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INTRODUCT I ON

The substitute-structure method is a procedure for determining the
design forces, corresponding to a given type and intensity of earthquake
motion represented by the design spectrum, for a reinforced concrete
structure. The method is explicitly a design (and not an analysis)
procedure: its objective is to establish the minimum strengths the
components of the structure must have so that a tolerable response
displacement is not likely to be exceeded.

The central and significant feature of the substitute-structure
method is that it provides a simple vehicle for taking account of inelastic
response of reinforced concrete in the design of multi-degree-of-freedom
structures. The specific advantages are: (1) use of linear-response
models for dynamic analysis, (2) choice in setting limits of tolerable
response in different elements of the structure, and (3) deliberate
consideration of displacements in the design process.

This paper demonstrates the application of the method to structures

satisfying the following:
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1. The system can be analyzed in one vertical plane.

2. No abrupt changes in géometry or mass along the height of
the system.

3. Columns, beams, and walls (represented as columns) may be
designed with different limits of inelastic response, but
the Timits should be the same for all beams in a given bay
and all columns on a given axis.

L. A1l structural elements and joints are reinforced to avoid
significant strength decay as a result of repeated reversals
of the anticipated inelastic displacements.

5. Nonstructural components do not interfere with structural
response.

In addition to a detailed description of the method, the paper
includes a series of ''tests.!'" Frames, ranging in height from 2 to 10
stories, are designed for a particular response spectrum using the
substitute structure method. These frames are then ''subjected" to
various earthquake motions: their responses are calculated using inelastic

dynamic analysis based on a realistic hysteresis for reinforced concrete.
SMOOTHED RESPONSE SPECTRA

Figures 1 and 2 contain acceleration response spectra for eight
recorded ground-motion components listed in Figure 3. Response data are
shown for two damping factors, 8 = 0.02 and 0.10, with each record
normalized to an acceleration of 0.5g.

The first six motions were grouped together because their linear-

response spectra have similar shapes. As indicated by the plot in Fig. 3,
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there is a comparable proportionality, for these six records,

“betiiean the
maximum acceleration and spectrum intensity (4) which provides a rationale
for normalizing them with respect to maximum acceleration. Linear-response
spectra for motions 7 and 8 are distinctly different from those for the
first six. They have been treated individually.

It is not the object of this work to propose a generalized response
spectrum. However, to test the proposed procedure it is necessary to
work with a smoothed set of spectra which describe the calculated response
for the individual strong motion records. For that purpose, the curves
shown by heavy so]id‘lines in Fig. 1 and 2 were selected.

It was assumed that the design response acceleration for any damping

factor, B, could be related to the response for B = 0.02 using Eq. I.

Response acceleration for B _ 8 (1)
Response acceleration for B=0.02 6 + 1008

In choosing the design spectra, more.weight was placed in making
them comparable to the calculated values at B = 0.10 than at 8 = 0.02,
because values of the damping factor on the order of 0.1 rather than 0.01
are typical in applications of the substitute-structure method. An effort
was also made to select curves, especially those in Figure 1, described by

simple expressions.
DESCRIPTION OF THE METHOD

Main characteristics of the substitute-structure method are‘(a) defi-
nition of a substitute frame, with its stiffness properties related to
but differing from the actual frame, and (b) calculation of design forces
from a modal spectral analysis of the substitute frame using a linear-

response spectrum {or from a linear-response-history analysis for a given

CHi L
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ground motion.) The operations may be divided into three streps:

(1) Based on tolerable limits of inelastic response, determine
the stiffnesses of the substitute-frame members.

(2) Calculate modal frequencies and damping factors for the
substitute structure.

(3) Determine design forces.

Details of the procedure for each step are described below, followed
by a numerical example.

It is assumed that preliminary member sizes of the actual structﬁre
are known from gravity-load and functional requirements, precedent, or

a previous trial.

The Substitute Structure. The flexural stiffnesses of substitute-frame

elements are related to those of actual-frame elements in accordance with

Eq. 2.
(E1)g; = (EN) /v, (2)

where (ES)Si and (EI)ai are cross-sectional flexural stiffnesses of the
element i in the substitute and actual frame, respectively, and M is the
selected tolerable ''damage ratio' for element i.

Physical interpretation of the damaée ratio for a particular condition,
a moderately reinforced slender beam subjected to antisymmetrical end
moments, is illustrated in Fig. 4. The solid curve in Fig. 4c represents
the relationship between the applied moment, M, and the end rotation, O,
caused by flexural deformation within the span.

The term (EI)a is calculated using the fully cracked section (linear
stress-strain curves and no tensile strength for concrete). The M-0

curve, based on (El)a, corresponds approximately to a line drawn from the
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origin to the '"yield point' of a section with compactly placed tensile
reinforcement having a definite yield stress. The damage ratio, u,
sets a lower slope and implies that a rotation, approximately u@y, will
be attained if the effective or average stiffness of the member is changed
as indicated in Eq. 2. In that respect, the damage ratio, u, is comparable
to but not exactly the same as ''ductility'' based on the ratio of maximum
to yield rotation. Quantitatively, damage and ductility ratios are ident-
ical only for elasto-plastic response. It must be emphasized that a
damage ratio of, say, six requires a larger ratio of 'ductility'' based on
curvature or strain in members with moment gradients.

Choice of tolerable damage ratios for structural elements is governed
by the nature, cost, and function of the entire building as well as on the
type and detailing of the elements. Recommendation of specific values
is beyond the scope of this paper. To permit quantitative demonstrations,
it will be assumed that tolerable damage ratios are unity for columns and
six for the beams, in keeping with the approach that energy should be
dissipated primarily in the beams which are often more convenient to
detail for sustained resistance through many cycles of response into the

inelastic range.

Modal Frequencies and Damping Factors. Periods or frequencies and mode

shapes and modal forces for the undamped substitute structure are obtained
from a linear response analysis.

The modal damping factors for the substitute structure are calculated
as described below.

It was observed (3) that the maximum inelastic earthquake response

of single-degree-of-freedom reinforced concrete systems could be estimated
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by analyzing a linear mode! with reduced stiffness and a substitute

damping factor related to the damage ratio approximately as follows.
B, =0.2 (1 - (176 "%) + 0.02 (3)

where B_ = substitute (equivalent viscous) damping factor and u =
damage ratio.

Equation 3 is based on dynamic tests of reinforced concrete elements
(16) and one-story frames (3). The form of the expression was derived
(3) from a model by Jacobsen (6). It provides a quantitative estimate
of the amount of equivalent viscous damping required to simulate the
observed effect of hysteretic damping on the response of a reinforced
concrete element to earthquake excitation. Various approaches to the
linear representation of nonlinear response are discussed in ref. 1, 2,
5, 6, 8, 11, 15, and 17.

ff the individual elements of a frame are designed for different
values of u, individual values of BS have to be combined to obtain a
single ''smeared' value for use in modal analysis. In the substitute-
structure method this is done by assuming that each element contributes
to the modal damping in proportion to its relative flexural strain energy

associated with the modal shape:

p Fi
P T zP. * B : ()
i
L 2 2
P e, Mai M M) 2

where Bm = smeared damping factor for mode m, L = length of frame element,

(El)Si = assumed stiffness of substitute-frame element i, Mai and Mbi =

moments at ends of substitute-frame element i for mode m.
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An alternate method of obtaining modal damping factors for the

substitute structure is provided by elements with complex stiffness (10,

14) .

K_.
- _al w1y 1/2
i T 1+ 28 .%(-1) 771 (6)
where ksi = stjffness of substitute-frame member i, kai = stiffness of
actual-frame member i, = tolerable damage ratio for member i, and
B_. = substitute damping for member i from Eq. 3.

Si

Dynamic equilibrium of the entire substitute structure can then be

expressed by Eq. 7.
M]3+ (IK] + [K)D) {x} = 0 %)

where [M] represents the mass matrix, [K}] and [Kz] represent the real
and imaginary parts of the stiffness matrix, and x refers to the displace-
ments. Modal frequencies and damping factors are determined by solving
for eigenvalues of the complex matrix.

Both methods give closely comparable answers. The method based on
strain energy was used in this paper because of its simplicity and because
of its direct relationship to the physical interpretation of the substitute

structure.

Design Forces. Design forces in individual elements are based on the root-

sum-square combination amplified by a factor given in terms of the base

shear.

- . TSS abs
Fi Firss 2V (8)
r
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where Fi = design force in element i, Firss = square root of the sum

of the squares (RSS) of the modal forces for member i, Vrss = base shear

based on RSS of modal base shears, V = maximum value for absolute sum

abs
of any two of the modal base shears.
To reduce risk of excessive inelastic action in the columns, the

design moment from Eq. 8 should be amplified for columns by a factor

of 1.2.
NUMERICAL EXAMPLE

Consider the three-story planar frame described in Fig. 5b. Design
forces are to be determined for response spectrum A shown in Fig. 1
(Characteristic ground acceleration = 0.5g). It is assumed that u = 1.0
for columns and u = 6.0 for beams. Let E = 3.6 x 106 psi = 2.5 x IOu MPa
for concrete.

Moments of inertia indicated in Fig. 5a refer to gross plain cross
section. Because the amount of reinforcement in the frame members is not
known at this stage of design, it is assumed that the ratio of cracked-
to gross-section moment-of-inertia is 1/2 for columns and 1/3 for beams.

Moments of inertia of the substitute frame are obtained from Eq. 2,

noting that ‘ai refers to cracked section.

4 -3 4

=58x10"m

4

For the columns, IC = 1.33/2 = 0.67 ft

-

For the beams, I_ = 1.95/(3 x 6) = 0.11 ft = 9.5 x 10" m

b
Modal periods, shapes, and forces (for a nominal response acceleration

of 1.0g) are calculated for the substitute structure using a linear



dynamic response analysis.#*

For the three-story frame (Fig. 5), the calculated periods were
0.85, 0.19, and 0.078 sec. The moments calculated for an arbitrary
nominal response acceleration of 1.0g are shown in Fig. 5c for each mode.

Substitute damping factors are obtained from Eq. 3.

For the columns, SC = 0.02

172,
7

For the beams, 8, = 0.2 (1-1/(6) +0.02 = 0.14

8y 1
The smeared damping factor for each mode is determined using Eq. 4

and 5. Because strain energy is involved as a relative magnitude,

quantities in Fig. 5c can be used. To demonstrate a step in the cal-

culations, consider Pi for a first-story column for the first mode

(Eq. 5),

11.0
i~ 6.0%5.2%105%0.67

p [(1170)% + (256)2 + (1170%256)] = 9.1 k-ft = 12.3 kN-m

Performing the above operation for each member in each mode, the

following relative proportions are obtained.

Mode 1 Mode 2 Mode 3
Pgirders/ngirders + col. 0.55 0.21 0.04
0.45 0.79 0.96

Pco]umns/ngirders + col.

Modal damping factors for the substitute structure are (Eq. 4)

B] = 0.14 * 0.55 + 0.02 * 0.45 = 0.086
82 = 0.14 * 0.21 + 0.02 * 0.79 = 0.045
83 = 0.14 % 0.04 + 0.02 % 0.96 = 0.025

*Use a standard computer program for linear dynamic analysis available
at the accessible computer center. Examples are TABS (Univ. of cal.,
Berkeley), APPLE PIE (MIT, Cambridge, Mass.) and SUSHI (Univ. of [11.,

Urbana).
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The spectral acceleration response for each mode is then calculated
using Eq. 1 with the pertinent damping factor. Resulting curves are shown
schematically in Fig. 5a.
Base shears are most conveniently handied in terms of the 'base

shear coefficient', ratio of response base shear to weight of building.

Vo = (vm for 1.0 g) * (SAm/g) (9)

where Vo = base shear coefficient for mode m, S, = design response

Am
acceleration for mode m, g = acceleration due to gravity. Values for

(vm for 1.0g) are obtained directly from the dynamic analysis.

0.77 * 0.48 = 0.37

<
]

v, = 0.18 * 1.4 = 0.25

2
vy = 0.053 * 0.92 = 0.0k
Vo = 0.37 +0.25 = 0.62
Vg = /(0.37)2 + (0.25Y2 + (0.049)2 = 0.45

Design moments are calculated (Eq. 8) using the values in Fig. 5c
modified for the appropriate design response acceleration. For example,
the moment at the base of the first-story column for the first mode
becomes 1170 * (0.48) = 560 kip~ft = 760 kN-m. Thus, the design moment

at the same section is

-n
n

1.2 % /(560)2 + (200)2 + (30)2 % OQ:45 * 0.62

]

850 kip-ft = 1150 kN-m
The factor 1.2 is used for columns only. The actual design moment

(earthquake) depends also on load factors deemed necessary in relation to
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likelihood of design motion, expected quality of construction, and level
of design stresses.
Lateral displacements of the frame are obtained from dynamic
analysis of the substitute structure, with the appropriate damping factors

S], 82, and B, and response accelerations. Calculated modal displacements

3

are listed below in ft.

Level 3 0.37 -0.015 0.0004
Level 2 0.22 0.019 0.0011
Level 1 0.07 0.018 0.0015

As would be anticipated, the first mode governs the response. In
this case, calculation of RSS values is unnecessary. Thus, the maximum
displacement at Level 3 is estimated to be approximately 4.5 in. (0.11m).
On the same basis, maximum relative story displacement is expected to
approach two in. (0.05m) in the event of the design earthquake.

The response of a three-story frame, designed to resist the forces
obtained as described above at yield level, to various ground motions

is evaluated later in this paper along with other frames designed similarly.
TESTS OF FRAMES WITH RIGID BEAMS

Even though the substitute-structure method constitutes only a part of
the entire design process, its result, a particular set of design forces,
represents a synthesis of various decisions and the method is therefore
best. judged by the end product: whether the resulting system fulfills
the orfgina] intent. This and the following sections describe ''tests''

of frames ''designed' using the method. The tests were analytical. Design
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forces for a series of frames were determined. Then, inelastic responses
of these frames, with members having flexural yield capacities determined
by the design process, to various ground motions were calculated.

The first series of frames, described in this section, were limited
to frames with rigid beams, in order to permit investigation of several
variables within a reasonable computation budget. The frames ranged
from two to ten stories of eleven ft (3.35 m) with a weight of 72 kips
(320 kN) concentrated at each story. The initial story stiffness (corres-
ponding to cracked-section properties of reinforced concrete columns)
was determined by assuming that the natural period of the system to be
0.1IN, where N is the number of stories. Two different groups of frames
were considered. For the first group, story stiffness was assumed to be
the same at all stories (designated as ''uniform''). For the second group,
story stiffnesses were assumed to vary so as to produce a linear first-mode
shape.

The frames were ''designed'' for a target damage ratio, u, of six using
spectrum A (Fig. 1). Base and top-story shear coefficients are listed
in Table 1. The effective damping factor was the same for all modes
(0.14) because energy is assumed to be dissipated only by one class of
elements. Each frame was then ''tested' using the first six ground motions,
normalized to a characteristic acceleration of 0.5 g, indicated in Fig. 3.

The response history was calculated at each level using the hysteretic-
response rules defined in reference 16. Tensile strength of the concrete
was ignored. The yield moment was set at the design requirement, the
initial stiffness being determined by the selected period. Stiffness

beyond yield was taken as five percent of the initial stiffness. The
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analysls was made with an equivalent viscous damping proportional to

stiffness, amounting to a damping factor of 0.02 for the first mode.

Results Test. Results of inelastic-response calculations are summarized

in Fig. 6 for bdth series of frames ("uniform stiffness'' and ''varying
stiffness''). The calculated maximum damage ratio at each level is plotted
using a different symbol for each ground motion. A bar at each level
indicates, for all six ground motions, the mean damage ratio (left end

of the bar) and the mean plus one standard deviation (right end).

The data in Fig. 6 show that the distribution of the characteristic
damage ratio (mean plus one standard deviation) was reasonably uniform
over the height of the structures, with the values at the top story
typically tow. It is also seen that given a certain structure, the
damage ratio at different levels was quite different for different ground
motions, even though the six ground motions selected had generally similar
response spectra.

Histograms of all calculated damage ratios are shown in Fig. 7. The
overall means were less than 7.5 for both series (6.9 for frames with
uniform stiffness and 7.3 for frames with varying stiffness). Considering
that these mean values can be controlled by the choice of the spectral-
response curve, method of summing modal components, or by a load factor,
the results are positive in that, on the whole, the distribution of the
mean and characteristic values over the heights of the buildings (Fig. 6)

are reasonably uniform.

Strength Distribution over Height of Structure. A study was made of the

distribution of story strength over the height of the building. Two

frames (one with ten and the other with six stories) of each series were
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redesigned with the same base shear strength but with the column strength
varying as the story shears calculated for the first mode, rather than
according to the RSS distribution.

Inelastic response of these four frames were calculated using motion
no. 1 (Fig. 3). The results are illustrated in Fig. 7. It appears that
even if the RSS distribution is slightly more complicated to use and
resulted usually in an overdesign (Fig. 6) of the top-story columns, it
is preferable to the FM distribution which resulted in large damage
ratios in the top stories (Fig. 7). Figure 7 also illustrates the
sensitivity of the célculated inelastic response displacement to variations
in strength. Top-story shear strength was reduced less than 40 percent
in going from RSS to FM distribution, but the response displacements at

this level increased by an order of magnitude.

Ground-Motion Characteristics. The plot in Fig. 3 comparing maximum accel-

eration with spectrum intensity for the eight ground motions indicates
that motions 7 and 8 have special characteristics. Motion 7, which plots
below the line representing spectrum A, is evidently a more severe ground
motion than indicated by its characteristic maximum accelefation. Using
spectrum A, with acceleration as the index value, would underrate its
effect. On the other hand, the same approach would overrate motion 8.
Open circles in Fig. 8 indicate response damage ratios for frames
designed using spectrum A and then 'subjected'' to motions 7 and 8
normalized to a maximum acceleration of 0.5g. Although results are within
extreme values shown in Fig. 6, it is evident that the frames have been
underdesigned for motion no 7 and overdesigned for motion no. 8, a result

to be anticipated from Fig. 3. This represents a failure of the design
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spectrum A rather than of the substitute-structure method.

Solid circles in Fig. 8 indicate response damage ratios for frames
proportioned according to design spectra B or C fitted to calculated
response spectra for motions 7 and 8 (Fig. 2). These results are satis-
factory, despite the tendency to overdesign the upper stories.

In relation to the success of the final design, the shape of the
design spectrum is more critical than its magnitude. Overall magnitude
of the spectrum can be compensated plausibly at another level of the design
process. But the only stage where the frequency content (but not
sequence) of the ground motion can be intelligibly anticipated is in the
spectrum shape.

