) [/ 2)
+2)
(tw /] 12)
//((0| - (27 tf)) ** 3))
(d /771 2))
(36.0 - (10.0))))
(((bf 11 (2 * tf))
//(65 /1 sqrt (36.0)))
((147 /1 sqgrt (36.0 - (10.0)))
(65 /7 sqrt (36.0)))))))
( (bf /1 (2 * tf)) <= 147 |/ sqgrt (36.0 - (10.0)))
((bf // (2 * tf)) > 65 // sqgrt (36.0)))))
(optim zation (value (area))))
frame:)
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Cal | i ng KADBASE/ | ngres Dat abase

I 1 <Enter> spex-kbsi (query-frane)

I |1 <Enter> spex-kbsi-syntax-query (query-frame)

I | 1 <Enter> spex-Jcbsi-syntax-and (((2400.0 <= (0.9 * &* &) ) ((bf // & <=
147 |/ sqgrt ...) ((bf // & > 65 1// sqgrt ...

I | |2 <Enter> spex-kbsi-syntax-and ( ( ( (bf // & <= 147 /] sqgrt ...) ((bf //
& > 65 // sgrt ...)))

| | 3 <Enter> spex-kbsi-syntax-and ((((bf // & > 65 // sqrt ...)))
| | 3 <EXIT> spex-kbsi-syntax-and (((bf // (2 * tf)) > 65 // sqrt ...))

| | |2 <EXIT> spex-kbsi-syntax-and ( ( (bf // (2 * tf)) <« 147 /] sqrt ...)
and ((bf // (2 * tf)) > 65 // sqgrt ...))

| | 1 <EXIT> spex-kbsi-syntax-and ((2400.0 <- (0.9 * (1.0) * ( &- &* &) ))
and ((bf // (2 * tf)) <- 147 /] sqrt ...) and ((bf // (2 * tf)) > 65 //
sqrt ...

| |1 <EXIT> spex-kbsi-syntax-query spx-retrieve-g00013

| |1 <Enter> spex-kbsi-send (spx-retrieve-g00013)

KAD- MESSAGE- NAME: The nessage nanme is spx520368388

KAD- SEND- MESSAGE: Starting to send nessage spx520368388

KAD- SEND- FI LE: sendi ng spx520368388 to
/.. /lcelusr/hch/kad/ db/ai sc/ message/in/ .

KAD- SEND- FI LE: sendi ng spx520368388 to /../cel/usr/hch/kad/log/ nmessage/in/

KAD- SEND- MESSAGE: Message sent.

| |1 <EXIT> spex-kbsi-send t

I |1 <Enter> spex-kbsi-receive nil

KAD- WAl T- FOR- MESSAGE: The systemnane is spx

[load /../celusr/hch/kad/ kad-spex/ nmessage/in/ai s520368635]

KAD- LOAD- MESSAGE: The nmessage nane is ai s520368635

| |1 <EXIT> spex-kbsi-receive ais-reply-g00005

KAD- GS- LFBS- REPLY:  Transl ating reply.

| |1 <Enter> spex-kbsi-syntax-reply (ais-reply-g00005 query-frame)

| |1 <EXIT> spex-kbsi-syntax-reply ((311.0 1.06 14.38 12.67 1.735 ...))

KAD- DELETE- MESSAGE: Del eti ng nmessage ai s520368635 for system spx

rm /../celusr/hch/kad/ kad- spex/ message/ i n/ ai s520368639 nonexi st ent

rm override protection 644 for /usr/hch/kad/kad-
spex/ nessage/ i n/ ai s520368635? y

| 1 <EXIT> spex-kbsi t

The foll ow ng nessage was just posted : SET_SCLUTI ON__SUCCESSFUL

| 3 <Enter> do-all-actions ((debug-outputl) (debug-output?2))

(defprop constraint-franes
(constraint-franes
(set
(val ue constraint-ct-def

const rai nt - h- def
constrai nt - Af - def
constrai nt - | x- def
constrai nt - Sxt - def
constraint-M-action
constraint-M-action
constraint-Ch-action
constraint-Mh-fl bl -action
const r ai nt - LFB- AVERAGE- ¢3
constraint-Fr-action
constrai nt - LFB- AVERAGE- c2
constrai nt - LFB- AVERAGE-cl ) ))

frame:)
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(defprop constraint-ct-def

(constraint-ct-def (is-a (value constraint-frane))
(definition (value yes))
(data-item (value ct))
(forced-action-of (value constraint-Sxt-def))
(rmenber-of (value constraint-franes))
(expression (value (ct - (d /] 2))))
(expr-type (value nuneric))
(epsilon (value 0.1438))
(value (value 0.0))
(status (value binding)))

frame:)

(defprop constraint- h-def

(constraint-h-def (is-a (value constraint-frame))
(definition (value yes))
(data-item (value h))
(forced-action-of (value constraint-Ix-def))
(menber-of (value constraint-franes))
(expression (value (h - (d - (2 * tf)))))
(expr-type (value nuneric))
(epsilon (value 0.2182))
(value (value 0.0))
(status (value binding)))

frame:)

(defprop constrai nt-Af - def

(constraint-Af-def (is-a (value constraint-frane))
(definition (value yes))
(data-item (value Af))
(forced-action-of (value constraint-Ix-def))
(menber-of (value constraint-franes))
(expression (value (A - (bf * tf))))
(expr-type (value numeric))
(epsilon (value 0.439649))
(value (value 0.0))
(status (value binding)))

frame:)

(defprop constraint-1x-def
(constraint-Ix-def (is-a (value constraint-frame))
(definition (value yes))
(data-item (value 1x))
(forced-action-of (value constraint-Sxt-def))
(menber-of (value constraint-frames))
(expression
(val ue
(Ix =
(A >
<(h+tf) // 2) ** 2)
+

(tw/ / 12)
(h **3)))))

(expr-type (value numeric))
(forced-actions
(value constraint-h-def constraint-Af-def))
(epsilon (value 19.86871914923958))
(value (value 0.0))
(status (value binding)))
frame:)
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(defprop constrai nt-Sxt-def

(constraint-Sxt-def (is-a (value constraint-frane))
(definition (value yes))
(data-item (value Sxt))
(forced-action-of (value constraint-M-action))
(menber-of (value constraint-frames))
(expression (value (Sxt - (Ix /] ct))))
(expr-type (value nuneric))
(forced-actions

(value constraint-ct-def constraint-Ix-def))

(epsilon (value 2.76338235733513))
(value (value 0.0))
(status (value binding)))

frame:)

(defprop constraint-M-action
(constraint-M-action (is-a (value constraint-frame))

(definition (value yes))
(data-item (value M))
(forced-action-of
(value constraint-M-flbl-action))
(menber-of (value constraint-franes))
(expression (value (M = (Sxt * (36.0 -

Fr)))))
(expr-type (value numneric))
(forced-actions (value constraint-Sxt-def))
(epsilon (value 71.84794129071338))
(value (value 0.0))
(status (value binding)))
frame:)

(defprop constraint-M-action

(constraint-M-action (is-a (value constraint-franme))
(definition (value yes))
(data-item (value M))
(forced-acti on- of
(value constraint-M-flbl-action))
(menber-of (value constraint-franes))
(expression (value (M = (36.0 * Zx))))
(expr-type (value numeric))
(epsilon (value 223.92))
(value (value 0.0))
(status (value binding)))

frame:)

(defprop constraint-Ch-action
(constraint-Ch-action (is-a (value constraint-frane))

(definition (value yes))
(data-item (value Ch))
(forced-acti on- of
(value constraint-M-flbl-action))
(menber-of (value constraint-franes))
(expression (value (@ = (1.0))))
(expr-type (value numeric))
(epsilon (value 0.02))
(value (value 0.0))
(status (value binding)))

frame:)

(defprop constraint-M-flbl-action
(constraint-M-flbl-action (is-a (value constraint-frane))
(definition (value yes))
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(data-item (value M-flbl))
(forced-action- of
(val ue constraint - LFB- AVERAGE- c3))
(menber-of (value constraint-franes))
(expression
(val ue
(M-flbl -
(0.9 *
Cb

;i <«« start back on the left <««
(M -
(M- M)
(((bf // (2 * tf)) - (65 // sqrt (36.0)))
7/

((247 /] sqgrt (36.0 - Fr)) - (65 // sqgrt (36.0)))))
;7 >»» continue on the right »» >
N
(expr-type (value nuneric))
(forced-actions
(value constraint-M-action
constraint-M-action
constraint-Ch-action))
(epsilon (value 256.1502855686401))
(value (value 0.0))
(status (value binding)))
frane:)

(defprop constraint-L FB-AVERAGE-c3
(constraint-LFB-AVERAGE-c3 (is-a (value constraint-frane))
(forced-constrai nt - of
(value |rfd-LFB-average))

(expression (value (2400.0 <= M-flbl)))

(type (value perfornance))
(expr-type (value numeric))
(menber-of (value constraint-franes))
(forced-actions
(value constraint-M-flbl-action))
(epsilon (value 48.0))
(value (value -10407.514278432))
(status (value satisfied)))
frame:)

(defprop constraint-Fr-action

(constraint-Fr-action (is-a (value constraint-frane))
(definition (value yes))
(data-item (value Fr))
(forced-acti on- of

(val ue constraint-LFB- AVERAGE-c2))

(menber-of (value constraint-frames))
(expression (value (A = (10.0))))
(expr-type (value numeric))
(epsilon (value 0.2))
(value (value 0.0))
(status (value binding)))

frame:)

(def prop constraint-LFB- AVERAGE- c2
(constraint-LFB- AVERAGE-c2 (is-a (value constraint-frane))
(forced-constraint - of
(value Irfd-LFB-average))
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(expression
(val ue
<(bf /1 (2 * tf))
<=
147
/7
sqrt
(36.0 - Fr))))
(type (value applicability))
(expr-type (value nuneric))
(menber-of (value constraint-frames))
(forced-actions
(value constraint-Fr-action))
(epsilon (value 0.07302593659942363))
(value (value -25.17777503534187))

(status (value satisfied)))
frame:)

(def prop constraint-LFB- AVERAGE- cl
(constraint-LFB- AVERACGE-cl (is-a (value constraint-frane))
(forced-constraint - of
(value Irfd-LFB-average))
(expression
(val ue
((bf 7/ (2 * tf)) > 65 // sqrt
(36.0))))
(type (value applicability))
(expr-type (value nurneric))
(nmenber-of (value constraint-franes))
(epsilon (value 0.07302593659942363))
(value (value 7.182036503362152))
(status (value violated)))
frame:)

I |4 <Enter> do-all-actions ((debug-output?2))

Data Item d * 14.38

Data Item tw= 1.06

Data Item 2Zx = 311.0

Data Item bf = 12.67

Data Item tf - 1.735

Data Item ct 7.19

Data Item h - 10.91

Data Item Af 21. 98245

Data Item 1Ix 993. 4359574619792

Data Item Sxt - 138.1691178667565

Data Item M - 3592.397064535669

Data Item M - 11196.0

Data Item G = 1.0

Data Item WM-flbl = 12807.514278432

Data Item Fr = 10.0| |. 5 <Enter> do-all-actions nil

I | 5 <EXIT> do-all-actions t

| |4 <EXIT> do-all-actions t

j 3 <EXIT> do-all-actions t

|2 <EXIT> do-all-actions t

1 <EXIT> do-all-actions t

1 <Enter> do-all-actions ((read-nessage 'SET_SOLUTI ON SUCCESSFUL) (post -
message ' FI NAL_SCLUTI ON_FOUND))

|2 <Enter> do-all-actions ((post-nessage 'FlINAL_SCLUTI ON_FOUND))

The follow ng nessage was just posted : FINAL_SCOLUTI ON_FOUND

| 3 <Enter> do-all-actions nil
I 3 <EXIT> do-all-actions t
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|2 <EXIT> do-all-actions t

1 <EXIT> do-all-actions t

1 <Enter> do-all-actions ((read-nessage 'FINAL_SOLUTI ON_FOUND) (terpri)
(terpri) (princ '|Task was successful.|) (terpri) ...

|2 <Enter> do-all-actions ((terpri) (terpri) (princ '|Task was successful.|)

(terpri) (terpri))

| 3 <Enter> do-all-actions ((terpri) (princ '|Task was successful.|)
(terpri) (terpri))

| |4 <Enter> do-all-actions ((princ '|Task was successful.|) (terpri)

(terpri))
Task was successful.| | 5 <Enter> do-all-actions ((terpri) (terpri))

| | |6 <Enter> do-all-actions ( (terpri))

| | 7 <BEnter> do-all-actions nil
| I 7 <EXIT> do-all-actions t
| |1 6 <EXIT> do-all-actions t
| 5 <EXIT> do-all-actions t

| 4 <EXIT> do-all-actions t

3 <EXIT> do-all-actions t

2 <EXIT> do-all-actions t
<EXIT> do-all-actions t

P—_— e —

__ SPEX Post Processor _—
SPEX> qui t
_ Goodbhye

6.2.2. AISC KBDBI Trace

The first listing shows the output of the AISC KBDBI as it processes the query from the
SPEX KBSI. The second listing shows the INGRES output in response to the trandated query.

AISC KBDBI Output

16. KAD- WAl T- FOR- MESSAGE: The systemnane is ais

[load /usr/hch/kad/ db/ai sc/ nessage/in/spx519005610]

KAD- LOAD- MESSAGE: The nessage nane is spx519005610

QUEL- RETRIEVE: the retrieve string is

range of x is w_shapes

retrieve into kbdbitenpO (x.zx,x.depth, x.tw, x.bf,x.tf,x. area, x. desi gnati on)

wher e 2400. 000102 <= 0.900000 * 36.000002 * x.zx and 120.000003 <« 300 *
sqrt((2 * x.tf / 12 * x.bf ** 3 + (x.depth - 2 * x.tf) / 12 * x.tw ** 3)
I ((x.depth - 2 * x.tf) * x.tw+ 2 * x.bf * x.tf)) / sqrt(36.000002)

range of tenpo is kbdbitenmpO

retrieve into kbdbitenmpl (tenpo.all)

where tenpO area = nmin(tenpO area)

print kbdbitenpl

destroy kbdbitenpO

destroy kbdbitenpl
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KAD- MESSAGE- NAME:  The nessage nane is ai s519006238

KAD- LFBS- GS- REPLY:  Transl ating reply.

KAD- SEND- MESSAGE: Starting to send nmessage.

KAD- MESSAGE- NAME:  The nessage name is ai $519006243

KAD- SEND- FI LE: sending file to directory on address-machine

KAD- SEND- FI LE: sending file to directory on address-machine

KAD- SEND- MESSAGE: Message sent.

KAD- DELETE- MESSAGE: Del eti ng nessage spx519005610 for systemnil
nil

17. Bye

INGRES Output
*********Executing
kbdbi tenpl relation

| zx | dept h | tw | bf | tf | area | desi gnati on !I_

77.9001 12. 0601 0. 345| 9. 995| 0. 575| 15. 600] WL.2x53 :{
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Chapter 7
HICOST-Il Supplement

This chapter is intended to supplement the description of the HICOST-II implementation
found in Section 5.2 of the thesis. The supplement contains the following information for
HICOST-II, the building design database (BDD), the project management database (PMD), and

the unit cost database (UCD).

* KADBASE schema descriptions for the HICOST-II KBS context, the HICOST
globa schema, and the three databases (including the LFBS, LFBM, and LIM for
each component) as well as the GS, GDSM, and GIM.

» The data in the databases before and after the execution of HICOST-I|.

* The component takeoff rules for three HICOST-II component types. concrete
footings, retaining walls, and structural metal.

7.1.Schemata

The following five sections describe the schemata for HICOST-II, its three databases, and the
global schema. The descriptions are expressed in the problem-oriented language of the schema
description utility (described in Section 4.7). Each of the four component description sections
contains the local frame-based schema (LFBS), the loca frame-based mapping (LFBM), and the
local integration mapping (LIM) grouped into a single set of definitions. The find section
presents the global schema (GS), the global data source mapping (GDSM), and the globa
integration mapping (GIM) in the same fashion.

7.1.1. HICOST-Il Context Schemata

I fbs hie

entity building
| fbm buil di ng
sl ot instance-nane
slot-type attribute
data-type synbol
| fbm (building . instance-nane)
sl ot buil di ng-designation
slot-type attribute
data-type string
| fbm (building . building-designation)
candi dat e- key instance-nane
candi dat e- key bui | di ng-desi gnati on
primary-key buil ding-designation

entity construction-quantity
| fbm construction-quantity
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sl ot instance-nane

slot-type attribute

data-type synbol

| fbm (construction-quantity
slot quantity-id

slot-type attribute

dat a-type synbol

| fbm (construction-quantity
slot quantity-for

slot-type relationship

dat a-type synbol

| fbm (construction-quantity

l'im conmponent-id

rel ationshi p-type part-of
slot units

slot-type attribute

dat a-type synbol

I fbm (construction-quantity
sl ot anount

slot-type attribute

dat a-type nunber

| fbm (construction-quantity
slot wunit-cost

slot-type attribute

dat a-type nunber

| fbm (construction-quantity
sl ot cost

slot-type attribute

dat a-type nunber

| fbm (construction-quantity

candi dat e-key instance-nane

i nst ance- nane)

quantity-id)

quantity-for)

units)

anount )

uni t-cost)

cost)

candi date-key (quantity-for quantity-id)
primary-key (quantity-for quantity-id)

entity concrete-footing
| fbm concrete-footing
sl ot instance-nane
slot-type attribute
dat a-type synbol

| fbm (concrete-footing . instance-nane)

sl ot conponent-id
slot-type attribute
dat a-type synbol

| fbm (concrete-footing . conponent-id)

slot quantities
slot-type relationship
dat a-type synbol

| fbm (concrete-footing . quantities)

rel ationshi p-type sub-part
sl ot nunber

slot-type attribute

dat a-type nunber

| fbm (concrete-footing . nunber)

slot length
slot-type attribute
dat a-type nunber

I fbm (concrete-footing . Ilength)

units feet

slot width
slot-type attribute
dat a-type nunber

I fbm (concrete-footing . wdth)

units feet

slot footing-thickness
slot-type attribute
dat a-type nunber

I fbm (concrete-footing . footing-thickness)

units feet

sl ot hei ght - of - st epped- f ooti ng

slot-type attribute
dat a-type nunber

I fbm (concrete-footing . height-of-stepped-footi n'g)
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units feet

ot grade-el evation
slot-type attribute
dat a-type nunber

| fbm (concrete-footing
units feet

ot top-elevation
slot-type attribute
dat a-type nunber

| fbm (concrete-footing
units feet

ot wall-thickness
slot-type attribute
dat a-type nunber

| fbm (concrete-footing
units feet

ot rock-elevation
slot-type attribute
dat a-type nunber

| fbm (concrete-footing
units feet

ot |ong-bar-size
slot-type attribute
dat a-type nunber

| fbm (concrete-footing
ot |ong-bar-spacing
slot-type attribute
dat a-type nunber

| fbm (concrete-footing
units inches

ot | ong-bar-pieces
slot-type attribute
dat a-type nunber

I fbm (concrete-footing
ot |ong-bar-Ibs-Inft
slot-type attribute
dat a-type nunber

| fbm (concrete-footing
units |bs/Inft

ot long-bar-lbs-ftg
slot-type attribute
dat a-type nunber

| fbm (concrete-footing
units |bs

ot short-bar-size
slot-type attribute
dat a-type nunber

| fbm (concrete-footing
ot short-bar-spacing
slot-type attribute
dat a-type nunber

| fbm (concrete-footing
units inches

ot short-bar-pieces
slot-type attribute
dat a-type nunber

| fbm (concrete-footing
ot
slot-type attribute
dat a-type synbol

| fbm (concrete-footing
ot
slot-type attribute
dat a-type synbol

| fbm (concrete-footing

qual i ty-of -concrete
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gr ade- el evati on)

t op-el evati on)

wal | -t hi ckness)

rock- el evati on)

| ong- bar - si ze)

| ong- bar - spaci ng)

| ong- bar - pi eces)

I ong-bar-1| bs-Inft)

| ong- bar -1 bs-ftqg)

short - bar-si ze)

short - bar - spaci ng)

short - bar - pi eces)

qual i ty-of -concrete)

concr et e- pl aci ng- net hod- sel ect i on

concr et e- pl aci ng- met hod- sel ecti on)

ot footing-forns-selection

slot-type attribute
dat a-type synbol

I fbm (concrete-footing
ot
slot-type attribute
dat a-type synbol

foot i ng-forns-sel ect ion)
eart h-excavation-sel ect i on
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| fbm (concrete-footing . earth-excavation-sel ection)
sl ot rock-excavation-sel ection
slot-type attribute
data-type synbol
| fbm (concrete-footing . rock-excavation-sel ection)
slot trench-bracing-sel ection
slot-type attribute
dat a-type synbol
| fbm (concrete-footing . trench-bracing-selection)
sl ot backfill-selection
slot-type attribute
dat a-type synbol
| fbm (concrete-footing . backfill-selection)
slot footing-keyway-sel ection
slot-type attribute
data-type synbol
| fbm (concrete-footing . footing-keyway-selection)
slot reinforeing-steel-selection
slot-type attribute
dat a-type synbol
| fbm (concrete-footing . reinforcing-steel-selection)
slot anchor-bolts-and-base-pl at es-sel ecti on
slot-type attribute
data-type synbol
| fbm (concrete-footing . anchor-bolts-and-base-pl ates-sel ect ion)
candi dat e-key instance-nane
candi dat e- key conponent-id
primary-key component-id

entity retaining-wall
| fbm retaining-wali
sl ot instance-nane
slot-type attribute
data-type synbol
I fbm (retaining-wall . instance-nane)
sl ot conponent-id
slot-type attribute
dat a-type synbol
I fbm (retaining-wall . conpenent-id)
slot quantities
slot-type relationship
dat a-type synbol
Liom (retaining-wall = guantities)
rel ati onshi p-type sub-part
sl ot nunber
slot-type attribute
dat a-type nunber
| fbm (retaining-wall . nunber)
slot length
slot-type attribute
dat a-type nunber
| fbm (retaining-wall . |ength)
units feet
sl ot hei ght
slot-type attribute
dat a-type nunber
I fbm (retaining-wall . height)
units feet
ot top-thickness
slot-type attribute
dat a-type nunber
| fbm (retaining-wall . top-thickness)
units feet
ot base-thickness
slot-type attribute
dat a-type nunber
I fbm (retaining-wall . base-thickness)
units feet
ot width
slot-type attribute
dat a-type nunber
| fbm (retaining-wall . width)

