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ABSTR A CT

A network representation of the iterative design process has been

presented . The representation is closely based on that previously developed

for non-iterative design checking. The representation uses two sets of data

values , denoted as Level 1 and Level 2, in a manner similar to first-order

iterative computational schemes. Certain data values , designated internally

modifiable parameters , serve as a reference between successive cycles . Provisions

are made for retaining certain data between cycles , so as to suppress calcula-

tions in some iterations , when it is felt that the results are insensitive to

changes in certain data values.

The representation is illustrated through the application to a typical

structural design problem .

Detailed data structures and transformation process are presented . In

the case of data , it is shown that the subscripted nature of the data must be

explicitly taken into account , whereas the non-iterative process can be represented

in terms of generic , or unsubscripted , data. The recursive procedures for

evaluating and modifying data have been extended to handle the two-level ,

subscripted data representation. Four additional processes are defined : those

to ACCEPT or REJECT the current cycle of results , and those to RETAIN and RELEASE

data between cycles.

\
\

_ _ _ _ _ _ _ _ _ _ _ _  ~~. 
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CHA PTE R 1. INTRODUCT I ON

1.1. Objective

The functional design of a structural system involves a number of iterative

processes , each of which determines some values for parameters which define

the system. Individual processes deal with the desi gn of specific components ,

such as frame members , frame connections , or floor grid members , and each

process consists , in general , of procedures for design , analysis , checking and

selection.

In order to develop a computer based desi gn capability , there must be a

formal representation of the desi gn process. Such a formal representation has

been extensively developed for non-iterative design checking procedures (References

[4],[5],[6], [7], [8], [9]). The representation is based upon a network of the

data generated and used in the procedure . A network is formulated in which each

datum is assigned a node arid an oriented branch is drawn to the datum node

from each of its direct ingred i ents. Associated with each derived datum is

a transformation , or unit procedure , that must be executed to evaluate the datum .

Basic parameters are those data which have no evaluation procedure and must be

input.

Processing is formally expressed as an attempt to evaluate a given datum .

In order to prevent unnecessary execution of transformations , a recursive

execution procedure , called SEEK [5], is implemented , which evaluates missing

direct or indirect ingredients of a datum only if they are found to be needed for

evaluation of the datum sought. If a new value for a datum is input , a recursive

updating procedure , called WARN [5], erases the values of all dependents , direct

or indirect , of the datum .

It is the purpose of this report to present a network representation for the

iterative structura l design process based on that developed for non-iterative
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design checking.

Individual design processes are specific not only in the aspect of the

• 
. 

structure they desi gn but also in the type of solution offered . Separate

design processes must be considered for, say, member design using a concrete

beam , a standard wide fl ange shape , or a plate girder . Throughout this report ,

examples will be drawn from the case of a gable frame structure subject to loads

at the joints and distributed loads along the members , and which is to be designed

elasticall y using standard wide flange shapes. The AISC Specifica tion [l]cri teria

for the elastic design of members under combined axial and bending stress is to

govern . The i terative procedure is restricted to the sel ection of the cross-

section of the members satisfy ing the specif ication criteria. The loading,

• frame geometry , and member material are fixed unless changed by external input.

1.2 . Organization of Report.

The basic concepts of the network representation of the cyclic design

process are presented in Chapter 2. The data structures used to represent the

data values in the design process and the transformations operating on the data

are presented in Chapter 3. The processes dealing wi th the control of the desi gn

cycle and the evaluation and modification of the data are described in Chapter

4. A surmiary of the work and conclusions reached from the study are presented in

Chapter 5.

-. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~ - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
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CHAPTER 2. NETWORK REPRESENTATION OF CYCLIC DESIGN

In this chapter , the basic concepts of the network representation of cyclic ,

or iterative , design are presented . Succeeding chapters further elaborate on

the data structures and procedures needed to implement the cyclic desi gn process.

2.1 . The Cyclic Network

The basic difference between a non-iterative and an iterative process is

that for a single set of starting inputs the non-iterative process produces

one value per datum (or element of a subscripted datum) , whereas an iterative

process produces repeated cycles of values for each datum. The generation of

repeated cycles of values , each of which acts as the input for generating the

next cycle , suggests a representation based on the acyclic network of data

values instead of the cyclic network of data variables. Example networks of

data variables and data values are shown in Figures l.a and 1 .b , respectively,

for a hypothetical three-datum , two-cyclic-path network . In this way each value

generated is associated not only with a datum but also with the cycle on which it

is generated .

To obtain the representation of a network of values from a network of variables ,

it is necessary to define a set of data which are the first to be evaluated on a

given cycle of calculation. These data , called the internally modifiabl e

• parameters, are evaluated from the previous cycle of calculation and serve as

input parameters for the current cycle of calculation . For the set to be able to

act as a reference point between successive cycles , it must satisfy the following

two requirements:

1.) There must be one internally modifiable parameter on each separate

cyclic path through the network of data variables; and

2.) There must be no more than one internally modifiabl e parameter on each

path through the network of variabl es.
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If the first requirement is not met , there will be an ambiguity in determining

on which cycle a value was generated , and if the second requirement is not met ,

there will apparently be more cycles of calculation than valu es generated for

each datum. In Fi gure l .b , datum A is the first datum evaluated on each cycle ,

and thus , it is the internally modifiabl e parameter . Datum B would be acceptable

as an alternate internally modifiabl e parameter , because it occurs on both cyclic

paths in Figure l.a. Datum C , by itself , could not be used as an internally

modifiable parameter , because it occurs only on one of the two cyclic paths in

the network , and it could not be used wi th datum A or B , because then there would

be more than one internally modifiabl e parameter on the other path.

Generally, the internally modi fiable parameters in an iterative procedure

are the primary data being sought. All other data generated are used to determine

if the values of the data being sought are converging or have converged to a

desirable solution and/or to act as inputs for the next generation. In the

Newton-Raphson method [3] for solving the equation , F(x)=O , the cyclic network

consists of the data , x , F(x), and F’(x). The datum , x , is both the datum sought

and the first datum to be evaluated on an iteration; thus , it is the internally

modifiable parameter.

For most design processes , the network of values can be reduced to a two-cycle

network. The first of these cycles is the cycle of current accepted values

(designated Level 1), and the second , subsequently gener&ted , cycle is the cycle

of potential improved values (designated Level 2). All cycles generated previous

to the current Level 1 values are outdated and need no longer be considered .

Cycles of values subsequent to the current Level 2 values are not generated

(see Fig. l.b) until it has been determined that the Level 2 values are actually

an improvement over the Level 1 value s. The Newton-Raphs on method , mention ed
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previously, written in recursive form as

= x~ - F(x~)/F’ (x1 ), (1)

shows that x1÷1 at Level 2 is generated from the Level 1 values of x~.,

F(x
~
) and F ’(x~). In programming suc h a procedure , the temporal subscript would

not be used , and only the “current ” level 1 and 2 values would be retained [3].