In this context, a critical feature of the substitute-structure method
should be discussed. The method becomes plausible only with the under-
standing that the force response decreases as the structure becomes more
flexible. |f the characteristics of the ground motion are such that, in
the range of the lower modes of the structure, the spectral acceleration
response increases with an increase in period, it becomes necessary to
assume a constant acceleration response for design up to that period at
which response starts decreasing, unless the method is used iteratively,
an alternative which is usually not desirable. In design spectra used
in this paper, the portion of the spectrum at frequencies higher than
approximately six Hz was chosen to decrease with increase in frequency
because contributions of modes in this range were small and because they
were more than compensated for by the reductions in the contributions of
the lower modes. However, if the concern had been with structures having
their lowest modes in this range, it would have been necessary to assume

a flat response acceleration at the maximum amplification for all
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frequencies above six Hz. [n effect, the response curve must be such that

the total base shear reduces as the structure becomes more flexible.
TESTS OF FRAMES WITH FLEXIBLE BEAMS

Three frames (Fig. 9) were designed for spectrum A with target
damage ratios of y = 6.0 in the beams and p = 1.0 in the columns.
Calculated periods and modal damping factors are shown in Table 2.
Design forces for each element were determined as discussed specifically
for the three-story frame. Frame elements were assigned yield moment
capacities indicated by the design procedure, columns being designed for
the governing top or bottom design moment. The design base shear coeffi-
cients, v, were 0.54, 0.30, and 0.15 for the three-, five- and ten-story
frames respectively.

Response histories of each frame to motions 1-6 were calculated by
an inelastic dynamic analysis program for frames, SAKE (13). Results
of such analyses are compared with dynamic test results in reference 12.
The assumed hysteresis and viscous damping was the same as those for the
frames with rigid beams except that the stiffness after yielding was

three percent of the initial stiffness.

Test Results. Mean beam damage ratios shown in Fig. 10 (left edges of

the rectangles) present a favorable picture. They were all less than the
target value of six and their distribution over the height of the structure
was reasonably uniform. The same was true of the characteristic damage
ratios (mean plus cone standard deviation) which did not exceed seven.

However, there was one motion which resulted in relatively large damage

ratios (motion 2). Tuning the design method to maintain damage ratios
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below six for all motions considered is possible but uneconomical.
Furthermore, unless the design is ridiculously conservative, there is
the possibility of another ground motion, with the same characteristic
maximum acceleration and response spectrum, which may result in larger
damage ratios than motion 2.

Maximum damage ratios indicated for the columns may be evaluated
from two different viewpoints. One viewpoint would be to tolerate the
few locations where the damage ratio has exceeded unity because (a) mean
values for the six motions were always less than unity and (b) individual
maxima, again for motion 2, were barely over two. In this light, the test
results are considered as positive.

Another viewpoint would be to consider any column rotation into the
inelastic range as unacceptable, in view of the difficulties involved
in developing '"'ductility' in axially loaded reinforced éoncrete elements.

As indicated earlier in the paper, to maintain the columns in the
elastic range requires special precautions (9). Consider, for example, a
one-bay one-story frame. Lateral-load analysis of any type would result
in equal moment-capacity requirements in the beam and the columns. |If
the two types of members are proportioned to have the same flexural
strength, either one may develop inelastic rotations. In the design
procedure described, the-column moments are determined by amplifying
the results of Eq. 4 by a factor of 1.2. Table 3 shows calculated damage
ratios for three five-story frames subjected to ground motion 2. Frame
Y was based on the described procedure. Frames X and Z were based on
column design moments obtained by multiplying the results of Eq. 4 by

1.1 and 1.4, respectively.
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Column damage ratios for frame Y exceeded unity at threevjoints,
reaching a maximum value of 3.7. As discussed earlier in reference
to Fig. 10, frame Y damage ratios exceeded unity at two joints but were
close to two. All columns of frame Z had damage ratios less than unity.
It is evident that columns may be maintained in the linear range by
increasing the design moments. However, considering that a column
Yoverstrength'' factor of 1.2 resulted in damage ratios exceeding unity for
only one of the six ground motions (Fig. 10) and that these were not
intolerably large, it is considered to be adequate. Gravity-load or
other requirements may also change the relative strengths of beams and
columns in favor of the latter. |If the strength ratio goes in favor of
the beam and if the designer desires u = 1.0 or less for the columns, he

must ''override' the final design proportions.
SUMMARY

From the observation that the inelastic response to earthquakes of
reinforced concrete elements could be represented by a linear-response
model, a procedure was developed in reference 3 which incorporated the
effects of inelastic energy dissipation to determine the design force for
a single-degree-of-freedom structure using the ordinary linear-response
spectrum. The substitute-structure method extends this procedure to
multi-degree-of-freedom structures.

The proposed method can be used to determine earthquake design-
force requirements for individual elements of a R/C structure given a
design linear-response spectrum and explicit decisions about tolerable

inelastic response, with the option of different limits of inelastic
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response in different structural elements.
The paper includes a numerical example demonstrating the determina-
tion of design forces in a three-story frame and a series of analytical

tests of the method using two- to ten-story frames.
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APPENDIX 11. - NOTATION

Amax = Maximum characteristic acceleration for a ground motion record

E = Young's modulus for concrete

Fi - = Design force for frame member i

Firss= Square root of the sum of the squares of design forces for member i

FM = First mode

g = Acceleration due to gravity

! = cross-sectional moment of inertia; -_ of column; -, of beam; -_. of
element i in actual frame ¢ b al

k = frame member flexural stiffness; -_. of actual-frame member i;
o of substitute-frame member i &'

L = length of frame member

M = moment; “ai at end a of member i; “bi at end b of member i

N = number of stories

Pi = strain energy of frame member i

RSS = square root of sum of the squares

SAm = spectral response acceleration for mode m

v = base shear; " Lgg SQuare root of sum of the squares of modal base
shears; “abs maximum value for absolute sum of any two of the
modal base shears.

B = damping factor, ratio of value of equivalent viscous damping
to the critical value.

B, = substitute damping (Eq. 3), -¢; for frame member i,

B = smeared damping (Eq. 4) for mode m of substitute structure

" = damage ratio (Eq. 2), o for member i

5] = end rotation; _y at yield

v = ratio of base shear to weight of structure; “m for mode m; " abs

maximum for sum of any two Vs T Square root of sum of Vo

I'ss
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Table 1

Design Shear Coefficients for Frames with Rigid Beams,
Design Spectrum A, u =6

Uniform Stiffness? Variable Stiffness

No. of Base Shear Top Story Shear Base Shear Top Story Shear
stories Total Weight Base Shear Total Weight Base Shear

2 0.61 0.63 0.60 0.67

4 0.31 0.4 0.31 0.49

6 0.21 0.34 0.20 0.39

8 0.16 0.29 0.15 0.34

10 0.13 0.26 0.12 0.30

@A11 stories have the same stiffness
bStiffness distributed to have a linear first-mode shape

Note: Shear coefficients given refer to yield capacity of structural
elements and a characteristic base acceleration of 0.5g.



Table 2

Calculated Periods and Smeared Damping Factors for
3, 5 and 10-Story Frames with Flexible Beams

X4

Period Damping Period Damping
Mode Uncracked® Crackedb Substitute® Factord Mode Uncracked® Crackedb SubstituteC Factord
3-Story Frame 10-Story Frame
sec sec sec
1 0.34 0.50 0.85 0.086 1 0.95 1.58 3.18 0.106
2 0.10 0.14 0.19 0.045 2 0.30 0.49 0.87 0.081
3 0.056 0.074 0.078 0.025 3 0.17 0.27 0.39 0.050
4 0.11 0.17 0.22 0.038
5-Story Frame 5 0.075 0.11 0.14 0.032
1 0.53 0.85 1.58 0.099 6 0.056 0.083 0.093 0.027
2 0.17 0.26 0.1 0.068 "7 0.043 0.063 0.068 0.024
3 0.090 0.14 0.18 0.041 8 0.035 0.051 0.053 0.022
4 0.059 0.087 0.097 0.028 9 0.030 0.043 0.0L44 0.021
5 0.046 0.065 0.067 0.022 10 0.028 0.039 0.040 0.020
¥Based on gross plain section
bBased on transformed cracked section (assumed).
“Based on stiffness properties from Eq. 2 with u = 6.0 for beams and u = 1.0 for columns.

dFrom Eq. 3, 4, and 5 and for the substitute structure.
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Table 3

Effect of Column Overstrength Factor on Damage Ratio
5~Story Frame, El Centro 1940 EW 0.5G

Calculated Damage Ratios

Frame X Frame Y Frame Z

Beam 5 5.2 6.9 7.9
4 6.1 7.3 8.3
3 8.1 8.4 8.6
2 8.2 8.3 8.2
] 6.7 7.0 7.5
Column 5T 1.5 0.96 0.85
B 0.35 0.36 0.38
47 3.7 2.3 0.97
B 0.39 0.42 0.40
3T 1.0 0.94 0.81
B 0.77 0.78 0.75
2T 0.54 0.49 0.43
B 3.0 2.2 0.95
1T 0.31 0.30 0.28
B 0.95 0.90 0.79

T: top of column

B: bottom of column
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Mark  Location Date Direction Max. Acc./g
| El Centro, Calif. 28 May 1940 NS 0.3l
2 El Centro, Calif. 28 May 1940 EW 0.22
3 Taft, Calif, 21 July 1952 N2IE 0.18
4 Taft, Calif. 21 July 1952 S6SE 0.16
5  Managua, Nicaragua 23 Dec. 1972 EW 0.38
6 Managua, Nicaragua 23 Dec. 1972 NS 0.33
7 . 8344 Orion, San 9 Feb, 197 NS 0.26

Fern'do
8 Castaic, Cal. S Feb. 197 N2IE 0.32
o 6O 1.0 2.0 3.0m
] T l 1 Tr T r

—~~ Assumed Design
Spectrum A For
Motions | to 6

©
IS

Maximum Acc. /g
o
N

lDampinlg Facf?r B=O‘.02
0 50 100 in.
Spectrum [ntensity

Fig. 3 Comparison of Maximum Acceleration with Spectrum Intensity
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Fig. 9 Properties of Frames with Flexible Beams
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INTRODUCTION

This report describes the three computer programs produced as a
part of the study, "Technology for the Formulation and Expression of Spec-
ifications." The programs are written in FORTRAN IV and are operational
on the Burroughs B6700 computer at the Civil Engineering Systems Laboratory
(CESL), Department of Civil Engineering, University of I1linois, Urbana,
ITTinois. Transfer of these programs to other computing facilities will
be aided by the contents of the manual, because the programs are not
entirely machine independent. The programs make use of the characteristic
word size of the Burroughs equipment (6 characters). Transfer to IBM
equipment (which uses 4 characters) will require some reporgramming of the
input and output routines. |

The programs are designed for interactive use from a remote
terminal. Most of the work done with these programs will not require large
amounts of data to be input, so this mode is quite convenient. The input
is entered in free format and interpreted by a package of scanning
routines at CESL known as PARSE. A manual for PARSE will soon be available
from CESL.

These programs are envisioned to be prototypes for a more refined
computer aid for use with the technology described in volume 1 of this
report. Future improvements will include the linking up of the programs
to share similar subroutines and to create a common data base for a spec-

ification that would include the information network, all the decision
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tables, and the outline structure. Undoubtedly many improvements will be
suggested by the users of the programs as experience with them is accumulated.
Each program is described in the following manner:
1. a brief description of the important algorithms used in the
program;
2. flow charts and block diagrams for the program structure and
the more complex subroutines;
3. a description of the major data structure used in the program,
including the permanent data stored on disk;
4. a glossary of the variable names used in the program; and

5. a complete listing of the program.
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Chapter One
DECISION TABLE PROGRAM

1.1 Algorithms

The purpose of this program is to check the condition entry
portion of a decision table to see if it is logically complete and correct.
That is, to see if all possible rules are contained in the table and that
none of the rules are redundant or contradictory. The program does not
perform any check on the logical relations between related conditions,
the actions, or the action entry. The condition stubs, action stubs, and
action entry that are entered into the program are only used to aid the
user's interpretations of the output.

The method used to check the decision table is the decomposifion
of the table into a network by condition testing. Fenves (ref. 1.1) and
Pollack (ref. 1.2) describe the method, originally due to Mantalbano
(ref. 1.3). Essentié]]y, the algorithm can be summarized in the following
steps:

1. Begin with the original table
2. Select a condition to test. This is the step which differs

from one algorithm to the next, and it will be discussed below

in more detail.

3. Discriminate on the condition to produce two subtables, each
with one less condition than the previous table. One subtable

contains all the rules for which the tested condition has a

which it has a false or immateria] entry.



4. If the subtable contains at least one condition and more than
lone rule, return to step 2; if not, go to step 5.

5. a) If the subtable contains exactly one rule and no remaining
condition entries that are explicitly true or false, then
that rule has been isolated.

b) If the subtable contains one rule and some remaining
explicit condition entries, return to step 2.

c) If the subtable contains no rules, an else rule has been
isolated (that is, a rule not included in the original
table.)

d) If the subtable contains no remaining conditions, but does
contain two or more rules, those rules are redundant or
contradictory (that is, they can be satisfied by the same
set of condition values.)

The algorithm produces a network in which each node is a condi-
tion with one branch entering it and two branches (true and false) leaving
it, except for the terminal nodes, which are rules. The topology of the
network depends on the order in which the conditions are tested. Many
such networks can be generated from one decision table, but the rules in
all of these networks will be logically equivalent.

Algorithms for selecting conditions that produce optimum networks
in terms of core storage or running time required have been of great
interest to many authors, but tend to become complex and of doubtful value
(1.2). The particular algorithm used in this program is directed towards

producing an optimum network, but no guarantee is made that the resultant



network optimizes any quantity. The steps used in selecting the condition
to be tested from a subtable are as follows:

1. Count the immaterial entries for each condition in the subtable,
considering only those rules contained in the subtable. Select
the condition with the smallest number of immaterial entries.

If two or more are tied, go to step 2.

2. Count the eyxnlicit 1 ntries Tor eacn of the condi-

-

-~

+wvita Awn Fa
“iue Ul

~—
m

tions that were tied at the end of step 1. Select the condition
with the largest number of explicit entries. If two or more are
tied, go to step 3.
3. Find the absolute value of the difference‘between exp]fcitly
true and explicity false entries amont those conditions that
were tied at the end of step 2. Select the condition with the
largest such value. If two or more are tied, arbitrarily select
the one 1isted first in the original table.
Note that tables with no immaterial or implicit entries will always
be tested by step 3. The test used in step 3 is the "quick rule" as des-
cribed by Fenves (1.1). The program gives the user the option of using the

"delayed rule," also as described by Fenves. For thé delayed rule, step 3

is changed so that the condition with the minimum value, rather than the

maximum, is selected.

The important idea behind the algorithm for seiecting the condition
is to avoid testing immaterial or implicit entries, thus producing a smaller
network. Not much literature has been available on algorithms for tables

using implicit entries. The method used is fairly simple and has seemed to

produce reasonable results.



The program displays the results to the user by means of a printed
version of the network. AT1 rules that were not contained in the original
table are Tabeled ELSE. The output is formulated in the machine by producing

an array of alphameric data, which is then simply printed out 1ine by line.

1.2 Logic Diagrams

The following diagrams describe the structure of the program and
the major subroutines. For a detailed study of the program, consult the

listing of the FORTRAN code.
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Determine the output unit (MAIN)

@ -

Initialize and obtain the datafile name (MAIN)

new old
N ki
(::}——————a—- |[Read old data from disc (OLDATA)]
3 mod i fy ,L\
N

Read new data from terminal (INPUT)

Decompose the table into a tree by testing conditions
and generating subtables using "quick" rule unless
comming from the instruction "DELAY" (TABTRE)

independent rules /!\ dependent rules
Y N

[Determine topology of the tree-(TOPO)j

[

Print the decision fable and Identify the
the tree (OUT1, 0UT2) dependent rules
L .

~Request an operating command (MAIN) |
N\

N4
SORT DELAY)  (mopIFY)  (NEXT
Reprint the table Reprint the tree e @ ' @

with reordered with short
conditions and rules branches first

/
' 1 (STOP)

Figure 1.1 Block Diagram for the Decision Table Program

INPUT

EXECUTION

OUTPUT

CONTROL
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MAIN PROGRAM BLOCK DATA

lINITi IOLDATA' IOUT]I iTOPOI [§§Ej]

TWPyT ferE [ |
ERROR [ARRAY]

I=

PARSE

' |NUMBl
SUBPROGRAM

lSUBTABl |MATER] ROW

NOTES

AP

2111}
ZERO

A11 routines except ERROR, COMPAC, ZERO and the PARSE subprogram
contain TABCOM, the COMMON declarations.

The MAIN PROGRAM and INPUT also contain PARCOM, the COMMON
declarations for the use of PARSE.

PARSE contains several subroutines and functions, including
WDINIT, RDLINE, END, MATCH, FIXED, STRING, and MODE.

Figure 1.2 Subroutine Linkage (TABLE)



!
D RULES !
N

/
(CONDITIONS }——=]{Read NC

N

ACTIONS
AN

Error

| Msg p———a see Fig. 1.4 -

Msg f——=see Fig. 1.5 -

(con
1
CACTIONS }——mm] M5 g }——m— same as for conditions —————u|
N '
’ |

Compact the arrays used for the
conditions and actions (CSTUB
and ASTUB) into vector-Tike
Tists of strings (CONDS and
ACTS).

Write the data on the disc.
RETURN

Figure 1.3  Subroutine INPUT (TABLE)



IN—-@AEF/ Y ]} = OUT (Fig. 1)

N
|
(INTEGER Y Error
Y
L@ake as rule i| Store in the
action pointer
\ R

rfhcrement the condition, jl : (INTEGER) N Error

—{Store proper value at rules (j,i)]

Figure 1.4 Input of the Rules (TABLE)

IN LAST l)>0UT (Fig. 1)

N

Y Take as condition 1.
(EﬁiéﬁER Set no. strings = 0 for i

N

1 |
Error =(STRING
Y

Increment no. strings for i
Read the string into CSTUB for i

Figure 1.5 Input of the Conditions (TABLE)
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l

Initialize the counters. K is the subtable number
Take the original table as the first subtable. A one
in the array SUB (I, K) indicates that the Ith condi-
tion (or (I-NC)th rule) is in the subtable. A zero
indicates that it is not.

- ]

Select the appropriate condition from the subtable
to use for splitting the table. See Fig. 1.7 for
more detail of this Togic

Examine the rules in the subtable for which the

detail of the logic.

®

Examine the rules in the subtable for which the
condition is false. See Fig. 1.8 for more detail —
of the Togic

|

|

|

I

|

|

selected condition is true. See Fig. 1.8 for more "‘{
I

J

[Examine the parent subtable|

subtable is a true son /N  subtable is a false son

Y

If subtable has no parent then delete
duplicate entries in the condition Tist
RETURN

Figure 1.6  Subroutine TABTRE (TABLE)
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Count the immaterial entries in
each condition in the subtable

one has a //i\\ two or more

minimum are tied
\ \
Select the ' Count the explicit entries
condition in these conditions
one has a two or more
maximum ‘\\// are tied
|
Select the _
condition Count the difference between true
entries and false entries for
these conditions. Select any one
with a maximum value, unless using
the delayed decision rule, then
' select any one with a minimum
value
F Y ]

Figure 1.7 Selection of Condition in TABTRE (TABLE)
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@ (3)

Count the entries in the subtable
for which the condition is true.