S

S

S
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units feet

ot footing-thickness

slot-type attribute

dat a-type nunber

| fbm (retaining-wall . footing-thickness)

units feet

ot stepped-footing-height

slot-type attribute

dat a-type nunber

I fbm (retaining-wall . stepped-footing-height)
units feet

ot footing-toe-wdth

slot-type attribute

dat a-type nunber

| fbm (retaining-wall . footing-toe-wi dth)

units feet

ot footing-depth

slot-type attribute

dat a-type nunber

I fbm (retaining-wall . footing-depth)

units feet

ot reinforcing-steel

slot-type attribute

dat a-type nunber

Ifbm (retaining-wall . reinforcing-steel)

units |bs/cuyd

ot quality-of-concrete

slot-type attribute

data-type synbol

| fbm (retaining-wall . quality-of-concrete)

sl ot concrete-placenent-sel ection

slot-type attribute

data-type synbol

Ifbm (retaining-wall . concrete-placenent-selection)
ot footing-formand-finish-selection

slot-type attribute

dat a-type synbol

I fbm (retaining-wall . footing-formand-finish-selection)
ot wall-forns-sel ection

slot-type attribute

data-type synbol

I fbm (retaining-wall . wall-forns-selection)

ot excavation-selection

slot-type attribute

data-type synbol

| fbm (retaining-wall . excavation-selection)

ot trench-backfill-selection

slot-type attribute

dat a-type synbol

| fbm (retaining-wall . trench-backfill-selection)
ot retained-backfill-selection

slot-type attribute

dat a-type synbol

I fbm (retaining-wall . retained-backfill-selection)
ot reinforcing-steel-selection

slot-type attribute

dat a-type synbol

I fbm (retaining-wall . reinforcing-steel-selection)
ot footing-key-and-constr-joints-sel ection
slot-type attribute

dat a-type synbol

I fbm (retaining-wall . footing-key-and-constr-joints-selection)
ot miscellaneous-sel ection

slot-type attribute

data-type synbol

I fbm (retaining-wall . mscellaneous-selection)
candi dat e- key i nstance-nane

candi dat e- key comnponent-id

primary-key conmponent-id

S

S

S

S

S

S

S

S

S

S

S

S

S

S

entity structural-netal
| fbm structural - met al
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S

S
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S

sl

sl

sl

sl

ot instance-nane
slot-type attribute
dat a-type synbol

I fbm (structural - et al
ot component-id
slot-type attribute
dat a-type synbol

I fbm (structural - et al
ot quantities
slot-type relationship
dat a-type synbol

I fbm (structural -netal
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i nst ance- nane)

. conponent -i d)

quantities)

rel ationshi p-type sub-part

ot nunber

slot-type attribute
dat a-type nunber

I fbm (structural -netal
ot pieces-per-location
slot-type attribute
dat a-type nunber

I fbm (structural -netal
ot first-dinension
slot-type attribute
dat a-type nunber

I fbm (structural - netal
units inches

ot second-di nension
slot-type attribute
dat a-type nunber

I fbm (structural -netal
units inches

ot thickness
slot-type attribute
dat a-type nunber

nunber)

pi eces- per-| ocation)

first-dinension)

second- di nensi on)

I fbm (structural -netal t hi ckness)
units inches

ot length

slot-type attribute

dat a-type nunber

I fbm (structural -netal | engt h)
units feet

ot wei ght

slot-type attribute

dat a-type nunber

I fbm (structural -netal wei ght)
units |bs/Inft

ot fireproofing-thickness

slot-type attribute

dat a-type nunber

I fbm (structural -netal
units inches

ot anchor-bolt-dianeter
slot-type attribute

dat a-type nunber

I fbm (structural -netal
units inches

ot anchor-bolt-Iength
slot-type attribute

dat a-type nunber

Ifbm (structural -netal
units feet

ot
slot-type attribute
dat a-type nunber

I fbm (structural - netal
ot
slot-type attribute
dat a-type synbol

I fbm (structural -netal
ot
slot-type attribute
data-type synbol

fireproofing-thickness)

anchor - bol t - di anet er)

anchor - bol t - | engt h)

type-of - et al - sel ecti on

type- of - met al - sel ecti on)

type- of - menber - sel ecti on

t ype- of - menber - sel ecti on)

erection-nmet hod-sel ecti on
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| fbm (structural-netal . erection-nethod-selection)
slot surface-treatment-selection
slot-type attribute
data-type synbol
I fbm (structural-netal . surface-treatnent-selection)
slot spray-on-fireproofing-selection
slot-type attribute
dat a-type synbol
| fbm (structural-netal . spray-on-fireproofing-selection
slot anchor-bolts-selection
slot-type attribute
data-type synbol
| fbm (structural-netal . anchor-bolts-selection)
sl ot el enent - nunber -sel ection
slot-type attribute
data-type synbol
| fbm (structural-netal . elenent-nunber-selection)
candi dat e-key instance-nane
candi dat e- key conponent-id
primary-key conponent-id

entity construction-quantity
slot quantity-for
range concrete-footing
range retaining-wall
range structural -netal
entity concrete-footing
slot quantities
range construction-quantity
entity retaining-wall
slot quantities
range construction-quantity
entity structural-netal
slot quantities
range construction-quantity

7.1.2. Building Design Database Schemata

| fbs bdd

entity building
sl ot designation
slot-type attribute
data-type string20
I'i m buil di ng-desi gnation
candi dat e- key designation
primary-key designation

entity concrete-footing
I fbm cf _att
| fbm cf _spec
slot 1D
slot-type attribute
data-type integer
I fbm (cf_att . ID)
I fbm (cf_spec . ID)
l'im conmponent-id
slot A
slot-type attribute
data-type integer
| fbm (cf_att . A
I'i m nunber
slot B
slot-type attribute
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data-type real

| fbm (cf_att . B)
lim length

units feet

ot C

slot-type attribute
data-type real

| fbm (cf_att . O
limwdth

units feet

ot DI

slot-type attribute
data-type real

I fbm (cf_att . D)
lim footing-thickness
units feet

ot D2

slot-type attribute
data-type real

| fbm (cf_att . D)
I'i m hei ght - of - st epped- f oot i ng
units feet

ot E

slot-type attribute
data-type real

| fbm (cf_att . E)
l'im grade-el evation
units feet

ot F

slot-type attribute
data-type real

I fbm (cf_att . F)
lim top-elevation
units feet

ot G

slot-type attribute
dat a-type real

I fbm (cf_att . Q
lim wall-thickness
units feet

ot H

slot-type attribute
data-type real

| fbm (cf_att . H)
l'im rock-el evation
units feet

ot Jl

slot-type attribute
dat a-type real

| fbm (cf_att . J)
l'im | ong-bar - pi eces
mapped-type integer
direct-function (lanbda (x) (fix x))
ot J2

slot-type attribute
data-type real

| fbm (cf_att . J)
I'im I ong- bar-spaci ng
mapped-type integer
direct-function (lanbda (x) (fix x))
units inches

ot J3

slot-type attribute
data-type real

I fbm (cf_att . J)
lim | ong-bar-size
mapped-type integer
direct-function

(lambda (x) (fix (add 0.1 (product (diff x (fix x) ) 100))))

ot J4
slot-type attribute
data-type real
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| fbm (cf_att . J)
lim long-bar-Ibs-Inft
units ibs/Inft
slot J5
slot-type attribute
dat a-type real
I fbm (cf_att . J)
lim long-bar-lbs-ftg
units |bs
slot Kl
slot-type attribute
data-type real
I fbm (cf_att . K)
l'im short-bar-pi eces
mapped-type integer
direct-function (lambda (x) (fix x) )
slot K2
slot-type attribute
data-type real
| fbm (cf_att . K)
l'im short-bar-spaci ng
units inches
mapped-type i nteger
direct-function (lanbda (x) (fix X))
slot K3
slot-type attribute
data-type real
I fbm (cf_att . K
I'im short-bar-size
mapped-type integer
direct-function
(lanbda (x) (fix (add 0.1 (product (diff x (fix x) ) 100)))]}
slot SS9
slot-type attribute
data-type integer
| fbm (cf_spec . SS9)
lim quality-of-concrete
nmapped-type string
mappi ng-t abl e
((0 . "3000 psi standard m x")
(1 . "deduct for 2500 psi")
(2 . "add for 3500 psi")
(3 . "add for 3750 psi")
(4 . "add for 4000 psi"))
sl ot SS8
slot-type attribute
duta-type integer
| fbm (cf_spec . SS8)
I'im concrete-placing-nmethod-sel ection
mapped-type string
mappi ng-t abl e

( (0 . "none required")

(1 . "wall ftg pour concrete direct")
(2 . "wall ftg pour concrete wcarts")
(3 . "wall ftg punp concrete")

(4 . "wall ftg pour concrete w crane")
(5 . "colum ftg pour concrete direct")
(6 . "colum ftg pour concrete w carts")
(7 . "columm ftg punmp concrete")

(8 . "colum ftg pour concrete w crane")
(9 . "stepped wall ftg concrete"))

sl ot SSI

slot-type attribute

dat a-type integer

I fbm (cf_spec . SS7)

lim footing-forms-selection
mapped-type string

mappi ng-t abl e

((0 . "none required")

(1 . "formwall ftg earth")
(2 . "formwall ftg rock")
(3 . "formcolum ftg earth")
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(4 . "formcolum ftg rock")
(5 . "stepped ftg fornms")
(6 . "pilaster wall ftg")
(7 . "curved wall ftg")
(8 . "pile cap forms")
(9 . "wall ftg bul khds."))
slot SS6
slot-type attribute
data-type integer
| fbm (cf_spec . SS6)
lim earth-excavation-sel ection
mapped-type string
mappi ng-tabl e
((0 . "none required")

(1 . "mach. to top of rock")

(2 . "hand excavation only")

(3 . "machine w hand dress-up"))
sl ot SS5

slot-type attribute

dat a-type integer

I fbm (cf_spec . SSb)

lim rock-excavati on-sel ection
mapped-type string

mappi ng-tabl e

((0 . "none required")
(1 . "machine w hand dress-up")
(2 . "hand excavation only")

(3 . "blasting w nmachi ne & hand dress-up"))

slot S$4

slot-type attribute

data-type integer

I fbm (cf_spec . S4)

lim trench-bracing-sel ection

mapped-type string

mappi ng-tabl e

( (0 . "none required")
(1 . "jacks only wall ftg")
(2 . "open plank wall ftg")
(3 . "solid wood wall ftg")
(4 . "solid wood col. ftg")
(5 . "h-cols & wd plank col. ftg"))
sl ot SS3

slot-type attribute
data-type integer
| fbm (cf_spec . SS3)
l'im backfill-selection
mapped-type string
mappi ng-tabl e
{(0 . "none required")
(1 . "earth mach. w hand tanp")
(2 . "earth borrow mach. w hand tanp")
(3 . "earth hand only")

(4 . "granular borrow mach. w hand tamp")
(5 . "gravel/stone borrow mach. only"))
sl ot SS2

slot-type attribute
data-type integer

| fbm (cf_spec . SS2)

lim footing-keyway-sel ection
mapped-type string

mappi ng-tabl e

((0 . "none required")
(1. "2x4 ftg key")
(2 . "split key w waterstop")

(3 . "4x4 key or 2x8 key")
(4 . "4x6 key or 3x8 key")
(5 . "4x12 key"))
slot SSI

slot-type attribute

data-type integer

| fbm (cf_spec . SSI)

lim reinforcing-steel -selection
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mapped-type string
mappi ng-tabl e
((0 . "none required")
(1 . "colum footings I|bs/cuyd calc")
(2 . "wall footing 50 Ifb/cuyd")
(3 . "bars by pieces both ways")
(4 . "bars by spacing both ways")

(5 . "long bar by piece short bar by spacing")

(6 . "long bar by spacing short bar by pieces")

(7 . "lbs/Inft wall ftg with j dint)

(8 . "lbs/footing colum footing with j din'))
sl ot SSO

slot-type attribute
data-type integer
I fbm (cf_spec . SSO
I'im anchor - bol t s- and- base- pl at es-sel ect ion
mapped-type string
mappi ng-tabl e
({0 . "none required")
(1 . "set 2ab")
(2 . "set 4ab")
(3 . "set 2ab grout base pit")
(4 . "set 4ab grout base pit")
(5 . "set 2ab set and grout base pit")
(6 . "set 4ab set and grout base pit")
(7 . "set & grout base plate"))
candi date-key ID
primary-key 1D

entity retaining-wall
| fbm rw att
| fbm rw_spec
slot 1D
slot-type attribute
data-type integer

I fbm (rwatt . ID

I fbm (rw.spec . ID)

I'im conponent -id
slot A

slot-type attribute
data-type integer
I fbm (rwatt . A
I'i m nunber

slot B
slot-type attribute
data-type real
I fbm (rwatt . B)

lim length
units feet
slot C

slot-type attribute
data-type real
I fbm (rwatt . O

I'i m hei ght
units feet
slot D

slot-type attribute
data-type real
Ifbm (rwatt . D
lim top-thickness
units feet

slot E
slot-type attribute
data-type real
Ifbm (rwatt . E)
I'im base-t hi ckness
units feet

slot F
slot-type attribute
data-type real
Ifbm (rwatt . F)
limwdth
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units feet
slot d
slot-type attribute
dat a-type real
I fbm (rwatt . Q
l'im footing-thickness
units feet
slot &
slot-type attribute
data-type real
I fbm (rw att
lim stepped-footing-height
units feet
slot H
slot-type attribute
data-type real
I fbm (rwatt . H
lim footing-toe-w dth
units feet
slot J
slot-type attribute
data-type real
I fbm (rwatt . J)
lim footing-depth
units feet
slot K
slot-type attribute
data-type real
Ifbm (rwatt . K
I'im reinforcing-steel
units |bs/cuyd
slot SS9
slot-type attribute
data-type integer
| fbm (rw spec . SS9)
lim quality-of-concrete
mapped-type string
mappi ng-tabl e
((0 . "3000 psi standard m x")
(1 . "deduct for 2500 psi")
(2 . "add for 3500 psi")
(3 . "add for 4000 psi"))
sl ot SS8
slot-type attribute
data-type integer
I fbm (rw_spec . SS8)
lim concrete-placenent-sel ection
mapped-type string
mappi ng-tabl e
((0 . "none required")
(1. "ftg &wall direct")
(2 . "ftg direct wall wcarts")
(3 . "ftg direct wall - pump")
(4 . "ftg direct wall w crane")
(5. "ftg & wall wcarts")
(6 . "ftg wcarts wall w punmp")

(7 . "ftg wcarts wall w crane")

(8 . "ftg & wall w punp")

(9 . "stepped wall ftg direct"))
sl ot SS7

slot-type attribute

data-type integer

| fbm (rw spec . SS7)

lim footing-formand-finish-selection
mapped-type string

mappi ng-tabl e

((0 . "none required")

(1. "inearth")

(2 . "in rock")

(3 . "stepped wall ftg forns")

(4 . "ftg bul khead"))
sl ot SS6
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slot-type attribute

dat a-type i nteger

| fbm (rw_ spec . SS6)
lim wall-forns-sel ection
nmapped-type string

mappi ng-t abl e

((0 . "none required")
(1 . "both sides vertical")
(2 . "one side battered")

(3 . "add |edge")
(4 . "add ledge & brick facing"))
sl ot SSb
slot-type attribute
data-type integer
I fbm (rw_spec . SSb)
I'im excavation-sel ection
mapped-type string
mappi ng-t abl e

((0 . "none required")
(1 . "earth machine w hand dress")
(2 . "earth hand")
(3 . "rock machine w hand dress")
(4 . "rock hand"))

slot SH4

slot-type attribute

data-type integer

I fbm (rw_spec . S$4)

lim trench-backfill-selection
mapped-type string

mappi ng-t abl e

((0 . "none required")

(1 . "earth adjacent mach placed hand tanp")

(2 . "earth adjacent hand pl aced hand tanp")

(3 . "earth haul ed mach placed hand tanp")

(4 . "earth haul ed hand placed hand tanp"))
slot SS3

slot-type attribute

data-type integer

| fbm (rw spec . SS3)

l'im retained-backfill-selection
mapped-type string

mappi ng-t abl e

((0 . "none required")

(1 . "earth nach placed mach conpact")

(2 . "earth mach placed hand tanp")

(3 . "earth borrow nmach placed mach conpact")

(4 . "earth borrow nach placed hand tanp")

(5 . "gravel mach placed")

(6 . "bank run mach placed w hand tanp"))
slot SS2

slot-type attribute

data-type integer

| fbm (rw spec . SS2)

lim reinforcing-steel -sel ection
nmapped-type string

mappi ng-tabl e

((0 . "none required")
(1 . "index crsi level bf- no surcharge")
(2 . "index crsi sloped bf- no surcharge")
(3 . "index crsi level bf- hwy surchg (light)")
(4 . "index crsi level bf- railw surch (heavy)")
(5 . "lbs/cuyd"))

sl ot SSI

slot-type attribute
dat a-type integer
I fbm (rw_spec . SSI)
lim footing-key-and-constr-joints-sel ection
mapped-type string
mappi ng-tabl e
((0 . "none required")
(1 . "2x4 key in ftg")
(2 . "2x6 key in ftg")
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(3 . "2x8 key in ftg")
(4 . "3x8 key in ftg'

(5 . "2x6 ftg key & one wall constr jt")
(6 . "2x6 ftg key & wall constr jt 30 in. oc")
(7 . "one wall constr jt")
(8 . "wall constr jt 30 in. oc"))
sl ot SSO

slot-type attribute
data-type integer

I fbm (rw_spec

l'im mscel | aneous-sel ection
mapped-type string

mappi ng-tabl e

((0 . "none required")

(1. "1 in. diamweep holes 36 in. o.c")

(2 . "1-1/2 in. diamweep holes 36 in. o.c.t)
(3 . "2 in. diamweep holes 36 in. o.c")

(4 . "3 in. diamweep holes 36 in. o.c")

(5 . "rub exposed wall sfc & finish top")

(6 . "ftg waterstop ")

(7 . "wall waterstop")

(8 . "wall waterstop 30 in o.c"))

candi date-key ID
primary-key 1D

entity structural-netal
| fbm smatt
| fbm sm spec
slot ID
slot-type attribute
data-type integer

Ifbm (smatt . ID

| fbm (smspec . ID

l'im conponent-id
slot A

slot-type attribute
data-type integer
I fbm (smatt . A)
l'i m nunber
slot B
slot-type attribute
data-type integer
| fbm (smatt . B)
lim pieces-per-location
slot C
slot-type attribute
data-type real
| fbm (smatt . O
lim first-dinension
units inches
slot D
slot-type attribute
data-type real
Ifbm (smatt . D
l'im second- di mensi on
units inches
slot E
slot-type attribute
data-type real
Ifbm (smatt . E)
l'im thickness
units inches
slot F
slot-type attribute
data-type real
I fbm (smatt . F)

limlength
units feet
slot G

slot-type attribute
data-type real
I fbm (smatt . Q
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I'i m wei ght
units Ibs/lInft
slot H

slot-type attribute
data-type real
| fbm (smatt
lim fireproofing-thickness
units inches
slot J
slot-type attribute
data-type real
I fbm (smatt . J)
I'i m anchor-bol t - di anet er
units inches
slot K
slot-type attribute
data-type real
I fbm (smatt . K
lim anchor-bolt-Iength
units feet
sl ot SS9
slot-type attribute
data-type integer
I fbm (smspec . SS9)
lim type-of-nmetal -sel ection
mapped-type string
mappi ng-t abl e
((0 . "A-36 std stl.")
(1 . "add hi-strngth steel")
(2 . "add specialty steel")
(3 . "structural al um nunt)
(4 . "extruded al um nunt'))
sl ot SS8
slot-type attribute
data-type integer
| fbm (smspec . SS8)
lim type-of - menber-sel ection
mapped-type string
mappi ng-t abl e
((0 . "none-required")

(1 . "beant)
(2 . "colum")
(3 . "channel")

(4 . "angle")
(5. "plate")

(6 . "tubular (rect or sq.)")
(7 . "pipe colum")
(8 . "rectangular rod (solid)")
(9 . "round rod"))

sl ot SS7

slot-type attribute

data-type integer

| fbm (smspec . SSI)

lim erection-nethod-sel ection
mapped-type string

mappi ng-tabl e

((0 . "none required")
(1 . "bolted connections steel")
(2 . "welded connections steel")
(3 . "alum numstructural™")
(4 . "alum numtubular"))

sl ot SS6

slot-type attribute

data-type integer

| fbm (smspec . SS6)

lim surface-treatnent-selection

mapped-type string

mappi ng-tabl e
( (0 . "none required")
(1 . "paint touch-up per ton")
(2 . "field paint per ton")
(3 . "field paint per sqft")
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(4 . "gal vani ze per ton"))
sl ot SS5
slot-type attribute
dat a-type i nteger
| fbm (smspec . SS5)
l'im spray-on-fireproofing-sel ection
mapped-type string
mappi ng-t abl e

((0 . "none required") -
(1 . "cenentitious")
(2 . "fiber"))

sl ot Ss4

slot-type attribute
dat a-type integer
| fbm (smspec . S$4)
Iim anchor-bol ts-sel ection
mapped-type string
mappi ng-t abl e
((0 . "none required")
(1 . "furnish 2 a.b. per col.")
(2 . "furnish 4 a.b. per col."))
sl ot SSO
slot-type attribute
dat a-type integer
| fbm (smspec
I'im el enent - nunber - sel ection
mapped-type string
mappi ng-t abl e
({0 . "use u.p.c. default")
(1 . "0311 col umms")
(2 . "0321 beans")
(3 . "0322 supp floor systent)
(4 . "0323 level roof syst.")
(5 . "0324 pitched roof syst.")
(6 . "0330 supp. stwy. constr.")