Higher-order processes , e.g. Richardson extrapolation , using several sets of

previous values , are possibl e, but do not appear to be necessary for the desi gn

process.

It shou ld be noted tha t the concept of “current ” l eve ls  used in thi s re port

differs from the “permanence level ” used in Reference [12] to denote information

at various stages of desi gn , checking , and construct ion .

Generally, an iterative process has inputs which remain unchanged from cycle

to cycle. All data which are direct or indirect dependents of unchanging

parame ters only are açyclic ingredients; thus they are not re-evaluated to

obta in improved values . Acyclic ingredient data only exist as accepted , or

Level 1 , values. These Level 1 values serve as in gredients to both the Level 1

and Level 2 values of cyclically dependent data . Figure 2 shows the genera l

ingredience-dependence relationships between data values in the two-cycle network

of values. Returning once more to the Newton-Raphson method , in the so-called

Modifie d Newton-Raphson method :

= x~ - F( x~)/F’ (x ) (2)

the variabl e F’(x0) would be evaluated only once , and would thus be an acycl ic

ingredient  of x.

2.2. Transfo rmations

The design process is made up of unit procedures , calle d transformations ,

wh ich are used to evaluate data from their direct ingredie nts . Transformations
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can be of many types , including lo gical dec is ions , formulas , ta b le searches ,

unquant i f i abl e designer  i nteract ion , or any combination of these ([5], p. 1100).

For the purpose of processing, t ransformat i ons are d ist i n gu i she d by their

execut i on character i st ics.  In the o rgan iza t ion  of da ta in to  ne twor ks for eva lua ti n g

cr i teria of the AISC Spec i f ica t ion , two kinds of transformations were used : functions

and decision tables ([9], p. 13). The decision table is characterized by the

presence of dynamic i n gredients :  some boolean i n gre di en ts in  the con d i ti on stu b

may not be needed to check some of the rules i n the tab le , and the lists of

ingredients differ for the various functions in the action stub ([6], p.9). Thus ,

the actual l ist of ingredients needed for evaluation must be determined as execu-

t ion pro gresses . In contrast , the l ist of i ngred ients that must be p resen t for

executin g a func t ion  t ransforma ti on rema i ns unchan ged. Al l  t ransforma ti ons which

have no dynamic ingredients are termed routines. This includes explicit fLnctions ,

searches through tabular data , and desi gn er ju dgmen ts wh ich are base d on a fixed

set of ingred i ents .

Decision ta b le  t ransforma ti ons are also nec ess ary i n the i tera tive desi gn

process , no t onl y for h a n d l i n g  the extens i ve log i c foun d i n des ign check i ng bu t

also for the decision logic found in other procedures. For example , Table 1

shows the lo g ic involved  i n the exam p le des ig n selec ti on p roce dure , to be

• descr i bed later.

The first action in Table 1 is a routine in which the designer uses his

judgment in selecting a new shape , basing h i s jud gmen t on the pro pert ies of the

previous shape and the critical constraint values. The remaining actions in

Table 1 are routines similar to those used in non -iterative design checking.

2.3. Multi-Valued and Subscripted Data

As presented in References [8] and [9], a t ransformat i on always produces

a sin gle datum . Two extensions of this restriction are needed ~r cyclic design. 

—_~~~~ • - • - - • -~~ • • — -—- ————~~. • -•. • •_ • _ .- - • ••~~• • • ••
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• First , in some cases two or more data i tems are so closely re la ted that  they

are always evaluated together by a single transformation . An exampl e is the

• datum ‘ stan dard wi de f l a n ge sha pe ’ i n Tabl e 1 . This  datum ac tua l l y cons i sts

of three indivi dual data i tems , namely ‘ section designation ’ , ‘nominal depth’ ,

and ‘ section weight ’ , evaluated together by the selection routines. Such data

always occurrin g in groups will be referred to as multi -valued data.

Second , in dealing wi th a complete design , as opposed to a des ig n check at

a specif i c po i n t, da ta have to be di st i ngu i shed by the i r loca ti on , or subscript.

General p roce dures for deal i n g wi th  su b scri p ted data are p resen ted i n References

[8]anci [11]. An implementation for the specific design example considered in this

• report is presented in Section 3.3.

2.4 . Re ta ine d Da ta

• Normally , a cycl ically dependent datum is re-evaluated on each cycle of

calculation . However , it is somet i mes des i ra b le to su pp ress the cycl i c recalcula-

tion of certain data and to use the existing values of these data as ingredients

over a number of i terat ions . This  i s done to red uce t he amoun t of ca lcu la ti on ,

when it is expected that re-evaluation will produce little or no change in the

given data , or when the cycle of c a l c u l a ti on is s ti l l  so a pp roxima te th a t us i ng

some va lues  from prev i ous cycles w i l l  p ro duce no s~gnific ant error.

For exam ple , in  struc tural  des ig n re peate d selec t ions of des i gn var i a b les
• are customarily performed wi thout a re-anal ysis of the forces in the structure

([10], p.649). This is due to the fact that relative moments of inertia , upon

which the dis tribution of member forces throughout the structure depends , are no t

expected to change drastically with each new selection of members. Thus , a re-

analys is can be delayed until the final selection satisfying the desi gn constra ints

is to be checked for consistency . Similarly, the loads on the structure , wh i ch

are dependent on the repeatedly changing contribution of member weigh ts, can be
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left unchanged , if an adequa te member we ig ht contri but i on i s assume d on th e

f i rs t cycl e of ca lcu la t ion .

Reta i nable data are classified into sets which are intended to be retained

together in order to suppress given sequences of calculations. Reta i ned sets

can be cons i dere d temporar i ly as acyclic ingredient data. As with true acyclic

data , in every reta ined set the Level 1 values are held for more than one cycle

of ca lcu la ti on an d t hese va lues  are use d as i n pu ts for generat i n g both Level 1

and Level 2 va lues  of de pen den t data as shown i n F igure  3.

Unl ike the Level 2 of true acyclic ingredient data , the Level 2 of re ta i ne d

cycl i c data has a us efu l  mean i n g. The Level 2 v a l u e of a re ta i ne d dat um ca r be

generated from Level 1 values of ingredients not in the retained set, as s hown i n

Fi gure 3 . Us i n g th i s re p resen ta ti on of t he Level 2, a com parison of Level 1 and

Level 2 values can be made to observe how inaccurate the retained (Level 1)

values have become . Of course , i f the full seq uence of su pp resse d calcula tions

must be made to generate the Level 2 values for comparison , there i s no sense

in keeping the retained values. However , an i nd i ca ti on of the inaccurac y of the

ful l set of re ta i ne d values  can be obta ine d by onl y re-evaluating a few of the data .

If it is decided to release a set from retainment , the Level 1 va lues  are

discarded , and whatever Level 2 values have been generated are re-assi gned as

Level 1 values . It is also noted that Level 2 val ues of retained data are discarded

when ever the Level 1 va lues  of u n re t a i n e d da ta are di scar ded.