> one none

/
Test the number one Enter an else rule
of conditions in in the tree
the subtable
| ®®

Test the number of
explicit entries 1in

> one the rule among the
other conditions in
one this subtable
The rules are
not separable.
Decomposition
Fails > zero none
i
1 N Enter the rule
Msg Build a new subtable in the tree
deleting the selected
condition and using only (f) (4)
RETURN the rules for which it
was true

®

Note the logic for the rules with false entries
is the same; simply replace the word true with
the word false and the reference numbers with
those in parenthesis.

Figure 1.8 Examination of Rules in TABTRE (TABLE)



“12-

branch at each node.
Tist of the rules.

This subroutine builds a preordered 1ist of all the
‘Inodes in the tree and records the maximum length of

It also builds a compacted

true son is

A

true son is rule

condition

N

Put it in ORDER
Record and increment
the level

\

Put it in

Record the Tevel

ORDER

o

-t

false son is /1\\ false son is rule

\

condition

N

Put it in ORDER
Record and increment
the level

|

Put it in

ORDER.

Record the level, -
initialize the length

and go up

to parent

fo

J
Going up on false branch ,}\L Going up on true branch

)

Record the maximum length of the

two branches coming in. Go up
to next parent

Set length

at parent

\

no parent

Make a preorder 1list of rules and

delete the dup1icates.

Figure 1.9

RETURN

Subroutine TOPO (TABLE)
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This subroutine builds an array that contains
the output for the graphical representation of
the decision tree.

Initialize data

[
Obtain the next node in the 1ist, ORDER

node is a rule /l\> node is a condition

)

Write the condition in the network

Determine the following branch sign
and the number of the next subtable.
Store subtable number in a stack,if
necessary.

Write the row and column coming from
the condition

Write the rule in the network

Test to see if finished; if not
extend the last column along

the next row and extend any
other continuing columns down

Figure 1.10 Subroutine ARRAY (TABLE)
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branches first.

This subroutine recorders the preordered
list, ORDER, placing the shortest

1

lInitia]ize data

Y

node. Place the

Find the two sons of the current

branch in the reordered list

son on the shortest

no nodes /i\

nodes between

between the sons\\J/
y

the sons
)

Put the second son in the
Tist also. Test to see if
the network is done

Take the short son as
the current node. Put
the long son in a stack

L_ -

done /1\\ not done

{

hvd

_ | Obtain a node from

the stack as the next
node

Make new 1lists of
the rules and conditions
in preorder. RETURN

Figure 1.11  Subroutine SORT (TABLE)
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1.3 Data Structure

A1l of the manipulations in the program are based on operations
with integer numbers and comparisons of logical variables. Consequently
most of the data structure is composed of vectors and arrays of integers.
The exceptions to this are the arrays of condition and action stubs that
are stored for use in the output.

The dafa that is permanent]y stored is described in figures 1.12
and 1.13. Other important data is described in figure 1;14 and 1.15. A
complete 1ist of all the data items used in the program is in the glossary,

section 1.4.
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INTEGERS :
NR - number of rules
NC - number of conditions
NA - number of actions
NCSR - number of condition stub rows
NASR - number of action stub rows

INTEGER VECTORS AND ARRAYS:

RULES ACTPTR NCS NAS
12 NR
N - — i N
1 1 1
2 2 2| 2
NC| B NR| [ I I

RULES Contains the condition entry. A true is stored as a
positive one, a false is a negative one, an immaterial
is a zero, and so on.

ACTPTR Contains the action number for each rule.

NCS Contains the number of rows for each condition stub

NAS Contains the number of rows for each action stub

ALPHAMERIC DATA:

CONDS ACTS TITLE
12...5 - 12...5
— ] _ _
B 1 1
2 2 2
NCSR| a NASR| | op

CONDS Contains the conditjon stubs. Each word is six
characters, so each row is 30 characters.

ACTS Contains the action stubs

TITLE Contains the title. Space is available for 60 characters

Figure 1.12 Permanent Data (TABLE)
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_Contents of the line Format
Title 10A6
NR NC NA NCSR NASR 515
RULES, row 1, 1 to NR 2713

‘hjiEEEE, row 2, 1 to NR

—
RULES, row NC, T to NR
ACTPTR, 1 to NR 2713
CONDS, row 1 5A6
CONDS, row 2

| CONDS, row NCSR
ACTS, row 1 5A6
ACTS, row 2
ACTS, row NASR
NCS, 1 to NC 2713
NAS, 1 to NA 2713

The figure shows the manner that the
permanent data are stored on the disk

Figure 1.13 Permenent Data File (TABLE)
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suB NCK COND
12...K I i
1 7 2 2
2
e KL Lo
NC+1
NC+2 TSON FSON PARENT
i 7 i 71 [ 7
2 2 2
NC+NR

S I S O S

The above arrays are used to decompose the table into a
network. The subscript of the five vectors at the right
and the column index (second subscript) of SUB indicates
the subtable number. The first index in SUB indicates
the condition or rule number. The contents are as
follows:

SuB Cohtains the subtable data. A one is recorded
if the condition or rule is in subtable K, a
zero if it is not

NCK Contains the number of conditions in subtable K.
COND Contains the condition selected for testing from
subtable K.

TSON Contajns the number of the subtable (or rule)
derived from the true portion of the subtable,
(a negative number indicates a rule.)

FSON Similar to TSON, but for the false portion.

PARENT Contains the number of the subtable from which
subtable K was derived. A negative sign
indicates that K is the false son.

Figure 1.14 Data Used in Deomposition (TABLE)
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LEVEL LENGTH NCOND NRULE
1 1 1 1 ]
2 2 2 2

vl ] ow | owel ] om[ ]

is the number of nodes in the decision network

is a 1ist of the nodes in the decision network
arranged in "preorder" as defined by Knuth (ref. 1.4)
A positive number indicates a condition, a negative
number a rule, and a zero the else rule.

contains the number of steps away from the

beginning node for each node in the network

LENGTH contains the number of steps away from the rule

NCOND

NRULE

along the longest branch enamating from the node
for each node.

contains a 1ist of the conditions arranged in the
order that they appear in ORDER. Nodes that appear
more than once in the network are not repeated in

NCOND.
contains a list of the rules similar to NCOND.

Figure 1.15 Data Used in Describing the Network (TABLE)
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100
2n0
100
a0
80
600
7nQ
an0 1.4 GLOSSARY
9nn
teoo
1100
1200
1300 SYMROL : DESCRIFTIOM
1400 L LR L L L L Ll Ll bt dal ekl el ke e D bl h kel el el Rk
1500 Ae Ahby H DUMMY NAME FOUR AW ARGUMENT
1600 R AAA :
1700 :
1800 AcTINK i VECTNR CONTAINING THE ACTINN FNTRY FOR ONE ACTINN AT ¢ TTHE
1900 :
2000 ACTPTR H VFCTOR CONTAINING THFE ACTINN NUMKFF FOR EACH RULE
2100 H
2200 AcTs 3 ARRAY CONTAINMINA Tt ACTINN STUBS
2300 :
2400 \STFR : THF SYVMBUL #
2500 : .
2600 ASTUR : ARRAY CONTAIMING THE ACTION STUBS
2700 :
2800 ? : DUMMY MAME FUR AN ARGUMENT
TN H
w00 RKeTK : VECTOR USED IN TLpn TG STORF TRE mMapts IN THE NETWNRPK WITH
3100 : ONE SON NOT YET ENTERFD IN NRDER
3200 H
3300 PLANK H THE RLANK SYMROI (S81Y CHARACTFRS)
3400 !
500 NRANCH : LngIcAL VARIARLF gIVInGg THE SIGN nf THF NFXT eRANCH Tt NFT
3400 :
3700 I H THE LETTER €
JBNO H :
3900 Ck 1 VECTOR QOF CcPADITIONS TN SURTARLE «
4000 ] '
4100 rOMPAC H A SUBROUTINE
4200 :
4300 COMD : VECTOR CONTAINIMG THE cUNRITIAN TFSTER IN EAcu SURTARIF
qann :
4s00n cnrns H ARRAY 'F CONDITTUN STURS
46n0 i
u47o00 CNINT H A SUBRLUTINE
4800 t
4900 rSTUR : ARRAY (F CONDITTUN STURS
5000 !
5100 rve : vECTOR USED TO TANDICATE wHAT RRANCHFS ARE UMFINTSHER 1N
5200 H THE NFTWURK
5300 :
5400 ne : VECTOR CUNTAINIMNG THE AESOLUTE DTFrpERENCE RETWEEN TR
£ N : ENTRIES ANp pALSE ENTRIES FNR THF FLGIRLE CONRITIONS
5600 : :
S700 NFETA : A SUBROUTIME
S&00 :
H

5900 RIVIDFE VECTOR CONTAINIMG ASTFRISK SYMBOLS



60N
100
RENN
6300
6400
F M)
b D
a7 00
£800
At
7000
7100
720G
7300
T400
7800
T6nt
7700
7800
790
8000
100
87200
8300
_gann
8500
g600
700
agno
agnn
9000
4 0
g 00
93n0
Qunn
95n0
9600
3700
R0O0
9o n0
10000
10100
10200
10300
10400
10500
10600
10700
10600
10900
11000
11106
11200
11300
11400
11500
11400
1. 0
11800
11900
17000
12100

PR

F

Fe

F

FNR
FMTITY
Fr
FEROR
FXPLTT
FT¥ED
FLOUT

FruLFS
FSNN
Te

TMAX
TMTT
TNPUT
TvaLUE
JMA X

"

kK

LFNGTH
I FVFL

Lnelc

LVR

HATCH

MATER

Se 20 s ee se on se

5e e% we B s ws e Be ms
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VECTOR CONTAINING TRHOSE (ONPITIONS WITH MAXIMiM
(DR MINIMUM) DC

THE LETTER E

VECTOR CONTINMING THE MUMBER OF EXPIIQIT EMTRIFS FOR THE
ELGIBLE COUMDITIONS

THE LFTTER L

LNGICAL FUNCTIUNM IN FARSE:

VECTOR CONTAINIMG AN ITEM OF TNPUT FRNOM PARSE
VECTOR CONTAINING THEGSE ¢ONPTITIGNS wITH MAXTMUM Eg
A SUBRGUTINF

A SUBRCUTINE

LAGICAL FUMCTION IN PARSE

THE FILE NUMeER FOR QUTPUT

VECTOR CONTAINIMG THE RULES IN A SUBTARLE wITH FALSF K
IMMATERIAL ERTKIES FOK THE SELFCTFP cONDITION

VECTOR CONTAINIM, THE SURTARLE OR RULF THAT Js ON TuF b SE
BRANCH FROM ANY SURBTARLE

VECTOR CONTAINIMG THE NUMBER NF TMMATFRIAL FNTRIFS FpR FACKH
CONDITION IN A SURTABILE

THE NUMBER 0OF CPLUMNS USED FOUR THF DUTPUT OF THF NETWURK
A SUBRGUTINE

A SUBRGUTINE

INTEGEK VALUL FPRUM PARSE

THE NUMBER 0OF LTNES USED FOE THE nuTPuT OF THF NMETWORK
THE NUMBER 0} THE SUBTABLE

THE NUMRER 0OF THE NEXT SURTABLE

VECTOR CONTAINING THE NUMRER OF STFPS TO THE PULF ALAMG THE
LONGEST BRAN(H FRNM THE NOPE FOR FACH NADE IN THE NFT20ORk

VECTOR CONTAINIMG THE NUMRER OF STFPS FROM THF FFGTMNING TO
THE NODE FOR EAcH MNODE IN THE NFTWORK

DUMMY NAME FUR AN AKGUMENT

VECTOR CONTAINING THE COLUMN NUMBFR DF EACH IMCOMPLETH
BRANCH IN THE NFTwORK

LOGICAL FUNCTIOM IM PAKSL

A SUBRRLUTINE



127200 : -22-
172300 MTMUS H THE NEGATIVE SyMpoL
12400 :
172500 rOonF : VALUE FROM PARSF TMUICATING THE TYpE OF INPUT ITEM
12600 H
12700 MR : VECTOR CONTAINIMG THE COUNDITIONS WTTH THE MINTMUM T¢
1 no :
17900 b H NC + NF
13000 : .
131006 Ma : NymMpER OF ACTIONS
13200 :
13300 MAR t VECTOR CONTAINIMG THE NUMRER NF STUBS FDR EACp ACTICN
13400 : ,
13500 NAGR H TNTAL NUMBFR DOF KROWS OF ACTIGN STURS
1360 H
137006 Me H NUMBER OF CONDITIONS
13RNMN H
13600 MCHAR : FROM PARSE: THE NUMEER OF CHARACTF®S TN THE IMPI'T TTF®
14000 !
14100 MC K : VECTOR CONTAIMIMG THE NUMRER 0OF cnnGITINNS IN THE SURTARGE
14200 :
1300 NenND : VECTOR CONTAINIMG A PRECKDER LIST nF THF ONDTTINONS T
14400 : THE NETWORKs DEILETING REPETITIQUS FNTRIES
14500 : :
14600 Moo : VECOTR CONTAINIMGTHE MNUMBER UF STHRS FOR FACH CONDITTIN
14700 : .
t4Rrn0 NeeR : TOTAL NUMBER COF ROWS (OF CONDPDITION STURS
14900 :
150006 MDD K : NUMBER OF C(ONDITIONS WITH MAXIMUM (OR MINTMUMY DC
15100 :
15200 MFE ! NUMBER OF EXxpLICIT ENTRIES LFFT IN THF RULE IN TKE SurTARLE
1° 0 :
15400 MFR : NUMBER OF CONDITINNS WITH MAXTMUM FC
15500 H
15600 HET : ARRA FGR UUTPUT UF THE NETWDRK
15700 H
1580N0 HMEXT : LAGICAL FUNCTINM In PARSE
{15900 :
16000 HF H NUMHER OF RULES wIThH FALSE ENTRIFQ IN THE SUBTARIE Fn&
16100 : THE SELECTFD COMNDITINON
16200 :
14300 MME : NUMBER DF CONDITIONS WITH MINIMUM TC
16400 : '
16500 NN H NUMBER (OF NODES IN THE NETWNRK
16600 !
16700 MR H NUMBER OF RULES
16800 : :
14900 NRIILFS : VECTOR CONTAINIMG pPREORNER LLIST 0OfF THE RULES TN THF
17000 H NETWORKs DELETING REPETITINUS ENTRTES
17100 :
17200 NT : NUMBER OF KULES wITH TRUE DR TMMATFRIAL ENTRIFS IN THt
17300 : SUBTARLE FOR TwF SELECTEL CONDITINN
17400 : - ‘
17500 Nwp : FROM PARSE: NUMRER (.F RURDS IN THF INPUT TTEM
17600 : )
17700 NLNATA : A SUBRGUTINE
17800 :
17 0 AMPACK : LNGICAL VARIABLF FUR TESTING THE PPESFNCE OF & DATA fTLE
1R000 : )
1R100 NRnER : VECTOR CONTAINIMG TrE LIST NF NOPFS IN NETWORK IN PRFLRDFR
18200 : )
18300 nuTt $ A SUBRQOUTINE



18400
18800
1R600
18700
1RRND
1rQn0
1 00
19100
16200
193nn
19400
195n0
19600
19700
19800
199nD
20000
20100
20200
2n300
20400
20500
20600
20700
20800
209n0
21000
21100
21200
21300
21400
21 O
2ie00
21700
21800
21900
72000
22100
22200
22300
22400
22500
22600
22700
27800
22900
23000
231006
23200
23300
234n0
23500
23600
23700
23800
23900
24000
2! 0
24200
24300
24400
24500

nuT2
PARCOM

PARENT

PLIMS
POIINT
PRT
PTRBK
QUITCK

P

RN TNE

ROw
RiLES
<
SETOUT

STGN

SKe

SNET
ST ING

S

SURTAR
SWTTCH
SYMROL
TARCOM
TARTRF

TARTHWO

- TTTLE

TopO

TrRi:LES
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A SUBROUTINE

FILE CUNTAINING COMMOMN LECLARATIONS FOR PARSE

VECTOR CUNTAINIMG THE NUMBRER NF THF SUBTARLE FROM WHT(H
THE SURTARLE IS ULERIVED

THE ADDITION SyMBOL

VARIARLE CARKRYING THE SYMBOLS PLUS OR MINUS

CARRIES THE LETTEP_UFF .