(7 . "0411 exterior wall constr.')
(8 . "0200 sub structure")
(9 "no el ement required"))

candi dat e- key ID
primary-key 1D
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7.1.3. Project Management Database Schemata

| fbs pmd

entity quantity
| fbm quantity
lim construction-quantity
slot qty_id
slot-type attribute
dat a-type integer
| fbm (quantity . qty_id)
limquantity-id
slot conp_id
slot-type relationship
data-type integer
| fbm (quantity . conp_id)
lim component-id
slot units
slot-type attribute
data-type stringl O
| fbm (quantity . units)
sl ot amount
slot-type attribute
data-type real
| fbm (quantity . anount)
sl ot wunit-cost
slot-type attribute
data-type real
I fbm (quantity . wunit_cost)
sl ot cost
slot-type attribute
data-type real
| fbm (quantity . cost)
candi date-key (qty_id conp_id)
primary-key (qty_id conp__id)
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7.1.4. Unit Cost Database Schemata

| fbs ucd

entity unit_cost
| fbm unit_cost
l'imunit-cost
slot itenctode
slot-type attribute
data-type integer
I fbm (unit_cost . itentode)
limquantity-id
slot itendesc
slot-type attribute
data-type string50
I fbm (unit_cost . itendesc)
slot itenunit
slot-type attribute
data-type string5
I fbm (unit_cost . itemunit)
sl ot matl cost
slot-type attribute
data-type real
Ifbm (unit_cost . natlcost)
units dollars
sl ot instcost
slot-type attribute
dat a-type real
I fbm (unit_cost . instcost)
units dollars
sl ot datentos
slot-type attribute
dat a-type integer
I fbm (unit_cost . datentos)
sl ot dateicos
slot-type attribute
dat a-type i nteger
I fbm (unit__cost . dateicos)
candi dat e-key itentode
pri mary-key itentode

H

7.1.5. Global Schemata

gl obal - schema

entity unit-cost
sources (ucd)
slot quantity-id
slot-type attribute
data-type integer
sources (ucd)
ot itendesc
slot-type attribute
data-type string50
sources (ucd)
ot itemunit
slot-type attribute
data-type string5
sources (ucd)
slot unit-cost
slot-type attribute
data-type real
units dollars

S

S
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sl ot matl cost
slot-type attribute
data-type real
sources (ucd)
units dollars

sl ot instcost
slot-type attribute
data-type real
sources (ucd)
units dollars

sl ot datentos
slot-type attribute
data-type integer
sources (ucd)

sl ot dateicos
slot-type attribute
data-type integer
sources (ucd)

candi dat e-key quantity-id
primary-key quantity-id

entity construction-quantity
sources (hie pnd)
slot instance-nane
slot-type attribute
data-type synbol
sources (hie)
slot quantity-id
slot-type relationship
dat a-type synbol
sources (hie pnd)
rel ati onshi p-type is-a
slot conponent-id
slot-type relationship
dat a-type synbol
sources (hie pnd)
rel ati onshi p-type part-of
slot units
slot-type attribute
dat a-type synbol
sources (hie pnd)
sl ot anount
slot-type attribute
dat a-type nunber
sources (hie pnd)
sl ot unit-cost
slot-type attribute
dat a-type nunber
sources (hie)
sl ot cost
slot-type attribute
dat a-type nunber
sources (hie pnd)
candi dat e- key i nstance-nane
candi dat e-key (conponent-id quantity-id)
primary-key (conponent-id quantity-id)

entity concrete-footing
sources (hie bdd)
sl ot instance-nane
slot-type attribute
dat a-type synbol
sources (hie)
sl ot conmponent-id
slot-type attribute
dat a-type synbol
sources (hie bdd)
slot quantities
slot-type relationship
data-type synbol
sources (hie)
rel ati onshi p-type subpart
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sl ot nunber
slot-type attribute
dat a-type nunber
sources (hie bdd)

slot length
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

slot width
slot-type attribute
dat a-t ype nunber
sources (hie bdd)
units feet

slot footing-thickness

slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet
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sl ot hei ght - of - st epped-footing

slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

sl ot grade-el evation
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

sl ot top-elevation
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

slot wall-thickness
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

sl ot rock-el evation
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

sl ot | ong-bar-size
slot-type attribute
dat a-type nunber
sources (hie bdd)

sl ot |ong-bar-spacing
slot-type attribute
dat a-type nunber
sources (hie bdd)
units inches

sl ot | ong-bar-pieces
slot-type attribute
dat a-type nunber
sources (hie bdd)

slot |ong-bar-1bs-Inft
slot-type attribute
dat a-type nunber
sources (hie bdd)
units |bs/Inft

slot long-bar-1lbs-ftg
slot-type attribute
dat a-type nunber
sources (hie bdd)
units |bs

sl ot short-bar-size
slot-type attribute
dat a-type nunber
sources (hie bdd)

sl ot short-bar-spacing
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slot-type attribute
dat a-t ype nunber
sources (hie bdd)
units inches
sl ot short-bar-pieces
slot-type attribute
dat a-type nunber
sources (hie bdd)
slot quality-of-concrete
slot-type attribute
dat a-type synbol
sources (hie bdd)
sl ot concrete-pl aci ng- met hod- sel ect i on
slot-type attribute
data-type synbol
sources (hie bdd)
slot footing-forns-selection
slot-type attribute
dat a-type synbol
sources (hie bdd)
slot earth-excavation-selection
slot-type attribute
dat a-type synbol
sources (hie bdd)
sl ot rock-excavation-sel ection
slot-type attribute
data-type synbol
sources (hie bdd)
slot trench-bracing-selection
slot-type attribute
dat a-type synbol
sources (hie bdd)
slot backfill-selection
slot-type attribute
data-type synbol
sources (hie bdd)
sl ot footing-keyway-sel ection
slot-type attribute
dat a-type synbol
sources (hie bdd)
slot reinforcing-steel-selection
slot-type attribute
dat a-type synbol
sources (hie bdd)
slot anchor-bolts-and-base-pl ates-sel ection
slot-type attribute
dat a-type synbol
sources (hie bdd)
candi dat e- key i nstance-nane
candi dat e- key conponent-id
pri mary-key conponent-id

entity retaining-wall
sources (hie bdd)

sl ot instance-nane
slot-type attribute
dat a-type synbol
sources (hie)

sl ot conponent-id
slot-type attribute
data-type synbol
sources (hie bdd)

slot quantities
slot-type relationship
dat a-type synbol
sources (hie)
rel ationshi p-type subpart

sl ot nunber
slot-type attribute
dat a-type nunber
sources (hie bdd)

slot length
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slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

sl ot hei ght
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

sl ot top-thickness
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

sl ot base-thickness
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

slot wdth
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

sl ot footing-thickness
slot-type attribute
dat a-t ype nunber
sources (hie bdd)
units feet

sl ot stepped-footing-height
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

slot footing-toe-width
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

sl ot footing-depth
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

sl ot reinforcing-steel
slot-type attribute
dat a-type nunber
sources (hie bdd)
units Ibs/cuyd

slot quality-of-concrete
slot-type attribute
dat a-type synbol
sources (hie bdd)

sl ot concrete-placenent-sel ection
slot-type attribute
data-type synbol
sources (hie bdd)

slot foot ing-formand-finish-selection
slot-type attribute
data-type synbol
sources (hie bdd)

slot wall-forns-selection
slot-type attribute
dat a-type synbol
sources (hie bdd)

sl ot excavation-sel ection
slot-type attribute
dat a-type synbol
sources (hie bdd)

slot trench-backfill-selection
slot-type attribute
dat a-type synbol
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sources (hie bdd)
sl ot retained-backfill-selection
slot-type attribute
data-type synbol
sources (hie bdd)
slot reinforcing-steel-selection
slot-type attribute
data-type synbol
sources (hie bdd)
slot footing-key-and-constr-joints-selection
slot-type attribute
data-type synbol
sources (hie bdd)
slot m scel |l aneous-sel ection
slot-type attribute
dat a-type synbol
sources (hie bdd)
candi dat e- key instance-nane
candi dat e-key conponent-id
primary-key conponent-id

entity structural-netal
sources (hie bdd)

sl ot instance-name
slot-type attribute
data-type synbol
sources (hie)

slot conponent-id
slot-type attribute
dat a-type synbol
sources (hie bdd)

slot quantities
slot-type relationship
dat a-type synbol
sources (hie)
rel ati onshi p-type subpart

sl ot nunber
slot-type attribute
dat a-type nunber
sources (hie bdd)

sl ot pieces-per-location
slot-type attribute
dat a-type nunber
sources (hie bdd)

slot first-dinmension
slot-type attribute
dat a-type nunber
sources (hie bdd)
units inches

slot second- di mensi on
slot-type attribute
dat a-type nunber
sources (hie bdd)
units inches

sl ot thickness
slot-type attribute
dat a-type nunber
sources (hie bdd)
units inches

slot length
slot-type attribute
dat a-type nunber
sources (hie bdd)
units feet

sl ot wei ght
slot-type attribute
dat a-type nunber
sources (hie bdd)
units Ibs/Inft

slot fireproofing-thickness
slot-type attribute
dat a-type nunber
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sources (hie bdd)
units inches
ot anchor-bol t-diameter
slot-type attribute
dat a-type nunber
sources (hie bdd)
units inches
ot anchor-bolt-length
slot-type attribute
dat a-t ype nunber
sources (hie bdd)
units feet
slot type-of-netal -selection
slot-type attribute
dat a-type nunber
sources (hie bdd)
ot type-of-nmenber-sel ection
slot-type attribute
dat a-type synbol
sources (hie bdd)
ot erection-nethod-sel ection
slot-type attribute
dat a-type synbol
sources (hie bdd)
slot surface-treatnent-selection
slot-type attribute
dat a-type synbol
sources (hie bdd)

S

S

S

S

s
slot-type attribute

dat a-type synbol

sources (hie bdd)

ot anchor-bolts-sel ection
slot-type attribute

dat a-type synbol

sources (hie bdd)

ot el ement - nunber-sel ection
slot-type attribute
data-type synbol

sources (hie bdd)

candi dat e-key i nstance-name
candi dat e- key conponent-id
primary-key conponent-id

S

S

entity construction-quantity
slot quantity-for
range concrete-footing
range retaining-wal l
range structural -metal
slot quantity-id
range unit-cost

entity unit-cost
sl ot unit-cost

constraint (unit-cost.unit-cost

ot spray-on-fireproofing-selection

== unit-cost. matl cost
+ unit-cost.instcost)
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7.2. Data

The following sections show the data in the relations of the building design (BDD), unit cost
(UCD), and project management (PMD) databases. The data in the BDD and UCD does not
change during HICOST-II processing; therefore, only one version of the data in those databases is
shown here. The PMD is initially empty and is updated by HICOST; therefore, two version are
included here: after the end of the takeoff process and after the end of the pricing process.

7.2.1. Building Design Database Data

The following six relations represent the three different types of objects contained in the
building design database. The relations and attributes are defined in Section 5.2.2.3 of the thesis.

cf_att relation {describestheattributesofconcretefootings)

|id la |b lc Id le | f g Ih li I | k |I
I 111 1] 150.000 | 3.0001 1.0001 98.6701 94.3301 1.0001 0.0001 O0.000! 4.050| 48.0301
I 12| 6| 5.0001 1.5001 1.0001 98.6701 94.3301 0.0001 0.0001 0.0001 3.0501 5.0501
I 13| 4 0.0001 3.0001 1.3301 0.0001 0.0001 0.0001 0.0001 0.0001 O.O000! 0. 0001
II 14| 12| 8.0001 7.0001 1.5001 98.5001 97.5001 0.0001 96.5001 0.0001 8.0601 8. OGOiI.
cf__specrel ation{describesthe construction method for concretefootings)

‘ id | ssO | ssl | ss2 | ss3 | ss4 | ss5 | ss6 | ss7 | ss8 | ss9 I|

1 HI (o] 5| 1| 1] 0| o] 31 1] 11 o]

I 121 (o] 3| [o]| 1] (o] o] 31 6| 11 (o]

I 131 0| (o] o] [o]| 0| o] 01 5| 9| o]

|I 14 | 5| 4| (o] 4] o] 1] 1] 4| 71 2||

rw__att relation {describestheattributesofretainingwalls)

|||d|a|b |c Id |e | f lg | h li |i | k

I 31] 1) 30.0001 8.6701 0.670] 1.0001 7.0001 1.2501 3.5001 0.0001 3.0001 O.0001
I 32| 1] 0.0001 0.0001 0.0001 0.0001 7.0001 3.3301 0.0001 0.0001 0.0001 O.0001
I 33| 11154. 0001 12.0001 1.0001 1.000] 6.5001 1.5001 3.0001 0.0001 2.3301 70.0001
I 34| 1| 82.0001 6.0001 0.3301 0.0001 0.0001 0.0001 0.0001 O0.0001 O0.0001 O.0001
I ,
rw_specrel ation{describesthe construction method for retaining walls)

| id | ssO | ssl | ss2 | ss3 | ss4 | ss5 | ss6 | ss7 | ss8 | ss9 I|

1 31| 5| 1] 1] 2| 1] 1] 21 1] 1] (o]

1 321 (o] 0| (o] (o] 0| o] 0i 3| 9| (o]

I 33| 3! 6| 1! 5| 3| 3| 1] 2| 3! 0|

1 34 | (o] 0| o] (o] o] [o]| 3| 0| 31
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sm__att relation {describesthe attributes of structural metal)

| 211 21 5.0001 12.000] 12.3001 0.0001 20.000 1120.0001 1.5001 0.000i 0. 000] !
| 221 41 10.0001 8.000] 8.000] 0.0001 12.5001 48.0001 2.0001 g oooi 1.250| 9: 986k
| 23| 10| 2.0001 6.000] 4.000| 0.3701 15.0001 0.0001 0.0001 ¢ 0ooi 0 .000i O.000]
| 24) 21 4.0001 12.0001 8 0001 0.5001 12.0001 0.0001 0.0001 0.000| 0.7501 1.5001
| _________________________________________________________________________________ [P

sm_spec relation {describesthe construction methodfor structural metal)

lid i ssO | ss4 | ss5 | ss6 | ss7 | ss8 | ss9 |
| m—————————— s :
Y o u u u  on '
| 221 1 1 o 0L 1 21 %
| 23| 9 (018 oL 3l 1 41 21
| 24| 7| 21 01 01 41 61 41

7.2.2. Unit Cost Database Data

The following relation contains the unit cost information. The relations and attributes are
defined in Section 5.2.2.3 of the thesis. The fields DATEMCOOS and DATHCOS (the dates for the
material and installation costs) are omitted from this display because values for those fields were
never stored in the database. The relation contains 100 tuples. The parenthesized number in the
ITEMDESC field for each tuple references the item number in Means Building Construction Cost
Data 1986 [Means 86] corresponding the MATLCOST and INSTCOST val ues.

unit_cost relation

222111 Bl asting rock ftg. excavation (02.3-15-220)

| 1. 050 | 39. 0001
24100| Open plank bracing earth (02.3-38-390)

titencode|itendesc litemunit tmatl cost tinstcost|
e e e i
i 33100 13000 psi ready-m x concrete (03.3-12-015) | CUYD | 48.900] 0. 0001
| 3310112500 psi ready-mx concrete (03.3-12-010) | CUYD I 47.2504 0.000i
| 33102 13500 psi ready-m x concrete (03.3-12-020) | CUYD i 50.5501 0. 000|
| 33103 13750 psi ready-m x concrete (03.3-12-025) | CUYD I 51.5001 0.000j
| 33104 14000 psi ready-m x concrete (03.3-12-030) | CUYD | 52.2001 0. 000l
| 331201 pour (wall) concrete ftg - direct (03.3-38-190) | CUYD | 0. 4501 6. 7001
| 331301l pour (wall) concrete ftg - carts (03.3-38-562) | CUYD ] 1.150 6. 050|
| 331511 pour (wall) concrete ftg - punp (03.3-38-195) | CUYD ) 5.650(1 11.000]
| 331401 pour (wall)concrete ftg - crane (03.3-38-200) | CUYD | 6.650|] 12.2001
| 331651 pour (colum) concrete ftg - direct (03.3-38-190) |CUYD | 0.450] 6. 7001
| 331661 pour (colum) concrete ftg - carts (03.3-38-562) | CUYD | 1.150 | 6. 0501
| 331671 pour (colum) concrete ftg - punp (03.3-38-195) | CUYD | 5.650| 11.0001
| 331681 pour (colum) concrete ftg - crane (03.3-38-200) |CUYD | 6.650| 12.200]|
| 30136| finish top of footing (03.3-26-001 floor finish) | SQFT { 0. 000 | 0.1701
| 31006/ wal |l ftg. fornms - earth (03.1-45-005 2 use) 1SQFT | 0.430] 1. 4401
! 31007l colum ftg. fornms - earth (03.1-45-005 2 use) | SQFT | 0.430] 1. 4401
| 31008l wal |l ftg. bul khead form (03.1-55-100 1 use) | SQFT | 0. 340 1.2401
\ 31009| Add pilaster wall ftg form (03.1-65-862 2 use) | SQFT i 0.910 | 2.9601
| 310101 Curved wall ftg form (03.1-65-405 2 use) | SOFT | 0.920} 3.2601
| 31013Iwall ftg. forms - rock (03.1-45-015 2 use) | SQFT H 0.430¢ 1. 4401
i 310141 colum ftg. forms - rock (03.1-45-015 2 use) | SQFT 1 0. 4301 1. 440 |
H 31016| pile cap forms (03.1-45-305 2 use) | SQFT | 1.240 | 2.180t
| 2220331 Mach ftg. earth excavation (02.3-18-004 3') | CUYD | 1.170 | 1.460 i
i 2220341 Mach ftg. earth excavation (02.3-18-004 3-4") | CUYD | 1.170 | 1.460 1\
| 2220351 Mach ftg. earth excavation (02.3-18-004 4-5') 1 CUYD 1 1.1701 1.460]
| 222036| Mach ftg. earth excavation (02.3-18-004 5-6' | | 1.1701 1. 460]
| 222051 Hand ftg. earth excavation (02.3-18-140) | | 0.000| 15.900
] 222071 Hand ftg. rock excavation (02.3-18-150) | 0.0001 32.000]|
f |

| |
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21401| Solid wood bracing earth (02.3-38-390)

241021 H-colums & plank bracing - earth (02.3-40-010)

222041 On-site earth-machi ne (02.3-03-130)
222041| add hand tanp (02.3-18-170 trench)
22206| Earth Bf-Hand only (02.3-03-001)
22217| Earth borrow BF-machi ne (02.3-05-020)
222191 Granul ar Borrow BF-machi ne (02.3-05-060 sand)

222201 Gravel / stone borrow BF-machine only (02.3-05-034)

31011| Footi ng keyway 2x4 (03.1-45-150)

310121 Waterstop (03.1-90-001 4 inch pvc)

31019| Add. matl. Footing keyway 2x4 (03.1-45-150)
321011 re-steel footings (03.2-04-050 #3-#7 bars)
33301| footing anchor bolt (03.1-05-125 1.5"x24")
33302| footing anchor bolt sleeve (03.1-05-175)

33303| col uimm ftg. base plate (04.1-30-080 door opng.)

26300 13000 psi ready-mix concrete (03.3-12-015)
2630112500 psi ready-mix concrete (03.3-12-010)

26302 13500 psi ready-m x concrete (03.3-12-020)
26303 13750 psi ready-nmix concrete (03.3-12-025)
26304| 4000 psi ready-m x concrete (03.3-12-030)
26610l pour ret wall cone ftg - direct (03.3-38-190)
26611| pour ret wall cone ftg - carts (03.3-38-562)
26612l pour ret wall cone ftg - punp (03.3-38-195)
26616| pour ret wall cone - direct (03.3-38-490)
26617| pour ret wall cone - carts (03.3-38-562)
26618l pour ret wall cone - punp (03.3-38-495)
26619| pour ret wall cone - crane (03.3-38-500)
26623| Finish top of footing (03.3-26-001)
26630| Ftg. forns in Earth (03.1-45-005 2 use)
26631| Ftg. forms in Earth (03.1-45-005 2 use)
26632| Ftg. bul khead (03.1-55-100 1 use)
26640 wal | forns (03.1-65-215 2 use)
26621| Point & patch (03.3-28-001)
26651| Add batter wall forms (03.1-65-330 2 use)
26652| Add | edge form (03.1-65-030 2 use)
266601 Dovet ai | anchor slots (03.1-05-470 20 gauge)
421001 Face brick-std. (04.2-60-085 4" thick)
419001 d ean face brick (04.2-08-001 snooth brick)
222141 BF-gravel - machine (02.3-05-034 1/2")
222151 BF- backrun - nachi ne (02.3-05-010)
222181 BF-earth borrow hand only (02.3-03-001)
22221 On-site earth-machine (02.3-03-130)
2222111 Machi ne BF conpaction (02.3-03-230 sheepsfoot)
222221 Earth borrow BF-nachi ne (02.3-05-020)
2222211 Machi ne BF conpaction (02.3-03-230 sheepsfoot)
32104 Ire-steel - walls (03.2-04-070 #3-#7 bars)
26633 12x4 keyway (03.1-45-150 2x4)
26634 12x6 keyway (03.1-45-155 2x6)
2663512x8 keyway (03.1-45-155 2x6)
2663613x8 keyway (03.1-45-155 2x6)
266531 Wall constr. joint (03.1-65-050 bul khead)
26620| Rub exposed wall (03.1-28-005)
26622| Finish top of wall (03.1-28-060)
266651 Wat erstop 6" PVC (03.1-90-005)
510500| Add hi-strength steel (05.1-50-410)
510510| Add specialty steel (05.1-50-400)
5106001 Furn. struct, alum num (05.1-05-010)
5106101 Furn. extruded al um num (05. 1-05-030)
510140 1 Furn. Str. Stl. Beams (05.1-50-090)
5100101 Furn. Str. Stl. H-colums (05.1-50-090)
510020 1 Furn. Str. Stl. Channels (05.1-30-060)
510030 1 Furn. Str. Stl. Angles (05.1-40-040)
510040 1 Furn. sStr. Stl. Plates (05.1-50-090)
510070 1 Furn, Str. Stl. Tubular (05.1-26-360)
510080 Furn. Str. Stl. Pipe colum (05.1-26-160)
5100601 Furn. Str. Stl. Bars (05.1-50-090)
5100501 Furn. Str. Stl. Rods (05.1-30-132)
991050l Field paint str. stl. (05.1-50-652)
510520| Add gal vani ze str. stl. (05.1-50-600)
5101001 Fur ni sh anchor bolts (03.1-05-135)
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7.2.3. Project Management Database Data

Prior to HICOST-Il execution, the quantity relation in the project management database is
empty. The takeoff process fills the QTYJD, COMPID, UNITS and AMCOUNT dlots with the values
shown in the first of the following sections. The pricing process causes the vaues for COST dot
to be updated as shown in the second section. In each case, the relation contains 80 tuples. The
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relations and attributes are defined in Section 5.2.2.3 of the thesis.
Project Management Database after Takeoff

quantity

lgty_id
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|

relation

i comp_id

333031
333021
333011
321011
2220411
222191
222071
2220331
31014
301361
331671
331021
310081
310061
331201
321011
2220411
22204 1
222051
2220361
310091
310061
301361
331201
331001
321011
310111
2220411
22204 1
222051
2220361
31006!
301361
331201
331001
33303I
333021
333011
2220411
222191
222071
222033|
31014]
301361
33167
331001
33303|
333021
333011
2220411
222191

141 CUYD
141 SQFT
141 SQFT
141 CUYD
141 CUYD
131 SQFT
131 SQFT
131 CUYD
12| TON

121 CUYD
121 CUYD
121 CUYD
121 CUYD
121 SQFT
121 SQFT
121 SQFT
121 CUYD
121 CUYD
111 TON

111 LNFT
111 CUYD
111 CUYD
111 CUYD
111 CUYD
111 SQFT
111 SQFT
111 CUYD
111 CUYD
34| PCS

34| PCS

34| PCS

341 CUYD
341 CUYD
341 CUYD
341 CUYD
341 SQFT
341 SOFT
341 cUYD
341 CUYD
33| PCS

33| PCS

331 PCS

331 CUYD
331 CUYD

150.
149.
149.