2.5. App l i cat ion  to Stru ctural  Desi gn

The makeu p of a single cycle in an iterative structural design process

can be descr i bed throu gh the ca tegor i zab le  grou ps of data genera ted an d the

procedures that generate them [11].

An appropriate beginning for a cycle of desi gn i s the group of da ta

designated as the structural parameters. These are the data that define the
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current des ign solution. All subsequent data generated on the cycle of calculation

are used to determine the behavior and chec k the current design solution against

the appl icab le design criteria. The structural parameters include desi gn

• variables whose final values  are found by it erat i on , and data which  rema i n

unchanged as input parameters. The design variables which define the cross-

section of a wide flange shape are ‘nominal depth’ and ‘ section wei ght .’ In

the gable frame exam ple structural parameters which remain unchanged are data such

as ‘grade of steel ’ and ‘mem ber leng th.’ In terms of the terminology introduced

earl i er , the des ig n var i a b les ‘ nominal depth’ and ‘ section weight ’ cons titute

the internally modifiable parameters , if these variables are the fi rst ones

evaluated in each design cycle (see Section 2.l)*. Unchan ged parame ters such as

‘ grade of steel ’ and ‘mem ber length’ are the acycl i c ing red ien t  data def i ned

previously.

The first step of calcula tion is structural processing, which determi nes

values  for struc tural  a t t r i bu tes from s t ructural  parame ters or other struc tural

attri butes. Structura l attributes are properti es of the structure which are

neede d in la ter  steps of analys i s and design . For exam p l e, the at tri bu tes

‘cross-sec tion area ’ , ‘moment of i ne r t i a ’ , and ‘ rad ius of gyrat i on ’ , amon g others ,

are obtained by a table search from the parameters ‘ nomi nal dep th ’ and ‘sect i on

weight ’ . From ‘moment of iner t i a ’ and ‘ mem ber length’ attri butes are determ i ned

‘member sti ffness ’ and ,in  turn , ‘ structural  sti f fness ’ attributes. ([13], p.397).

* It is to be noted that the first cycle need not start with the internally
mod i fiable parameters given (for example , the desi gner may start w it h assumed
relat ive moments of inertia). Al so , upon compl eti on of the process , when all
constraints have been checked , the i n te rna l l y mod i f i a b le parameters nee d to be

• . re-evaluated once more to produce the final design . For a general discussion
of such initialization and termination problems of iterative processes , see
Knuth , D.E., “Structured Programming with go to Statements ” , ACM Comput i ng
Surveys, Vol . 6, No . 4 (December 1974), pp. 261-302 .

_ _ _ _ _ _ _ _ _ _ _ _
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Next in the cycle of calculation is env ironmental processing, which determines

the environmen tal attributes that express the demand or loading imposed by the

• environmen t on the structure . Inputs for this processing are the structural

attri butes and parameters defintng the environment. For instance , the environmen ta+

parameter , ‘region of the United States ’ , and the structural attri bute , ‘ slo pe

of roof’ , may be used in a table lookup routine to get distribut ed snow loadings

([10], p.10).

Structural  anal ysis then takes the struc tural and env i ronmental at tr ibut es

to generate the structu ral response. For example , equ i valen t jo i n t loa d s

• (environmental attributes) and structural stiffnesses (structural attributes)

are used in com pu t ing  join t  d i s p lacements , and joint displacements and member

sti ffnesses are used in turn to get member end forces ([13], p. 397). Then ,

the mem ber en d forces an d member d i str i buted forces are used to obt a in  the

magnitude of the critical bending and axial forces along each member.

Constra int processing, or design checking, produces constraint values ,

which in dicate if and to what degree the design satisfies the applicable desi gn

criter ia. Constraint values include the results of criterion interaction equations ,

such as AISC equations 1.6—la , 1 .6-lb and 1.6—2 ([2], p. 5—22) boolean data which

indicate whether a given criterion is satisfied ([8], p.5) and data that indicates

the controll ing mode of failure , such a s yielding or sta bility . In an intermediate

step constraint process ing generates inputs for cri terion constraint equations.

These inputs reflect either an action toward failure or a resistance to failure

([11], p. 483). For the AISC combined stress criterion , act ions  toward f a i l u r e

include ax ial and bending stresses ‘ia ’ and 
~b ’  and res i stances to fa i lure

include the allowable axial and bending stresses , ‘Fa
’ and ‘F b

’ . The “act i on ”

and “resistance ” data are , in  turn , derived from a combina tion of structural

attri butes and structural response.
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The final step in a cycle of design is the selection of new values for the

design variables for starting the next cycle of design. The selection procedure

attempts to choose a design of reduced wei ght or cost that still sat isf ies

the design criterion. A se lection procedure provided by the AISC Manual [1]

uses modified forms of the constraint equations to generate values for guiding the

choice of the ‘ section weight ’ parameter from column selection tables. The

iterative use of th is procedure is intended for an unchanged value of nominal

depth ([10], p. 649). To select sections of different nominal depth an optional

proce dure can be p rov id ed , by which a desi gner uses judgment to select a member of

les s weight which is expected to be satisfactory , as shown in Table 1 .

The relat ive dependences among groups of data generated in the structural

design cycle i s shown i n Fi gure 4 , with  an arrow po i n ti ng to each de pen den t

grou p from its ingredient groups [11]. This diagram reflects the pattern of

connectivity of the detailed network of data . In order to further illustra te

this rela tionship, the information network of Figure 4 is redrawn in Figure 5

to correspond to the general format introduced in Figure 1

As can be seen from Fi gure 5, the data making up the set of des i gn var ia b les

will reference every cyclic path in the detailed ingredie rrce-dependence network , and

thus are an appropriate set of internally modifiabl e parameters for the iterative

structura l design process .

In terms of the terminology introduced earlier , al l  of the processes u p to

the sel ection of new design variables occur at Level 1. The sel ection process

attempts to generate new design variables at Level 2.

An improvement exists if the Level 2 value of ‘section wei ght ’ is less than

the Level 1 value . At this point the Leve l 2 values are reassigned as Level 1

va lues , and the previous Level 1 values are discarded . Then , a new cycle of Level

2 va lues  can be generated .

L• .  .- _ - ~~~~~“.~~~~~~~~ • . . • ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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As indicated in Section 2.4, it is not necessary to execute all steps of

computation on every cycle. Re— analysis (evaluation of structural response )

and re-evaluation of loads (action data) can be bypassed by retaining the

corresponding data from an earlier cycle.

_ _ _ _ _ _ _ _ _ _  _ _  _ _ _  _ _  -
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CHAPTER 3. DATA STRUCTURES

This chapter describes the data structures needed to represent both the

data values in the cyclic design proce ss and the transformation s operating on

the data.