VFCTOR USED AS & PUINTER RACK TO THF PARENT NADE IN TARLF

LNGICAL VARIABLF THAT IS TRUF UNLFSS THRE NETWNRK IS RFINgG
FORMED WITH THE OELAYFD RULF
THE LETTER R

SUBROUTINE IN FARSE

A SUBRLUTINE

ARRAY CONTAINING THE CUNDITION ENTRY
THE LETTER S

SUBROUTINE IN PARSE

VECTOR CONTAINIMG Tkt SYMROLS USEDR IN PRINTING THE
CONDITION ENTRY

VECTOR CONTAINING A STACK OF SUBTARLE NUMRERS WITH
UNUSED SONS

A SUBRNUTINME
FROM PARSE: aNy IMPUT ITEM ENGLOSFN TN QUQPTES

THE ARRFAY CONTATNING THE PATA FOR TNCLUSTIDN OF COGNDTTIONS
AND RULES IN THF SUBTAELLS

A SUBRLUTINE

LOGICAL VARIAHBLF FUK THE SUCCESS NF THE DECOMPDSITION
VECTOR CONTAINIMG THE SYMBOLS FOR THE TEN NUMFRALS
FILE CONTAINING THF cUMMON DECLARATIMNNS

A.SUBR&UTINE

A L0OGTCAL VARIARLF FCK USE IN PRINTING FEQRDERED VERSION
UF THE TABLE

THE TITLE (OF THF TABLE
A SUBRUUTINE

VECTOR CONTAINTNG THUSE RULES WITH TRUF OR IMMATFRTA|
ENTRIFS IN THE SURTAKLE FOR THF SFIEGTED cONDTITINN



24600
24700
2HR00
2a900
25000
2F a0
2%. a0
25300
25400
25500
25600
25700
25R0Q0

TsNN

Vaay yF
WRINTT
¥ X

Y» Z

7FFD

2e ma =s 4n 64 G2 O we we = 86 s se
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VECTOR CONTAINING ThHE SUBTARLE OR RULF THAT I NN TwF TRUF
BRANCH FROM THt SUBTALLE
REAL NUMBER FRUM PARSE
SUBROUTINE IN PARSF
THE LETTFR X
pDMMY NAMES FUR 2RGUHENTS

A SUBRCUTTNE
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'KFILE: TARLF (19/23/75) 435
10
29
30
an
50 ‘
60
70 1.5 PRUGRAM L1ISTIg
RO
90
100 $ RESET §REE
200 FILE S53T4CUMe IN[T=nbqUTL s RECURY=14Y
3n0 FILE, 6=n0yTCUvsUNITaREM)TESRECORD=1
4o FILE 1=0yTPuT UNITsprINICRIRECOKY=ES
500 FILE 2STREELISTsUNLIT=DISKPACKR RECNHUSZ235KLiICKTNG= 30
600 FILE 3=5nuMmMysuUNIT=DTISkPAK-HESARD= L8 A0KINGg=30,5AvE=1
700 .
800 5 INCLURE 'PA®SE!
900 o
1000 r
1100 3 INCLUJE '"TABCInm'
1200 [
1390 C
1400 n THE FOLLUWING LINES ARF A LISTING OF TA3p0M
1500 o
1600 cc THIs FILE DIMENSIONS ALL THE ARKAYS (SEn IN THE PROGRAM
1700 Ce AND ASSLGAS THEw TU COMMON
1800 cC
1900 o INTEGER RULES(3U023U)s ACTRIK(3U)» SYR(S0,60)s CONDC60)s
2000 r 1 T50N(6Y)s F3iduled)s PARENT(OW)s NEK(O))s TRULES(30)»
2100 e 2 FeJLESC3u)s T¢C30) s MRO30) LC(30)s ERe30), Ug(30),
2200 f 3 Nx(30)e URPER(HGND ) LEVEL(ADIs LENGTH(4N)s LVB(IS)s FLIOUTS
2300 » 4 NRJLE(30)» NCINOC30)s Cvu(l2)s PTRBK(AN)s 3KSTK(60)» CK(3Q)»
2400 C 5  NgS{307» NASC30) : :
2500 cc
2600 I REAL TITLE(LO), CUNJS(9980)s ACTS(9449), SIgN(I),
2700 c 1 SyMaUL(lu)e NET(L32,120)» NLVIDE(132)s ACTION(30)s MINUS
2800 cC : ‘
2900 c LUSIZAL SvITCnm, HUigKs BRANCH» UNPACK, TadTwi) : ,
3000 ne ‘
3100 G CUMA N/ INT/ZDF s whe NCs» wAs» RulLbkSs ACTPTIR, Sids Ks KK» N»
3200 r 1 Ccunvls TSANs F3UNs PARENTs NUKe TRULES, HNT, FHULESs RNf>s
33p0 I 2 1(e ™32 NMRs FCe £Rs HER» DU» DREe NDR. WEEs URDERS
3400 r 3 LevhElLe LENGIHe wNs J¥MAXs Lvis» NRULEs NeDONj)e CVRs PTRHX»
3500 ¢ 4  RBesixe CKs FLyUT» [+idks NCS» NAS» NCOSR, HNaSRA
3600 £c
3700 r CUMADN/REAL/TLITLES ¢ONDSs ACTS» SIGNs SyusUps NWETs DTVIDES
3800 I 1 A TIUns BL"wKs AJTER» XX» C+ ts Rs PLys» 4INUS» ELs S
3900 CC .
4000 C CUM AN/ LUG/SwITCHs JUICKs HRANCHs TARTAnN
4100 re
4200 CC EnNn JF TrA4CUH
4300 r
4400 C
4500 $ INCLUDE 'PanCOn!’
4600 i
4700 o THE FULLUWING LINES ARE A LISILNG OF PARANHM
4800 C
4900 e THIs FILE LISTS THE DECLARATIUNS FOR ySE OF THE TNPUT OcANNER

5000 cc
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5100 n LUGLCAL FHNDs Flabkie #ATCHs STHRINGs, nNEXT
5200 o CUMMUN/SCANER/Z ENTAYY(Z20U)» MQuUks VALUJE® ~CHAR» NWO» NEXT
5300 > EWUIVALENCE (IvablUbka.vVabLUuE)
5400 cc
5500 cC END DF PARCOM
5600 o
5700 r JELETE THE ECRY PRLINT Ny THE SCANNER
5800 NATA PRIZTUFF/
5900 C
6000 o SET THFE LENGTH 0bF A LINE (gF IwrPUT EqQuaAL 10 72 SPACES
6100 C AND THE ~NyMBeg gF YL ANKS REWLIRED T sigmlby THE END
6200 n OF 4 HECURUD EdUAL (i 10
6300 CALL wid[iviT(lusr2sPrl)
6400 r - ’
6500 C REA4) THE OQUTPUT uUxly In
66040 FLGGT = 6
6700 WHITECFLLUT» 4002,
6800 CALL PARSECEST]TY oHODE » VALUE s NCHAR)
6300 TFCLNMUTCHATCHC"P™» 1)) Su Tu 1U
7000 FLu i = 1
7100 ¢
7200 ¢ CHECK Tu SEE IF THbk ECHU [S DESIRED
73n0 o
T4nq ARLITE(621200)
7500 CALL SCaN(ENTITyruUuEs VALUES NCHAR)
7600 TFCAATCHOMYES™» 3 ) CALL wDINTILLUST2,"UN ")
7700 CALL SETUUTC(FLUOUT)
7800 C
7200 o INI(IAL[LE THe ARRAYS
8000 1o cALL INT!
8100 o
8200 C RLAy THFE DATA FILE wAME In
8300 20 1 = 0
8400 WRITE(H4000)
8500 CALL RDLINE
8600 ENT{TYCHwp+1/=6H
8700 CLusE (3
8800 CHANGE (32 TITLE=ENTATY)
8900 DF=3
9000 C
9100 c CHECK Ful EXISTING JATAFILE
9200 INQUIRE (3 RESIPENI=ZONPACK)
9300 IFCNUTe UNPACK) GU TU 20
9400 C
9500 y EX{sTING FILbks pUUBLE CHECK THE NAME
9600 WRITE(6,1010)
9700 CALL RNDLINE
980¢ IFCAATCHUMYES»3)) 0 Tu 30
9900 GU |0 2V
10000 C
10100 c USF EXIIING FILE
10200 30 CALL ULpATA
10300 G 10 60
10400 C
10500 ¢ REA, NEw NETWURK DATA IN FRus THE TegrMInAL
10600 50 CALL IvPUT
10700 GU 10O (0
10800 C
10900 ¢ CHECK 'n SEE IF MUODIFICATIONS 10 THE DATA ARE DESIREN
11000 60 WRITE(551020)
11100 CALL ROLINE

11200 TFC(LNOTWMAVCH("YES™»3)) Gu Ta f0



11300
11400
11500
11600
11700
11800
11900
12000
12100
172200
12300
12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
13800
13900
14000
14100
14200
14300
14400
14500
14600
14700
14800
14900
15000
15100
15200
15300
154n0
15500
15600
15700
15800
15900
16000
16100
16200
16300
16400
165n0
166n0
16700
16800
16900
17000
17100
17200
17300
17400

D

oy

D OO

DD

oD

7¢

75

100

140

150

160

CALL INPUT

wKI1TE
TFCFLUUT ok
TABIWO = oJFALSE,
CaLL uurtl
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Jult Tuk Jvplal~nAL TAHLE

ntcyMPugk THE
GUICK
CALL TA4AglIRE
TPC NOTLSHITCND
IF(FLOUTeEQa0)
WRITE(621040)

= «TRUE.

6)

It

%

Wh [ TEC62999)

CISITUN TAJLE INTO THE

Grora 110
RITE(609993)

NET®WWRA

DETLRMINE THE TUFULGGY OF Thf WERIVED NETWURK
CALL ToPU '

PKI 4T Uul THE
THCFLOUT oEde
WHI]E.(FLL‘llTI“j\jSL))
CALL BDuUT?

IFCFLUUT oEds

REGIN SCANNIwg

1

=

0

WRITE(B10Q30)
CALL ROLINE
IFCeND(Xx)) GU Tu
IFCAATCAU™ARATE S 3)) 4 Tg lay
IFCAATCHU™NGOIFY™s 3)) [y T4 10U
IFCAATZHOMSORTS3)) &) T0 160
IF(qATCHOmDELAY S 3)) 4t T 170
TFCqMATCHUMNEX T, 3)) Gy T 10
IF(AATCHETSTAP™"»3)) STHP

I

1

+ 1

CALL EXRURCI)
GU 10O 1uv

wRITE

ida
o)

6)

F

Ta
WwRITE(6»999)

WRITE(6s999)

UR JPERATING LUMMANDS

104

Jipl THE REARKRANGEU TAgLt

ARITECFLUOT,Lysu)
TARTAY = «TRUC.
CALL .
IF(FLUUT sEQe 6) WARITE(O»I99)

GU

MUDILFY

ra

CALL
CALL
CALL

I
U

0
ro

SURT
CALL SHRE
TF(FLUUT «EQs ,
WRITECFLUUT»L070)
cALL UuT<
IFCFLOUT oEde

I

0

DuTl

lov

TN
L OATA
INPUT

7:)

THE @RsTCc INRPUT DATA

THE GRANCHES B LENGTH

5)

6)

ARITE(O»399)

AR [TEC(B99YY)



17500
17600
17700
17800
17900
18000
18100
18200
18300
18400
18500
18600
187n0
18800
18900
19000
19100
19200
19300
19400
1500
1960()
19700
19800
19900
20000
20100
20200
20300
20400
20500
20600
20700
20800
20900
21000
21100
21200
21300
214n0
21500
21600
21700
21800
219n0
22000
22100
22200
22300
22400
225990
22600
22700
22800
22900
23000
23100
23200
23300
23400
23500
23600
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GO 10 &9Hu

NEQJMPUSE THE NETwuUxK 9SIwg THL DELAYED nicy3Ian RULE
170 QUICK = «FALSE.

CALL INIT

CALL ULDATA

CALL TA3IRE

TFCONUTSSWITCR) uwidl (U 110

ARTTE(S5»1040)

CALL TapPu

IF(FLUJT «bde 6) AR[TE(E9999)

ARTTECFLUUT» 4y9a)

CALL JuTe

IF(FLOUT sEde H) wRITE(GIYY)

T =0

GU 70 lou

999 FURAAT(IH 2/21H /)
1000 FURAAT(LIH »MENTER 14E DATA FILE NAME™,/) )
1n05 FURGAT(LIH , wENTER P FIR YyTpUl On TwF N=STTE PRINTER,n,
1 /7, " JTHERWISE w5k GulPT wlktb BE N T4F <SE40TE TERMINAL®, /)
1010 FURAAT(La » "3ATA FILE EXISTS WITH TRIS VAME«"s/,
1T 7 DD yduy wW3sT 10 4SSt IT27,/)
1020 FURJAT(IHN »"Du yUU BNT T MOULFY THE ExTSTTING DATAZws/)
1030 FURMAT(1H »"ENTER A PRIGRAM CUMMANDNM, /)
1060 FURJATCIH » "RECISLUN NET 4URk SUCCESSFULLY CcIMPLETEDR™»/)
10590 FURMATCLIHI» PRERIVEY DECISIUx NETWORK™s //)
1060 FORaAT(LHL,mDECISIUN TAGLE wilH CONDITIONS AND RULES IN pPrEQRDER™.
1070 FURMAAT(LHL»"PDECISIUN WETWURK SUKTED BY QpANCH LENMGTH®s//) ’
1080 FURGAT(LIHLs"pECISIUN TAGLE wltH CONPDITIONS AND e/
1 " QULES IN THE PrEaRpER UF Tk SURTED NFTWORK™)
1090 FURMATC(IHL»"DECISTUN NETWORK UERIVED wlITh THE "
1 " pELAayty DECISLON RULETS//)
1100 FUR4AT(IMI»™DECISIUN TAGLE wIIH CONDITIONS AND "/
1 " JULES IN TrRE PREJRUEK OF Tht DELAYEU NETHORK™)
12700 FURSATCY DO Yuly wANT THE pPRINIUUT UGF THE INPUT2%,/)
FND

SURRQUTINE INIT
$ INCLUDE 'YTABCUM!
PU 16 I = 1 60

NU 31¢ J = 1 80
10 SUR(JesI) = O

DU ¢0 I = 1» 60
20 cUnp(I) = 0

nNu 30 1 = 1s 50
30 TSaA~NCIY = 0

QU 40 [ = 1 89
40 FSNaCI) = 0

nu 30 1 = 1, 60
50 PARENT(I) = 0

Nl »0 1 = 1» 69
60 HLK(I) = 0

DU 70 I = 1» 60
70 QRDER(I) = 0 ’

DU 30 I = 1s 60
An LbvglL(D) = 0

pu 40 I = 1 60
90 LENSTH(I} = U



23700
23800
23900
24000
241n0
24290
24300
24400
24500
24600
24700
24800
24900
25000
251n0
25200
253n¢
25400
25500
25600
25700
25800
25900
26000
261040
26200
26300
264600
26500
2663u
26700
26800
26900
27000
27100
27200
27300
27400
27500
27600
27700
27800
27900
28000
28100
28200
28300
28490
28500
28600
28700
28800
28900
29000
29100
29200
29300
29400
29500
29600
29700
29800

100

120
130
140

150
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N 100 1 = 1» 30
NCS(I) = 1

DO 110 [ = 1 30
NAS(I) = 1

noe 129 L s 1 4940
DU 120 g = 1» 5
ACT3(JdrT) = BLANK
DU 130 1 = 1s 4,
nL (30 J = 1» %
CUNUS(Jsl) = dLANK
BU 140 1 = 1s 132
CIVIGECT) = 4STER
D0 150 I = 1s Ly
TIT_EC(I) = bLayk
RET IR

END

SURKOUTINE I~NwUT

£ INCLUDE '"TAECOM?

C
C

$ InNCLUNE *TRPARCOM!

DO D

6

O

1o

aEe)

20
30

35

40

CSTyR ANU ASIys ARk USED Tu STURE CHANGE IN THE STuyss
REA_ CSTUR(502302» 4STilB{(50»30)

N0 5 1 = 1 20

DU 2 J = 1s 2y

CSTUB(Js1) = bLANK

DU 4 d = 1 29

AST B(Jst) = oLaNK

CUNTINUE

wRITE(O6,1000)

I =90

KEG [N SCAYNING FUR [NPUT

CALL FARSE(ENTITY, #OUEs yaLUbs NCHAR)
TF(qATCHUMNUTMGER"s3)) 5L TO 2U
TFCHATOHUMRULES™»3)) G Tyg 790
JTFCAATCHCCONSTT"»3)) G0 TU 10V
IFCAATCHU™MACTLON™»3)) U Td 20V
IFCAATCHUMTIILEm»3)) 11 Tg 24V
IFCHATCHOTENDp3)) w0 TU 270
IFCEND(RY) GU T3 19

I =1 +1

CALL ERRURC(I)

CALL ROLINE

GU 10 L0

HERE wE HAVE THE wUmBER OF <uLtss» coNnlT70ONge OR ACTTONS
IFCAATCHO™OF™22)) Gy T 30
IF(AATCHUMRULES»3) ) GD TQg 4¢
[FCAATCHU™CUNDIT »3)) 60 Tu SU
IFCAATCHUMACTLONTS3)) GUY TU AU
I =7 + 1

CALL ERRURCI)

CALL ROLINE

au 70 12

IFC NUTSOFIXED(XI) S wy TO 35
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299n( NR = IVALUE

30000 I =

30100 GU 10 1Y

30200 S50 IF(NUTSCFLIXED(X))) GUd T8 35
30300 NC = IVALUE

30400 I = 0

30500 gu 10 L9

30600 60 IFUNGTUFIXESC(XD Y)Y 30 10 395
30700 A = lvakyk '
308n0 1 =0

30900 qu 70 190

31000 e

31100 r HERE wE HAVE THE RULES ARRAY
31200 70 wRITE(6s1010)

31300 CALL SCANCENTITys MJDEs VALUE» NCHAR)
31400 BO IFTCwmATCHUTLAST»3)) w0 Ti) 1O
31500 TECRTAEDCX)) w0 10D 45

31600 I =1+ 1

31700 CALL ERRURCI)

31800 CALL RuLinE

31900 LU T 80

32000 85 1 = TVALUE

32100 J =0

32200 90 J = J +# 1

323n0 [FCAATCHOMT ™oy ) WOR. MATCH("TY™2 1)) a0 [0 109
32400 TFECHATCHIME™s 1) W OR. MATCH(M"21)) N Tn 1iy
32500 IFCAATCHUM+" 9 1)) GU TO 120
32600 IF(AATCH("="s 1)) d Ty 13y
32700 TFCARTCHUMIM, 1) w0ORe MATCH{™.T212) G0 T 149
32800 IF(FIXEULX)) U 10 150

32900 TFCend(X)) 59 Ty 8Y

33000 I =1 +1

331n0 CALLL ERRURCI)

33200 CALL ROLINE

33300 GU 11l 81

33400 100 RULESCIsE) = |

33500 GU i) 99

33600 110 RULES(J»L) = =]

33700 GU 10 9y

33800 120 RULESC(JsL) = 2

33900 GU 14 9y

34000 130 RULES(JsL) = =2
~34100 GU [0 99

34200 140 RULESC(JSL) = 0

34300 GU 10 99

34400 150 ACTPTR{I) = IvALUE

34500 CALL ROLINE

34600 I =3

34700 G 10 89

34800 c

34900 ¢ HERQE WE HAVE TWE CUNDITION STRINGS
35000 160 wRITE(&,1020)

35100 CALL SCAN(CENTITys MIOEs» VALUEs NCHAR)
35200 170 IF(qATCHUM_AST?,3)) GI T 195
35300 IF(rIXEDCX)) O Tu 175

35400 IFCenD(X2) wu Ty 17

35500 172 1 =1 +1

35600 CALL ERRURCI)

35709 CALL ROLINE

35800 G0 0 172v

35900 175 1 = IVALUE

36090 NCS(IY = 0



36100
36200
36300
36400
36500
36600
36700
36800
36900
37000
37100
37200
37300
37400
375010
37600
37700
37800
37990
38000
38100
38290
383900
38400
38500
38600
38700
38800
389p0
39000
39100
39200
39300
39400
39500
39600
38700
39800
39900
40000
40100
40200
40300
40400
40590
40600
40700
40800
409900
41000
41100
41200
413n0
41490
41500
41600
41700
41800
41900
42000
421090
42200

fp )

DD OD

180

130

195

200

2lo

215

220

230

235

240

259

255

260

270

271
272
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CALL SCANCENTLITYs m™MyDEs valkybe
IF(AQUENEe?) Gy Tu t70
NCS(I) = NCS(1) + 1
IF (a0 c(iTo 5) nvn = 5
LU 130 J =1 nwy
Id = J ¢ 5*(ngSi)=y)
CSTUB(IJr1) = Enl1iv(J)
CALL RULINE
GU 13 144
1 =0
G4 a0 1o

HbE®e AE mAVE THE ACTIJ% STRINGS

WHI[E{HA210D3U)

CALL SCANCENTLITy» ™MyuEs vaLuE»
IFCAAICHUMLASI™:3)) Gu T 10
IFCFTIAED(X)Y U Tg 215
IF(eNUCX)) 61} Tn 210

1 = 1 + |

CALL ERRURCI)