190.
300.
450.

[
o o

=
NN EPOOO0O0OWINNE

~~
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123.
185.
33.

11.
81.

1779.

55.

245.

107.
80.
500.
561.
76.

OCOC OO0 00 00O 00 0OPOL OOOOO000000

| 222071 331 CUYD | 24,
t 2220331 331 CUYD | 130.
I 310141 331 SGFT | 481
| 301361 331 SQFT | 1001
i 331671 331 CUYD | 55.
| 331001 331 CUYD | 55.
| 33303! 32| PCS | 1.
| 333021 321 PCS [ 2.
! 333011 321 PCS | 2.
; 2220411 321 CUYD | 4.
t 222191 321 CUYD | 4,
i 22207| 321 CUYD | 0.
i 2220351 321 CUYD I 1.
| 2220331 321 CUYD i 1.
i 31014] 321 SQFT | 46.
| 301361 321 SQFT | 0.
| 331671 321 CUYD | 0.
| 331001 321 CUYD | 0.
| 333031 311 PCS 1 1.
1 333021 311 PCS [ 2.
| 33301! 311 PCS | 2.
; 2220411 311 CUYD | 15.
| 222191 311 CUYD | 15.
| 222071 311 CUYD ! 5.
| 2220331 311 CUYD | 26.
i 310141 311 SQFT | 92
| 301361 311SQFT I 210.
| 331671 311 CUYD | 9.
| 331001 311 CUYD | 9.
| = e o e e e e |
Project Management Database after Pricing
quantity relation

['qt y_id | conp_id |units 1 anount ]
| 333031 141PCS [ 12.
| 33302] 141PCS 1 24
| 333011 141 PCS | 24,
| 321011 14| TON [ 6.
| 2220411 141 CUYD | 69
| 222191 141 CUYD | 69.
| 222071 141 CUYD | 20.
i 2220331 141 CUYD {111
[ 31014 141 SQFT | 540
| 301361 141 SQFT I 672
| 331671 141 CUYD [ 37
| 331021 141 CUYD [ 37.
| 310081 131 SGFT | 15.
| 310061 131 SQFT | 8.
[ 331201 131 CUYD | 0.
[ 321011 12| TON | 0.
| 2220411 121 CUYD | 45,
| 22204] 121 CUYD i 45,
| 222051 121 CUYD | 0.
| 2220361 121 CUYD [ 46
| 310091 121 SQFT | 48.
| 310061 121 SQFT | 18.
! 301361 121 SQFT | 45,
| 331201 121 CUYD | 1.
1 33100| 121 CUYD | 1.
i 32101| 111 TN | 2.
| 310111 . 11ILNFT | 150.
i 2220411 111 CUYD I 149.
[ 222041 111 CUYD | 149.
[ 222051 111 CUYD | 5.
| 2220361 111 CUYD | 190.
| 310061 111 SQFT | 300.
| 301361 111 SQGFT | 450.
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! 331201 111 CUYD | 16. 6671 119. 1691
{ 33100 | 111 QUYD | 16. 6671 815. 0161
{ 33303 34| PCS | 1. 0001 18. 1501
i 33302 | 34| PCS | 2.0001 23.7001
| 333011 34| PCS | 2.0001 60. 0001
| 222041 341 CUYD | 5.6921 9.3351
| 222191 341 CUYD | 5. 6921 61.5311
| 22207t 34 1 QD | 3.1111 99. 5521
| 2220331 341 CUYD | 10. 5021 27.6201
| 310141 341 SQFT | 0. 0001 0. 0001
| 301361 341 SQFT | 0. 0001 0. 000!

i 33167t 341 CUYD | 0. 0001 0. 0001
| 331001 341 CUYD | 0. 0001 0. 0001
1 33303} 33| PCS k 1. 0001 18. 1501
| 333021 33| PCS ! 2.0001 23.700]
| 333011 33| PCS ! 2.0001 60. 000
| 2220411 331 CUYD } 72.2541 118. 497 |
| 222191 331 CUYD 1 72.2541 781. 066 |
| 222071 331 CUYD | 24.5561 785. 792}
| 222033 331 CUYD | 130. 9341 344. 356
| 31014 33 1 SGFT | 481. 5001 900. 4051
| 301361 331 SQFT | 1001. 0001 170.170]
1 33167 331 CUYD | 55. 6111 925. 9231
| 33100 331 CUYD | 55.6111 2719.378|
| 33303 32| PCS | 1. 0001 18. 1501
1 33302| 32| PCS | 2. 0001 23.700|
| 33301 321 PCS | 2.0001 60. 0001
| 222041 321 CUYD | 4. 6931 7.6971
| 22219 321 CUYD | 4. 6931 50. 731
| 22207 32| QUYD | 0.3331 10. 656 |
| 222035| 321 CUYD | 1. 5531 4.084 |
| 222033 321 CUYD | 1.9091 5.021i
| 31014 321 SQFT | 46. 6201 87.179|
| 30136 321 SQFT | 0. 0001 0.000|
| 33167 321 CUYD | 0. 0001 0.000 |
| 33100 321 QUYD | 0. 0001 0. 000
| 33303] 311PCS | 1.0001 18. 1501
| 33302| 31| PCS | 2. 0001 23. 7001
| 33301 311 PCS | 2.0001 60. 000
| 222041 311 CUYD | 15.1371 24.825]
| 222191 311 CUYD | 15.1371 163. 6311
i 222071 311 CUYD { 5. 3331 170. 656 |
| 2220331 311 CUYD { 26. 0581 68. 533
| 310141 311 SQFT I 92. 5001 172. 975
i 30136t 311 SQFT I 210. 0001 35.700]
| 33167 311 CUYD | 9.7221 161. 8711
| 33100 311 CUYD } 9.7221 475. 406 |

7.3. Component Takeoff Rules

The following sections contain the complete takeoff rule sets for concrete footings, retaining
walls, and structural metal. Section 5.2.2.1 of the thesis contains a description of four sample
rules taken from these rule sets.
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7.3.1. Concrete Footing Takeoff Rule Set

;7 Rules for quality of concrete

'('t'ake- off-rule concrete-footing-quality-of-concretel

if ( quality-of-concrete == "3000 psi standard m x"
and ( concret e- pl aci ng- met hod- sel ecti on == "none required"

or concrete-placing-nethod-selection == "wall ftg pour concrete direct"
or concrete-placing-nethod-selection == "wall ftg pour concrete w carts"
or concrete-pl aci ng-met hod-sel ection == "wall ftg punp concrete"
or concrete-pl aci ng-net hod-sel ection == "wall ftg pour concrete w crane"
or concrete-pl aci ng- met hod- sel ection == "columm ftg pour concrete direct"
or concrete-placi ng-nethod-selection == "colum ftg pour concrete w carts"
or concrete-placi ng-nethod-selection == "colum ftg punp concrete"
or concrete-pl aci ng-net hod-sel ection == "colum ftg pour concrete w crane"™
)

)
then (quantity-id = 33100 ,
units = "CUYD" ,
amount = nunmber * (length * width * footing-thickness) / 27.0 ,
make- quantity(quantity-id,units, anount)
)
3

(take-of f-rule concrete-footing-quality-of-concrete2
if ( qual i ty-of -concrete == "deduct for 2500 psi"
and concrete-pl aci ng- met hod-sel ection == "stepped wall ftg concrete"
]
then (quantity-id = 33101 ,
units = "CUYD" , )
amount = nunber * (width * footing-thickness
* (1 + 0.5 * footing-thickness)) / 27.0 ,
make- quantity(quantity-id, units, amount)
) .
3

(take-of f-rule concrete-footing-quality-of-concrete3
if ( qual ity-of-concrete == "deduct for 2500 psi"
and ( concr et e- pl aci ng- net hod- sel ecti on == "none required"
or concrete-placing-nethod-selection == "wall ftg pour concrete direct"”
or concrete-placi ng- met hod- sel ect ion "wal | ftg pour concrete w carts"
or concrete-pl aci ng- met hod- sel ect i on "wal |l ftg punp concrete"
or concrete-placing-method-selection == "wall ftg pour concrete w crane"
or concrete-placing-nmethod-selection == "colum ftg pour concrete direct”
or concrete-placing-nethod-selection == "colum ftg pour concrete w carts"™
or concrete-placing-nethod-selection == "colum ftg punp concrete”
or concrete-placing-met hod-sel ect ion == "colum ftg pour concrete w crane™
}

)
then (quantity-id = 33101 ,
units = "CUYD' ,
amount = nunber * (length * width * footing-thickness) / 27.0 ,
make- quantity(quantity-id,units, anount)
)
)

(take-off-rule concrete-footing-quality-of-concrete4
if ( quality-of-concrete == "deductfor 2500 psi"
and concr et e-pl aci ng-net hod-sel ection == "stepped wall ftg concrete"
)
then (quantity-id = 33100 ,
units = "CUYD' ,
anpunt = nunber * (width * footing-thickness
* (1 + 0.5 * footing-thickness)) / 27.0 ,
make- quantity(quant ity-id, units, anount)
)
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(take-off-rule concrete-footing-quality-of-concrete5

if (

and (
or
or
or
or
or
or
or
or

)

}

then (quantity-id =
units =

anount

qual i ty-of -concrete

concr et e- pl aci
concr et e- pl aci
concret e-pl aci
concr et e- pl aci
concr et e- pl aci
concr et e- pl aci
concr et e- pl aci
concr et e- pl aci
concr et e- pl aci

33102
"CUYD'
= nunber *

"add for
ng- net hod-sel ect i
ng- met hod-sel ecti
ng- met hod-sel ecti
ng- met hod-sel ecti
ng- met hod-sel ecti
ng- net hod-sel ecti
ng- net hod-sel ecti
ng- net hod-sel ecti
ng- net hod-sel ect i

(length * width *

on
on
on
on
on
on
on
on
on

footi

make- quantity(quantity-id, units, amount)

1

3500 psi "

"none required"
"wal | ftg pour
"wal | ftg pour
"wal | ftg punp
"wall ftg pour
"colum ftg pour
"colum ftg pour
"col um

"colum ftg pour

ng-t hi ckness) /

(take-of f-rule concrete-footing-quality-of-concrete6

if ( quality-of-concrete == "add for 3500 psi"
and concrete-pl aci ng- met hod- sel ecti on == "stepped wal |
)
then (quantity-id = 33102 ,
units = "CUYD' ,
amount =  nunber * (width * footing-thickness

}
}

* (1 + 0.5 * footing-thickness))
make- quantity(quantity-id,units, anpunt)

(take-off-rule concrete-footing-quality-of-concrete7

if (
and
or
or
or
or
or
or
or
or
)
)

qual ity-of-concrete == "add for

concr et e- pl aci ng- net hod- sel ecti on

concrete-pl aci
concr et e- pl aci
concret e- pl aci
concr et e- pl aci
concr et e- pl aci
concr et e- pl aci
concr et e- pl aci
concr et e- pl aci

then (quantity-id = 33103

units =

anmount

"CUYD"
= nunber *

ng- met hod- sel ecti
ng- met hod- sel ect i
ng- met hod- sel ecti
ng- met hod- sel ect i
ng- met hod- sel ecti
ng- met hod- sel ecti
ng- met hod- sel ecti
ng- met hod- sel ect i

(length * width * footi

on
on
on
on
on
on
on
on

make- quantity(quantity-id,units, anount)

}
}

3750 psi"

‘enone required"
"wall ftg pour
"wall ftg pour
v wal |
*wall ftg pour
tecolum ftg pour
*colum ftg pour
* col um

recolum ftg pour

ng-t hi ckness)

(take-of f-rule concrete-footing-quality-of-concrete8

if ( quality-of-concrete == "add for 3750 psi"
and concrete-pl aci ng- met hod- sel ecti on == "stepped wal |
}
then (quantity-id = 33103 ,
units = "CUYD' ,
amount =  nunber * (width * footing-thickness

* (1 + 0.5 * footing-thickness))

make- quantity(quantity-id,units, anount)

}

100

concrete direct"
concrete w/ carts"
concrete"

concrete w crane"

concrete direct"”
concrete w carts"

ftg punp concrete"

concrete w crane"

27.0 ,

ftg concrete"

/ 27.0,

concrete direct”
concrete w/ carts"
ftg punp concrete"

concrete w crane"

concrete direct”
concrete w carts"

ftg punp concrete"

concrete w crane"

/ 27.0 ,

ftg concrete"

/ 27.0,
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(take-of f-rule concrete-footing-quality-of-concrete9
if quality-of-concrete == "add for 4000 psi"
and ( concr et e- pl aci ng- met hod- sel ecti on == "none required"
or concrete-placing-net hod-sel ection == "wall ftg pour concrete direct"
or concrete-pl aci ng- net hod- sel ecti on “wal | ftg pour concrete w carts"”
or concrete-placi ng-net hod-sel ection "wal | ftg pump concrete"
or concrete-placing-nethod-sel ection "wal | ftg pour concrete w crane"
or concrete-placing-nethod-sel ection "colum ftg pour concrete direct”
or concrete-pl aci ng- net hod- sel ection "colum ftg pour concrete w carts"
or concr et e-pl aci ng- net hod- sel ecti on "“colum ftg punp concrete"
or concrete-placi ng- et hod-sel ection "colum ftg pour concrete w crane"
)

mowE N
[ ]

}
then (quantity-id = 33104 ,
units = "CUYD" ,
anount = nunber * (length * width * footing-thickness) / 27.0 .
make- quantity(quantity-id, units, amount)
)
H

(take-off-rule concrete-footing-quality-of-concretel0
if ( quality-of-concrete == "add for 4000 psi"
and concr et e-pl aci ng- met hod-sel ection == "stepped wall ftg concrete"

}
then (quantity-id = 33104 ,
units = "CUYD' ,
anmpunt = nunber * (width * footing-thickness
* (1 + 0.5 * footing-thickness)) / 27.0,
make- quantity(quantity-id, units, anount)
)

Rul es for concrete placenent
(take-off-rule concrete-footing-concrete-and-placing-nmethodl

if (concrete-placing-nethod-selection == "wall ftg pour concrete direct")

then (quantity-id = 33120 ,
units = "CUYD" ,
amount = nunber * (length * width * footing-thickness) / 27
make- quantity(quantity-id, units, anount)
gquantity-id = 30136 ,
units = "SQFT" ,
amount = nunmber * (length * width) |,
make- quantity(quantity-id,units, anount)

1

)

(take-of f-rule concrete-footing-concrete-and-placi ng-net hod2
if (concrete-placing-nethod-selection == "wall ftg pour concrete w carts™)
then (quantity-id = 33120 ,
units = "CUYD' ,

amount = nunber * (length * width * footing-thickness) / 27.0 ,
make- quantity(quantity-id, units, amount)

quantity-id = 33130 , 71y (wWalking cart, 150" haul)

units = "CUYD" ,

amobunt = nunber * (length * width * footing-thickness) / 27.0 ,

make- quantity(quantity-id, units, anount)
quantity-id = 30136 ,

units = "SQFT" ,

amobunt = nunber * (length * width) |,
make- quantity(quantity-id,units, anount)

i
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(take-of f-rule concrete-footing-concrete-and-placi ng- met hod3

if (concrete-placing-method-selection == "wall ftg punp concrete")

then (quantity-id = 33151
units = "CUYD" ,
amount = nunber * (length * width * footing-thickness) / 27.0 ,
make- quantity(quantity-id,units, amount) |,
quantity-id = 30136 |,
units = "SQFT" ,
anount = nunber * (length * width),
make- quantity(quantity-id, units, anmount)

}

(take-of f-rul e concrete-footing-concrete-and-pl aci ng- met hod4
if (concrete-placing-nmethod-selection == "wall ftg pour concrete w crane")
then (quantity-id = 33140 ,
units = "CUYD' ,
anount = nunber * (length * width * footing-thickness) / 27.0
make- quantity(quantity-id,units,amount)
quantity-id = 30136 ,
units = "SQFT" ,
amount = nunber * (length * wi dth)
make- quantity(quantity-id, units, amount)
)
)

(take-of f-rul e concrete-footing-concrete-and-placi ng- nmet hod5
if (concrete-placing-nethod-selection == "colum ftg pour concrete direct")
then (quantity-id = 33165 ,
units = "CUYD" ,
amount = nunber * (length * width * footing-thickness) / 27.0 ,
make- quantity(quant ity-id,units, amunt)
quantity-id = 30136 |,
units = "SQFT"
anount = nunber * (length * width) |,
make- quantity(quantity-id,units, anount)

}

(take-of f-rul e concrete-footing-concrete-and-pl aci ng- net hodé
if (concrete-placing-nethod-selection == "colum ftg pour concrete w carts"}
then (quantity-id = 33165
units = "CUYD' ,
anount = nunber * (length * width * footing-thickness) / 27.0 ,
make- quantity(quantity-id, units, amount) ,
quantity-id = 33166 |, 7y (Walking cart, 150" haul)
units = "CUYD' ,
amount =  nunber * (length * width * footing-thickness) / 27.0 ,
make- quantity(quantity-id,units,anmunt),
gquantity-id = 30136
units = "SQFT"
amount = nunber * (length * wi dth)
make- quantity(quantity-id,units, anount)

)

(take-of f-rule concrete-footing-concrete-and-placi ng-nethod7
if (concrete-placing-nethod-selection == "colum ftg punp concrete")
then (quantity-id = 33167
units = "CUYD' ,

anount = nunber * (length * width * footing-thickness) / 27.0 ,

make- quantity(quantity-id,units,amunt)
quantity-id = 30136
units = "SQFT" ,
amount = nunber * (length * wi dth)
make- quant ity(quantity-id, units, amunt)
i
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(take-of f-rule concrete-footing-concrete-and-placing-nmet hod8
if (concrete-placing-nethod-selection == "colum ftg pour concrete w crane")
then (quantity-id = 33168 ,
units = "CUYD" ,
amount = nunmber * (length * width * footing-thickness) / 27.0 ,
make- quantity(quantity-id,units, amunt) ,
quantity-id = 30136 ,
units = "SQFT" ,
amount = nunber * (length * width)
make- quantity(quantity-id, units, amount)
}
)

(take-of f-rule conerete-foot i ng-concrete-and-pl aci ng- met hod9
if (concrete-placing-nethod-selection == "stepped wall ftg concrete")
then (quantity-id = 33120 ,
units - "CUYD' ,
anount = nunber * (width * footing-thickness
* (1 + 0.5 * footing-thickness)) / 27.0,
make- quantity(quantity-id,units, anount)
)
)

;77 Rules for wall and columm footing forns.
(take-of f-rule concrete-footing-wall-and-col um-foot i ng-formnmsl
if (footing-forns-selection == "formwall ftg earth")
then (quantity-id = 31006 |,
units = "SQFT" ,
ampunt = nunber * (2 * length * footing-thickness) ,
make- quantity(quantity-id,units, anount)
}
)

(take-off-rule concrete-foot i ng-wall -and-col um-footi ng-forns2
if (footing-forms-selection == "formwall ftg rock")
then (quantity-id = 31013 ,
units = "SQFT"
amount = nunmber * (2 * length * footing-thickness) ,
make- quantity(quantity-id,units, anount)
)
}

(take-off-rule concrete-foot i ng-wall-and-col um-foot i ng-forns3
if (footing-forns-selection == "form colum ftg earth")
then (quantity-id = 31007 ,
units = "SQFT" ,
amount = nunber * ((2 * length + 2 * width)
* footing-thickness) ,
make- quantity(quantity-id, units, amount)
i
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(take-of f-rule concrete-footing-wall-and-col um-foot i ng-fornms4
if (footing-forms-selection == "form colum ftg rock")
then (quantity-id = 31014 ,
units = "SQFT" ,
anount = nunber * ((2 * length + 2 * width)
* footing-thickness) ,
make- quantity(quantity-id, units, amount)
}
}
(take-of f-rule concrete-footing-wall-and-col um-foot ing-forns5
if (footing-forms-selection == "stepped ftg forns")
then (quantity-id = 31006 ,
units = "SQFT" ,
anount = nunber * -(footing-thickness
* 1 + footing-thickness 12)),
make- quantity(quantity-id,units, amunt) ,
quantity-id = 31008 |,
units = "SQFT" ,
amount =  nunber * (width * footing-thickness)
make- quantity(quant ity-id,units, amount)

)

(take-off-rule concrete-foot i ng-wall-and-col um-footing-fornms6
if (footing-forms-selection == "pilaster wall ftg")
then (quantity-id = 31006 ,
units = " SQFT"
anount = nunber * (2 * width * footing-thickness) |,
make- quantity(quantity-id,units,anmunt)
quantity-id = 31009 |,
units = "SCQFT" ,
anount = nunber * ((2 * width + length)
* footing-thickness) |,
make- quantity(quantity-id, units, anmount)

(take-of f-rule concrete-footing-wall-and-col um-foot i ng-forns7
if (footing-forms-selection == "curved wall ftg")
then (quantity-id = 31010 ,
units = "SQFT" ,
anount = nunber * (2 * length * footing-thickness) |,
make- quantity(quantity-id,units, amunt)
)
)

(take-off-rule concrete-footing-wall-and-col um-foot ing-forns8
if (footing-fornms-selection == "pile cap forns")
then (quantity-id = 31016 ,
units = "SQFT" ,
anount = nunber * ((2 * length + 2 * width)
* footing-thickness) |,
make- quantity(quantity-id, units, anount)
]
}

(take-of f-rul e concrete-foot i ng-wall -and-col um-footing-forns9
if (footing-forms-selection == "wall ftg bul khds.")
then (quantity-id = 31008 ,
units = "SQFT" ,
amount = nunber * (width * footing-thickness) |,
make- quantity(quantity-id, units, anount)
)
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;;; Rules for earth excavation

(take-off-rule concrete-footing-earth-excavati onl
if ( eart h-excavation-selection == "mach. to top of rock"
and grade-elevation - rock-elevation <= 3 )
then (quantity-id = 222033 ,
units = "CUYD" ,
amount = nunber *
((length + 2 + (grade-elevation - rock-elevation) / 3)
* (widthe+ 2 + (grade-elevation - rock-elevation) / 3)
* ( grade-elevation - rock-elevation)) / 21 ,
make- quantity(quantity-id, units, amount)
}
}

(take-off-rule concrete-footing-earth-excavation2
if ( eart h-excavation-selection == "mach. to top of rock"
and grade-el evation - rock-elevation > 3
and grade-el evation - rock-elevation <= 4 )
then (quantity-id = 222034 ,
units = "CUYD" ,
anount = nunber *
((length + 2 + (grade-elevation - rock-elevation) / 3)
* (width + 2 + (grade-elevation - rock-elevation) / 3)
* ( grade-elevation - rock-elevation)) / 27 ,
make- quantity(quantity-id,units, anount)
)
)