3.1 . Representatio~’, of Subscri pted Data

For the proper operation of an iterative design process , a storage scheme

is needed wh ich  provides  easy access by processors operati ng on the network

of data . This can be done by means of a global data array ([6], p. 467). This

array provides space for the multiple values of subscripted data , as we l l as for

the two status levels (Level 1 and Level 2) on which values can exist. For

exam p le , the data , ‘nominal dep th ’ , ‘ section weight ’ , and ‘moment of i nert i a ’ ,

are subscripted by member , and joint loads are subscripted first by joint number

and second , by the component of load . These space requ i rements can be met by

a two-d imensional array , with a typical value accessible as DATA (ADDRESS , LEVEL).

The LEVEL is specified directl y as 1 or 2 . However , to specify the ADDRESS , the

following data structure must be implemented .

The total number of subscripts of any kind is NTS. A vector RS(j), j 1 ,...,

NTS , gives the (fixed ) Range for each Subscript , j (e.g. if j=l corresponds to

the subscript ‘MEMBER ’ , RS(l)=4). For external identification , SUB NAM E (..)

contains an al phameric name (e.g., SUBNAME(1) = ‘M EMBER ’ ) .

Throughout the processing, the vector SUB(j), j=l ,..., NTS , stores the current

values of the subscri pts (e.g., i f SUB (1) = 3, we are current l y processing the

3rd member).

Each datum , referenced by its numerical designation , I , has assoc i ated w i th

it the following :

1) an alphameric name , NAME (i) (e.g. NAME(l) = ‘DEPTH’);
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2) the Number of Subscripts applicable to the datum , NS(i);

3) a list DS(i ,n), i=l ,..., NS(i) of the applicabl e Datum Subscript s

(e.g. DS(l ,fl=l indicates that the fi rst subscript (n=l) of variabl e

‘Depth’ (i=l ) is ‘ Member ’ ( j= l ) ) .

4 ) the location of the first element of the datum , FIRST ( i )

Then , for a specified datum , i , and a set of specified subscripts held in

SU~3( j ) ,  the address of the value of interest is

ADDRESS = FIRST(i) + [SUB(DS(i ,l)) - 1]
NS(i) n-l

+ ~~[SUB(DS(i ,n ) )  - 1][ fl RS( D S( i ,m ) ) ]
n=2 rn=l

The allocation of storage space in the DATA array (i.e. assignment of values

for FIRST(i)) is dependent on the range of subscripts in the particular problem

being processed .

It is intended that this storage scheme be used during i terative processing

only . Once the final desired values have been generated , these values  can be

transferred into the overall des i gn project data base (such as those described in

[7] and [12]). Then , the space in the arrays may be re-allocated for performing

the next iterative design process. For long-term storage , it would be wasteful

to provi de the doubl e storage space (Level 1 and Level 2) that is needed during

itera tive processing.

• 3.2. Representation of Cyclic Data

A num ber of additional data structures are needed to represent the status

of the var ious types of data introduced in Chapter 2.

Firs t, in order to represent the current status of any data value , an

array of presence f l ags , which in dicate which values exist in storage ([6], p. 469),

• is needed . For each ADDRESS in DATA , PR(ADDRESS)=0 , 1 , 2, or 3 , d epending on
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whether a value is undefined or exists on Level 1 , Level 2 or bot h l eve l s ,

respectively.

Secon d , i n order for a p rocessor to iden ti fy which da ta are Internally

Modif i able Parameters , an indicator , IMP , is  def ine d , so that IMP (i)=l for each

datum , i , which is an internally modifiable parameter , and IMP(i)=0 for eac h

• datum , i , which is not . Likewi se , in order to identif y those data which are in

the set of acyclic ingred i ent data , an ind i cator , SET , is def i ned , so tha t

SET(i)=l for each datum , i , which is acyclicall y dependent , and SET(i)=O

ot herwise .

Third , to im p l ement the ability to retain sets of data , the elements of

each set , k, can be l i s ted  in an arra y, ELEME N T(k ,n), an d ea ch se t can be

identified by an aiphameric name in SETNAME(k). Descriptive names for the

sets d iscussed a bove would be ‘RESPONSE ’ an d ‘ LOADING ’ .

Wh i le a cyc l i ca l ly  de pen dent datum , i , is  bein g retained , SET(i) 0 is chan ged

to SET(i)=k as an in dication. The set, k=1 , i s the se t of acycl i c i n g redi ent data

(SETNAME(l)= ’ACYCLIC’) , which can be viewed as a set of permanently retained data.

Finally, in order to exerc ise control over the selection of design variables

(see Section 4.1), an in dicator of active subscripts , SACT(j) is defined . If

SACT(j) = 1 , the des i gn cycle can be completed for the restricted subscript s j.

Unres tricted subscripts are designated by SACT (j)=O.

3.3. Representation of Transformation s

The overall representation of transformations follows closely that given

in Reference [4]. For a datum , i , the desi gnated dec i sion ta b le  transforma ti on

is in dicated by a non-zero entry in the array , T(i), and a desi gnated trans forma ti on

rout ine is indicated by a non-zero entry in the array , S(i). For bcth types of

transforma t ions , the list of ingred ient data items is stored in an array INGRED

(s ,n), where s is either a table or routine designation .
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The detailed representation of decision tabl e transformations follows that

given in Reference [6]. The Condition Stub is represented as CS(c ,T ( i ) ) =k , i.e.

the cth condit ion of table T(i) can be obtained as the value of some datum , k.

The transformation routine , s, that is the sin gle action for rule r in the Action

Stub is indicated by AS (r,T(i))=s. Finally, the Cond ition Entry is stored in an

array CE(c ,r,T(i)), wi th entries representing ‘yes ’ , ‘no ’ or ‘immaterial ’.



~~. .— ~~~— - . • - ~~ ••
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CHAPTER 4 . PROCESSES

This chapter details the various processes involved in the control of the

des i gn cycle , the evalua t ion an d mod if i cation of des i gn data , and t he treatmen t of

reta i ned da ta.

4.1 . Control of Design Cycle

Revising the status of the two active cycles of values entails either

rejecting the most recently calculated cycle of values (Level 2) or accepting

them as the new currently accep ted values (Level 1). The decision of which of

these two actions to take is an external process , us i ng e it her the des i gner ’ s

judgment or some program in the desi gn system (e .g . the des i gner ’s acce ptance of

a l l  Level 2 member sel ect i ons whic h are l i g hter i n wei ght than p rev i ous select ions

and w hi c h s till sat i sfy the des ign criteria , and rejection of all others). The

actual change of status is made by executing either the ACCEPT or REJECT procedure .

These procedures are represente d i n Ta bles 2 and 3, res pect i vely .

Before the change i n s ta tus  of any data can take p lace , the conditions of

Tables 2 and 3 must be properly met. No change in status is made if all the

internally mod ifiable parameters (the design variabl es) are not present at Level

2 (Rule 1 of both Tables). This is simply an indication that there are no Level

2 values to ACCEPT or REJECT . Knowing that the Level 2 internally modifiable

parameters are present is important in ACCEPTing, to prevent the existin g Level

1 values from being erased without having any new values to replace them or any

starting inputs to generate replacements .