CALL RLLINE

GU 7O 2tu

I = IYVALUE

NAS(I) = 0

CALL SCANCEHTLTYs MUOEs vaLut:e
IF(AC00EeiNEs /) Gu T 210
NAS(CT) = NAS(I) + 1

IR Cwnl JUuTe 5) D = 5

DU 230 g = 1 KWD

IJ = J + 5*(NA3¢L) = 1)
ASTUH(TIJ»1) = ENTIHY (YD

CALL RDLINE

GU 10 22U

I = 1

s 10 10

HERE WE HAVE ThHE TITLE
TFCENY(X)) CALL RDLINE
IFCA0DESE@e?) Gu TU 295
I =1 +1

CALL ERRURCI)

CALL KOLINE

GO TU 24V

DO 260 g = 1s Nab
TITLECY) = ENIITY(D)
CALL SCANCENTLTY» MJDEs VaLuE-»
I =

GU 10 10

NCHAR)

NCHAR)

s

NCHAR)

NCHAR)

CUMpPACT THE cunplTLuN AND AcTluw STyUrR ARrAyYs FUOR STORAGE

1 =1

DU 273 14 = 1s wC
JJ = NCSUIDD

DU 272 4 = 1, Jd

DU 271 [J = 1 5

J1 = IJ + S5*(g=y1)

[F O NOTLUCSTUBCUL» 1Y eEQardLANKRD) CONRSCT. s 1)

CUNTINUE
I=I+'L

CSTUBCJILTI)
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42390 273 CUNTINUE

42400 NUSK = [ = ]

42500 r

42600 I = 1

42700 D276 J1 = 1 wA

42800 JJ = NASCID)

42900 AU 275 J = 1 JJ

43000 NU ¢4 [.4 = 1s 5

43100 JI = [y ¢+ 5%(y = 1)

43200 IFCoNUT e CASTYG (Ul LI eF woigLanikd) ACTSC) g, 1) = ASTUR(YIPIT)
43300 274 CUNTINUE

43400 275 1 = [ + 1

43500 276 CUNJINUE

43600 NADR = [ = 1

43700 e

43800 C wRITE T4L DATA (N LISK

43900 ReE s {ND D

44000 WRITECUF 21960y (TITLRE(J)»yg=lsly)

44190 WRITECJIF»1UDU) wRe C2 MA» NCSHs NASR

44200 gy 286G 1 = L NG

443n0 20 MNITECHF2L060) (RylLes{led)rd = 1 NR)

44400 wRITE(UF s LUgU) (ACIPTROG) Sy = 1, NF)

44500 U 296G 1 = 1l» (SR

446n0 290 wRIJE(Ap?r1049) (CONySCsI)sgsled)

44700 nou 300 1 = 1s wASR

44800 300 #RIJECHF210a0) (A2i30de )sd=10rD)

449010 #RTTECOF» 1060 (NCS(I)e T = 15 8NC)

45000 sHKTTECUF s lUnY ) (NAS(I)» I = 1+ wA)

45100 Enn FILE DF

45200 LUCAK UF

45300 "

45400 1000 FURAGAT(LH »"ogegln LuPUT INSTRUCTIONS.ns

45500 1 o ENEER TwE woRs EYE wHEN FINTSHENen, /) .
45600 1010 FURAAT(LIHY »"ExTER 48 RULE NUMBERs TRE CcnNDITIUN ENTRIESa",
45700 1 " 4 THE ACHLIuN BENTRY»",/»" URE RULE TN A& LINE,™
45800 2" ENTER THE wURU LAST aHEN FINISHENew,/)

45900 1020 FURAAT(IH s"EATER TRE CONITIUN NUMBER AND THE STRINGSeMs/s
46000 1 " 3 CAARACTERS TU A LINE.",

46100 2 " FEATER THE ayRi LAST wHEN FINISKER ™, /)

46200 1030 FURGAT(LIH #"ENTER THE ACTinn NUMBER ANU THE STRING® NNE",
46300 1 ™ WCTION T A LUINE.™»/e™ ENTER ThE wORp LAST WHEN FINISHEQ."#/)
464n0 1049 FUIAAT(LIH »1.26)

46500 1050 Pur AT (LH »512)

46690 1060 FURAAT(IH »2713)

46700 RE T R

46800 EnNn

469n0 9

47000 f ® = = = = = = = « @ = v = = & = = = @« 2= a-="=c=«-=-=-
47100 C

47200 SupUuLTTHE JEJATA

47300 $ INCLUDL 'TaoCum!

47400 r

47500 r

47600 LLuycaL TEST

47700 o

47800 C FILL THE ARRAYS FRUM FILE ufF

47900 RbwiND GF

48000 REay(UFs 1000) (1ITLE(I)»I=1+10)

48100 REA(UFs 1J1U0; MKEs aCs nA, NCOKs NASK

48200 TEST = «TRUE.

48300 IF¢CSR eEude 4) TESI «FALSE

48400 TFCJCSK obids 3 MCOR = wC
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48500 TF( yASR +EWs () NADR = ~NA

48600 nu 10 I = 1» nC

48700 10 rEAUF, 10200 (RULESCL» ) JsisnR)
48800 REAGIUFs 10203 (ACIPTROL)»I=1s0R)
48900 D 20 1 5 1 ~CSHK

49000 20 REA(LF»1000) (CL?"JUS(JII)-J:I!‘J)
49100 QU 4C T = 1ls wnaSK

49200 3n REAQ(NF,IQ00) (ACTS(J’I)PJ=]f5)
49300 [FCeNUT. TRST) 50 by 40

49400 REAUCDF,1020) (wCsC[Ye I = 15 nNC)
49500 CREADCUF,1020) (wASGL)s T = 1 Na)
49600 40 RE«IND b

49700 1000 FUR~ATC(LIH » lyag)

49800 1010 FUORAATCLIH » 2715)

45900 1020 FURGATCIH » 2/13)

50000 RETURN

50100 END

50200 C

50300 f = = ® @ = =@ = = @ @ = w = * @ ® " @« = &« o4 = .« =
50400 C

50500 SURRUUTINE TArTRE

50600 $ INCLULDE 'TawCumn'

50700 ¢ . .

50800 o SET upr CUUNTERS AML FIRST SUnIANLE
50900 r

51060 K = 1

51100 KK = ¢

51200 N NC o+ AR

51300 NCHK(K) = NC

51400 KLY = 1

51500 IF(4UICK) KLy = =1

51600 DU 40T 5 1

51700 10 SUR(IsK) = 1

51810 €

51900 C SELLCT THE CuUnDITIUN T BE TESLIED FRC# gRTA4LE K
52000 c

52100 ol CULNT THE [MHATERTIAL ENTRIES IN BAGH RUy
52200 20 CALL LERUCICs w()

52300 CALL MATLR

52400 AA = HCKUK) _

52500 CALL Riw{IC,s Mrs wWMxs 19 44, LK)
52600 CUng(K) = MR(1) .

52700 IFC Mt oE@e 1) U ig 30

52800 o

52900 o CUUNT THE EXPLIGIT ENTRIES IN BLACKH ROW
S30p0 ' CALL ZERUCEC: =nNG)

53100 CALL EXPLIT

53200 CALL ROW(ECs ERs NbEwxs “Lls HMRs mMR)
53300 cunpglk) = kRO :
53400 1FCLER «bhde 1) GuUu 1y 30

53500 C

53600 c CUULT THE DIFFPEREWCE HETwEEN IRUE Anp FapSE ENTRIES
53700 CALL £ZERU(CDC» NC)

53800 CALL UDELTA

53900 CALL RUA(UC» pRs MLws» KEYs NFR? bEi)
54000 Curo(Kk) = DKR(1)

54100 C

54210 I cunwT TRUE ENtIRIES [ SELECTEL CONDITIUWN
54300 c

54400 30 NMT = 0O

54500 U 40 I = 1» wi

54600 THORUBINCHIKY LEue 9) w0 Td 40



54700
54800
54900
55000
55100
55200
55300
55400
555010
55600
55700
558n0
55900
56000
56100
56200
56301

56400,

56500
566n(
S6700
56600
56900
57000
57100
57200
57300
57400
57500
57600
57700
57800
57900
58000
‘58100
58200
58300
58400
58500
586n0
58700
588n0
58900
56000
59100
59200
59300
59400
58500
59600
59700
59800
598900
60000
60100
60200
60300
60400
66500
60600
60700
60800

O DO

e}

DO

Do

[\»}

o N'e]

40

60

80

100

120

130
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IF(RULESCCUND(RK}*I) «LTe Q) GU TO 40
NT = NT + 1

TRULES(NT) = |

CUNTINUE

IF(NT=1) Tus 60 50

HERE wb HAVE wmuULTIPLE RULESs CHECK FNR RFOUAJANGY
JFCNCK(KIaGTel) GO TO 8Y )

Wl TE(H,1000) (TRULESCII»[=1aNT)

WHITEC(H21010) :

SHLTCH = oFALSE

CALL RDLIWE

RET RN

HERE wE HAVE ONE RULE» COUNT tHE NUMBER nfF nTHER EXpLICIT ENTRIES
IN THIS RULE Ia THE CURRENT SUSTASLE,

CALL CCUNTCTMGLES(1))

IFCGEE eGTe)) @ T1y o0

TSAw(K) = =TRYLES(1)

GU 10 Y0

HERE wE HAVE SATISFIFL AN ELSE RULE
TSNw(K) = U ,
GO 10 49

KERE WE BUILD A MEW SuUdTABLE
PARCNT(KK) = K

TSOM(K) = KK

CALL SuBlAas(l)

U 10 20

CullaT Tt FALSE EfIRIES IN SELECTED cnoNnt1TInw

P =2 0

PU 100 [ = 1s» NR

TF(SUBC(NC+I)sK) obade D) GO TU 100
IFORULESCCUNDC(KI»I) oGle ) Gu TU 10€C
MNF o= NF O+ 1

FRULES(wWE) = ]

CunTINUE .

IFC4F=1) 130» 120, 110

wbRE wE MAVE muLTIPLE RULES. CHECK FCR RFDUNDANCY
IFC3CK{KI«GTel) GI) TO 1490

nRITECHL,1000) (FRYLESCIIs I=1sNF)

WRITE(651010)

SKITCH = «FALSE.,

CALL KDLINE

RET RN

HERE wE HAVE UNE RULEs COunNT IntE NUMBER nF gTHER EXPLICIT ENTRIES
IN THIS RuULE IN THE CUSRKENT SUSTAELE.

CALL CUpUNTCFmyLES(L1))

IFCyEEsTe0) GO TQ 140

FSN4(K) = =FRyLES(1)

U 70 15V

HERe «F HAVE THE ELSE RULE
FSitg(K) = U
GU 10 159

AERE wE BUILD A NEw SURTAJLE



60900
61000
61100
61200
61300
61400
61500
61600
61700
61800
61900
62000
62100
62200
62300
62400
62500
62600
62700
62800
629090
63000
63100
63200
63300
63400
63500
63600
63700
63809
639n9Q
64000
64100
64200
64300
6440y
645n0
64600
64700
64800
64900
65000
65100
65200
65300
65400
65500
65600
65700
65800
65900
66000
66100
662010
66300
664n0
66500
66600
66700
66800
66900
67000
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140 PARCNT(KK) = =K
FSNn(K) = KK
CALL SuslAB(=1)

G0 7C 290
¢
. LUK FUR THE PAREMT SusTAmLE
e
150 IF(PARENIC(K)) LloUs 180» 170
e
C FALSE SON HAS sbbN CHECKEY» GU uUP ONE LEyFL
160 K = TABSIPARENT(K))
CGU 0 15
c
n FALSE SUN  HAS mOT sEEN CHECKEU
170 x = PARENT(K)
GU 10 99
c
c PARENT IS THE RyUT» FIWISKED wlTH THE DEAOMpISTTION
180 SWIICH = «TRUES
~
¢ MAKE THE ORUEREU LIST 0F CUNDLTIONS SINg E=yALUEN
CALL COAPACCCUNYr NC» NCONUI
RET RN
c

1000 FURMAT(IR » »iuk FULLUWING rulbks ARE REppnnA~T OR CONTRANDICTORY2M:
1 (515 ’

1010 FURmAT(LH » "yQuR MyUST MODIEY THE DATAWw,
1 " ENTER THE ™MUUIFY OR STUF COMMANU,w)
END

e

SUBROUTINE ZERJ(As 3)
INTEGER ACL)» B
DU 10 I = 1s v
1p aA(l) = ¢
RETyk
END

OO D
]
]
]
1
]
]
[}
|}
]
]
[ ]
4
]
[
]
[ ]
]
)
[}
[}
]
3
]
]
]
L]
1
[ ]
1
[}
1
[ ]
[ ]

SUBROUTINE M2TER
$ INCLUDE 'TAabCOM!

€
C CUUNT THbt IMMATERIAL ENTRIES IN THE ApPpycAgLE RULES
C FUR EACH COUnNUITILN [N THIS SUBIARLE.
11 = 90
Caly ZERUCCK»s NC)
DU 20 I = 1s NC
IF(SUBCIPK) «£38. 0O GJ TO 2V
11 = 11 + 1
CK(j1) =1
0 10 4 = 1l» nR
IF(SUBC(NC+J)s K) «€0e 0) GU TU 10
IFC RULESCIsg) oBae 0O ) 1clIl2 = Ic(1ly + 1 '
16 CUNTINUE
20 CUNTINUE
RET KN
END
c - -
£ mm = mm = m e em = - < = = =
C
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67100 SURRGUTINE ROACAs Bs Ys Z2s Abs AARA)

67200 $ INCLUDE 'TAaHCOM!'

67300 IS

67400 INTEGER ACL)s H(lds Ya £» TES!® Afs AAACY)

67500 f

67600 C INTT1aLi¢E SYRTING VARLABLES

67700 CALL LERU(BsNG)

67800 Yy = 1

67900 8(1) = AAACL)

68000 TSy = 4a(1l)

68100 f

68200 n T SURT TRE LIST Ty Flwu THE ROwS WITH THE gMALLEST
683n0 a (UR LARGEST) wuymMmBERS IN THE LIST A

68400 D0 30 J = 2» Ak

68500 IFC2*C alJd) = TEST )) 1u» 2u0s 39

68600 10 Y = 1}

68700 R(1) = aAA(J)

68800 TeST = Aly)

68900 GU 106 39

69000 26 Yy = v + 1

69100 By, = analy)

69200 30 CUNTINUE

69300 RE I RN

5694an EnND

59500 C

69600 f = = ® a ® o = % o w = = = @ = = ® = 4 4w maA . T .= o.
69700 C

69800 SUrROUTINE EXPLI

69900 5 INCLUDeg 'TagChOm!

70000 o

70200 e FUR EACH UF THE MATERIAL ¢uNnLIIONS,

70300 b 20 11 = 1» wn#R

70400 I = MRCIL)

70500 DO 10 J = 1 ni

70600 IFCSUBINC+IK) obGe 0) GO Tu 10

70700 IFCJABS(RULES(I»d)) «E9« 1) EC(I1) = Epell) + 1
70800 10 CUNTINUE

70900 20 CUNTINUE .

71000 RET RN

71100 END

71200 " .

71300 C = = " « = = = " % = = %= = = 2 2 % o =2 2«8 =" ==
71400 c

71500 SUR«CGUTINE DELTA

71600 $ INCLUNE 'TawscCOmM!

71700 C

71800 > CULGT THE DIFFERENCE BETwWEEw THE YES ANp NO ENTRIES
71900 ¢ IN fKE APPLICARLE RyLES FOR EACH 0OF THE FxPLICIT CONPITIONS
72000 LU 20 1L = 1s NER

72100 I = ER(IL)

72200 pu 10 4 = 1 R

72300 IFC3UB(NC+JrK) LER. O) GO TU 1V

72400 IF CIABS(RULESCTISd) ) oLEW 1) pCCIl) = DCCT1) # RULESC12d)
72500 10 CUNTINUE

72600 neerl) = 1A8S(DCc(IL))

72700 20 CUNTINUE

72800 C

72900 RETURN

73000 EnND

73100 [

73200 c ===



73300
73400
73500
73600
73700
73800
73900
74000
74100
74200
74300
74400
74500
74600
74700
74800
74900
75000
79190
75200
75300
75400
75590
75600
75700
75800
75900
76000
76100
76200
76300
76490
76590
76600
76700
76800
76900
77000
77100
77200
77300
TT400
77590
776n0
77700
77800
77900
78000
78100
78200
78300
78400
78500
78600
78700
78800
78900
79000
79190
79200
79300
79400

C

OO

ODOOND

OOO0

10

20

30
40
50
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SURSQUTINE SUBTAB(LUGIC)
§ INCLUDE 'TAHCOM!

P16 I = 1» NC
SUB(IsKK) = SuUB(lsK)
SURB{CUADLK)»sKR) = O
TFCLO0GICCLTLU) b 14
DO 20 I = 1o WNT
SUB(NCH+TRULES(I)?Kn)
GUu 10 50

Ol 40 1 = 1 wF
SUR(NC+FRULES(T)»KK)
NCK(KK) = NCA(K) = |
K = KK

KK = KK + 1

RETURN

EiND

SURROUTINE CUUNTCJ)

% INCLUDE *TABCOM!