(take-off-rule concrete-footing-earth-excavation3
if ( eart h-excavation-sel ection == "mach. to top of rock"
and grade-el evation - rock-elevation > 4
and grade-elevation - rock-elevation <= 5 )
then (quantity-id = 222035 ,
units = "CUYD" ,
anmount = nunber *
((length + 2 + (grade-elevation - rock-elevation) / 3)
* (width + 2 + (grade-elevation - rock-elevation) / 3)
* ( grade-elevation - rock-elevation)) [/ 27 ,
make- quantity(quant ity-id,units, anount)
)
)

(take-off-rule concrete-footing-earth-excavation4
if ( eart h-excavation-selection == "mach. to top of rock"
and grade-el evation - rock-elevation > 5
and grade-el evation - rock-elevation <= 6 )
then (quantity-id = 222036 ,
units = "CUYD' |,
amount = nunber *
((length + 2 + (grade-elevation - rock-elevation) / 3)
* (width + 2 + (grade-elevation - rock-elevation) / 3)
* ( grade-elevation - rock-elevation)) / 27 ,
make- quantity(quantity-id, units, anount)
)
}

(take-of f-rule concrete-footing-earth-excavat i on5
if ( eart h-excavati on-sel ecti on == "hand excavati on only"
and rock-excavation-sel ection == "none-required" )
then (quantity-id = 22205 ,
units = "CUYD" ,
anount =  nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* ( grade-elevation - top-elevation + footing-thickness)) [/ 27,
make- quantity(quantity-id,units, anount)
)
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(take-off-rule concrete-footing-earth-excavation6é

if ( eart h-excavation-sel ecti on == "hand excavation only"
and ( rock-excavati on-sel ection == "machine w hand dress-up"
or rock-excavation-selection == "hand excavation only"
or rock-excavation-sel ection == "blasting w nachine & hand dress-up"

then (quantity-id = 22205 ,

units = "CUYD' ,

anount = nunber *
((length + 2 + (grade-elevation - rock-elevation) / 3)
* (width + 2 + (grade-elevation - rock-elevation) / 3)
* ( grade-elevation - rock-elevation)) / 21 ,

make- quantity(quantity-id, units, amount)

)

)

(take-off-rule concrete-footing-earth-excavation7
if ( eart h-excavation-sel ection == "nachine w hand dress-up"
and grade-el evation - top-elevation + footing-thickness <= 3 )
then (quantity-id = 222033 ,
units = "CUYD" |,
anount = nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* ( grade-elevation - top-elevation + footing-thickness)) / 27,
make- quantity(quantity-id,units,anmunt),
quantity-id = 22205
units = "CUYD' ,
amount = nunber * ((length + 1.5) * (width + 1.5) * 0.2) / 27 ,
make- quantity(quantity-id, units, amount)

H

(take-of f-rule concrete-footing-earth-excavation8
if ( eart h-excavation-sel ection == "nachine w hand dress-up"
and grade-el evation - top-elevation + footing-thickness > 3
and grade-el evation - top-elevation + footing-thickness <= 4 )
then (quantity-id = 222034 ,
units = "CUYD" |,
amount = nunber
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* ( grade-elevation - top-elevation + footing-thickness)) / 27,
make- quantity(quantity-id,units, anount)
quantity-id = 22205 ,
units = "CUYD" ,
amount = nunber *  ((length + 1.5) * (width + 1.5 * 0.2) / 27 ,
make- quantity(quantity-id, units, amount)

*

}

(take-off-rule concrete-footing-earth-excavation9
if ( eart h-excavation-sel ection == "nmachine w hand dress-up"”
and grade-el evation - top-elevation + footing-thickness > 4
and grade-el evation - top-elevation + footing-thickness <=5 )
then (quantity-id = 222035 ,
units = "CUYD' ,
amount = nunber
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* ( grade-elevation - top-elevation + footing-thickness)) / 27 .
make- quantity(quantity-id,units, anount)
quantity-id = 22205 ,
units = "CUYD' ,
amount = nunber * ((length + 1.5) * (width + 1.5) * 0.2) / 27 ,
make- quantity(quantity-id,units, anount)

*
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(take-of f-rule concrete-foot i ng-earth-excavati onl0
if ( eart h-excavation-sel ection == "machine w hand dress-up"
and grade-el evation - top-elevation + footing-thickness > 5
and grade-elevation - top-elevation + footing-thickness <= 6 )
then (quantity-id = 222036 ,
units = "CUYD' ,
anmount = nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* ( grade-elevation - top-elevation + footing-thickness)) / 21,
make- quantity(quantity-id,units, amunt)
quantity-id = 22205 ,
units =" L
amobunt = nunber * ((length + 1.5) * (width + 1.5) * 0.2) / 27 ,
make- quantity(quantity-id,units, anount)

1
;;; Rules for rock excavation

(take-of f-rule concrete-foot ing-rock-excavationl
if ( rock-excavati on-sel ection == "machine w hand dress-up"
and grade-el evation - top-elevation + footing-thickness <= 3 )
;;; use total depth of trench to determ ne machine excavation cost
then (quantity-id = 222033 ,
units = "CUYD' ,
amount = nunmber *
((length + 2) * (width + 2)
* (rock-elevation - top-elevation + footing-thickness)) / 27.0,
make- quantity(quantity-id, units, amount)
quantity-id = 22207 ,
units = "CUYD' ,
amount = nunber * ((length + 2) * (width + 2) * 0.5 / 27.0 ,
make- quantity(quant ity-id,units, amount)

}

(take-of f-rule concrete-footing-rock-excavation2
if ( rock-excavation-sel ection == "machine w hand dress-up"
and grade-el evation - top-elevation + footing-thickness > 3
and grade-el evation - top-elevation + footing-thickness <= 4 )
;;; use total depth of trench to determ ne nmachine excavation cost
then (quantity-id = 222034 ,
units = "CUYD' ,
anmount = nunber *
((length + 2) * (width + 2)
* (rock-elevation - top-elevation + footing-thickness)) / 27.0,
make- quantity(quantity-id, units, amount)
quantity-id = 22207 ,
units = "CUYD' ,
amount = nunber * ((length + 2) * (width +2) * 0.5 / 27.0 ,
make- quantity(quantity-id,units, anount)

)

(take-off-rule concrete-footing-rock-excavation3
if ( rock-excavati on-sel ection == "machine w hand dress-up"
and grade-el evation - top-elevation + footing-thickness > 4
and grade-el evation - top-elevation + footing-thickness <=5 )
77, use total depth of trench to determ ne machine excavation cost
then (quantity-id = 222035 ,
units = "CUYD" ,
amount = nunber * ((length +2) * (width + 2)
* (rock-elevation - top-elevation + footing-thickness)) / 27.0,
make- quantity(quantity-id, units, amount)
quantity-id = 22207 ,
units = "CUYD" ,
amount = nunmber * ((length + 2) * (width +2) * 0.5) / 27.0 ,
make- quantity(quantity-id,units, anount)
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(take-of f-rule concrete-foot i ng-rock-excavation4
if ( rock-excavation-sel ection == "nachine w hand dress-up"
and grade-el evation - top-elevation + footing-thickness > 5
and grade-elevation - top-elevation + footing-thickness <= 6 )
;7 use total depth of trench to determ ne machi ne excavati on cost
then (quantity-id = 222036 ,
units = "CUYD" ,
amount = nunber * ((length +2) * (width + 2)
* (rock-elevation - top-elevation + footing-thickness)) / 27.0,
make- quantity(quantity-id,units, amount)
quantity-id = 22207 ,
units = "CUYD' ,
amount = nunber * ((length + 2) * (wdth +2) * 0.5 / 27.0 ,
make- quantity(quantity-id, units, amount)

)

(take-of f-rule concrete-footing-rock-excavation5
if (rock-excavation-selection == "hand excavation only")
then (quantity-id = 22207 ,
units = "CUYD" ,
amount = nunber * ((length +2) * (width + 2) * 0.5 [/ 27.0 ,
make- quantity(quantity-id, units, amount)
)
)

(take-of f-rule concrete-footing-rock-excavation6é
if (rock-excavation-selection == "blasting w machine & hand dress-up")
then (quantity-id = 22211 ,
units = "CUYD" ,
amobunt = nunber * ((length +2) * (width + 2)
* (rock-elevation - top-elevation + footing-thickness)) / 27.0,
make- quantity(quantity-id,units, amount)
gquantity-id = 22207
units = "CUYD' ,
amount = nunber * ((length + 2) * (width +2) * 0.5 / 27.0 ,
make- quantity(quantity-id, units, amount)

)
7y Rules for trench bracing

(take-of f-rule concrete-footing-trench-bracing-select ionl
if (trench-bracing-selection == "jacks only wall ftg")
then (quantity-id = 24104
units = "CUYD' ,
amount = nunber * (2 * length
* (grace-elevation - top-elevation + footing-thickness)) ,
make- quantity(quantity-id,units, anount)
1
}

(take-of f-rule concrete-footing-trench-bracing-sel ection2
if (trench-bracing-selection == "open plank wall ftg")
then (quantity-id = 24100 ,
units = "CUYD" |,
amount = nunber * (2 * length
* (grace-elevation - top-elevation + footing-thickness)) .
make- quantity(quantity-id, units, anount)
}
)

(take-of f-rule concrete-footing-trench-bracing-selection3
if (trench-bracing-selection == "solid wood wall ftg")
then (quantity-id = 24101 ,
units = "CUYD" ,
amount = nunber * (2 * length
* (grace-elevation - top-elevation + footing-thickness)) ,
make- quantity(quant ity-id, units, amount)
)

108



Technical Description of KADBASE

(take-of f-rule concrete-foot i ng-trench-braci ng-sel ecti on4
if (trench-bracing-selection == "solid wood col. ftg")
then (quantity-id = 24101 ,

units = "CUYD'

amount = nunber * (2 * (length +2) + 2 * (width + 2)
* (grace-elevation - top-elevation + footing-thickness)) ,
make- quantity(quantity-id, units, anmount)

!
}

(take-of f-rule concrete-footing-trench-bracing-sel ection5
if (trench-bracing-selection == "h-cols & wd plank col.ftg")
then (quantity-id = 24102 ,
units = "CUYD" ,
anmount = nunber *
(2 * (length +2) + 2 * (width + 2)

* (grace-elevation - top-elevation + footing-thickness)) ,
make- quantity(quantity-id,units, anount)
}

Rul es for backfill

iii

(take-of f-rule concrete-footing-backfill-selectionl
if ( backfill-selection == "earth mach. w hand tanmp"
and rock-excavation-sel ection == "none required" )
then (quantity-id = 22204 ,
units = "CUYD" ,
amount = nunber *

((length + 1.5 + (grade-elevation - top-elevation

+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)

(grade-el evation - top-elevation + footing-thickness)

- (length * width * footing-thickness)

- length * wall-thickness * (grade-elevation - top-elevation))

/ 27.0 ,

make- quantity(quantity-id,units, amount)
quantity-id = 222041 ,
units = "CUYD' ,
anount = nunber *

((length + 1.5 + (grade-elevation - top-elevation

+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
(grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/ 27.0 ,

make- quantity(quantity-id,units, anount)

*

*

)
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(take-of f-rule concrete-footing-backfill-selection2
if ( backfill-selection == "earth mach. w hand tanp"
and ( rock-excavation-sel ection == "nachine w hand dress-up"
or rock-excavation-selection == "hand excavation only"
or rock-excavation-sel ection == "blasting w machi ne & hand dress-up"

then (quantity-id = 22204 ,
units = "CUYD"' ,
anount =  nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/27,
make- quantity(quantity-id,units, amunt)
quantity-id = 222041 ,
units = "CUYD' ,
anount = nunmber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/27,
make- quantity(quantity-id, units, amount)
)
)

(take-of f-rule concrete-footing-backfill-selection3
if ( backfill-selection == "earth borrow mach. w hand tanp"
and rock-excavation-sel ection == "none required" )

then (quantity-id = 22217
units = "CUYD' ,
anount =  nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
. + footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/27,
make- quantity(quantity-id, units, amount)
quantity-id = 222041 ,
units = "CUYD" ,
anount = nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
I 27,
make- quantity(quantity-id, units, amount)
)
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(take-of f-rul e concrete-foot ing-backfill-selection4
if ( backfill-selection == "earth borrow nmach. w hand tanp"
and ( rock- excavati on-sel ection == "nachine w hand dress-up"
or rock-excavation-selection == "hand excavation only"
or rock-excavation-selection == "blasting w nmachi ne & hand dress-up" ))

then (quantity-id = 22217
units = "CUYD' ,
anount =  number *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/21,
make- quantity(quantity-id, units, amount)
quantity-id = 222041
units = "CUYD' ,
anount =  nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/27,
make- quantity(quantity-id, units, amount)
}
}

(take-of f-rule concrete-footing-backfill-selection5
if ( backfill-selection == "earth hand only"
and rock-excavation-sel ection == "none required" )

then (quantity-id = 22206 ,
units = "CUYD' ,
amount =  nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/27,
make- quantity(quantity-id, units, amount)
quantity-id = 222041 ,
units = "CUYD' ,
amount = nunber
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/27 ,
make- quantity(quantity-id,units,anount)

)

*
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(take-off-rule concrete-footing-backfill-selection6é
if ( backfill-selection == "earth hand only"
and (rock-excavation-selection == "machine w hand dress-up"
or rock-excavation-selection == "hand excavation only"

or rock-excavation-selection ==
"blasting w machine & hand dress-up" ))
then (quantity-id = 22206 ,
units = "CUYD' ,
anount =  nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/27,
make- quantity(quantity-id, units, amount)
quantity-id = 222041 ,
units = "CUYD' ,
amount = nunmber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/27,
make- quantity(quantity-id, units, anount)
)
)

(take-of f-rule concrete-footing-backfill-selection7
if ( backfill-selection == "granular borrow mach. w hand tanp"
and rock-excavation-selection == "none required" )

then (quantity-id = 22219 ,
units = "CUYD' ,
anount = nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/27,
make- quantity(quantity-id,units, amount) |,
guantity-id = 222041 ,
units = "CUYD' ,
anount =  nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/27,
make- quantity(quantity-id, units, anount)
)
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(take-of f-rule concrete-footing-back.fill-selection8
if ( backfill-selection == "granular borrow mach. w hand tanp"
and ( rock- excavati on-sel ection == "nachine w hand dress-up"
or rock-excavation-selection == "hand excavation only"
== "blasting w nmachine & hand dress-up" ))

ck-excavation-sel ection ==

or ro
then (quantity-id = 22219 ,
units = "CUYD' ,
anmount = nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)

* (width +1.5 + (grade-elevation -

* (g

- (length * width *
length * wall-thickness *

/27

top-el evati on
+ footing-thickness) / 3)

top-el evation + footing-thickness)

footi ng-thi ckness)
(grade-el evation - top-elevation))

rade-el evation -

make- quantity(quantity-id,units, anount) |,
quantity-id = 222041 ,

units = "CUYD' ,
anount = nunber *
((length +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)

* (width +1.5 + (grade-elevation -

* (grade-elevation -

top-el evati on
+ footing-thickness) / 3)

top-el evation + footing-thickness)

- (length * width * footing-thickness)
t op-el evation))

/27

length * wall-thickness *

(grade-el evation -

make- quantity(quant ity-id,units, anount)

!
]

(take-off-rule
if ( back

and rock-excavati on-sel ection ==

concrete-footing-backfill-selection9
== "gravel /stone borrow mach. only"

fill-selection ==
== "none required" )

then (quantity-id = 22220 ,

units
anount

*

*

= "OWYD'

= nunber *
top-el evati on

((length + 1.5 + (grade-elevation -
+ footing-thickness) / 3)

(wdth +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)

top-el evation + footing-thickness)

f ooti ng-thi ckness)

(grade-el evation -
(grade-el evation - top-elevation))

(length * width *
length * wall-thickness *

/27,
make-quan:ity(quantity-id, units, anount)

)
)

(take-of f-rule concrete-foot ing-backfill-select ionl0
if ( backfill-selection == "gravel/stone borrow mach. only"
and ( rock- excavati on-sel ection == "machine w hand dress-up"
or rock-excavation-selection == "hand excavation only"
or rock-excavation-sel ection == "blasting w nachine & hand dress-up"
then (quantity-id = 22220 ,
units = "CUYD" ,
anmount = nunber *
((length + 1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (width +1.5 + (grade-elevation - top-elevation
+ footing-thickness) / 3)
* (grade-elevation - top-elevation + footing-thickness)
- (length * width * footing-thickness)
- length * wall-thickness * (grade-elevation - top-elevation))
/27,

meke- quantity(quantity-id,units, anount)

}

))
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;;; Rules for footing keyway
(take-off-rule concrete-footing-footing-keyway-sel ectionl
if (footing-keyway-selection == "2x4 ftg key")
then (quantity-id = 31011 ,
units = "LNFT" ,
amount = nunber * (length) ,
make- quantity(quantity-id, units, amount)
p
)

(take-of f-rule concrete-foot i ng-footing-keyway-sel ecti on2
if (footing-keyway-selection == "split key w waterstop")
then (quantity-id = 31011 ,

units = "LNFT" ,

amount = nunber * (length) ,

make- quantity(quantity-id,units,anount) |,
quantity-id = 31012 ,

units = "LNFT" ,

amount = nunber * (length)

make- quantity(quantity-id, units, anount)

}

(take-of f-rule concrete-footing-footing-keyway-sel ection3
if (footing-keyway-selection == "4x4 key or 2x8 key")
then (quantity-id = 31011

units = "LNFT" ,

amount = nunber * (length) ,

make- quantity(quantity-id, units,anount) |,
quantity-id = 31019 ,

units = "LNFT" , .
ampunt = nunber * (0.67 * length) |,
make- quantity(quantity-id,units, anount)

)

(take-of f-rule concrete-foot ing-foot i ng-keyway-sel ecti on4
if (footing-keyway-selection == "4x6 key or 3x8 key")
then (quantity-id = 31011 ,

units = "LNFT"

amount = nunber * (length) ,

make- quantity(quantity-id,units, anount)
quantity-id = 31019 ,

units = "LNFT"

amount = nunber * (1.33 * length) ,
make- quantity(quantity-id,units, anount)

)

(take-of f-rule concrete-foot i ng-footing-keyway-sel ection5
if (footing-keyway-selection == "4x12 key")
then (quantity-id = 31011 ,
units = "LNFT" ,
amount = nunber * (length)
make- quantity(quantity-id,units, anount)
quantity-id = 31019 ,
units = "LNFT" ,
amobunt = nunber * (3.33 * length) ,
make- quantity(quantity-id, units, anount)
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;;; Rules for reinforcing steel

(take off-rule concrete-footing-reinforci ng- steel -sel ectionl
if ( rei nforcing-steel -selection == "colum footings |bs/cuyd cal c"
and (length * width * footing-thickness / 27.0) <= 1.0 )
then (quantity-id = 32101 ,
units = "TON' ,
anount =  nunber *
((length * width * footing-thickness / 27.0) * 85.0) / 1000.0 ,
make- quantity(quantity-id, units, anount)
1
)

(take-of f-rule concrete-footing-reinforci ng- st eel -sel ecti on2
if ( rei nforcing-steel -selection == "colum footings |bs/cuyd calc"
and (length * width * footing-thickness / 27.0) > 1.0
and (length * width * footing-thickness / 27.0) <= 5.0 )
then (quantity-id = 32101 ,
units = "TON' ,
anount =  nunber
((length * width * footing-thickness / 27.0) * 90.0) / 1000.0 ,
make- quantity(quantity-id, units, amount)

)

*

)
(take-off-rule concrete-foot ing-reinforei ng- st eel -sel ection3
if ( rei nforcing-steel -sel ection == "colum footings |bs/cuyd cal c"
and (length * width * footing-thickness / 27.0) > 5.0 )
then (quantity-id = 32101 ,
units = "TON'
anount =  nunber *
((length * width * footing-thickness / 27.0) * 100.0) / 1000.0 ,
make- quantity(quantity-id, units, amount)
)
)

(take-of f-rule concrete-footing-reinforeing-steel-sel ection4
if (reinforcing-steel-selection == "wall footing 50 |fb/cuyd")
then (quantity-id = 32101 ,
units = "TON' ,
anount =  nunber *
((length * width * footing-thickness / 27.0) * 50.0) / 1000.0 ,
make- quantity(quantity-id,units, anount)
]
)

(take-off-rule concrete-foot ing-rei nforel ng- st eel - sel ect i on-si zes

if ( rei nforcing-steel -selection == "bars by pieces both ways"
or reinforcing-steel-selection == "bars by spacing both ways"
or reinforcing-steel-selection == "long bar by piece short bar by spacing"
or reinforcing-steel-selection == "long bar by spacing short bar by pieces"
or reinforcing-steel-selection == "lbs/Inft wall ftg with j dinf
or reinforcing-steel-selection == "lbs/footing colum footing with j din )
then (long-bar-diameter = hicost-rebar-dianeter(long-bar-size) ,

| ong- bar - wei ght = hi cost -rebar-wei ght (I ong- bar - si ze)
short-bar-dianeter = hicost-rebar-dianmeter(short-bar-size) |,
short - bar - wei ght = hi cost-rebar-wei ght (short-bar-size)

)
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(take-of f-rule concrete-footing-reinforcing-steel-sel ection5
if (reinforcing-steel-selection == "bars by pieces both ways")
then (quantity-id = 32101 ,
units = "TON' ,
anount = nunber
* ((length + (length / 20.0) * (24 * long-bar-size / 12.0)3
* | ong- bar-pieces * |long-bar-weight) / 1000.0 ,
make- quantity(quantity-id, units, amount)
quantity-id = 32101 ,
units = "TON'
anount = nunber
* ((width + (width / 20.0) * (24 * short-bar-size / 12.0))
* short-bar-pieces * short-bar-weight) / 1000.0 ,
make- quantity(quantity-id, units, amount)
]
}

(take-off-rule concrete-foot i ng-reinforcing-steel -sel ection6
if (reinforcing-steel-selection == "bars by spacing both ways")
then (quantity-id = 32101 ,
units = "TON'
anmount = nunber
* ((length + (length / 20.0) * (24 * long-bar-size / 12.0))
* (width / (long-bar-size / 12.0) + 1) * |ong-bar-weight)
/ 1000.0 ,
make- quantity(quantity-id,units, amunt) ,
quantity-id = 32101 ,
units = "TON'
anount = nunber
* ((width + (width / 20.0) * (24 * short-bar-size / 12.0))
* (length / (short-bar-size / 12.0) + 1) * short-bar-weight)
/ 1000.0 ,
make- quantity(quantity-id, units, amount)
)