In an i terat i ve des i gn process in wh ich the data are su bscr ip ted and i n

whic h the selection procedure generates at one time new values for the design

var iables corresponding to only one specified value of a given subscript (such as

the procedure of Tabl e 1 , which selects at one time the ‘nominal depth ’ and 

-~~~ - - . .—rn-~~ -~~~ —--. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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‘ section weight ’ corresponding to one value of the ‘MEMBER’ subscript),

repeated cycles of calculations can be performed for generating only the data

va lues that correspond to the specified value of the subscript (e.g. for the

specified member ). ACCEPT and REJECT can be executed for restricted subscript

values by specifying the subscript restrictions in SACT(j).

To generate data val ues corresponding to a specified value of a given subscript

without requ iring generation of data values corresponding to all values of the

given subscri pt , all data not subscripted by that given subscript must have been

prev iously retained . Data that do not have the given subscript and which are

dependent on data that do have this subscript will be dependent on ingredient

data values over the full range of values of the given subscript ([11], pp.

487—489). For instance , if the given subscript is the ‘M EMBER ’ subscript , data

such as structural  sti ffness , which are not subscripted by ‘MEMBER ’ , w i l l  be

dependent on the member stiffnesses over the full range of subscript values for

‘ MEMBER ’ . Because it is desired to i teratively generate values for only those

data elements corresponding to the single specified value of ‘MEMBER’ , al l

dependent data such as structural stiffness must have been retained . In the

example discussed previously, retainin g the sets , ‘RESPONSE ’ and ‘LOADING ’ , w i l l

retain all data not subscripted by ‘MEMBER ’ (as well as some that are).

If the required sets of data have not been retained , the ACCEPT an d REJECT

procedures are exited without altering the sta tus of any data (Rule 2 of both

Tables). Either the required sets of data must be retained , or the subscr ipt

restr ict ion remove d , before again attempting to change the status of the existing

cycles of values.

In the actual  acceptance of the Level 2 cycle of va lues  as Level 1 , the

chan ge in status of a value is simply accomplished by the operation , DATA(ADDRESS ,

l)=DATA(ADDRESS , 2), and by changing PRESENCE(ADDRESS) =2 or 3 to PRESENCE(ADDRESS)=l.
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Any elements of an unreta ined datum for which only a Level 1 value exists are

revised by changing PRESENCE(ADDRESS)=l to PRESENCE(ADDRESS ) 0. PRESENCE(ADDRESS)=3

is changed to PRESENCE(ADDRESS)=l for el ements of retained data.

In the actual rejection of the Level 2 cycle of values , the rev i si on

affects  onl y the Level 2 values and is accomplished by setting PRESENCE(ADDRESS)=l

for all unreta ined values.

4.2. Data Evalua tion

It has been shown in a previous paper that evaluating data in an ingredience-

dependence network is most efficiently done by means of a recursive execution

procedure ([5], pp. 1103-1105). The essence of the efficiency of recursive

execution is that an ingre dient is not evaluated unless it is missing and found

to be necessary to complete evaluation of the datum being sought. Flexibility

in input of data other than the basic inpu t parameters is also attained , because

the recursive procedure searches ingredient by ingredient along a path in the

network un til a value that is present is found , and then a se qu ence of t ransfor ma-

tion execu tions are performed l eading back to the original datum sought ([5], p. 1104).

Recursive execution can occur over the two active cycles of values. A

pa i r  of recu rsive p rocedures , SEEK 1 and SEE K2 , are used to seek the Level 1

and Level 2 values , respectively. The decision logic of these procedures is

shown in Ta bles 4 and 5 , res pec ti vely .  The or ig inal recurs ive SEEKing procedure ,

for operat i ng on an acycl i c ne twork , is shown on p. 1104 of Ref. [5]

The operation of SEEK1 is as follows . If the Level 1 value is already

present , the procedure is sim ply exited (Rule 1 , Table 4). If the sought

datum is an internally modifi able parameter , the Level 1 val ue must be present ,

or else an erro r condition ex ists (Rule 2). This is because the Level 1

internall y modifiable parameters act as input parameters for the two-cycle

network of values . Error also results from encountering a missing input parameter ,

wh ich is identifi ed as a datum with no designated transformation for eva l uation

-- -&-
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(Rule 4). If the datum is to be evaluated by a decision tabl e transfo r-~otion

(Rule 3), processing is completed by procedures which handle the decision

lo gic of the table transformation (which will be discussed further). Tc complete

the determination of a datum available by a routine , the ingredients associated

,~ith the routine must be present at Level 1 . If not, SEEK1 must be used repeatedly

to obtain the missing ingredients (Rule 5, repeatedly ). When all ingrea L~ts

are present at Level 1 , the routine is executed (Rule 6).

As ide from the attempt to obtain Level 2 values instead of Level 1 values ,

the logical operation of SEEK2 differs from that of SEEK1 in the following

considera tions. If a datum is acyclic , a Level 2 va lue  i s no t to be soug ht

(Rule 2, Table 5). If a datum is an internally modifiable parameter , a l l

in gredients needed for Level 2 evaluation (Rule 6) are sought on Level 1

(Rul e 5). For other data , in gredients needed for Level 2 evaluation (Rule 9)

are sought on Level 2 (Rule 7) or on Level 1 (Rule 8), depending on whether

the i ngred i ent is or i s no t of the same se t of data as the depen d en t datum . For

an unreta i ned datum , all acyclic and retained ingredients are of a different

set , an d thus , sought on Level 1 . For a retained datum , ingredients of different

se ts are unretaine d data , acyc l i c  data , and data of other retained sets .

If the evalua ting transformation of a datum is a decision table , the

SEEK1 and SEEK2 procedures call on the SEEK 1ACTIO ~ an d SEEK 2ACT IO N p roce dures ,

represente d in Ta b les 6 and 7 , to isola te th e govern i ng rule of the transforma t i on

table an d to evalua te  the da tum us i ng the trans forma ti on rout i ne assoc i ated w i t h

the ru le , res pect i vel y. In the operation of the SEEKACTION procedures , if the

govern i ng ru le  of the t rans forma t ion ta ble has no t been found , the unchecked

rules are checked (Rule 2, repeatedl y, of Tables 6 and 7) until a governing rule

is found or it is determined that a govern ng rule dces not exist. Lack of a

governing rul e is an error condition (Rul e 1 of both Tables ). Once a governing

rule is found , each SEEK.ACTION procedure p rcceeds with logic identical to that
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foun d i n the res pect i ve SEEK proce dure for at tem pt i n g to execu te a rout i ne .