10

5

i0
20

1000

NEE = 0

nu 10 1 = 1» G

IFC] sbde CONUCKD) 4
IF(5UBCI?PKIsEWaU) Gu
IFCjABSCRULES(Tsd) ).
CUNTINUE

RET JKN

END

SURRCUTINE CUmMPAC(Ls
INTEGER 1C1)» (1)

DU 5> M = 1» 64
HIT(M)Y = U
11 =0

DO 10 o = 1 60
JFCECM) sEde y) GO
IFC HITeLl(M)Y) ,wEW 2
11 = 11 + 1
HIT(I(HY) = L

LC1py = L1(m)
CUNTINUE

IF(II einbe J) wRETE

RET yRN
FURMAT (LH » myETWORK
END

SUROUTINE T3Py

3 INCLUDE 'TABCOM'

SET THE InlTiaL cinyg
FINGING THE DISTANCE

J
K

— N

30

u
—

boTU 1o
T 19
EQel) nNEE = NEE + 1

Jo LI
HIT(64)

Tl 20
) o6g 10 10

(o21000)

IS INCUMPLETE==*EXApINE FUR ERRORS.n)

ITIunNs Tu IRAVERSE T4E gINARy TREE IN PREQRDER
UF THE NUDES FROM EACH END AS WE GUo



79500
79600
79700
79800
79900
80000
80100
B0200
80300
8040
80500
BO6N0
80700
80800
BO900
81000
81100
81290
81300
81400
81500
81600
81700
818n0
B19nn
B2000
82100
82200
82300
82400
82500
82600
827090
B2800
82900
83000
83100
83200
83300
83400
835n0
R3600
83700
83800
83900
84000
84100
B4200
84300
RULOO
84500
B4600
84700
8ugv0
84900
85000
85100
852n0
85300
B5400
B5500
85600

(]

DD

10

210

3n

40

S50

55

60
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L 1
M 1
ORNDERCLD
LEve (L)
FTRaKk(1)
BRRSTK(L)

hou

Cunid( 1)
0
U
1

nH b

TEsi Yok TRUE sioN g SEE [F T1 1S A RULFE R A CcONDITTUN
IFCTSUN(K)WLESD ) GU TJ 20
Here IT LS A Cco~0ITI0N

ARGERCS)Y = CIND(TSUN(R))
CLEVeL(d) = L

PTRSK(J) = J = 1

M= M + 1

SKSTK(4) = U

Jos Jd o+ 1

K = TSJN(K)

L = L + 1

GuoTL Lo

HeRg IT IS A RULE

NROLH(J) = TSUN(K)

LEVeEL(JY =

PTRusk(J) = J o= 4

J = Jd o+ 1

TEst T~E FALSE SUN TO SEE 1f LI 1s ¢oNpyTIagv UR A RytkE
IFCFSUNCR)LELT) U T 40
HERE LT IS A COabITION

NRDER(J) = CONDFSUN(KY)
Levet{y) = L
PIRGK(J)Y = BKsTK(M)
HKSTK(M) = J

J = Jd + 1

K = FSOn(K)

L= L + 1

GU 0 Lo

HERE IT 1S A RULE
NRDERCJ) = FSUN(K)
LeEveL(d) = L
PIRak(J) = BusTgiM)
Moo= b o= ]

Jd = J

J = Jd + 1

LL = 1

PRUCEEN BACK UP T THE PARENT CUNDITINN

L = L = 1

PK = FAREHT(K)

K = TABS(PK)

SET THE LENGTH Al THE PARENT EWyAL TC THF MAXIMuM UF THE TwO PATHS
TF(LENGTH(PTREK(JJ) JolTell) LENGTH(PTREBK(JJ)) = LL

LL = LENGTHOPTRRK{JYI) + 1

JJ = FTRBK(JJ)

Flng CUT wHEThER wk ARt ApPRJUACHING FRUM TRyE OR FALSEr ;RANCH
[F(PK) 3Us 60s 55

SET THE LEAGHH Al TwE PARENT

LENSTH(pIRSK(JJ)) = LL

GU TO 39

HERE wE ARE AT THE 00T NUDE» STCORE THE
NUMgER JF NODES IN THE NETWJRKe
NN o= J o~ ]



85700
85800
85900
86000
B6100
B6200
B630n0
86400
86500
B&6nn
B&700
86800
B6900
87000
87100
B7200
87300
87400
87500
87600
87700
878n0
87900
-880n0
88100
88200
B830n0
858400
88500
88600
88700
88890
8R900
83000
89100
89200
89300
89400
89500
89600
89700
89800
B3900
90000
90100
90270
90300
90400
90500
9Cen0
90700
90800
90900
91000
91100
91200
913n0
91400
91500
91600
91700
91800

o

n
C
C
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1)

(1»1=1RULs JRUL)

(NRypECT)» IsTRULs JRYL)

MAKE THE PREYSNER LIST UF THE HULES
K =0
ny 70 I = 1e aN
TFCHRUERCT) o3E. 00 &) TQ 70
K = K + 1
NRULE(K) = TA4S(URDER(I))}

70 cUNTINUE
CHE¢K THE NUMgER 0F THE RULES
IF (s oNEe NR)} CALL CUHMPAC(NRULESs WNR» NKiyLE)
RET yKN
END
SUB<DUTINE QuTl

$ INCLUDE 'TABCOMS

ARTTE THE PAGE HEADING AND THbk URIGINAL TAGLE
TECaHOTe TABTRG) wWRITECFLQUTS1000)
IcL =1
TRijL = 1|
JKIiL = ik
IFCCFLOUT oNE. 8) sJRe (NR oLEe 12)) GU TO
JRYL = 1¢

Lo TFCLNOT, TABT#O) wRITECFLUUTS1U1I0) TITLE,
IF(TABTWU) WRITECFLJUT»1010) I1ITLE,
N0 30 I1 = 1s NC
1 = I1I
IF(TABTWU) [ = nCunNg([1)
IF(TABTwU) CAHLL SUBSCRINCSs, I» ICL)

WRITECFLUUT» du2g)
1 (SIGN(RULES(Isu
ICL = I¢Lk + 1
IFCNCSCT) LT,
JJ = NCSLI)
DU 20 K = 2»

2)

JdJ

Is (CUNDSCJ?ICLY»J=125)>
Y+3)su=lgubsJrUb)

Gy T 390

ASTERs

wRITECFLQUTo2ad40) (poonnSlurIgllerd=1+5)r ASTER

ICL = Jcb + 1
CUnTINUE
] =

AR TECFLUUT»403n)

20
30

36 + 3%(JryL + 1 =

IRyL)
(DIVIDECIY)2L1=15d)

1aL = 1

DU 50 1 = 1» nA

Y40 Jd o= INGLs JRJL
ALTIONCgu) = BLANK

J = JJ

THCTASTAU) J = NRULECJJ)

JE(aCTPTR{J)eE Qe
CUNTINUE
ARITECFLUUTS4020)
1 (aCTIan(J)»sd=1R
IAL = JAL + 1
TFC9ASCI) ek, 1)
JJ = Nas(D)

DU S0 K = 2 Jd
ARITE(FLUUTod040)
50 IAL = IaL *+ 1
60 CUNTIMNUE

IF(wR «Lbe

an

NI

) ACTTON(JU) = XX

Is (ACTS(K»lAL)sK=1,2),
e JRIL)
ey 19 62

(ACTSC(JeIALI»U=125)>»

RETURN

ASTERS

ASTER
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91900 IRUL = TRUL + 12

82000 JRUjL = JgRUL + 12

92100 IF(JRUL «GT. wrR) JKRyYL = NR

92200 Gu J0 Ly

92300 RET RN

92400 C

92510 1000 FUR4AT{LRLs "OGRIGINAL DECISIONW TARLE™)
92610 1010 FUSSATCIRDe/Z/s 10X 1CAGe// 30K 1213)
92700 1020 FuraaTCULd » [2» X2 5a8)s Xs 12(A1s 2X),41)
92800 1030 FURAAT(Lr » f2A1)

?29n0 1040 FORAAT(LIH = 3% D464 X0 AL)

93000 END

93100 r

93200 L T B I B I I e R A
93300 r

93400 SURKIIUTINE SuLdSCRELs y» K)

33500 NlmpgnSION T(1)

93600 K s 1

93700 ItCy oEwe 1) RETURN

93600 Mo o5 0= 1

93900 Ny Ju L o= 1 M

S4000 1o K = K + 1(L)

94100 RE TR

942n0 END

94300 (o

94400 LI T A R B I L e R T T B T
94500 c

946100 SUSRCOUTINE (uUi2

94700 $ INCLUNe 'TAwCUM!

94800 o

94900 ¢ WwKITE THb DECISIUN NETWLRK

95000 C

95100 CALL ARRAY

95200 TFCFLUUT oEde 6) GU Ti 30

95300 DU 26 J = 1» gMaX

95400 20 WRITECFLUUT»4G10) (wETCLsgdsI=1,132)
95500 RETJRW

95600 30 DU 40 J T ladMAK

95700 40 WRITE(FLUUT2E030) (NETCIsgdsI=1,72)
95800 IFCiMAXeLE o7 2) wETUAN

95900 DU 90 Jd = 1 JMaX

960Nn0 50 WRITECFLUUT»*U30) (NETCIsgdsl=r3,132)
96100 RET jRNN

96200 1nln FURAATCLH » 132A1)

96300 1030 FURIAT(IH » f241)

96400 END

96500 o

96600 f = = ™ e " m % ® oaea= = "mo.s®Aa . s
96700 e

96800 SURINUTINE ARRAY

96900 § INCLUDL 'TABCOM®

97000 o '
97100 o COWSTRUCT THe yUTPUT FUR THE UECISICN NFETWORK
97200 INTEGER SKC(ln}

97300 nu > 1 = 1 10

97400 Nu > Jd = 1» 132

97500 5 NET(JeIl) = HLANK

97600 na 5 I = 1»15

97700 cva(l) = ©

97800 8 Lva(l) = 0

7900 JMA L = 0

98000 IMmax = 3



-41-

98100 J =1
98200 K =
983n0 KC = 1
9R4ND M = 0
FR500 MK = 0
98600 10 K = K + 1
98700 IF(heGToMN) RELTUKN
98800 1 = 10+ EVEL(K)
98900 c
99000 c cHEgk 1o SEE Ifp Tk NODE IS A CUNDITIONM AR A RULF
99100 ~ TF(URDERCK))  60r Su»r 1
39200 €
93300 ¢ THE NODE IS A cuNnlTlion, wRITe IT In THp ARRAY
994n0 1 NET((L+1)ry) = ¢
998500 CALL NUME(Isg)
99600 f, v
99700 C Fing THE SlaN UF THE MFXT srRANCH AND THE NUMYER NF THE
99800 » NEXT SuU4lABLE
9990¢ r
100000 IF(TSON(KC)) 14, 14, 11
100100 11 IF(FSUNCKC)) 132 13, 12
100200 12 IFCRDERUK*L) oEQe CONDCTSUNCALI)) R T 17
100300 wd [0 19 .
004 no 13 IF(ORDER(K+1) b, (UHDCTSUN(RC))) wC Tn 18
100500 GU [0 €D '
100600 14 IF(FSUNCKC)) 16, 165 15
100700 15 TFCJRDERCK+1) osiie TSONCKC)) WU TQ 22
100800 Gu 0 23
100900 16 IF(ORDERC(K+1) LE6. TSON(KC)) LU TO 25
101000 G L 26
101100 ¢ TRUE BRANCH» NEXT JTRUE SHRTABLE
101200 17 mn = Mg v 1
101300 SKC(MK) = FSUN(KC)
101400 18 «C = TSUN(KC)
101500 HRRA&JCH = +TRUL.
101600 U TO 24
101700 o FALSE HRANCH» WEXT SUSTABLE ALUNG IT
101800 19 MK = MK + |
101900 SKC(MK) = TSUN(KC)
102000 KC = FSUNCKC)
102100 30 10 21
02200 20 KC = TSONCKC)
1023n0 21 BKAJCH = +FALJE.
102400 GU [0 24
102500 ¢ nexT SuslABLE Is un FALSE BRANCH 4
102600 22 BRRAWCH = «TRULE.
102700 GJ 10 24
102800 23 HRAGCH = JFALSE.
102900 24 KC = FSONCKC)
103000 GU TU 23
103190 C NExT SudlASLE lg gaAgk Inw STACK
103200 25 KRAYCH = +TRUE.
103300 GU 10 27
103400 26 RRANCH = oFALSE
103500 27 1F (4K JEN. 0) GU TU 26
103600 KC = SKC(MK)
103700 MK = MK =1
103800 c PROCEED WITH THE WNETWORK
103900 28 IF(sRANCH) uwOd Tu 29
104000 RiUw = MINUS
104100 CULyUMN = PLUS

104200 CVB(LEVEL(K) + 1) = =1
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104300 GU 70 30

104400 29 RUw = PLUS

104500 CULuMN = MINUS

104600 CVB(LEVEL(K) + 1) =1

104700 t

104800 n EATEND THE HYRIZUNTAL BrANCH

104900 30 12 = [ + 5

105000 [V = 1 + 9

105100 DO 35 11 = 15 19, 2

105200 35 NET(IIs»d} = RuUw

105300 C .

105400 e EXTENU A VERTICAL BRANCH DUWN FrUM TRE caNDITION
105500 Jl = J + 1

105600 J3 = J + 3

109700 DU 40 Jdd = Jls, U3

105800 40 NET((I+2)2dJ) = COEYMA

105900 Moz oMo+ 1

106000 LV3(M) = [

106100 aib 10 19

106200 C

106300 I THE NUDE IS AnN ELSE RuLks «RIIE IT IN Tur AgRAY
106400 50 NET((I=1)sy) = E

106500 NET(IsJd) = EL

106600 NeT(lp+12sd) = 5

106700 NET((I+2)9d) = ¢

106800 IFC(I+2)eaTolmAX) IMAXS]I+2

106900 GU TU 79

107000 C

107100 C THE NUDF IS A RybkbEs WRITF [T 1w THE ARKpy
107200 60 NET((I+1Jed) = R

107390 CALL NUHB(IsJ)

1074600 TFC(I+2) 6T, IMAX) Iiax = 1 + 2

107500 c )
107600 ' EXTEND THE LAST VEKIICAL sRAGCH ACRISS Tn THE NEXT NNDE
107700 70 JFE(4 oLTe 1) RETURN

107800 Jo=Jd o+ 3

107900 TFCOUMAX olfe J) JUMAK = J

108000 [ = LV3(h)

108100 I> =1 + 5

108200 19 = 1 + 9

108300 PULNT = MIwUS

108490 IFCCVBCLL/10) + 1) «EQde =1) PULNT = PLUS
108500 CVR((IZ1U) + 1) = 1

108600 M = M = 1

108700 DU 20 Il = 192 (95 2

108800 80 NET(Ilegld = PHIRT

108900 o

109000 C EXTEND THE INCUMPLETE VERTICAL BRANCHES
109100 IFCMeEWsU) GO TO 10

109200 J1 = J + !

109300 J3 = J + 3

109400 M = LvdiM) + 2

109500 DU 130 Il = 2» [Me 10

109690 TFCovpl COTII=2)/1U0) + 1)) "90s 130, 100
109700 90 PUINT = FLUS

{09800 GU 10 ti0

1099900 100 PUINT = MINUS

110000 110 DU 120 JJ = Jl» J3

110100 NET(IIedd) = PUINT

110200 120 CUNTINUE

110300 130 CUNTINUE

110400 GU 7% 19



110800
110600
110700
110800
110900
111000
111100
111200
111300
111400
111500
111600
111700
1118n0
111900
112000
112100
112200
112300
1124n0
112500
112600
112700
112800
112900

113000
113100

113200
113300
113400
113500
113600
113700
113800
113900
114000
114100
114200
114300
114400
114500
114600
114700
114800
114900
115000
115100
115200
115300
115400
115500
115600
115700
115800
115900
116000
116100
116200
116300
116400
116500
116600

DD

r

DD

O

' BN 2 I e

e el

$ INCLUNE

10

1o

20

30

40

45

THCLUDE

ENT

SUIROUTING NUMR(Lsd)
'TABCOM'

NUMGER = JTABS(OROER(K))
TFONUMBERSGTey) GU TU 10
NET(CI+2)ad) = SYMBOL(NUMAER + 1)
IFC(i+2)«GTelmMAx) L1AAK=]+2

RET.jRN

N1O = Nu#MBER / 10

Nl = WUMBER = 1g*N1Y
NET(CI+2)sd) = SYHBJLIN1IO+1)
NET((I+3)sJ) = SYMBILINLI+]1)
TFCCI+3)«GTaIMAX) IMAXK=I+3
RETYRN

END

SUBXIUTINE SUxT
"TABCOM!

SET THE INITLAL CONDITIUNG.
RKSTK wHlCH WERE YSED IN TrE
USFy HERE FUR TEMPURARY STuUrRAGE,
CALL ZEQU(PTRREKsNN)

CALL JERU(BKSTK,NN)

CALLL ZERUCLVE,1U)

J 1

K 1

™M

Mmoo

pUT THE FIRST cuoNuolTIiN Wguk 1IN TRE
PIRK(K) = ORBGERCY)
BKSTK(K) = LEVELCS)
K = KR + 1

FiINgyg THE SUNS OF THE
Jl = J + 1

JZ = J + 2

L = LEVELCJL)

CURRENT NUpE

JU 1s Tabk Tkyt sune FIND THE FALSE
oU 20 1 = J2s Nw
IFCLEVELLT) «EQe L2 GO TO 30

CUNTTHUE

FIyg THE SHURTEST BRANCH
IF(LENGTH(JL) LENGTH(I)) Gi) TO
NDL = Ul

M 2 =
GU 0 45

eaf e

N1
N2

NODE N THE SHURTEST pRANCH
JRUERINL)
LEVELINL)

PUT THE
PIRsK(K) =
BKSTK({(K) =
K = K + 1

IHE VECTOKRS PTRHK?
FUPD ROLTINF ATLL RE

Lvads AN

SORTFN LIST

SON nfF THIS ¢cONDTTIQON

40

IN THE nRODERED LIZT
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116700 c

116800 o CHECK FOit NODES BEIGEEN T Ann J2

116900 1F(] «E@e J2) Gy TU 50

117000 IFCURDERCNLY) Sur 20 44

117100 48 M = M + 1

117200 LVB(M) = N?

117300 J = N1

117400 IF(L «GEe NN) Gu TU 55

117500 GU 170G 10

117600 50 PIRsK(K) = OnpER(NZ)

117700 BKSTK(K) = LEVELINZ)

117800 K = K + 1

117900 I

118000 o SEE IF wé IS A CUNUDITION

118109 IFCHRDER(NZ) oLEe U) G} Ty 55

118200 ¢ N [S A CONpITIUN

1183n0 J = N2

118400 6GU 0 10

118500 ¢

118600 c CHE.K T SEE If wi ARE FINISHED

118700 . 55 IF(« ¢GTs NN) Gi) TU 70

118800 o

118900 o CHEgK T SEE IF wE AAvE NQOUES WwAITING Iy THE STAcK
119000 IF(sEQeY) GO Ty 6V

119100 J o= Lvac)

119200 PIRSK(K) = ORDERC)

119300 BKSTK(Ky = LEvEL(J)

119400 K = Kk + 1

1195n0 M= M =1

119600 GU 10 19

119700 60 J = N2

119800 Gu 13 1)

119900 c

120000 ¢ HERE WE ARE puUNEs PyuT THE UKDERED NETwUrRk INTO DRDERS
120100 ¢ REORDER THE LEVEL VECTORs ANy SET NCONU AND NRULFS.
120200 7o J =0

120300 K = 0

120400 DU (00 I = 1s» NN

120500 NRNDERCI) = PTrBK(I)

120600 LEVEL(I) = BKSTK(T)

120700 TFCYRDERCI)) H0s 100 Y0

120800 C HErReg IT LS. A RULE

120900 80 J = J + 1

121000 NRULECJ)Y = TA8SCURUERCID))

121100 GU 10 Lpu :

121200 c HERE IT 13 A COnLITION

121300 90 K = K + 1

121400 NCOID(K)Y = OnpgEw(I)

121500 100 CUNTINYE

121600 C

121700 C CHEGK THdb nNUMgER UF RULES

121800 IF(geNEeNR) CALL CUMPAC(NRULE» NR» NRULE)
121900 C

122000 C CHECK THE WU®gER OF CONDITLliMS

122100 IF (s NEoNC) CALL CUMAPAC(NCUND? nC» NCOND)H
122200 C

122300 C THE LISTS URPDERs NCiJNDs AND NRULE ARFE Ngyw SJRTEpD
122400 o BY sRANCH LENGTH ANy REANDYy T0O BE USER Fne OyTPUT,
122500 C

122600 RETRN

122700 EinD

122800

(]



122900 C"""-"'""""""""-'""--N—------_.-
123000 ¢ '

123100 SUHRAUTINE ERRJRC(I)

123200 TFCL «GTe 10) GU TU 19

123300 WRITECE,1000)

123400 CRETURN

123500 10 ARTTE(ELL01D)

123600 WRITECL1,1010)

123700 STp

123800 ¢

123900 1600 FURMAT(LH » ®INCURRECT INpUT=="REENTER nQn A NEw [LINEw)
124000 1010 FURMAT(1H » "INCURRECT INPUT=""PRUGRAM ExECUTION STOPPEN.™)
124100 RET RN

124200 END

124300 [»

124400 f = = ® « ® @ mmommemeemmeoe= " e oamma® o= o= oo omno.
124500 c

124600 RLUCK DATA

124700 $ INCLUDE 'TAHBCUM'®

124800 o

124900 DATA BLANK» ASTEKs XX» (» bEs» K2 PLUSs MINUSs ELs S/76H
125000 1 6y* » OHX r AHC s 6HE s OHA ’

125100 2 b4+ y OH™ s OHL » 6HS /0

125200 3 (sTMBOL(I)»I=1210)» (SIgN(12*1=195)/6yn ’

125300 4 641 y 6R7 » AH3 r 6KHY , 6KHY ’
125400 5 646 » O6HY "» 68 » 6HY . BH™ ’
125500 4  AHF s 6Ha » 6HT » bHY /

125600 END
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: Chaptef Two
INFORMATION NETWORK PROGRAM

2.1 Algorithms
The purpose of the program is to assemble and store network data

and to enable the user to examine any ingredience or dependence network
that he desires. The only data required to cperate the program is a
of node numbers and their ingredient nodes. The alphameric data stored

as labels and tit1es.f0r the nodes simply enhance the readability of the
output.