(take-of f-rule concrete-foot i ng-reinforeing-steel -sel ection?
if (reinforcing-steel-selection == "long bar by piece short bar by spacing")
then (quantity-id = 32101 ,
units = "TON' ,
anount = numnber
* ((length + (length / 20.0) * (24 * long-bar-size / 12.0))
* | ong-bar-pieces * |long-bar-weight) / 1000.0 ,
make- quantity(quantity-id, units, amount) ,
quantity-id = 32101 ,
units = "TON'
anount = nunber
* ((width + (width / 20.0) * (24 * short-bar-size / 12.0))
* (length / (short-bar-size / 12.0) + 1) * short-bar-weight)
/ 1000.0 ,
make- quantity(quantity-id, units, anmount)
]
}

(take-of f-rule concrete-footing-reinforeing-steel-sel ection8
if (reinforcing-steel-selection == "long bar by spacing short bar by pieces")
then (quantity-id = 32101 ,
units = "TON' ,
anount = nurber
* ((length + (length / 20.0) * (24 * long-bar-size / 12.0))
* (width / (long-bar-size / 12.0) +1) * |ong-bar-weight)
/ 1000.0 ,
make- quantity(quantity-id,units,anount)
quantity-id = 32101 ,
units = "TON' ,
anount = number
* ((width + (width / 20.0) * (24 * short-bar-size / 12.0))
* short-bar-pieces * short-bar-weight) / 1000.0 ,
make- quantity(quantity-id,units, anount)
}
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(take-of f-rule concrete-foot i ng-reinforcing-steel -sel ection9

if (reinforcing-steel-selection == "lbs/Inft wall ftg with j dinf)
then (quantity-id = 32101 ,
units = "TON'
amount = nunber * (length * long-bar-lbs-Inft) / 1000.0 |,
make- quantity(quantity-id, units, amount)
]
]
(take-of f-rule concrete-foot i ng-reinforcing-steel -sel ect i on10
if (reinforcing-steel-selection == "lbs/footing colum footing with j dint)
then (quantity-id = 32101 ,
units = "TON'
amount = nunber * (length * long-bar-lbs-ftg) / 1000.0 ,

make- quantity(quantity-id, units, amount)
}
)

v+, Rules for anchor bolts and base plates

rre

(take-of f-rule concrete-foot i ng-anchor-bolts-and-base-pl at es-sel ect i onl

if (anchor-bolts-and-base-pl ates-sel ection == "set 2ab" )
then (quantity-id = 33301 ,

units = "PCS" ,

amount = nunber * (2) ,

make- quantity(quantity-id,units, amount) |,

quantity-id = 33302 ,

units = "PCS" ,

amount = nunber * (2) ,

make- quantity(quantity-id,units, anount)

)

(take-off-rule concrete-footing-anchor-bolts-and-base-pl ates-sel ection2

if (anchor-bolts-and-base-pl ates-sel ection == "set 4ab" )
then (quantity-id = 33301 ,

units = "PCS" ,

amount = nunber * (4)

make- quantity(quantity-id,units, anount) |,

guantity-id = 33302

units = "PCS" |,

amount = nunber * (4) ,

make- quantity(quantity-id,units, anount)

}

(take-of f-rule concrete-foot i ng-anchor-bolts-and-base-pl at es-sel ecti on3

if (anchor-belts-and-base-plates-selection == "set 2ab grout
then (quantity-id = 33301 ,

units = "PCS" ,

amount = nunber * (2) ,

make- quantity(quantity-id,units, amount)

quantity-id = 33302 ,

units = "PCS" |,

amount = nunber * (2) ,

make- quantity(quantity-id,units,anount) |,

quantity-id = 33303 ,

units = "PCS" |,

amount = number

make- quantity(quantity-id,units, anount)
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(take-of f-rule concrete-foot i ng-anchor-bolts-and-base-pl at es-sel ecti on4
if (anchor-bolts-and-base-pl ates-selection == "set 4ab grout base pit")
then (quantity-id = 33301 |,

units = "PCS" ,

amount = nunber * (4) /

make- quantity(quantity-id,units, amount)
quantity-id = 33302

units = "PCS" ,

amount = nunber * (4) ,

make- quantity(quantity-id, units, amount)
quantity-id = 33303 ,

units = "PCS" ,

anount =  nunber

make- quantity(quantity-id, units, amount)

)

(take-of f-rule concrete-footing-anchor-bolts-and-base-pl ates-sel ection5
if (anchor-bolts-and-base-pl ates-selection == "set 2ab set and grout base pit")
then (quantity-id = 33301 ,

units = "PCS" ,

amount =  nunber * (2) ,

make- quantity(quantity-id, units, amount)
quantity-id = 33302 ,

units = "PCS" ,

amount =  nunber * (2) ,

make- quantity(quantity-id,units, amount) |,
quantity-id = 33303 ,

units = "PCS" ,

anount =  nunber

make- quantity(quantity-id, units, anount)

)

(take-off-rule concrete-footing-anchor-bolts-and-base-pl ates-sel ecti on6
if (anchor-bolts-and-base-plates-selection == "set 4ab set and grout base pit")
then (quantity-id = 33301 ,

units = "PCS" ,

amobunt = nunber * (4) ,

make- quantity(quantity-id, units, amount)
quantity-id = 33302 ,

units = "PCS" ,

amount = nunber * (4) ,

make- quantity(quantity-id, units, amount)
quantity-id = 33303 ,

units = "PCS" ,

anount = nunber

make- quantity(quantity-id,units, anount)

)

(take-of f-rule concrete-foot i ng-anchor-bolts-and-base-pl at es-sel ection7
if (anchor-bolts-and-base-pl ates-selection == "set & grout base plate")
then (quantity-id = 33303 ,

units = "PCS" ,

armount = nunmber

make- quanti ty(quantity-id,units, anmount)
}
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7.3.2. Retaining Wall Takeoff Rule Set

Rul es for quality of concrete

(take-off-rule retaining-wall-quality-of-concrete-anmount 1

if ( ( wal | -forns-sel ection == "none required"
or wall-fornms-selection == "both sides vertical"
or wall-forns-selection == "one side battered")
and concrete-placenent-selection != "stepped wall ftg direct")
then (amount = nunber * ( ( (length * height

* (top-thickness + base-thickness) / 2.0
+ length * width * footing-thickness)

/[ 27.0)))
)
(take-off-rule retaining-wall-quality-of-concrete-anmunt?2
if ( ( wal | -forns-sel ection == "none required"
or wall-forms-selection == "both sides vertical"
or wall-fornms-selection == "one side battered" )
and concrete-placenent-selection == "stepped wall ftg direct" )
then (amount = number * ( ( (length * height
* (top-thickness + base-thickness) / 2.0
+ length * width * footing-thickness)
[ 27.0)
+ (width * stepped-footing-height
* (1.0 + stepped-footing-height / 2.0))))
)
(take-off-rule retaining-wall-quality-of-concrete-anount3
if ( ( wal | -forns-sel ection == "add | edge"
or wall-fornms-selection == "add |edge & brick facing")
and concr et e-pl acement -sel ection != "stepped wall ftg direct" )
then (amount = nunber * ( ( (length * height
* (top-thickness + base-thickness) / 2.0
+ length * width * footing-thickness)
| 27.0)
- (length * height * top-thickness) / 27.0))
)
(take-of f-rule retaining-wall-quality-of-concrete-anmount4
if ( ( wal | -forns-sel ection == "add | edge"
or wall-forns-selection == "add ledge & brick facing")
and concrete-placenent-selection == "stepped wall ftg direct" )
then (amount = nunber * ( ( (length * height

* (top-thickness + base-thickness) / 2.0
+ length * width * footing-thickness)
/ 27.0)
- (length * height * top-thickness) / 27.0
+ (width * stepped-footing-height
* (1.0 + stepped-footing-height / 2.0))))

)
(take-off-rule retaining-wall-quality-of-concreteO
if ( quality-of-concrete == "3000 psi standard m x")
then (quantity-id = 33100 ,
units = "CUYD" /
make- quantity(quantity-id,units, anount)
}
)

(take-off-rule retaining-wall-quality-of-concretel
if ( qual ity-of -concrete == "deduct for 2500 psi")
then (quantity-id = 33101
units = "CUYD' ,
make- quantity(quantity-id,units, anount)
]
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(take-off-rule retaining-wall-quality-of-concretel
if ( qual ity-of-concrete == "deduct for 2500 psi") .
then (quantity-id = 33101
units = "CUYD' ,
make- quantity(quantity-id, units, anount)
}
)

(take-of f-rule retaining-wall-quality-of-concrete2
if ( qual ity-of-concrete == "add for 3500 psi")
then (quantity-id = 33102 ,

units = "CUYD' ,
make- quantity(quantity-id, units, amunt)
}

}

(take-off-rule retaining-wall-quality-of-concrete3
if ( quality-of-concrete == "add for 4000 psi")
then (quantity-id = 33103

units = "CUYD' ,
make- quantity(quantity-id,units, anount)
)

Rul es for concrete placenent
Pil

(take-off-rule retaining-wall-concrete-placenent-sel ection-anmpuntl

if ( wal | -forms-sel ection == "none required"
or wall-forms-selection == "both sides vertical"
or wall-forms-selection == "one side battered" )
then (wall-amount = nunber * ( ( (length * height
* (top-thickness + base-thickness) / 2.0)
[/ 27.0)))
)
(take-off-rule retaining-wall-concrete-placenent-selection-anpunt?2
if ( wal | -forms-sel ection == "add | edge"
or wall-forms-selection == "add |edge & brick facing" )
then (wall-amount = nunber * ( ( (length * height
* (top-thickness + base-thickness)
/ 2.0)
[ 27.0)
- (length * height * top-thickness) / 27.0))
)
(take-of f-rule retaining-wall-concrete-placenent-selectionl

if (concrete-placenent-selection == "ftg & wall direct")
then (quantity-id = 26616 |,
units = "CUYD" ,
anount = wal | -amount
make- quantity(quantity-id, units, amount)
quantity-id = 26610 |,
units = "CUYD' ,
amount = nunber * ( length * width * footing-thickness)
make- quantity(quantity-id,units, anount)

)

(take-of f-rul e retaining-wall-concrete-placenent-sel ection2
if (concrete-placenent-selection == "ftg direct wall wcarts")
then (quantity-id = 26616
units = "CUYD"'
anount = wal | - anount
make- quantity(quantity-id,units, amunt) ,
quantity-id = 26617 , ; wall with carts
units = "CUYD' ,
anount = wal | -amount
make- quantity(quantity-id, units, amount)
quantity-id = 26610 |,
units = "CUYD' ,
amount = nunber * ( length * width * footing-thickness) .
make- quantity(quantity-id, units, amount)
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(take-of f-rul e retaining-wall-concrete-placenment-selection3
if (concrete-placenent-selection == "ftg direct wall - punp")
then (quantity-id = 26618
units = "CUYD" ,
anmount = wal | - anmount
make- quantity(quantity-id, units, amount)
quantity-id = 26610 |,
units = "CUYD' ,
amount = nunber * ( length * width * footing-thickness) ,
make- quantity(quantity-id, units, amount)

)

(take-off-rule retaining-wall-concrete-placenent-sel ection4
if (concrete-placenent-selection == "ftg direct wall w crane")
then (quantity-id = 26619 ,
units - "CUYD' ,
anount = wal | -anount
make- quantity(quantity-id,units, amunt) ,
quantity-id = 26610 ,
units = "CUYD' ,
amount = nunber * ( length * width * footing-thickness) ,
make- quantity(quantity-id,units, anount)

)

(take-of f-rul e retaining-wall-concrete-placenent-sel ection5
if (concrete-placenent-selection == "ftg & wall wcarts")
then (quantity-id = 26616 |,

units = "CUYD' ,

anount = wal | -anount

make- quantity(quantity-id, units, amount)
quantity-id = 26617 |, ; wall with carts
units = "CUYD' ,

anount = wal | - anount

make- quantity(quantity-id,units,amunt)
quantity-id = 26610 |,

units = "CUYD' ,

amount = nunber * ( length * width * footing-thickness) ,
make- quantity(quantity-id,units, amount),
quantity-id = 26611 , ; footing with carts

units = "CUYD' ,

amount = nunber * ( length * width * footing-thickness) ,

make- quantity(quantity-id, units, anmount)

}

(take-of f-rul e retaining-wall-concrete-placenent-sel ectioné
if (concrete-placenent-selection == "ftg wcarts wall w punmp")
then (quantity-id = 26618 |,
units = "CUYD' ,
amount = wal | -amunt
make- quantity(quantity-id, units, amount)
quantity-id = 26610 |,
units = "CUYD"'

amount = nunber * ( length * width * footing-thickness) ,
make- quantity(quantity-id, units, amount)

quantity-id = 26611 , ; footing with carts

units = "CUYD' ,

amount =  nunber * ( length * width * footing-thickness) ,

make- quantity(quantity-id,units, anount)
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ret ai ni ng-wal | - concr et e- pl acenent - sel ecti on7

if (concrete-placenent-selection == "ftg wcarts wall w crane")

then (quant
units
anmount
make- q
guant
units
anmount
make- q

quantity-id = 26611 |,

units
anount
make- q

}
(take-off-rule

ty-id = 26619 ,
= "CUYyD"' ,

= wal | -anount
uantity(quantity-id,units, amount)
ty-id = 26610 |,

= "CUYD' ,

= nunber * ( length * width * footing-thickness) ,
uantity(quantity-id,units, amount)
footing with carts
= "CUYD' ,

= nunber * ( length * width * footing-thickness) ,
uantity(quantity-id,units, anpunt)

ret ai ni ng-wal | - concr et e- pl acenent - sel ecti on8

if (concrete-placenent-selection == "ftg & wall w punp")

then (quant
units
anount
make- q

ty-id = 26618
= "QuYyD' ,

= wal | -amount
uantity(quantity-id,units,amount) ,

quantity-id = 26612 ,
units = "CUYD' ,

anmount

= nunber * ( length * width * footing-thickness) ,

make- quantity(quantity-id,units, anount)

)
(take-off-rule

ret ai ni ng-wal | - concr et e- pl acenent - sel ecti on9

if (concrete-placenent-selection == "stepped wall ftg direct")
then (quantity-id = 26610 ,
units = "CUYD'

anmount

= nunbér * (width * stepped-footing-height
* (1.0 + stepped-footing-height
/[ 27.0 ,

make- quantity(quantity-id, units, amount)

)
)

;7; Rules for
(take-off-rule
if (footing-

footing forms and finish

retaining-wal |l -foot i ng-formand-finish-sel ection
formand-finish-selection == "in earth")

then (quantity-id = 26630 ,
units = "SQFT" ,

anount
make- q

= nunber * (2 * length * footing-thickness) ,
uantity(quantity-id,units, amount)

quantity-id = 26623 ,
units = "SQFT" ,

anount
make- q

)
(take-off-rule

if (footing-

then (quant
units
anount

= nunber * (length * width) |,
uantity(quantity-id,units, anount)

retai ni ng-wal | - footing-formand-finish-sel ection2
formand-finish-selection == "in rock")
ty-id = 26631 ,
= "SFT"
= nunber * (2 * length * footing-thickness) ,

make- quantity(quantity-id, units, amount)

guant
units
anount

ty-id = 26623 ,

= "SFT"
= nunber * (length * width) |,

make- quantity(quantity-id,units, anount)

/

2.0))
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(take-of f-rule retaining-wall-footing-formand-finish-selection3
if (footing-formand-finish-selection == "stepped wall ftg forns")
then (quantity-id = 26630

units = "SQFT" ,
amount = nunber * (2 * footing-thickness
* (1.0 + footing-thickness / 2.0))
make- quantity(quantity-id,units, anmount)
quantity-id = 26632
units = "SQFT"
amount = nunber * (length * wi dth)
make- quantity(quantity-id, units, anount)

!

(take-off-rule retaining-wall-footing-formand-finish-selection4
if (footing-formand-finish-selection == "ftg bul khead")
then (quantity-id = 26632
units = "SCQFT"
anount = nunber * (length * width) ,
make- quantity(quantity-id, units, anmount)
)
)

77y Rules for wall forns
(take-of f-rule retaining-wall-wall-forns-sel ect ionl
if (wall-forns-selection == "both sides vertical")
then (quantity-id = 26640 ,
units = "SQFT" ,
anount = nunber * (2 * length * height) ,
make- quantity(quantity-id,units, anount)
quantity-id = 26621 |,
units = "SQFT" ,
amount = nunmber * (2 * length * height)
make- quantity(quantity-id, units, amount)

}

(take-off-rule retaining-wall-wall-forns-selection2
if (wall-forms-selection == "one side battered")
then (quantity-id = 26640

units = "SQFT"

amount = nunber * (2 * length * height) ,
make- quantity(quantity-id,units, amunt)
quantity-id = 26651 ,

units = "SQFT" ,

amount = nunber * (length * height)

make- quantity(quantity-id,units,anount)
quantity-id = 26621

units = "SQFT" ,

amount = nunber * (2 * length * height) ,
make- quantity(quantity-id, units, amount)

)

(take-off-rule retaining-wall-wall-forms-selection3

if (wall-forms-selection == "add |edge")

then (quantity-id = 26652
units = "SQFT"
amount = nunber * (length * height) ,
make- quantity(quantity-id,units,amunt)
quantity-id = 26660 |, ; dove-anchors
units = "LNFT" ,
amount = nunber * (0.75 * length * height) ,
make- quantity(quant ity-id,units, amount)
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(take-off-rule retaining-wall-wall-forns-sel ection4
if (wall-forns-selection == "add |edge & brick facing") .
then (quantity-id = 26652
units = "SQFT" ,

amount = nunber * (length * height) ,
make- quantity(quantity-id,units, amount) ,
quantity-id = 26660 , ; dovetail anchors
units = "SQFT" ,

amount = nunber * (0.75 * length * height) ,
make- quantity(quantity-id,units, amount) ,
quantity-id = 42100 , ; face brick-std.
units = "SQFT" ,

amount = nunber * (length * height) |,
make- quantity(quantity-id, units, amount)
quantity-id = 41901 , ; clean face brick
units = "SQFT" ,

amount = nunber * (length * height) ,
make- quantity(quantity-id,units, anount)

)

Rul es for excavation
(take-of f-rule retaining-wall-excavationl
if ( excavation-sel ection == "earth machi ne w hand dress"
and footing-depth <= 3 )
then (quantity-id = 222033 ,
units = "CUYD' ,
anount = nunber
* (length * (width + 2 + (footing-depth + footing-thickness) / 3.0)
* (footing-depth + footing-thickness)
+ length / 2.0 ‘
* (width + 2
+ 2 * (footing-depth + footing-thickness)
-/ 3.0)
* (height - footing-depth))
/ 27.0 ,
make- quantity(quantity-id, units, amount) ,
quantity-id = 22205 ,
units = "CUYD' |,
amount = nunber * (length * (width +2) * 0.2) / 27.0 ,
make- quantity(quantity-id, units, amount)

)

(take-of f-rul e retaining-wall-excavation2
if ( excavation-sel ection == "earth machi ne w hand dress"
and footing-depth > 3
and footing-depth <= 4 )
then (quantity-id = 222034 |,
units = "CUYD' ,
armount = nunber
* (length * (width + 2 + (footing-depth + footing-thickness) / 3.0)
* (footing-depth + footing-thickness)
+ length / 2.0
* (width + 2
+ 2 * (footing-depth + footing-thickness)
/ 3.0)
* (height - footing-depth))
/ 27.0 ,
make- quantity(quantity-id,units,anount) ,
quantity-id = 22205 ,
units = "CUYD' ,
amount = nunber * (length * (width + 2) * 0.2) / 27.0 ,
make- quantity(quantity-id, units, anount)
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(take-of f-rule retaining-wall-excavation3
if ( excavation-selection == "earth nmachi ne w hand dress"
and footing-depth > 4
and footing-depth <= 5 )
then (quantity-id = 222035 ,
units = "CUYD" ,
amount = nunber
* (length * (width + 2 + (footing-depth + footing-thickness) / 3.0)
* (footing-depth + footing-thickness)
+ length / 2.0
* (width + 2
+ 2 * (footing-depth + footing-thickness)
/ 3.0)
* (height - footing-depth))
/ 27.0 ,
make- quantity(quantity-id, units, anount)
quantity-id = 22205 ,
units = "CUYD' ,
anount = nunber * (length * (width + 2) = 0.2) / 27.0 ,
make- quantity(quant ity-id,units, amount)

1

(take-off-rule retaining-wall-excavation4
if ( excavation-sel ection == "earth machi ne w hand dress"
and footing-depth > 5
and footing-depth <= 6 )
then (quantity-id = 222036 ,
units = "CUYD" ,
amount = nunber
* (length * (width + 2 + (footing-depth + footing-thickness) / 3.0)
* (footing-depth + footing-thickness)
+ length / 2.0
* (width + 2
+ 2 * (footing-depth + footing-thickness)
/ 3.0)
* (height - footing-depth))
/ 27.0 ,
make- quantity(quantity-id, units, amount)
gquantity-id = 22205 ,
units = "CUYD" ,
anmount = nunber * (length * (width + 2) * 0.2) / 27.0 ,
make- quantity(quantity-id, units, anount)

}

(take-of f-rule retaining-wall-excavation5
if o ( excavation-sel ection == "earth hand" )
then (quantity-id = 22205 ,
units = "CUYD" ,
anount = nunber
* (length * (width + 2 + (footing-depth + footing-thickness) / 3.0)
* (footing-depth + footing-thickness)
+ length / 2.0
* (width + 2
+ 2 * (footing-depth + footing-thickness)
/ 3.0)
* (height - footing-depth))
/ 27.0 ,
make- quantity(quantity-id,units, anount)
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(take-off-rule retaining-wall-excavation6
if ( excavation-sel ection == "rock machi ne w hand dress" .
and footing-depth <= 3 )
then (quantity-id = 222033 ,
units = "CUYD' ,
anount = nunber

* (length * (width + 2 + (footing-depth + footing-thickness) / 3.0)

* (footing-depth + footing-thickness)
+ length / 2.0

* (width + 2

+ 2 * (footing-depth + footing-thickness)
/ 3.0

* (height - footing-depth))
/ 27.0 ,
make- quantity(quantity-id, units, amunt)
quantity-id = 22207 ,
units = "CUYD" ,
anount = nunber * (length * (width +2) * 0.2) / 27.0
make- quantity(quantity-id,units, anount)

1

)

(take-of f-rul e retaining-wall-excavation7
if ( excavation-sel ection == "rock nachi ne w hand dress"
and footing-depth > 3
and footing-depth <= 4 )
then (quantity-id = 222034 ,
units = "CUYD' ,
anount = number

* (length * (width + 2 + (footing-depth + footing-thickness) / 3.0)

* (footing-depth + footing-thickness)
+ length / 2.0

* (width + 2

+ 2 * (footing-depth + footing-thickness)
/ 3.0)

* (height - footing-depth))
/ 27.0 ,
make- quantity(quantity-id, units, amount)
quantity-id = 22207 ,
units = "CUYD' ,
amount = nunber * (length * (width + 2) * 0.2) / 27.0
make- quantity(quantity-id, units, amount)

1

1

)