(Rules 3 an d ‘~ in SEEK1 ACTION correspond to Rules 5 and 6 in SEEK1 ; and Rules

3 through 7 in SEEK2ACTION correspond to Rules 5 through 9 ir SEEK2.)

To ac tua l l y check if a ru le  governs , SEEK1ACTION and SEE.~2A CT i DN ca l l  on

the res pec tive p roce dures , CHECK1 RULE and CHECK2RULE , shown in Tables 8 and 9.

Rule check ing consists of mat ching the material conditions. A ma ter i al con di-

tion is one for which the Condition Entry value is ‘Yes ’ or ‘No ’ but not

‘i mmater ia l ’ for the g iven ru le , r. In match ing, the boolean datum in the Stub

has i t s  va lue  com pared with the corres pon d in g va lue  of the Co nditi on En try. If

all material conditions of the rule are successfully matched (i.e. Condition Entry

an d Con diti on Stu b va lues  are eq ual , for each condition), then the rule is the

governing one (Rule 2 of Tables 8 and 9). Otherwise , the rule does not govern

(Rule 1 of both Tables) . If there are still material conditions which have not

been matched , then the first still unmatched condition is processed. Because the

boolean data in the Condition Stub are ingredients of the sought datum , the val ue

used in matching must be of the appropriate level (Rule 3, Ta b le 8; R u l e s  3,

5, 7, Table 9). A boolean datum with the needed value missing is SEEKed on

the required l evel (Rule 4, Ta ble  8 ; Rules  4 , 6, 8, Ta ble 9).

Whenever a SEEK , SEEKACTION , or CHECKRULE p roce dure i s sus pen ded in or der

to SEEK an ingredient datum , essential information about the dependent datum and

i ts processing is stored in a stack ([4], p. 471). Included in the stored

informat i on are t he datum , i; the LEVEL on whi h the datum is being sought;

the curren t subscript values in SUB(j); bool ean values indicating whether the

sus pended procedure is SEEK , SEEKACT ION, or CHECKRULE; an d , if app l i ca b le , the

rule and condition of the transformation being processed . Whenever an exit

from a SEEK proce dure is  ach i eved , the stack is checked to see if there is any

suspended processing to compl ete; and , if so , the most recently suspendcd

procedure is re-initiated . When an exit from CHECKRULE is achieved , the SEEK-
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ACTION procedure is re-initiated for the same datum. An exi t from SEEKACTION

causes an imme di ate ex i t from th e SEEK p roce dure for the same datum .

4.3. Initialization

The recursive execution procedure a l lows the f irst cycle of ca lculation to

be starte d wi th i n pu ts oth er than va lues  for t he i n te rna l l y modifiable parameters .

Any a pp ro pr i a te com bi nat i on of star ti ng i n puts can be made at Level I to genera te

the first values of the internally modifiable parameters at Level 2. (Level

1 i nternall y mo di f i ab le parame ters ex i st onl y as i n p u ts an d not as generate d

data.)

In the example , to direc t the f i rs t select i on of va lues  for th e des ig n

var i a b les , ‘ nominal depth’ an d ‘ section weight’ , a num ber of se ts of i nputs may

be entered . For instance , to refl ect the desire to use the modified equation

1.6—2 in the First approximate selection , the following inputs can be made:

‘Make selection based on designer judgment ’ =No , ‘(fa/Fa~~
.l5)’ =Yes (See Table 1).

A va lu e for ‘ nominal depth ’ must be input to determine the appropriate AISC

Manual column selec tion table to use [1]. If use of the modified equation

1.6—2. is desired , ‘(Fa/Fb )=l ’ and a reasonabl e value for the bending factor ,

‘B’ , is input ([10], p. 649). To obtain values of critical member bending moment

and ax ial force to be used in modified equation 1.6—2 , val u es for rel ati ve momen ts

of inertia are input ([10], p. 854). These indicated inputs , including structural

attributes , structural parame ters , cons tra i nt values , and resis tanc es i l lus trate

the wide variety of inputs that can be used in the starting cycle of calculation

to generate the first full set of design variables. (The example inputs are not

intended to show a complete set of starting inputs , havin o left out such basic

i nput parame ters as ‘ grade of steel ’ , ‘member lengths ’ , ‘ ex ternal loa d s ’ , et cet.

wh i ch , by definition , must all be input ).