The dependents of each node are calculated from the 1ist of
ingredients by passing through the 1ist twice. Each time a node appears
in the 1ist of ingredients, it has one dependent. The first pass through
the Tist of ingredients is used to build a vector that has the number of
dependents of each node recorded. From this vector a new vector is con-
structed that will serve as a pointer to the rows in the 1ist of dependents
where the dependents of each node wij1 be stored. A second pass is then
made through the Tist of ingredients to fill the proper values into the
Tist of dependents. Subroutine DEPEN accomplishes this task.

The input Tevel, output level, and total float of each node are
calculated in a manner very similar to the calculation of the early start,
late finish, and total float in the construction activity scheduli
algorithm. (ref. 2.1) The first step is to arrange the nodes in an ordered

1ist, so that no node is placed before any of its ingredients. This allows

the straightforward calculation of the input level for all the nodes in the
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network. The input level is. taken as zero for the starting node and then
incremented by one for each branch that is passed through. Where a node
has several ingredients, the input level is taken as one plus the maximum
input level of any of its ingredients. In this way, the input level is the
number of branches between the node and the input nodes along the longest
path coming into the node. The output level is calculated in a similar
manner by traveling through the ordered 1ist in the opposite direction, and
assigning level zero to those nodes with no dependents (the "output" nodes);
A float is calculated for each node by subtracting the sum of its input

and output levels from the Tength of the network. The length of the network
is the number of branches along the longest path from input to output in

the network. It is equal to the largest input level or output Tevel cal-
culated for any node. Subroutine LEVEL calculates all of these values.

(see Fig. 2.6).

The dependents, input level, output level, and total float are
not stored permanently in the data file, but are recreated from the stored
data each time the network is ca]]ed by the program. The ingredients are
the only topologic data permanently stored.

The ingredience and dependence networks are formulated in the
manner called preorder by Knuth (ref. 1.4). The algorithm for either is the
same, except one passes along the ingredients while the other goes to the
dependents. 1In this discussion, the term sons will be used in a generic
sense. The algorithm can be summarized as four basic steps:

1. Start at the root node; put it in a stack and in the output 1ist.

2. Does the last node in the stack have any sons? If yes, go to 3.
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If no, go to 4.
3. Obtain the next son of the node, put it in the stack and in the
output list. Remove it from its fathers Tist of sons. Go to 2.
4, Remove the node from the stack and go to 2. Unless there are
no nodes Teft in the stack, then stop.

Subroutine GLOBAL travels through the network as described (see Fig.

2.8). The output 1ist is prepared line by 1ine on a data file, then recalled

a line at a time when its printed out.

The sorting processes that the program can accomplish simply
modifies the order in which the sons of any particular node are listed. It
is possible to Tist the sons so that those with either the smallest or
largest level or float will appear first. Subroutine SORT is where the
reordering is done (Fig. 2.7.). Note that if no sorting is asked for,
the sons will be Tisted in an order that is the reverse of the way that

they were entered in. the input.

2.2 Logic Diagrams

The following diagrams describe the overall structure of the
program and the major subroutines. For a more detailed study of the pro-

gram, consult the Tisting of the FORTRAN code.



-49-

‘ Determine. the oufput unit (MAIN) A
@ -
L}nitia]ize and obtain datafile name (MAIN)
new /i\¥ old
N ¥
Read old data from disk (OLDATA) =
=
(:)———— o mod1ify
Y i .
Read new data from terminal (INPUT)
|2 Y
____________________________________________________________________________ L=
[ 32
Compact the ingredients vector (INGRED); calculate the %E:
dependents (DEPEN), find the level from input and 92
output and the float for each node (LEVEL). =
_____________________________________________________________________________ | i
‘ —
[Request an operating command (MAIN) S
I—
[ I 2T T §§
(sorT)  (increpience) — (pEPENDENCE)  (WRITE) | (MODIFY
L Y
______ e P ANEXT STOP_________Vgg
Sort the lists of Build the specified 1=
ingredients and network, including S
dependents (SORT) the output file >
I (GLOBAL) Y
----- L IR
Print out the Print out a table
network (OUTPUT) ‘of the nodes and _
associated data (DATOUT) 2
® =
(am]
Y

Figure 2.1 Block Diagram for the Information Network Program
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[MAIN PROGRAM]
|

finrt) | |{zeEro] | [INGRED| [LEVE

[INpUT||  [OLDATA]

L) fouTpuT] | [DATOUT]

| DEPEN |

ERROR

PARSE

SUBPROGRAM

NOTES:

[SORTER ]

GLOBAL

[LIsT

|

NUMBER

WORD

1. PARSE contains several functions and subroutines,
including WDINIT, RDLINE, END, MATCH, FIXED, STRINf,

and SETOUT.

2. INPUT and MAIN include the file PARCOM, used for
the COMMON declaration needed for PARSE

Figure 2.2 Subroutine Linkage, (NETWORK)
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Initialize the data.

Check to see if old data is being
modified or new data read in.

®© s

Examine the first entry on the Tine

(INTEGER —Y

N
Write the | Y(savE
accumulated N
data on the
disk file ‘
END —
error

Figure 2.3

Check to see if the
node has been entered

previously
no es
L
See figure See figure
2.4, Enter 2.5. _Enter
at ) at

\

Return to the
main program

Subroutine INPUT (NETWORK)
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@,

4
Examine the next entry
on the Tine

Y

(INTEGER Y [Store as an additional | o

N ingredient

<LAQE£>——1———————-*—-Store as the Tlabel -

N

(STRI__N-GD-—Y——-—-- Store as the title

N

Y

)
End of 1ine
N

Y IExamine the first

entry on the next
Tine

)

Error (§§FMA Y -
N

]
Go to (;) on
figure 2.3

Figure 2.4 Input of Data for a New Node (NETWORK)
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®

]

Examine

on the 1ine

the next entry

|

N

(EE}EGER Y Is it a zero?]

Y

no A/i\g yes
N

ingredients.

Remove the .old

as a new ingredient

I

The node has

Store no ingredients

O~

[

Go t04(;) on
figure 2.3

Examine the

entry on the 1line

next

N

(INTEGER }—

ingredient

Store as an additional

|
(LrsED—

N

]

End of line Y
on the next line

Error

Store as a new label

‘ .
(gfﬁING Y  Store as a new title
!

Examine the first entry

COMMA
N

Go to (8)

Go to (:) on figure 2.3

Figure 2.5 Input of New Data for a Node (NETWORK)
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Build-ORDER, a list of the nodes in the
network arranged no that no node is
listed before any of its ingredients.

V
Check to see that the network has a
starting point and contains no loops

Y

Calculate the input level of each node,
the level being the number of steps
(branches) from the starting node to the
node in question. The routine is similar
to the "early start" in a CPM routine

‘

Starting at the last node in ORDER, cal-
culate a quantity analogous to the "late
finish" for each node.

Calculate the level from output from
.the “late finish" quantities, and cal-
culate the total float for each node.

‘ |

Return

Figure 2.6  Subroutine LEVEL (NETWORK)



-55-

This routine is used to sort both the ingredients and
the dependents. The values A and B can be the input
level, output level, or total float.

Increment the nodé]

/}\\ all done

<

L
RETURN

Check that there are at
Teast two branches to be
sorted at this node

no J/}\\ yes

hvd

Compare the value A for the node at the end of
each branch, ordering the branches so that those
with the smallest (or largest) values of A are
listed first. If any branches have the same
value of A, compare their values of B and order
them accordingly

Figure 2.7 Subroutine SORT (NETWORK)
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{ref

This routine passes .through the network in preorder.
1.4) As each node is found, subroutine LIST is
called to make a Tine of output

|
Initialize the data

[—

Y

Obtain the next node from the 1list.
to see if it has any sons.

Check

yes ,1\ no

AV

[

Increment

the node in the stack

the level and store

J—

Is the network complete

no_,l; yes

Y

Does the highest level node
in the stack have sons
remaining?

yesgg/i\ no

N

R

RETURN.

\ one level

Go back down

[Take

this node |

f

—

Document the number of sons remaining, taking the
next son as the new node. Check to see if
has already been printed :

it

o L
A4

\

)

Write it out and
record that it has

been written

Write it out as a
negative node

Figure 2.8 Subroutine GLOBAL (NETHWORK)
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2.3 Data Structure
| The figures on the following pages show the principal items of
data used in the program. A complete 1ist of all the data items used in
the program is in the glossary, section 2.4.
A11 of the data except the Tabels and descriptive titles are

integer variables. Except for those items in PARCOM, no use is made of

of arguments in the calling statements.
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NN = Total number of nodes

TNI = total number of branches

L = Length of linked incredients list

NODE INT NI POINT

1 i ]
2 2
3 3

NN NN NN NN

The row number corresponds

to the internal number for all
arrays above except INT, in which
the row number is the external
identifying number. The contents
are as follows:

NODE - external number
INT - internal number
NI - number of ingredients
POINT - row number in ingr. that

contains the first ingredient
LABEL - single word label (six characters)
TITLE - ten word descriptive title

INGR and LINK contains the ingredients

in the following manner: Each ingredient

js entered into INGR. The row number

of the previous ingredient is entered

in LINK. If there is no previous ingredient
for the node, LINK contains a zero. When
revised ingredients are entered, they

enter INGR at the bottom, and the old
ingredients are Tost.

NN

LABLE

TITLE

NN

INGR

Figure 2.9 Permanent Data (NETWORK)

10

LINK




Contents of the 1ine Format
NN TNI L LNN 416
NODE INT NI POINT LABEL, row 1 416, A6

NODE INT NI POINT LABEL, row 2

o ——

NODE INT NI POINT LABEL, row LNN

INGR LINK, row I 216

INGR LINK, row 2

INGR LINK, row L

TITLE row 1 10A6

TITLE row 2

s —

TITLE row LNN

Figure 2.10 Permanent Data File (NETWORK)
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NN

~ PTON

NI

NN

NN

NN

For all arrays which are NN in length, the row number corresponds to the

internal node number.

PTIN
IN -
ND -
PTDN
DN -
IL -
oL -
TF -

The contents are as follows:

- row number of IN where the first ingredient is located.

the ingredients of all nodes
the number dependents of each node

- row number of DN where the first dependent is located.
the dependents of all nodes
the extreme level from input for each node

the extreme level from output for each node

the difference in length between the longest path through
the network and the longest path through the node.

Figure 2.11

Temporary Data (NETWORK)
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2700
2800
2900
3000
3100
3200
33n0
3400
3500
3600
3700
oo
3%9qu
4000
4100
42010
4300
d4ann
4500
4600
4700
4800
4900
5000

-66-

NETWNRK (10,23/75) _ 4%

2e¢5 PRUGRAN | LSTING

% RESF! ¢REE

FILE S=T1,CUMsUNITsRERUTEZRECCRD=14

FILE 6=0ygTCUss UNIT=REMUTELsRECORY=14

FILE 120, TPuTsuUnITsplnTeRsREGORD=ES

FILF 2=TxEELISTeunNIT=UIOKPACKs RECHRU=40>RBL0CKTNG=30

FILE  330uMAYsUNITSTSKPACKs RECORD=14»BLOCKING=30

FILE S=ngmmY»UnNITs IsKpAcKsvEcOrp=ldsBLOCKTING=30,arEA=200%10, SAVE=30
% INCLULL *PaKSE!

C
¢ DIMemSTUN ALL Oy THE ARRAYS yskp IN Tyt pRUGAAM
TuTeGER NOOE(S90)s INT(RP00)s InNgR(1000;, POINT(500)s { Lyk(¢1000),
1 NICD0U)» PIINCDGO)» TNCLOGUYs #(S0Uds PTOUNISQU)
2 UNETou0)s 105903, Lid®00)s TF{500)s TNI
r BUT .4 THE FULLLAING aRRAYS (UNTAIN ApFHAMFERIC wlURDS
Rbag LAsbL(5UU)s TLTLE(LOWS0Q)s 2LPHALY ALPHAZ2» ALPHRAI» ALPHA4S
1 SaAl.ls LARGEs Lve FLD
cuMalN TITLE )
Ie THE FULLUAING Arb UoED AS LUGLU THACES
LUGICAL SWITCA» TSURTs UilpACKs FUKM
I THE FOLLUwING wOROS ARE ysky IN OUTpUT
DATA SWMALLe LaRuwks Lvse FLJI/"SHMALL "™, olanpnE "
1 "LEVEL "s "FLJAT "/
ol
¢ UECLARATLIUNS Filx HSE JF THE NPT SCANNER

LUGLCAL bwbds FIxbis MATCH, STRING, NEXT
CUHMUN/SGANER/Z £NTLTY(2U)s MOLLs yALUF® NCHAS» NWD» NEXT
EWUiVALEWGE (LVALUE»VALUE)

r PEL-TE THE ECns PrRLINT 9 Tok SCANNER

NATa PRIZMOFF"/ :

SET THE LENGTH pF A LINE oF TwpPuT EgnaL 11t 74 SPACES

C
C Alvl; THE MNURBkx UF HLASNKS REGUIKED T slganlry THE END
c (F & KECURD EwuUabl 1y 1D
CALL WOINIT(40a/72sPRT)
C
o Riay TrE OUTPUT UNLT DN
KUT = A
WRLITE(KLUT210US)
CALL PARSE(ENIITYsHMIDEL s VALUE»NGHAR)
IF( NOTe MATCHC("P"» 1)) un) Ju 10
KU = 1
CALL SETUUT(KOUT)
c
I SET THE ECHO
WRITE(Ls1D13)
CALL SOANCENTLTysHUDEeVALUE» NUHAR)
TE(AATCHUMYES"» 300 CALL WOINJHOLON/2s"Uy ")
o
I INIJIALTLZE THE ARRAYS
10 CALL IwliCnauEs Inds INGRe POLaTs LINK?2 yIs ATINs INs NQ»
1 ‘ PTOns Une ILe OLe TE» LAREL)



5100
5200
5300
5405
5500
5609
5700
S800
5900
6000
6109
6200
6300
6800
6500
6600
6700
6800
6900
7000
7100
7200
7300
7400
7500
7600
7700
7800
7900
8000
8100
8200
8300
84n
- BBn0)
8600
87c0
8800
8900
Q00
9100
9200
9300
9400
9500
9600
9700
9300
9900
10000
10100
10200
10300
10400
10500
10€00
10700
10800
10900
11000
11190
11200

T D

o e}

DD

20

50

65

7n

100

110
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REAy THE DATA FILF 4AmE In
K = (

Tr'

WRIGTFL6:10U0)

CALL RpLINE

ENT{TY(nr+l) = OHe

CLUSE(3)

CHAGEC3#TITLESENTLTY)

CHA GE(4» TITLE=ENTLITY)

CHEGK Fuk EXLSTING JATAFTLE

T gIRE(3, RESIDERISOUPAGK)

TF O RCT, ONPACK) nUd TU 59

ExioTing FILEs gUJeELE CHECK THE NAME

AT TECasLO1C)

CAlLL RULINE

TECAATCHUMYES " 3J) 3 Tu ©5

GHoj0 29

REA) NEw NETWURe UATA In FROM I1nf TERMIgAL

SHIJCH = «TRUE.

chlLy INOUTC(SWITeHs NNe TNIs » NDQE, Tivy, LAHSELs NI
1 FiginNTs IaGre LINKe LAN)

QU 1O fa

REA,; THE LD NETwhR< wuATA FROM THE (pATApTLE

CALL GCLUATACNNs Twls L» NOguks IaTs [ ARE . NI» POINT:
1 InGre LINXK» LuN)

cubgk TO SEE IF MOUIFICATIONS U THE nATa AgE NDESIRERN
wRITE(ns LOZ20)

CALL RDLINE

TECaNUT«MATCAH("YES™s3)) GU Tu /0

Sw TCH = JFALSE.