(take-of f-rule retaining-wall-excavation8
if ( excavation-sel ection == "rock nachi ne w hand dress"
and footing-depth > 4
and footing-depth <= 5 )
then (quantity-id = 222035 ,
units = "CUYD' ,
anount = nunber

* (length * (width + 2 + (footing-depth + footing-thickness) / 3.0)
* (footing-depth + footing-thickness)
+ length / 2.0
* (width + 2
+ 2 * (footing-depth + footing-thickness)
/ 3.0)
* (height - footing-depth))
/ 27.0 ,
make- quantity(quantity-id, units, amount)
quantity-id = 22207 ,
units = "CUYD' ,
amount = nunber * (length * (width + 2) * 0.2) / 27.0 ,
make- quantity(quantity-id,units, anount)
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(take-off-rule retaining-wall-excavation9
if excavation-selection == "rock machine w/ hand dress"”
and footing-depth > 5
and footing-depth <= 6 )
then (quantity-id = 222036 |,
units = "CUYD" ,
amount = number
* (length * (width + 2 + (footing-depth + footing-thickness) / 3.0)
* (footing-depth + footing-thickness)
+ length / 2.0
* (width + 2
+ 2 * (footing-depth + footing-thickness)
/ 3.0)
* (height - footing-depth))
/ 27.0,
make- quantity(quantity-id,units,amount) ,
quantity-id = 22207 ,
units = "CUYD" ,
amount = number * (length * (width +2) * 0.2) / 27.0 ,
make- quantity(quantity-id,units, amount)

)

(take-off-rule retaining-wall-excavationl0
if ( excavation-selection == "rock hand" }
then (quantity-id = 22207 ,
units = "CUYD" ,
amount = number
* (length * (width + 2 + (footing-depth + footing-thickness) / 3.0)
* (footing-depth + footing-thickness)
+ length / 2.0
* (width + 2
+ 2 * (footing-depth + footing-thickness)
/ 3.0)
* (height - footing-depth))
/ 27.0,
make- quantity(quantity-id,units,amount)

Rul es for trench backfill
/1)
(take-off-rule retaining-wall-trench-backfill-selectionl
if (trench-backfill-selection == "earth adjacent mach placed hand tamp")
then (quantity-id = 22204
units = "CUYD" |,
amount = number
* (length * footing-toe-width * footing-depth
+ length * (footing-depth + footing-thickness)
* (1 + (footing-depth + footing-thickness) / 6.0))

/[ 27.0,
make-quantity(quantity-id,units,amount) ,
quantity-id = 222041 , ; hand tamp trench backfill
units = "CUYD" ,
amount = number

* (length * footing-toe-width * footing-depth
+ length * (footing-depth + footing-thickness)
* (1 + (footing-depth + footing-thickness) / 6.0))
/ 27.0,
make- quantity(quantity-id,units,amount)
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(take-off-rule retaining-wall-trench-backfill-selection2
if (trench-backfill-selection == "earth adjacent hand placed hand tanp") .
then (quantity-id = 22206 ,
units = "CUYD" ,
anount = nunber
* (length * footing-toe-width * footing-depth
+ length * (footing-depth + footing-thickness)
* (1 + (footing-depth + footing-thickness) / 6.0))
/ 27.0 ,
make- quantity(quantity-id,units, amount) .,
quantity-id = 222041 , ; hand tanmp trench backfill
units = "CUYD" ,
amount = nunber
* (length * footing-toe-width * footing-depth
+ length * (footing-depth + footing-thickness)
* (1 + (footing-depth + footing-thickness) / 6.0))
/ 27.0 ,
make- quantity(quantity-id, units, anmount)
}
)

(take-off-rule retaining-wall-trench-backfill-selection3

if (trench-backfill-selection == "earth haul ed mach placed hand tanmp")
then (quantity-id = 22217 ,

units = "CUYD' ,

anount = nunber

* (length * footing-toe-width * footing-depth
+ length * (footing-depth + footing-thickness)
* (1 + (footing-depth + footing-thickness) / 6.0))

/ 27.0 ,
make- quantity(quantity-id, units, amount)
quantity-id = 222041 , ; hand tanmp trench backfill
units = "CUYD' ,
anount = nunber

* (length * footing-toe-width * footing-depth
+ length * (footing-depth + footing-thickness)
* (1 + (footing-depth + footing-thickness) / 6.0))
/ 27.0 ,
make- quantity(quantity-id, units, amount)
}
}

(take-off-rule retaining-wall-trench-backfill-selection4
if (trench-backfill-selection == "earth haul ed hand placed hand tanp")
then (quantity-id = 22218 ,
units = "CUYD' ,
amount = nunber
* (length * footing-toe-width * footing-depth
+ length * (footing-depth + footing-thickness)
* (1 + (footing-depth + footing-thickness) / 6.0))
/ 27.0,
make- quantity(quantity-id,units,amunt) .
quantity-id = 222041 , ; hand tanp trench backfill
units = "CUYD' |,
anount = nunber
* (length * footing-toe-width * footing-depth
+ length * (footing-depth + footing-thickness)
* (1 + (footing-depth + footing-thickness) / 6.0))
/ 27.0 ,
make- quantity(quantity-id, units, anount)
)
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Rul es for retained backfill

(take-of f-rule retaining-wall-retained-backfill-selectionl

if {retained-backfill-selection == "earth mach placed mach conpact")
then (quantity-id = 22221 ,

units = "CUYD' ,

amount = nunmber

* (length * height * (width - footing-toe-wdth
- top-thickness)
+ length * (height + footing-thickness)
* (1 + (height + footing-thickness) / 6.0))

/ 27.0 ,
make- quantity(quantity-id, units, amount)
quantity-id = 222211 , ; machine tanp trench backfill
units = "CUYD" ,
amount = nunber

* (length * height * (width - footing-toe-wdth
- top-thickness)
+ length * (height + footing-thickness)
* (1 + (height + footing-thickness) / 6.0))
/ 27.0 ,
make- quantity(quantity-id,units, anount)
1
)
(take-off-rule retaining-wall-retained-backfill-selection2
if (retained-backfill-selection == "earth mach placed hand tanp")
then (quantity-id = 22204 ,
units = "CUYD" ,
amount = nunber
* (length * height * (width - footing-toe-wdth
-~ top-thickness)
+ length * (height + footing-thickness)
* (1 + (height + footing-thickness) / 6.0))
/ 27.0 , :

make- quantity(quantity-id,units, amount)

quantity-id = 222041 , ; hand tanp trench backfill
units = "CUYD' ,

anount = nunber

* (length * height * (width - footing-toe-w dth
- top-thickness)
+ length * (height + footing-thickness)
* (1 + (height + footing-thickness) / 6.0))
/ 27.0 ,
make- quantity(quantity-id,units, anount)
)
}
(take-off-rule retaining-wall-retained-backfill-selection3
if (retained-backfill-selection == "earth borrow nmach placed nach conpact")
then (quantity-id = 22222 ,
units = "CUYD' ,
armount = nunber
* (length * height * (width - footing-toe-w dth
- top-thickness)
+ length * (height + footing-thickness)
* (1 + (height + footing-thickness) / 6.0))

/ 27.0 ,
make- quantity(quantity-id,units, anount)
quantity-id = 222221 , ; machine tanp trench backfill
units = "CUYD' ,
anount = nunber

* (length * height * (width - footing-toe-width
- top-thickness)
+ length * (height + footing-thickness)
* (1 + (height + footing-thickness) / 6.0))
/ 27.0 ,
make- quantity(quantity-id,units, anount)
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(take-off-rule retaining-wall-retained-backfill-selection4
if (retained-backfill-selection == "earth borrow mach placed hand tanmp™) .
then (quantity-id = 22222 ,
units = "CUYD" ,
anmount = nunber
* (length * height * (width - footing-toe-width
- top-thickness)
+ length * (height + footing-thickness)
* (1 + (height + footing-thickness) / 6.0))

/ 27.0 ,
make- quantity(quantity-id,units, amount)
quantity-id = 222041 , ; hand tanp trench backfill
units = "CUYD' ,
anount = nunber

* (length * height * (width - footing-toe-wdth
- top-thickness)
+ length * (height + footing-thickness)
* (1 + (height + footing-thickness) / 6.0))
/ 27.0 ,
make- quantity(quantity-id,units, anount)
)
]

(take-off-rule retaining-wall-retained-backfill-selectionb
if (retained-backfill-selection == "gravel nmach placed")
then (quantity-id = 22214 ,
units = "CUYD" ,
anount = nunber
* (length * height * (width - footing-toe-w dth
- top-thickness)
+ length * (height + footing-thickness)
* (1 + (height + footing-thickness) / 6.0))
/ 27.0 ,
make- quantity(quantity-id,units, anount)
)
)

(take-off-rule retaining-wall-retained-backfill-selection6é
if (retained-backfill-selection == "bank run mach placed w hand tanp")
then (quantity-id = 22215 |
units = "CUYD' ,
amount = nunber
* (length * height * (width - footing-toe-w dth
- top-thickness)
+ length * (height + footing-thickness)
* (1 + (height + footing-thickness) / 6.0))

/ 27.0 ,
make- quantity(quantity-id,units, amount) ,
quantity-id = 222041 , ; hand tanp trench backfill
units = "CUYD' ,
anount = nunber

* (length * height * (width - footing-toe-w dth
- top-thickness)
+ length * (height + footing-thickness)
* (1 + (height + footing-thickness) / 6.0))
/ 27.0 ,
make- quantity(quantity-id,units, anount)
]
)

;7; Rules for reinforcing steel

(take-of f-rule retaining-wall-reinforcing-steel-selectionl
if (reinforcing-steel-selection == "index crsi level bf- no surcharge")
then (quantity-id = 32104 ,
units = "TON' ,
anount = nunber
* (length * hicost-rwreinf-steel (height ,
rei nforcing-steel -sel ection))
/ 1000.0 ,
make- quantity(quantity-id, units, anount)
)
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(take-off-rule

ret ai ni ng-wall-reinforcing-steel -sel ection2
if (reinforcing-steel-selection == "index crsi sloped bf- no surcharge")
then (quantity-id = 32104 ,
units = "TON' ,
anmount = nunber

* (length * hicost-rwreinf-steel (height ,
rei nforcing-steel -sel ection))
/1000.0 ,

make- quantity(quantity-id, units, amount)
}

}

(take-off-rule retaining-wall-reinforcing-steel-sel ection3
if (reinforcing-steel-selection == "index crsi

level bf- hwy surchg (light)")
then (quantity-id = 32104 ,
units = "TON'
anmount = nunber
* (length *

hi cost-rw-reinf-steel (hei ght

reinf or'ci ng- st eel - sel ection))
/ 1000.0 ,

make- quantity(quantity-id,units, anount)
}

}

(take-off-rule

retai ni ng-wal | -reinforei ng-steel -sel ect i on4
if (reinforcing-steel-selection == "index crsi level bf- railw surch (heavy)")
then (quantity-id = 32104 ,
units = "TON' ,
anount = nunber

* (length * hicost-rwreinf-steel (height ,
rei nforcing-steel -sel ection))
/ 1000.0 ,

make- quantity(quantity-id, units, amount)
]

!

(take-off-rule

ret ai ni ng-wall-reinforcing-steel -sel ection5
if (reinforcing-steel-selection == "Ibs/cuyd")
then (quantity-id = 32104 ,
units = "TON'
amount = nunber * ((length * height
* (top-thickness + base-thickness)
/ 2.0
+ length * width * footing-thickness)
* reinforcing-steel / 27.0) / 1000.0 ,
make- quantity(quantity-id,units, anount)
]
)
;7 Rules for footing keyway and construction joint selection
(take-off-rule

retai ni ng-wal | -footing-key-and-constr-joints-sel ectionl
if (footing-key-and-constr-joints-selection == "2x4 key in ftg")
then (quantity-id = 26633 ,
units = "LNFT" ,
amount = nunber * length ,
make- quantity(quantity-id, units, anount)
)

}

(take-of f-rule retaining-wall-footing-key-and-constr-joints-selection2
if (footing-key-and-constr-joints-selection == "2x6 key in ftg")
then (quantity-id = 26634 ,
units = "LNFT" ,
amount = nunber * length ,

make- quantity(quantity-id, units, amount)
}
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(take-off-rule retaining-wall-footing-key-and-constr-joints-selection3
if (footing-key-and-constr-joints-selection == "2x8 key in ftg")
then (quantity-id = 26635

units = "LNFT" ,
amount = nunber * length ,
make- quantity(quantity-id, units, amount)
}
)

(take-off-rule retaining-wall-footing-key-and-constr-joints-selection4
if (footing-key-and-constr-joints-selection == "3x8 key in ftg")
then (quantity-id = 26636 ,

units = "LNFT" ,
amount = nunber * length ,
make- quantity(quantity-id, units, amount)
]
}

(take-of f-rule retaining-wall-footing-key-and-constr-joints-selection5
if (footing-key-and-constr-joints-selection == "2x6 ftg key & one wall constr jt")
then (quantity-id = 26633 ,
units = "LNFT" ,
amount = nunber * length ,
make- quantity(quantity-id, units, amount)
quantity-id = 26653 ,
units = "SQFT" ,
amount = nunber * (height * (top-thickness + base-thickness) / 2.0) ,
make- quantity(quantity-id,units, anount)

)

(take-of f-rule retaining-wall-footing-key-and-constr-joints-selection6
if (footing-key-and-constr-joints-selection ==
"2x6 ftg key & wall constr jt 30 in. oc")
then (quantity-id = 26633 |,
units = "LNFT" ,
amount = nunber * length ,
make- quantity(quantity-id, units, amount)
guantity-id = 26653
units = "SQFT" ,
amount = nunber * ((height * (top-thickness + base-thickness) / 2.0)
* (length / 30.0)) ,
make- quantity(quantity-id, units, amount)

}

(take-off-rule retaining-wall-footing-key-and-constr-joints-sel ection?
if (footing-key-and-constr-joints-selection == "one wall constr jt")
then (quantity-id = 26653 ,
units = "SQFT" ,
amount = nunber * (height * (top-thickness + base-thickness) / 2.0) .,
make- quantity(quantity-id,units, anount)
)
)

(take-off-rule retaining-wall-footing-key-and-constr-joints-selection8
if (footing-key-and-constr-joints-selection == "wall constr jt 30 in. oc")
then (quantity-id = 26653
units = "SQFT" ,
amount = nunber * ((height * (top-thickness + base-thickness) / 2.0)
* (length / 30.0)) ,
make- quantity(quantity-id, units, anount)
J
H

;7 Rules for miscellaneous

(take-off-rule retaining-wall-mscellaneous-sel ectionl
if (mscellaneous-selection == "1 in. diamweep holes 36 in. o.c")
then (quantity-id = 26661 |,
units = "PCS" |,
amount = nunber * (length / 3.0) ,
make- quantity(quantity-id, units, anount)
3
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(take-off-rule retaining-wall-mscellaneous-selection2

if (mscellaneous-selection == "1-1/2 in. diamweep holes 36 in. o.c")
then (quantity-id = 26662

units = "PCS" ,

amount = nunber * (length / 3.0) ,

make- quantity(quantity-id, units, amount)
)
)

(take-off-rule retaining-wall-mscellaneous-selection3
if (mscellaneous-selection == "2 in. diamweep holes 36 in. o.c")
then (quantity-id = 26663 ,
units = "PCS" |,
amount = nunber * (length / 3.0) ,
make- quantity(quantity-id, units, amount)
)
}

(take-of f-rule retaining-wall-mscellaneous-sel ection4

if (mscellaneous-selection == "3 in. diamweep holes 36 in. o.c"}
then (quantity-id = 26664 ,

units = "PCS" ,

amount = nunber * (length / 3.0) ,

make- quantity(quantity-id,units, anount)
)
)

(take-of f-rule retaining-wall-mscellaneous-sel ection5
if (mscellaneous-selection == "rub exposed wall sfc & finish top")
then (quantity-id = 26620
units = "SQFT" ,

amount = nunber * (length * (height - width + 1.0)) |,
make- quantity(quantity-id, units, amount)

quantity-id = 26621 , ;. SUBTRACT PO NT & PATCH

units = "SQFT" ,

amount = - nunber * (length * (height - width + 1.0)) |,

make- quantity(quantity-id,units, anount)
quantity-id = 26622 ,

units = "SQFT" ,

ampbunt = nunber * length ,

make- quantity(quantity-id, units, amount)

¥

(take-off-rule retaining-wall-mscellaneous-sel ection6é
if (mscellaneous-selection == "ftg waterstop ")
then (quantity-id = 26665 |,

units = "LNFT" ,
amount = nunber * length ,
make- quantity(quantity-id, units, amount)
}
)

(take-off-rule retaining-wall-niscellaneous-sel ection?
if (mscellaneous-selection == "wall waterstop")
then (quantity-id = 26665 |,

units = "LNFT" ,
anount = nunber * width ,
make- quantity(quantity-id, units, anount)
}
}

(take-of f-rule retaining-wall-niscell aneous-sel ection8
if (mscellaneous-selection == "wall waterstop 30 in o.c")
then (quantity-id = 26665
units = "LNFT" ,
amount = nunber * (height * length / 30.0) ,
make- quantity(quantity-id, units, anount)
)
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7.3.3. Structural Metal Takeoff Rule Set

77# RULES FOR STRUCTURAL METAL

, Rules for type of metal and type of nenber
::7 (Note: 0.0034 is pounds of steel per square inch per linear foot.
s:: Likew se, 0.0015 is pounds of alum num per square inch per |inear

::; foot.)
(take-off-rule structural-metal -type-of -nenber-sel ecti onl

if ( ( type-of -nmetal -sel ection == "A-36 std stl."
or type-of-netal-selection == "add hi-strngth steel"
or type-of-metal -selection == "add specialty steel")
and (type-of-nenber-selection == "beant
or type-of-nmenber-selection == "col um"
or type-of-nenber-selection == "channel "))
then (amount = nunmber * (pieces-per-location * length

* weight / 1000.0) ,

)
)

(take-off-rule structural-netal -type-of-nmenber-sel ection2

if ( ( type-of -netal -sel ection == "A-36 std stl."
or type-of-netal-selection == "add hi-strngth steel"
or type-of-netal-selection == "add specialty steel")
and type-of-nmenber-sel ection == "angle")
then (amount = nunber

* (pieces-per-location * length
* (first-dinension + second-di nmension)
* thickness * 0.0034)

)
(take-off-rule structural -netal-type-of -menber-sel ection3

if ( ( type-of -netal -sel ection == "A-36 std stl."
or type-of-nmetal-selection == "add hi-strngth steel"
or type-of-netal-selection == "add specialty steel")
and type-of - menber-sel ection == "plate")
then (anount = nunber

* (pieces-per-location * length * first-dinension
* thickness * 0.0034)

}
(take-of f-rule structural-netal -type-of-nmenber-sel ect i on4

if ( ( type-of -netal -sel ection == "A-36 std stl."
or type-of-nmetal -selection == "add hi-strngth steel"”
or type-of-netal-selection == "add specialty steel")
and type-of - nenber-selection == "tubular (rect or sq.)?)
then (amount = nunber * pieces-per-1location

* (length * 2 * (first-dinension + second-di mension)
* thickness * 0.0034)

]
(take-off-rule structural -metal-type-of-nmenber-sel ection5

if ( ( type-of -nmetal -sel ection == "A-36 std stl."
or type-of-netal-selection == "add hi-strngth steel"
or type-of-netal-selection == "add specialty steel")
and type-of - menber-sel ection == "pipe colum")
then (amount = nunber * pieces-per-|ocation

* (length * (3.14 * first-dinension)
* thickness * 0.0034)
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(take-off-rule structural -metal -type-of - nenber -sel ecti oné

if ( ( type-of -netal -sel ection == "A-36 std stl."
or type-of-netal-selection == "add hi-strngth steel"
or type-of-netal-selection == "add specialty steel")
and type-of -nmenber-selection == "rectangular rod (solid)")
then (amount = nunber * pieces-per-location

* (length * first-dinmension
* second-di mension * 0.0034)

)
(take-of f-rule structural-netal -type-of-nmenber-sel ecti on7

if ( ( type-of -netal -sel ection == "A-36 std stl."
or type-of-netal-selection == "add hi-strngth steel"
or type-of-netal-selection == "add specialty steel")
and type-of - menber-selection == "round rod")
then (amount = nunber * pieces-per-location

* (length * ((first-dimension / 2.0) ** 2)
* 3.14 * 0.0034)

)
(take-of f-rule structural-netal-type-of-nmenber-sel ection8

if ( type-of -netal -sel ection == "structural al um nunt
and (type-of-nenber-selection == "beant
or type-of - nenber-sel ection == "col um"
or type-of-nenber-selection == "channel"))
then (amount = nunber * (pieces-per-location * |ength

* weight / 1000.0) ,

)
)

(take-of f-rule structural - netal -type-of - menber - sel ecti on9

if ( type-of -netal -sel ection == "structural alum nuni
and type-of - menber-sel ection == "angl e")
then (amount = nunber

* (pieces-per-location * length
* (first-dinmension + second-di mension)
* thickness * 0.0015)
)
(take-of f-rule structural -netal -type-of - menber - sel ecti onl10

if ( type-of -netal -sel ection == "structural alum nunt
and type-of - nenber-sel ection == "plate")
then (amount =  nunber

* (pieces-per-location * length * first-dinension
* thickness * 0.0015)

)
(take-of f-rule structural -netal -type-of - menber-sel ectionl|

if ( type-of -nmetal -sel ection == "extruded al um nunf
and type-of -nenber-selection == "tubular (rect or sqg.)")
then (amount = nunber * pieces-per-1location

* (length * 2 * (first-dinension + second-di nensi on)
* thickness * 0.0015)

)
(take-of f-rule structural-netal -type-of - menber-sel ectionl 2

if ( type-of -netal -sel ecti on == "extruded al unmi nunt
and type-of - nenber-sel ecti on == "pipe colum")
then (amount = nunber * pieces-per-1location

* (length * (3.14 * first-di mension)
* thickness * 0.0015) ’
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(take-off-rule structural-netal -type-of-netal-selectionl
if ( type-of -netal -sel ection == "A-36 std stl."
and type-of - menber-sel ection == "beant')
then (quantity-id = 510140 ,
units = "TON',
make- quantity(quantity-id, units, amount)
}
}

(take-of f-rule structural -netal -type-of-netal -sel ection2
if ( type-of -nmetal -sel ection == "A-36 std stl."
and type-of - menber-sel ection == "col um")
then (quantity-id = 510010 ,
units = "TON',
make- quantity(quantity-id,units, amunt)
}
}

(take-of f-rule structural-netal -type-of-netal -sel ection3
if ( type-of -nmetal -sel ection == "A-36 std stl."
and type-of - menber - sel ecti on == "channel ")
then (quantity-id = 510020
units = "TON',
make- quantity(quantity-id, units, amount)
}
)