I- - -  -~~-- - --- -- - - . -~~~ - -
~~~~~~~~~~_- --
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4.4 . Data Input

External data are entered not only for the purpose of starting the first

cycle of ca l cu l a t i on , but also on any cycle of calcula tion for the purpose of

red irec tin g the succee d ing cycles , when it appears that the design variables

are no t converging toward a desirable solution . For instance , i f overl y large

member cross-sections are being required to meet the design constraints , it is

reasona ble to i nput a higher grade cf s teel , so that future cycles of calcu-

lat i on w i l l  p roduce better selec ti ons . At any poi nt i n the it era t ive  process

external inputs are entered only as Level 1 val ues.

There are situations in which the INPUT procedure , shown in  Ta b le 10 ,

cannot  en ter a va lue  for a datum . The f i r s t  of th ese occurs when the da tum

for which the input is to be entered has been retained (Rule 1 , Table 10).

Th i s i s s i mply because the exis ti n g va lue  of a re ta ine d datum i s cons i dered to

be deliberatel y hel d unt i l the datum is released .

The second situation occurs when there are existing Level 2 values

for unretained data (Rule 2). This ‘is because all Level 2 values are directly

or i nd irec tly dependen t on a l l  Level 1 va lues , so that the mod if ication of any

Level 1 values woul d invalidate existing Level 2 values. The desire to keep or

discard the Level 2 values should first be confirmed by ACCEPTing or REJECTing

them . The presence or absence of any Level 2 values can be established by

check ing the i nternally mod if ia b le parameters , s ince these are the f i r s t  Level 2

va lues  to be genera ted .

4.5. Erasing Data

Upon successfu l input of a new value for a datum , a l l  Level 1 de pen d en ts of

the modified datum , as well  as Level 2 va lues  of re ta i ned depen den ts become

inval id and must be erased (Rule 3, Tabl e 10). For exam p le , i n a mo di f i cat ion

• • •
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of ‘ grade of steel ’ , the invalidated data would includ e the yield stress ,

‘Fy ’ ; al lowable axial compression stress , ‘Fa
’ ; al lowa b le ben d ing stress , ‘F b

’ ;

and the constraint values from equations 1.6-la , l .6-lb , and 1.6-2 .

The sel ective erasing of just those data that are direc t or indirect

dependents of the modified datum is done by the recursive procedure , WARN

represented in Table 11. (The recursive WARNing procedure for operating on an

acyclic network is shown on p. 1105 of Reference [5]). To guarantee  tha t a l l

direct and indirect dependents of a modified datum are erase d , a g iven dependen t

datum is not erased until all it s di rect dependen ts are erased .

If a given dependent to be erased has , i tsel f, retained dependents with

Level 2 values (Rule 1 , Table 11) or unretained dependents with Level 1 values

(Rule 2), then these dependents of the dependent must be WARNed before the

dependent , itsel f , is erased (Rule 3). All dependents which are internally

modifiable parameters can be ignored , because the Level 2 of unretain ed data

is eliminated before the WARNing of dependents begins. If a given dependent

to be erased is a retained datum , i t s  own de pen den ts of the same reta i ned se t

must have their Level 2 values erased (Rule 4) before its own Level 2 value is

erased (Rule 5). The Level 2 value of a retained datum has as its only dependents

other Level 2 values of the retained set.

Whenever the WARNing of a dependent is suspended to WARN one of its dependents ,

the datum designation , i , and the spec i fied subscript values in SUB(j) are put

into a stack . Upon exiting the WARN procedure , the d atum for which  WARN was

most recently suspended is re-init iated .

4.6. Retaining and Releasin g Cyc l ical ly Dependent Data

The retain ing of data is handled by the procedure , RETAIN shown in Table 12 ,

which processes reta inable data according to the sets that are to be retained

together . In the operation of RETAIN there is a restriction against actually

• retaining data , whi le unretained Level 2 values ex is t  (Rule 1 , Table 12) .  The 
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purpose of this is to eliminate , in a sim ple manner , the need to search for cer ta i n

Level 2 values that woul d be invalidated . These values include the existing

Level 2 values of the newl y retained data , which  shoul d now be dependents of

Level 1 in gredients of unretained data , and the ex i st ing Level 2 of de pen dents

of the newly retained data , which should now be dependents of the Level 1 of the

retained data . Once the existing Level 2 values are eliminated by ACCEPTIng

or REJECTing , data can be retained (Rule 2) .

The procedure for retaining data is complemented by the procedure for

releas ing data from reta inment , calle d RELEASE shown in Tabl e 13. The RELEASE

procedure can be used for any set that has been RETAINe d exce pt t he set of

acyc l i ca l ly  de pendent data , wh ich are intended to be permanently retained

(Rule 1 , Table 13). The actual releasing of data from retainment requires

the erasure of the data ’ s Level 1 va lues , which  have been held over a num ber of

cycles of calculation and cannot be valid as unretained values of cyclically

dependent data . Any existing Level 2 values of the data while retained become

the Level 1 va lues  of the data u pon release , because th e Level 2 of a re ta ine d

datum is generated on the same cycle as the Level 1 of an unretained datum.

The re-emergence of the dependents of the formerly retained data on

current in gredients has the same effect as inputing new data. In each case the

invalidation of an existing Level 1 value causes the i nval id a t ion of a l l  ex i s ti ng

Level 2 values , which should be ACCEPTed or REJECTed f irst (Rule 2 , Table 13 ), and

in each case all the Level 1 (and retained Level 2) dependents of an invalidated

value should be WARNed .
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CHAPTER 5. SUMMARY AND CONCLUSIONS

5.1. Summary

A network representation of the i terat ive design process has been

presented. The representation is close ly based on tha t previously developed for

non- iterative desi gn check ing . The representation uses two sets of data values ,

denoted as Level 1 and Level 2, in a manner similar to first-order iterative

computationa l schemes. Certain data values , desi gnated internally modifiable

parameters , serve as a reference between successive cyc les. Provisions are made

for retaining certain data between cycles , so as to suppress calculat ions in

some iterations , when it is felt that the results are insensitive to changes

in certain data values .

The representation is illustrated through the application to a typical

structural desi gn problem .

Detailed data structures and transformation processes are presented. In

the case of data , it is shown that the subscripted nature of the data must be

explici t ly taken into account , whereas the non—iterative process can be represented

in terms of generic , or unsubscripted , data . The recurs i ve p roce dures for

evaluating and modifying data have been extended to handle the two-level ,

subscripted data representation . Four additional processes are defined : those

to ACCEPT or REJECT the current cycle of results , and those to RETAIN and RELEASE

data between cycles.

5.2. Conclusion s

The provision of storing values on Level 1 and Level 2 for eac h datum

genera ted i n an i tera ti ve structura l des ig n process a l l o ws tne com par i son of the

• values generated on two adjacent cycles of calculation to decide whether or not

the design variables generated on the succeeding cycle represent an improvement

over the design variables of the preceeding cycle. If Level 2 is found to be an

imp rovemen t over t he Level 1 , it replcces the preceedi ig cycle of values as the
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Level 1 , and the Level 2 is opened up for another cycle of calculation , if

desired.

The data ca l led the internally modifiable parameters are desi gna ted as the

input parameters of each cycle of values. These data are usually the design

varia bles which are being determin ed by the i terative process. The importance

of internal ly modifiable parameters for processing is that they provide a

reference point beyond which recursive SEEKing and WARNing procedures do not

search for ingredients or dependents . Wi thout these reference parameters

these procedure s could enter on an endless loop of recursion on one of the

cyclic paths in the ingredience -dependence network.

The data structures and processes turned out to be considerably more complex

than those previously developed for non-iterative processes. Also , because of

• the large volume of subscripted data involved , the com p l e x i t y of poss i ble

in itialization methods that may be used , and the var iety of manners in which

data may be entere d , modified , retaine d and rel ease d , a system based on the

representation presented would have to be significantly re-structured for each

different design process.

Whether futher generalizations or simpl i fications can be atta i ned will be

known onl y af te r  t he re p resen ta ti on p resented here i n has been p ro gramme d and

tested on a number of representative design processes.

-‘ ~~~--~
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Figure la Cyclic Network of Data Variables
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Ta b le 1

Selection of Wide Flange Shape

1 2 3 4
Make selection based on desi gner judgment V N N N

Make select ion based on modified AISC
i n terac ti on equat i ons N Y V V

Y N N

Stability failure controls Y N

Yielding fai~~re con trols N V

Select stan dar d w id e f l a n ge sha pe l i kely
to satisfy constraints and which is lighter

than previous  selec ti on V

Selec t standard wide flange shape of same
nom i nal depth as p rev i ous select i on u s i n g
modified interaction equation (1.6-2) and
AISC Manual column selection tables V

Selec t stan dar d w id e fl ange s hape of same
nominal depth as previous selection , using
mod i fied interaction equation (1.6—la) and
AISC Manual column selection tables ‘1

Select standard wide flan ge shape of same
nominal depth as previou s selection , using
modif ied interaction equation (l.6-lb) and
table of standard shapes listing cross-
section area V 

• -•~~~ • ~~--•~~ • “ •-~-__
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Ta ble  2

ACCEPT — Accept Le’~e l 2 va lues  as n ew Level 1 va lues , subject
to restrictions noted in SACT(j)

1 2 3
All  In te rna l l y Modi f i a b l e Parameters p resen t at Level 2 N V V

Required sets retained (for restrictions in SACT(j)) N Y

For unretained data (SET(i)=O), erase Level 1 values
and assign Level 2 values as Level 1. For retained
data (SET(i),~0), erase Level 2 values. V

Ex i t V V V

Table 3

REJECT - Erase Level 2 va lue s, su bject to restrictions in SACT(j)

1 2 3
In t e rna l l y Mo di f i a b le Parameters p resen t a t Level 2 N V V

Required sets retained (for restrictions in SACT(j)) N V

For unretained data (SET(i) 0), erase Level 2 values. V

Ex it V V V
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Tabl e 4

SEEK1 - Seek datum i at Level 1 for specified values in SUB(j)

1 2 3 4 5 6
Presen t a t Level 1 (PR(ADDRESS)=l or 3) V N N N N N

In terna l l y Modifiable Parameter (IMP(i)=l ) V N N N N

Table Indicated (T(i)fO) V N N N

Rout ine Indicated (S(i)~O) N V V

Al l  i ngre di en ts at Level 1 N Y

Set r=O , SEEK1.ACT ION i V

Execu te S(i) with Level 1 Ingredients ,
mark Lev el 1 va lue  pr esen t V

SEEK] missin g Ingredient • V

Error V V

Exit V V V V V

_ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  -- • • -
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Ta b le  5

SEEK2 i - Seek datum i at Level 2 for specified values in SUB (j)

1 2 3 ~ 5 6 7 8 9
Presen t at Level 2 (PR(ADDRESS)= 2 or 3) V N N N N N N N N

Datum acyclically dependent (SET(i)=l) V N N N N N N N j
Table Indicated (T(i)~ O) V ci N N N N N

Routine In dicated (S(i)~O) N Y V ‘I V V

Internall y Modifiable Parameter (IMP (i)=l) V V N N N

All In gredients at Level 1 N V

All Ingre dients of same set (i.e. SET(i’)
SET(i) for ingred ient i’) are at Level 2 N V ‘1

All ingredients of di fferent set (i.e.
SET(i’)~SET(i) for ingre dient i ’ ) are

a t Level 1 N Y

Set r=O , SEEK2ACT ION i V

Execu te S (i) with Level 1 Ingredients ,
mark Level 2 value present V

Execute 5 (i) with ingred ients at needed
Level , mark Leve l 2 value present V

SEEK1 missing Ingred ient value V V

SEEK2 missing Ingredient value Y

Error V

• Ex it V V V V V

Exit , do not SEEK2 acyc lic datum V
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Table 6

SEEK 1ACT ION - Isolate governing rule , r , of table , 1(i), for Level 1
evaluation of datum , i , by action routine , AS(r , 1(i))

1 2 3 4
Governing Rule found N N V V

Any unchecke d Rules N V

All ingredients at Level 1 N V

Set r=r+l V

CHECK 1RULE r, i V

• Execute AS(r , T(i)) with Level 1 Ingred i ents
mark Level 1 value present Y

SEEK1 missing Ingredient V

Error V

Exit V V

L. • • • • -~~~~~~
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Ta b le 7

SEEK2ACTION - Isolate governing rule , r, of table , T(i), for Level 2
evaluation of datum , i , by action routine , AS(r ,T(i))

1 2 3 4 5 6 7
Governing Rule found N N V V V V V

Any unchecked Rules N V

Datum i Internal ly Modif iab le Parameter
(IMP(i)=l ) V V N N N

All  In gred i en ts at Level 1 N V

Al l  Ingredients of same set as datum , I
(i.e. SET(i’)=SET(i) for ingredient i’)

are at Level 2 N V V

All Ingredients of different set than
datum , i , (i.e. SET(i’)FSET(i) for
ingredient i’) are at Level 1 N V

Set r=r+l V

CHECK2RULE r , i V

Execute AS (r ,T ( i ) )  with Level 1 Ingredients ,
mark Level 2 value present V

Execute AS(r,T(i)) with Ingre di en ts at nee ded
Level , mark Level 2 value present V

SEEK] missing Ingredient value V V

SEEK2 missing Ingredient value V

Error V

Exit V V V
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Tab le 8

CHECK1 RULE - Check if rule , r, of table , T(i), governs , for Level
1 evaluation

1 2 3 4
Any unsuccessful matches V N N N

All Material Conditi ons matched Y N N

Con diti on datum p resent at Level 1 V N

SEEK1 Condition datum V

Match Condition using Level 1 value V

This rule governs V

This rule doesn ’t govern V

Exit V V 

• - -
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Table 9

CHECK2RULE - Check if rule , r, of tab le , T ( i ) ,  governs , for
Level 2 evaluation

1 2 3 4 5 6 7 8
Any unsuccessful matc hes V N N N N N N N

All Material Conditions matched V N N N N N N

Datum i Internally Modifiable V V N N N N
Parameter (IMP(i)=l)

Condition datum , i’ , of same set
as datum , i (SET(i’)=SET(i)) N N V Y

Condition datum present at Level 1 V N V N

Condition datum present at Level 2 V N

SEEK1 Condition datum V V

• SEEK2 Condition datum 
. 

V

Match Condition using Level 1 value Y V

Ma tch Condition using Level 2 value V

This rule governs V

This rule doesn ’t govern V C

Exit V V

a
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Table 10

INPUT i - Input value for datum , i , for specified values in SUB(.j)

1 2 3
Datum retained (SET(i)~0 or 1) V N N

Any unretained data at Level 2 V N

Input value at Level 1 , mark
C 

value present at Level 1 Y

WARN a l l  De pendents which  are not
Internally Modifiable Parameters V

Ex i t V

Exit , do not input values for
retained data V

Exit , ACCEPT or REJECT Level 2
values fi rst V
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Table 11

WARN - Erase Dependents of datum , i , and datum , i , i tself

1 2 3 4 5
Datum , i , retained (SET(i)~O or 1) N N N V V

All retained Dependents erased at Level 2 N V V

All non—reta ined , non-In ternally Modifiable
Parameter Dependents erased at Level 1 N V

All Dependents of the same set erased at
Level 2 N V

WAR N Dependent Y V V

Erase Level 1 va lue  V

Erase Level 2 va lue  • V

Exi t Y Y

-
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Ta b le 12

RETAIN k - Retain the Level 1 values of all data in the set , k

1 2
Any unreta i ne d da ta at Leve l 2 V N

For each datum in set , k, mark SET(i)= k V

Exit V

Exit , ACCEPT or REJECT Level 2 values fi rst V

Ta b le 13

RELEASE k - Release from retainment the Level 1 values of all the
data in set, k

1 2 3
Set , k , is the set of ACYCL IC data (k=l) V N N

Any unre tained data at Level 2 V N

WARN non-se t Dependents of all the data
in the set V

For all data in the set , erase a l l
exis ting Level 1 values , re-ass ign any
existing Level 2 values as Level 1,
and mark SET ( i )=0 Y

Ex it V

Exit , do not release ACYCL IC data V

Exi t, ACCEPT or REJECT Level 2 values
firs t V
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