(take-of f-rule structural-netal -type-of-netal-sel ecti ond
if ( type-of -nmetal -selection == "A-36 std stl."
and type-of - menber-sel ection == "angl e")
then (quantity-id = 510030 |,
units = "TON',
make- quantity(quantity-id,units,anount)
)
)

(take-off-rule structural-netal -type-of-netal -sel ection5
if ( type-of -nmetal -sel ection == "A-36 std stl."
and type-of - menber-sel ection == "plate")
then (quantity-id = 510040 ,
units = "TON',
make- quantity(quantity-id, units, amount)
}
)

(take-off-rule structural-netal -type-of-netal -sel ecti oné
if ( type-of -netal -sel ection == "A-36 std stl."
and type- of - menber -sel ection == "tubular (rect or sqg.)
then (quantity-id = 510070 |,
units = "TON',
make- quantity(quantity-id,units, anount)
H
1

(take-off-rule structural-netal -type-of-netal -sel ection?7
if ( type-of -netal -sel ection == "A-36 std stl."
and type-of - menber-sel ection == "pipe colum")
then (quantity-id = 510080
units = "TON',
make- quantity(quantity-id,units, anount)
)
)

(take-off-rule structural-netal-type-of-netal-sel ection8
if ( type-of -netal -selection == "A-36 std stl."
and type-of-nmenber-selection == "rectangular rod (solid)")
then (quantity-id = 510060
units = "TON',
make- quantity(quantity-id, units, amount)
}
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(take-of f-rule structural -netal -type-of-netal -sel ect ion9
if ( type-of -nmetal -sel ection == "A-36 std stl."
and type-of - menber-sel ection == "round rod")
then (quantity-id = 510050 ,
units = "TON',
make- quantity(quantity-id, units, anmount)
)
)

(take-of f-rule structural -metal -type-of-nmetal -seiectionl O
if ( type-of -netal -sel ection == "add hi-strngth steel™
and type-of - menber-sel ection == "beant')
then (quantity-id = 510140 ,
units = "TON'/
make- quantity(quantity-id, units, amount)
guantity-id = 510500 ,
units = "TON',
make- quantity(quantity-id,units, amount)
1
1

(take-off-rule structural -netal-type-of-netal -sel ect i onll
if type-of -netal -sel ection == "add hi-strngth steel™
and type-of - menber-sel ection == "colum")
then (quantity-id = 510010 ,
units = "TON',
make- quantity(quantity-id,units,anount) |,
guantity-id = 510500 ,
units = "TON',
meke- quantity(quantity-id,units, anount)

)

(take-of f-rule structural -metal -type-of-nmetal -sel ect i onl12
if ( type-of -netal -sel ection == "add hi-strngth steel"
and type-of - menber-sel ection == "channel ")
then (quantity-id = 510020 |,
units = "TON',
make- quantity(quantity-id,units, amount)
quantity-id = 510500 ,
units = "TON',
make- quantity(quantity-id,units, anount)

}

(take-off-rule structural-netal -type-of-netal-selectionl3
if ( type-of -nmetal -sel ection == "add hi-strngth steel™
and type-of - menber-sel ection == "angle")
then (quantity-id = 510030 ,
units = "TON',
make- quantity(quantity-id,units, anount)
quantity-id = 510500 ,
units = "TON',
make- quantity(quantity-id,units, anount)

}

(take-of f-rule structural-netal-type-of-netal-selectionl4
if ( type-of -netal -sel ection == "add hi-strngth steel"
and type-of - menber-sel ection == "plate")
then (quantity-id = 510040 |,
units = "TON',
make- quantity(quantity-id,units,anount) |,
guantity-id = 510500 ,
units = "TON',
make- quantity(quantity-id,units, anount)
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(take-of f-rule structural -netal -type-of-netal-selectionl5
if ( type-of -nmetal -sel ection == "add hi-strngth steel"
and type-of -nenber-sel ection == "tubular (rect or sq.)")
then (quantity-id = 510070 ,
units = "TON',
make- quantity(quantity-id, units, amount)
!
}

(take-off-rule structural -metal -type-of-netal -sel ectionl6
if ( type-of -nmetal -sel ection == "add hi-strngth steel™
and type-of - menber-sel ection == "pipe colum")
then (quantity-id = 510080 ,
units = "TON',
make- quantity(quantity-id,units, anount) ,
guantity-id = 510500 ,
units = "TON',
make- quantity(quantity-id, units, amount)
)
)

(take-off-rule structural -netal -type-of-netal -selectionl?
if ( type-of -netal -sel ection == "add hi-strngth steel™
and type-of - menber-sel ection == "rectangular rod (solid)"}
then (quantity-id = 510060 ,
units = "TON',
make- quantity(quantity-id,units, amount)
guantity-id = 510500 ,
units = "TON',
make- quantity(quantity-id, units, amount)
)

(take-off-rule structural-netal -type-of-netal -selectionl8
if ( type-of -netal -sel ection == "add hi-strngth steel™
and type-of-nmenber-selection == "round rod")
then (quantity-id = 510050 ,
units = "TON',
make- quantity(quantity-id,units, amunt)
quantity-id = 510500 ,
units = "TON',
make- quantity(quantity-id, units, amount)
)

(take-off-rule structural-netal -type-of-netal -sel ecti on20
if ( type-of -netal -sel ection == "add specialty steel™
and type-of - menber-sel ection == "bean')
then (quantity-id = 510140 |,
units = "TON',
make- quantity(quantity-id,units, amount)
gquantity-id = 510510 ,
units = "TON',
make- quantity(quantity-id,units, anount)

)

(take-off-rule structural-netal-type-of-netal-selection2l
if ( type-of -netal -sel ection == "add specialty steel™
and type-of - menber-sel ection == "colum")
then (quantity-id = 510010 ,
units = "TON', :
make- quantity(quantity-id,units, amount)
quantity-id = 510510 ,
units = "TON',
make- quantity(quantity-id, units, amount)
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(take-of f-rule structural -nmetal -type-of-netal -sel ection22
if ( type-of -netal -sel ection == "add specialty steel"
and type-of-nmenber-sel ection == "channel")
then (quantity-id = 510020
units = "TON',
make- quantity(quantity-id,units, anount)
quantity-id = 510510 |,
units = "TON',
make- quantity(quantity-id, units, amunt)

)

(take-off-rule structural-metal -type-of-netal-sel ection23
if ( type-of -nmetal -sel ection == "add specialty steel"
and type-of -nmenber-selection == "angle")
then (quantity-id = 510030
units = "TON',
make- quantity(quantity-id,units,anmunt)
quantity-id = 510510 |,
units = "TON',
make- quantity(quantity-id, units, amount)

)

(take-of f-rule structural -netal -type-of-netal -sel ection24
if ( type-of -netal -sel ection == "add specialty steel"
and type-of -menber-sel ection == "plate")
then (quantity-id = 510040 ,
units = "TON',
make- quantity(quantity-id,units,amunt) ,
quantity-id = 510510 , :
units = "TON',
make- quantity(quantity-id,units, anount)

)

(take-off-rule structural -metal-type-of-netal-sel ection25
if ( type-of -nmetal -sel ection == "add specialty steel"
and type-of -nenber-selection == "tubular (rect or sqg.}")
then (quantity-id = 510070 ,
units = "TON',
make- quantity(quantity-id, units, amount)
)
}

(take-of f-rule structural -netal -type-of-netal -sel ection26
if ( type-of -netal -sel ection == "add specialty steel"
and type-of-nmenber-sel ection == "pipe colum")
then (quantity-id = 510080
units = "TON',
make- quantity(quantity-id,units,amunt) ,
quantity-id = 510510 ,
units = "TON',
make- quantity(quantity-id,units,anount)
}
}

(take-off-rule structural-netal -type-of-netal -sel ecti on27
if ( type-of -netal -sel ection == "add specialty steel"
and type-of -menber-selection == "rectangular rod (solid)")
then (quantity-id = 510060
units = "TON',
make- quantity(quantity-id, units, amount)
quantity-id = 510510 ,
units = "TON',
make- quantity(quantity-id,units,anount)
}
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(take-off-rule structural -netal -type-of-netal -sel ection28
if ( type-of -met al -sel ection == "add specialty steel™
and type-of -nenber-selection == "round rod")
then (quantity-id = 510050 ,
units = "TON',
make- quantity(quantity-id,units, anount) ,
guantity-id = 510510 ,
units = "TON',
make- quantity(quantity-id, units, anount)
]
)

(take-of f-rule structural-netal -type-of-netal-selection30
if (type-of-netal-selection == "structural alum nun')
then (quantity-id = 510600

units = "TON', .
make- quantity(quantity-id, units, amount)
)

)

(take-off-rule structural-netal -type-of-netal-sel ection31
if (type-of-netal-selection == "extruded al um nun')
then (quantity-id = 510600 ,

units = "TON',
make- quantity(quantity-id, units, amount) ,
)

}

;i+7 Rules for surface treatnent
;77 (Note: armount is set by type-of-nmenber-selection rules.)
(take-off-rule structural -metal-surface-treatnent-selectionl
if (surface-treatnent-selection == "field paint per ton")
then (quantity-id = 991040 ,
units = "TON'
make- quantity(quantity-id,units, anount)
)
}

(take-off-rule structural-netal-surface-treatnent-selection2
if (surface-treatnent-selection == "gal vani ze per ton")
then (quantity-id = 991520 ,

units = "TON' |
make- quantity(quantity-id, units, amount)
)

)

;7 Rules for anchor bolts.
(take-off-rule structural-metal -anchor-bolts-selectionl
if (anchor-bolts-selection == "furnish 2 a.b. per col.")
then (quantity-id = 510100,
units = "LBS" ,
amount = nunmber * (2 * pieces-per-location
* ((anchor-bolt-diameter / 2.0)
* 3.14 * 3.4)
make- quantity(quantity-id,units, anount)
]
}

(take-off-rule structural-metal-anchor-bolts-selection2

if (anchor-bolts-selection == "furnish 4 a.b. per col.")
then (quantity-id = 510100,

units = "LBS" ,

amount = nunber * (2 * pieces-per-location

((anchor-bol t-diameter / 2.0)
* 3.14 * 3.4) ,
make- quantity(quantity-id,units, anount)
)
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Chapter 8
JADE Supplement

This chapter is intended to supplement the description of the JADE-KADBASE
implementation found in Section 5.3 of the thesis. The supplement contains the schema
description information for the JADE KBS context, the structural configuration database (SCD),
the analysis results database (ARD) (including the LFBS, LFBM, and LIM for each component)
aswell asthe GS, GDSM, and GIM.

8.1.Schemata

The following three sections describe the schemata for JADE, the structural configuration
database, the analysis results database, and the global schema. The schema descriptions are
expressed in the problem-oriented language of the schema description utility (described in
Section 4.7). Each of the component description sections contains the local frame-based schema
(LFBS), the local frame-based mapping (LFBM), and the local integration mapping (LIM)
grouped into a single set of definitions. The find subsection presents the globa schema (GS), the
global data source mapping (GDSM), and the global integration mapping (GIM) in the same
fashion.

8.1.1. JADE Context Schemata

| fbs jade

entity joint
I fbm j oi nt

slot joint-id
slot-type attribute
dat a-type integer
I fbm (joint . joint-id)

slot x
slot-type attribute
dat a-t ype nunber
I fbm (joint . x)
units feet

slot y
slot-type attribute
dat a-type nunber
Ifbm (joint . vy)
units feet

slot z
slot-type attribute
dat a-type nunber
I[fbm (joint . 2)
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units feet
sl ot joi ned- nenbers
slot-type relationship
dat a-type synbol
Ifbm (joint . joined-nmenbers)
rel ati onshi p-type sub-part
sl ot nunber - of - nenbers
slot-type attribute
dat a-type integer
Ifbm (joint . nunber-of-nenbers)
candi date-key joint-id
primary-key joint-id

entity menber
| fbm nmenber

sl ot menber-id
slot-type attribute
dat a-type integer
| fbm (menber . nenber-id)

slot jointl
slot-type relationship
dat a-type synbol
| fbm (menber . jointl)
rel ati onshi p-type is-a

slot xl
slot-type attribute
dat a-type nunber
| fbm (menmber . xl)
units feet

sl ot yl
slot-type attribute
dat a-type nunber
| fbm (menmber . yl)
units feet

slot zl
slot-type attribute
dat a-t ype nunber
| fbm (nmenber . zl)
units feet

sl ot shearl
slot-type attribute
dat a-type number
| fbm (menber . shearl)
lim FY1
units Kkips

sl ot axiall
slot-type attribute
dat a-t ype nunber
I fbm (menber . axiall)
limFX1
units Kips

slot nmonentl
slot-type attribute
dat a-type nunber
I fbm (menber . nonentl)
lim M1
units kip-inches

slot fixityl
slot-type attribute
data-type string
I fbm (menber . fixityl)

sl ot connecti onl
slot-type relationship
dat a-type synbol
| fbm (nmenber . connectionl)
rel ati onshi p-type is-a
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slot joint2
slot-type relationship
dat a-type synbol

| fbm (menber . joint2)
rel ati onshi p-type is-a
slot x2

slot-type attribute
dat a-type number
I fbm (menber . x2)
units feet
slot y2
slot-type attribute
dat a-type nunber
| fbm (menber . y2)
units feet
slot z2
slot-type attribute
dat a-type nunber
| fbm (nmenber . z2)
units feet
sl ot shear?2
slot-type attribute
dat a-type nunber
| fbm (menber . shear?2)
lim FY2
units Kkips
sl ot axial2
slot-type attribute
dat a-type nunber
I fbm (menber . axial2)
lim FX2
units Kips
sl ot nonent 2
slot-type attribute
dat a-t ype nunber
| fbm (menber . nonent 2)
l'im Mz2
units kip-inches
slot fixity2
slot-type attribute
data-type string
I fbm (menber . fixity2)
sl ot connection2
slot-type relationship
dat a-t ype synbol
| fbm (menber . connection2)
rel ati onship-type is-a
slot length
slot-type attribute
dat a-type nunber
| fbm (menber . | ength)
units feet
slot delta-x
slot-type attribute
dat a-t ype nunber
| fbm (menber . delta-x)
slot delta-y
slot-type attribute
dat a-type nunber
| fbm (menber . delta-y)
slot delta-z
slot-type attribute
dat a-type nunber
| fbm (menber . delta-2z)
slot roll-angle
slot-type attribute
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| fbm (menber . roll-angle)

units degrees
sl ot grade

slot-type attribute

data-type string

| fbm (nmenber . grade)

slot section-type

slot-type attribute

data-type string

| fbm (menber . section-type)

sl ot designation

slot-type attribute

data-type string

| fbm (menber . designation)

candi dat e- key menber-id
primary-key menber-id

entity nmenber
slot jointl
range joint
slot joint2
range joint

entity joint
sl ot j oi ned- menbers
range nemnber

8.1.2. Structural Configuration Database

| fbs scd

entity joint
| fbm joi nt
slot jid

slot-type attribute

data-type integer

Ifbm (joint . jid)

limijoint-id
slot x

slot-type attribute

dat a-t ype nunber
I fbm (joint . Xx)
units feet

slot y

slot-type attribute

dat a-type nunber
I fbm (joint . vy)
units feet

slot z

slot-type attribute

dat a-type number
Ifbm (joint . 2)
units feet
candi date-key jid
primary-key jid

entity nember
| f bm menber
slot md

slot-type attribute
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dat a-type integer
I fbm (menber . md)
I'im menber-id
slot jointl
slot-type relationship
dat a-type synbol
I fbm (menber . jointl)
rel ati onshi p-type is-a
slot fixityl
slot-type attribute
data-type string
I fbm (menber . fixityl)
slot joint2
slot-type relationship
dat a-type synbol
I fbm (menber . joint2)
rel ati onshi p-type is-a
slot fixity2
slot-type attribute
data-type string
| fbm (menber . fixity2)
slot roll-angle
slot-type attribute
dat a-type nunber
| fbm (menmber . roll-angle)
units degrees
sl ot grade
slot-type attribute
data-type string
| fbm (menber . grade)
sl ot section-type
slot-type attribute
data-type string
| fbm (menber . section-type)
sl ot designation
slot-type attribute
data-type string
| fbm (menber . designation)
candi dat e-key nid
primary-key md

entity nmenber
slot jointl
range joint
slot joint2
range joint

entity joint
sl ot j oi ned-nenbers
range nenber

8.1.3. Analysis Results Database Schemata

| fbs adb

entity endl oads
| f bm endl oads
i m menber
slot md
slot-type attribute
dat a-type integer
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| fbm (nenber . mid)
l'im nmenber-id

slot FX1
slot-type attribute
dat a-type real
I fbm (endl oads . FX1)
units Kips

slot FY1
slot-type attribute
dat a-type real
| fbm (endl oads . FY1)
uni ts kips

slot FZ1
slot-type attribute
dat a-type real
I fbm (endloads . FZ1)
units Kkips

sl ot MX1
slot-type attribute
dat a-type real
| fbm (endl oads . MX1)
units kip-inches

slot MY1
slot-type attribute
dat a-type real
I fbm (endl oads . My1)
units kip-inches

slot M1
slot-type attribute
dat a-type real
| fbm (endl oads . MZ1)
units kip-inches

slot FX2
slot-type attribute
data-type real
| fbm (endloads . FX2)
units Kips

slot FY2
slot-type attribute
dat a-type real
I fbm (endl oads . FY2)
uni ts Kkips

slot Fz2
slot-type attribute
dat a-type real
| fbm (endl oads . FZ2)
units Kips

sl ot MX2
slot-type attribute
dat a-type real
| fbm (endl oads . MX2)
units kip-inches

slot My2
slot-type attribute
dat a-type real
| fbm (endl oads . MY2)
units kip-inches

slot MZ2
slot-type attribute
dat a-type real
| fbm (endl oads . MZ2)
units kip-inches
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8.1.4. Global Schemata

gl obal - schema

entity joint
sources (jad scd)
slot joint-id
slot-type attribute
dat a-type integer
sources (jad scd)
slot x
slot-type attribute
dat a-type nunber
units feet
sources (jad scd)
slot y
slot-type attribute
dat a-t ype nunber

units feet
sources (jad scd)
slot z

slot-type attribute
dat a-t ype nunber

units feet
sources (jad scd)
slot xl

slot-type attribute
dat a-type nunber
units feet

slot vyl
slot-type attribute
dat a-t ype nunber
units feet

slot zl
slot-type attribute
dat a-type nunber
units feet

slot x2
slot-type attribute
dat a-type nunber
units feet

slot y2
slot-type attribute
dat a-type nunber
units feet

slot z2
slot-type attribute
dat a-type nunber
units feet

sl ot j oi ned- nenbers
slot-type relationship
dat a-type synbol
rel ati onshi p-type sub-part
sources (jad)

sl ot nunber - of - menbers
slot-type attribute
dat a-type integer
sources (jad)

candi date-key joint-id
primary-key joint-id

entity menber

sources (jad scd ard)
sl ot menber-id
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slot-type attribute
dat a-type integer
sources (jad scd ard)

slot jointl
slot-type relationship
dat a-type synbol
rel ati onshi p-type is-a
sources (jad scd)

slot xl
slot-type attribute
dat a-type nunber
units feet
i nherited-through jointl
sources (jad)

slot vyl
slot-type attribute
dat a-type number
units feet
i nherited-through jointl
sources (jad)

slot zl
slot-type attribute
dat a-type nunber
units feet
i nherited-through jointl
sources (jad)

slot fixityl
slot-type attribute
data-type string
sources (jad scd)

sl ot connecti onl
slot-type relationship
dat a-type synbol
rel ati onship-type is-a
sources (jad)

slot joint2
slot-type relationship
dat a-type synbol
rel ati onshi p-type is-a
sources (jad scd)

slot x2
slot-type attribute
dat a-t ype number
units feet
i nherited-through joint2
sources (jad)

slot y2
slot-type attribute
dat a-t ype number
units feet
i nherited-through joint2
sources (jad)

slot z2
slot-type attribute
dat a-type nunber
units feet
i nherited-through joint2
sources (jad)

slot fixity2
slot-type attribute
data-type string
sources (jad scd)

sl ot connection2
slot-type relationship
dat a-t ype synbol
rel ati onshi p-type is-a
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sources (jad)
slot length
slot-type attribute
dat a-t ype number
units feet
sources (jad)
slot delta-x
slot-type attribute
dat a-type nunber
sources (jad)
slot delta-y
slot-type attribute
dat a-type nunber
sources (jad)
slot delta-z
slot-type attribute
dat a-type nunber
sources (jad)
slot roll-angle
slot-type attribute
dat a-type nunber
units degrees
sources (jad scd)
sl ot grade
slot-type attribute
data-type string
sources (jad scd)
slot section-type
slot-type attribute
data-type string
sources (jad scd)
sl ot designation
slot-type attribute
data-type string
sources (jad scd)
sl ot FX1
slot-type attribute
dat a-type real
units Kkips
sources (jad ard)
slot FY1
slot-type attribute
data-type real
units Kips
sources (jad ard)
slot Fz1
slot-type attribute
dat a-type real
units Kkips
sources (jad ard)
slot MX1
slot-type attribute
dat a-type real
units kip-inches
sources (jad ard)
sl ot MYl
slot-type attribute
dat a-type real
units kip-inches
sources (jad ard)
slot M1
slot-type attribute
dat a-type real
units kip-inches
sources (jad ard)
slot FX2
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slot-type attribute
data-type real
units kips
sources (jad ard)
sl ot FY2
slot-type attribute
data-type real
units kips
sources (jad ard)
sl ot FZz2
slot-type attribute
data-type real
units kips

sources (jad ard)
sl ot MX2

slot-type attribute

data-type real

units Kkip-inches

sources (jad ard)
sl ot MY2

slot-type attribute
data-type real
units Kkip-inches
sources (jad ard)
sl ot Mz2

slot-type attribute
data-type real
units Kkip-inches
sources (jad ard)

candi dat e-key member-id
primary-key member-id

entity member
slot jointl
range joint
slot joint2
range joint
entity joint
sl ot joined-menbers
range member
entity joint
sl ot xl
constraint (joint.xl == joint.Xx)
sl ot vyl
constraint (joint.yl == joint.y)
sl ot zl
constraint (joint.zl == joint.2z)
sl ot x2
constraint (joint.x2 == joint.x)
slot y2
constraint (joint.y2 == joint.y)
slot z2
constraint (joint.z2 == joint.z)
entity menber
slot length
constraint (menmber. length ==
sqrti (menber.x2 - menber.xl) *% 2
+ (member.y2 - menber.yl) ** 2
+ (nmenmber.z2 - nmenber.zl) ** 2) }
sl ot delta-x
constraint (member.delta-x == (menber.x2 - menmber.x|l) / menmber.|ength)
slot delta-y -
constraint (menber.delta-y == (menmber.y2 - member.yl) / member.|ength)
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