CALL INpUT(SALTCHs «“Ns INTe s wODEs InT, LAZELS, NI
1 PULNTs LNGHe LLI9Ks LaN)

CUNLSTRUGH THE SIMPLIFIED INu<tOIENTS [IgT

chie TwagkEDONNs Tils wlble pulmis INGRs LInyke PTIns In)
cursTrucl THE SIMpLIFIEL pEPENUENTS LIST

Cale DErPENCips Tivls wle PTLlwne Lis Np» PTnhs ON)
CALCULTE THE TOpULUGIC LEVELS UF THE NETwWORK

CAhLL LEyEL(NNs TMIs NLe pTINe Nys PTLN2 aNs IL» N
SET InE 1RACE Iulcallng THE mU SORT pAg BEEN pQME
TSULT = eFALSE.

wEalN SCANNING pur JPERATIMG CUMMANQS

K = 0

w1 JE(5s1330)

CALL RulLINE

IFCeNUCX)) U Tu 109

TFCAATCROMSORT®» 3D GO TN 129
IFCaATOHUMINGREY T 3)) 50 TU 10V
IFCAATCRUMBEPEND"»3)) GO Tii 1YY
IF(MATCR{MWRITET23)) 6N Ty 224
TECHATCHUMOOLFY 9 30) Su T 23V
IF(AATOHIMSTUPT, 3)) STHP



11300
11400
11500
11600
11700
11800
11900
12000
12100
12200
123090
12400
12500
12600
12790
12800
12900
13000
13100
13200
13300
13400
13gn0
13600
13700
138n0
13900
14000
14100
14200
14300
14400
14500
14600
147090
14800
14900
15000
151n0
15200
15300
15400
15500
15600
15700
1580n0
15900
16000
16100
16200
16300
16400
16500
166040
16700
16800
16900
17000
17100
17200
17300
17400

DD DO

o)

[ N )

D

120

130

140

150

160

IFCAATCHOTNEXT,3))
K = K + 1
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GO T

IF(KERLT0) CalL ERRORCL)

auoTC 19UV

SURTING URE RERES F
TSn<T = «TRUES

Fliwg THE VALUE pUR ¥

ARTJEC62104¢)
CALL ROLINE

#l = 1

ALFP4A2 = FLUJ

AL® 4A4 = LV
TFCHATCROMFLGAT"»3))
Ml = 2

ALP A2 Lv

ALP.AG = FLO
TFCaATCHUMLEYEL 3))
K = K + 1

1

0

IND THE PARAMETERS

IRS1 PRIUKTY SNRTINg

Gl Ty LR

GIY Ty 134

IF(KeER010) CalL ERKRGROLD)

GOore 12

Flng THE 400E Fuk FIRST PRIURITY SORTING

wRITE(S»1050)

CALL RoplVE

M =1

ALP4AL = SMalL

TF( fATCHU"SHMALL"»3))
M2 = 2

ALPAA1l = LAKGE
IF(AATCHOTLARGE"» 3))
K = K + 1

e T

14v

59 Ty lad

IF(ReEdel0) CaLL FRA03C1)

GU 10 130

Flng THE HMUDE FurR SECUNU pRINKTY SORTING

WRITE(hslnG0)

CALL ROLITHE

md = |1

ALRPAAS3 = SMALL
IF(AATCHUMSHALL"»3))
M3 = 2

ALPAA3 = LARGE
IFCAATCAHCLARGE"»3) )
K = K + 1

st Ty

100

i TY 15U

IF(eE9s10) CaLL ERRORC1)

GU 0 L4u

CALL_ THE. SUH?T’\“: HUI_)I.INE

CALL SURIER(Ml» MZ» M3 Nn» TNls NI PT[Nn

NDivs UL>»
K = 0
qL JO 10V

[Le TF

GLO AL INGREOIENCE LESTREY

FURJM = +FALSE.
IFCAATCHINTITLRE?s3))
WRIJE(6,1070)

CALL ROLINE

FllhM

)

HERLs FIND THF

. IRUE .

Iv» ap» pTON.

DELIREN RrRONT



17500
17600
17700
178009
17900
18000
18100
18200
18300
18400
18500
18600
18700
18800
18900
19000
19100
19200
19300
19400
19500
19600
19700
198n0
199090
20000
20100
20200
20300
204n0
20500
20601
20700
20800
20900
21000
21100
21200
21300
21400
21590
21600
21700
21800
21900
22000
22100
22200
22300
22400
22500
22600
22700
22800
22900
23000
23190
23200
23300
23400
23500
23600

-~

(@]

i}

e e

170
1

1

180
1

1

1390

200
1

1

210
1

1

220
1
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TFCHATCHUTCOMPLETS3)) G0 T L/U
IFCFIREDCX)) 50 I 189

K = K + 1

IF(ReEQdeL10) CALL ERxORCL)

B 7D 16V

DU FOR THE CUMPLETE NETWORA

CALL SEARCH(NwNs INLs w0 NI PIINs INs ;s gJUNTs NOPE»
LAgkLe 1850&Ts +41s #2s ™32 TFs FCRM)

CaALL UUTPUT(3s KUTs Us KJUNT? TSORTs ALPHAL» AL PHA2, ALPHAZ,

ALPHA4, LLENGTHy FU3M)

K = 0

aU 10 Luu

DU FOR UNE N{GE
No= INT(LVALUE)
CALL GLOJAL(Ns NNs TWIs NIs Pllns T Up, 1, KOQUNT
WUk LABELs Filku)
CALL OQuTprPyT(ls xUdTe IVALGES ARUYUNTs TSURT» ALPHAL> A{PHAZ2, ALPHA3

ALPAAYs LENGIH, FORM)
K = 0
GU N 190

GLN AL (EPENpENCE UESIRED HEREs FINp THE DESIREpD ROOT

FUR- = LFALSE.
TFCAATCRUNT LY LE"»3) ) Funt = J1RUE,
Ak 1TELE,1070)

CALL ROLINE

[FCAATOHOMCOMRLE™» 3)) AL TW 24U
IFCFIXEn(X)) wyg 19 210

K = K + 1
aL T0 tYv

DU FOR THE CUMPLETE HETWNRK

CALL S-AKCH(NNs Twls Nils nDs PTONs [Ns T » xiJUNT» NODEs
LA3ELs T3URTs #ls M2s M3s TFs FnPRM)

cALL JuTtPurdds guyls Us KJuUNTs TSNRTs A PHATs ALPHAZ, A PHAZ,

ALpHAd, LENGTH, FUxM)

K =0

GU 0 1o

gL P NROINE NUGE
vo= INTCOLVALUE)D
CALL oLUBAL(N, «N, TWNI, Np, PIUN, v, T, 1, KOUNTS
“ilidk e LaBELse FURMJ
CALL UJTFUT(2s wUyls LVALYEs KUyUNTs» TSURT» ALPHALs ALPHAZ, ALPHAI»
ALPHAY s LEGTH, FORH4) : .
x = 0
LU fr RRY]

aRklTE Jyl THE CuUMPLETE CATA

CALL DATUUT((Nus THI» NOGEs Iwile LABELe wyT* PTIN
Tws ND2 PTOws Ui ILs 0L TP

ARTTECKOUUT»50V0)

K = 0

Gqu ¢ 1lov

MUD[FY THE 3835I1¢ INPUT UATA
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23700 230 SwlfCh = oFALSE,

23800 CALL ITNPUTCSWITCHs NN» {NLs Lo WNODES Inwy, LASELs NI»

23900 1 PULNTs 1GRe LINK, LuN)

24000 K = 0

24100 N

24200 CALL LERU(PTi s LIN» MNUe PLids tiive Tpe UL, TF)

24300 Gl 0 70

24409 [

24500 1000 FURJAT(IH smENTER T4E NATA FILE NaMEw./)

24600 1005 FURSATCIH » "ENTER ¢ FUW QUTPUT ON THE ON=STITE PRINTER»™,
24700 1 7+ ™ Q[HERWISE 1wk CUTPAOT WILL BE QN T4F REMOTE TERMINAL"»/)
24800 1010 FURGAT(LH »"FILE EXISTS wiTr IHIS LAME. ni ydU AANT TO ySE IT2",/;
24900 1015 FURAAT(LH eyl YUY §ANT T HAVE TwE InPyT EqHDED ON 1 TpuT™a/)
25090 1020 FURAATCLH »"gd vy sANT Til mAulpyY THE BEXTSTIAG NATAZ"./)
25100 1030 FURAAT(IH s"ENTER A PRIOGYRAAN CUMMANDY, /)

25200 1040 FURAATCLH »MERTER 14 vALybk FUK FIRST PRTORTY SORTING"s/)
25300 1050 FURMAT(lhR o"ENTER Vb 40DE Fix FLIKST PRINRTY SUORTING®™,/)
25400 1060 FURAAT (1M »mEaTeER 48 MUDE FOx SECOND PRTORTY SORTING"™»/)
25500 1079 FURAAT(IR »mETeR 146 =WUDT NJUR MUMSER™,

25600 1 neesOr THE WORD TCUMPLETL"Me /)

25700 95000 FURAAT(LHL)

25809 Eivh

2590 ¢

26000 C = = ™ = ™ m @ %= w o = = = = @ ® % .4 mdamamm .. ae oo
26100 "

26200 SUARLGUTINE INIT(NDLEs InTs Inurs PUINTr, | INge NIs» PTINs Ins
26300 1 NDe PT0Ws uNs Qs OLe Tr, LadEL) -

26400 InTeaEr NIDECL) s INTCLYs Lrgi(1)e PoIai(1)s LINKCL)s NICL)S
26509 1 PTINCI). INCIDe NOCLYs PTONCL)» nW(1)s ILC1D, OLC1Ds TF(L)
26600 REAL LagblLCl)e JATLECLD»Syw)

26700 CuMyUON TITLE

26800 BATS bBLANK/6H /

26900 DU LG T = L 50w

27000 In wmupg(l) = 0

27100 hu 20 | = 1» 39,

27200 20 INT(I) =

27300 NG 30 [ = 1s 239y

27400 30 POUTNTCIY = 0

27500 D 40 1T = 1« 20y

27600 40 i) = u’

27700 ne >0 I = 1s 590

27800 50 PTIL(I) = O

27900 N 20 T = Lr 9590

280n0 A0 MDY = U

28100 DIV G WS KBy

28200 70 PING(l) = v

28300 DU g0 I = 1» >9u

28400 30 IL(]) = o

28500 DU 40 1 = 1 20u

28600 90 OL(I) = ©

28700 DU Jud [ = 1s Suu

28801 100 TECL) = G

28900 Ny 110 1 = 1s» 50U

29000 Hy 110 3 = 1» 19

29100 110 TIILECY» L) = plLatk

292n0 NY 120 1 o= 1 1900

29300 120 inag(I) = 0

29400 DL (30 [ = 1, 1uu

29500 130 LIngCI) = 0

29600 Dy 140 1 = 1. 1900

29700 140 InCp) = 0

29800 ny 156 1 = 1 1000



29900
30000
30100
30200
303n0
30400
30500
30600
30700
30800
30910
31000
31100
31200
31300
31400
31500
31600
31700
31800
31900
32000
32100
32200
32360
32400
32500
3zenn
32700
32800
329n0
33000
331n0
33200
333n0
33400
33500
33600
33700
33800
339n0
34000
34100
34200
34300
34400
34509
34600
34700
34800
34900
35000
35100
35200
353n0
35490
35500
35600
3IS57n0
35800
359090
36000

DO

oD

O

D

2]

150
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ONCL) = U
RET yR#
ENi

SUAKOUTINE InpUT(SHITCHs NNs I8T» L NUpFEs INT» LABELS
1 NLy POINTs InGRs LINKs |[NN)

ALL THE ARR4YSs ARE ImEnSTONED IN THE MaTN pROGRAM
INTEGER INTs opb(1)s InTCIYs» ~1C1)s pPUINTCL1)» INGR(1Js

1 Link(y)

10

15
20

40

Rbap LAkl (1), T1TLE(LD,53U0), BLANK
Clmanin TITLE

DATA bLANK/OH /

LUGICAL SwITCHs EXIY

NECLARATIONS FuUK THE UStL OF THE INPUT Seabdf<

LUGICAL ENDs FIXxEDr MATCHs STHINGs NExT

CUMMEN/ SUANERZ ENTLITY(2U)s mNLbs vALLF? MCHAa+» Nuwler NEXT
Eutl vALENCE (fvablub,VvALUE)

CHE gk Ik Swlice FUR NEw 9ATA ux waplrleaTlps OF OLD n7TA
IF(snITCcH) G} Ty 10 )

Ly DATA TO Br UDIFIED

[ = hn
U 10 1o

NES TaTA» SET [wlThal CuUwpIiTiNy
L o= 9

I = 3

Ly = 0

SCA Y FURr ThL ~vdubk WMotk

K = 0

WHRITE(O,1020)

CALL CARSECENI[IYsMJDE» yALUE s WCHAR)
IFCFTIxEnCX)) a0 Ti) 40

ExXly = ,FALSE.
IF(A44TCHUMSAVE"S3)) G T 150
EXTT = o IRUES .
TFCAATCHAENUM 3 )Y 4O TG 120
IMPOPER TinPUT DATA

K = £ + 1

It (eEQRLIN) CALL ERROKCL)
waRT[ECOH2LDIY)

CALL KULINE

Gl 10 39

HAyE THFE NODE NyMgk~<s CHECK FUR PREyIQUS ENTRY
No= IVALUFR
IFCINTOnDenE D) GO T 90

NUDE dAS mUT 2FEN EJTERED REFuURL
I =1 + 1

TFCLNN oLTe W) (NR = N

INT(N) = |

NUDECL) = W



36100
36200
36300
364490
36500
36600
36700
3680y
36900
37000
37100
37200
37390
37400
37590
37600
37700
37800

37900

38000
KRB
38200
383n0
3R400
38500
35600
38700
38800
38900
39000
39100
39200
39300
394n0Q
39500
39609
39700
39800
39900
40000
40190
402n0
40300
40400
40500
40600
40700
40800
40900
41000
41100
41200
41300
41400
41500
41600
41700
41800
41900
42000
42100
42200

DO

o N

DO

Do ]

(e Ne]

OV

O

50

60

65

70

90

100

105

110

120

LUOg Fvx LAageys TITLES ANJZINGHEDIENTS
TECRIXEDUXD)) g 11 »0

IF(mODELEQe3) G TU 55

IF(AUDE LR/ @i TH 70

IECENDCADY 3 Ty 52

IMPROPER IwpPUI uATA

ARTITE(621000C)

CALL SCANCENTLITy» MJDEs VALUE? WCHAR)
K = K + 1

IF(K.EQst0) CalL ERmIROL)

.GU 70 99

TEST FuUR CUNTINJATEON OF pATA
IF(AATCH( s s 1)) GU Tu 20
G I'D 30

HERE wE mMAVE an IwsxEplests  POT IT IN ToE LISTS
CALL IwghISCIs g» L s TyALyks INTs wiprs NI» pPOINTs InGgRe LINK)
AU T3 5

HERe ~E HAvVE A LAghkL

LASEL(Jdy = E81ITY (L)

CALL ScaN(ENTLITY»quigEeVaLgbrsnenaR)
Gti 1O %0

pboE 4E HAvE A phsSeRIpTION, pPul IT INTU 7uE TITLE ARRAY
NWhs = (NCHAR + 92)/3

nu 30 [ = 1 nNwWUS

TITLECTIJ2d) = EnTLIIYCII)

CALL SCANCENTITysmu EsvaLybstUrAR)

Gl 19 a9

NUDE HAS RLEN EVTERED REFOKE
J = INT(N)

SCAy FUR NEw [wgREUTENTSs LAWeLS» DR TITIES
TFCFIRED(XD) GO T 110

IFCA00E.EQe3) G TU 125

IFCA0DE (L Qa7 ) 6o Ty 130

IFCeENUCX?) GO Tu 193

IMPROPER IwPUT DATA

wHITE(A1090)

CaliL SCANCENTITYs MYyUDEs VaALUE» NCHAR)

K = % + 1
IF(AeEWQed0) CALL ERRORCL)
GU 10 1wy

CHE K FuRX CudiIvuallUn UF DATA
IF(aATCHU™» "o 1)) GU Tu 12y
AU T3 32

HE e WE HAVE A <bylsEr LIST (F INGRENIENTSs CHECk THFE FIRST ONE
IFCVALbenEaU) GO 10 115

(HA (OE===THE ~UyE MHAS NU INGREUIENTS

NICy) = 0

PUTWTCJY = 0O

Gu 10 """)U ;

AU Tu THE LLST UF INGREDIENTS

M o=

CALL I1#GLISCIs yr Ls s» IVALUEs INTs NUnEs N1s POINTS LNGRs LINK)
CHFCK FUR #ORE INGREDIENTS

IFC WOTFIXKEDCXK)) Gu T 1gw



42300
42400
42500
42600
42700
42800
42900
43000
43100
43200
43300
43400
43500
43600
43700
43800
439040
44000

44100

44200
44300
44400
44500
44600
44700
44800
44900
45000
45100
452n0
45300
45400
45500
45610
45700
45600
45900
46000
46100
462n0
46300
46400
46500
46600
46700
46800
46900
47000
47100
47200
47300
47400
47500
47600
47700
47800
479n0
48000
48100
48200

48300
48400

o N}

[ ]

c

OO

t )

fe e }

125

140

150

180

170
180

190

1nan

into
1020

1030
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G 0 120

HERE WE HAVE a4 nbW LABEL

LARELCY) = ENTITYC(L)

CALL SCAN(ENT[TysmUUDEsvVALUYEsnUHAR)
GU 10 4nu

HERE WE HAVE A nbkw DESCRIPTIUN

il 135 1Jd = 1 LU ’
TITLECTIrd) = JLANK

NNDS = (NCHAR + 5)/6

MU 149 IJd = 1, NWDS

TITLECTIJrd)Y = ENTITY (I

CALL SCAN(ENTITysmUuE.VALYUE,NUHAR)
GU 10 4nv

END OF INPUT PaTAs 3TORE O 0LS¢

REAIND 4

Niv o= ]

TRT = 0

DU 163 11 = 1, NN

TNI = Tl + NIC[I)

WRLITEC4,1010) Npe Ixle L LNW

OU 179 1 = 1s LaN

WHITE(4,1000) NUUECI)s INTCI)? wICI)s PornTel)s LASELCLD)
DU 189 1 = 1s L

WRITECS4,1010) ITwGRCI)» LINK(T)

N0 19d [ = 1 (Wi

WRITECG,1030) (TL1LECIeI)ed=1218))
LUtk 4

I = Ny

IFCaNUTe EXIT)y d 1] 30

FORGJAT(IH sminpyl BERRORT=<wbE*bNTER UN A NWEw LINFT™s/)

FCRAATCLH » 416 A0

FURGAT(IH »mEnRTER ITHE NUDE wymab RS AND AgS'Ic[ATED DATAs ONE NODE
1TU A LINEe™s/Zs™ IF [T 1S NECESSARY 17 USF T4J LINES FUR THE"

2" T GREGIENTSe™e/s™ EqTER A CUMTA AT THE REGINNING (OF T4E ™»

3MSEGOND LINE (muym ENTER TENDY Ty SIGNIFy THE END OF THE DATA,"s/)
FURAAT(LIH 21ui6) '
RETURY

END

SUSRUGITINE IV e pS¢ls go Le He Ne INTe WNapEs NIe POINTs INGR» LINK)

ALL UrF THE ARKAyD> AE nIntwSIUNED IN THE ALY PROGRAM
INTEGER LuT¢lys Nondelys wI¢t)» PUINT (D), INgR(Lyr LTNK(D)

INCREMENT THE CiUNTRERS

M = M + 1
L= Lo+ 1
NICJ)Y = M

pUI:iT(J) = L

I8 Tk FLIRST INGREDTENT
0

L =1

CHECK 11 SEE IF IHI
IF(MeENGL) LIak(L)
If'("ioNE'l) LINK(L)

| T [ 22

CHECK 17 SEE [F ING<BEOIENT H{OUE HAS RELy ENTERED RBEFURE
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48500 TFCNTON) WEQeu) GU 10 19

48600 C

48700 C INGREDIENT NJUDE HaAS 8SEEN ENTENEN ®EFGRE

48800 INGR(L) = INT(N)

48900 GU 10 <

49an0 c

49100 C INGEDIENT NUpDE HAS NUT 8BehEN ENTERE)D KEfFnRE

49200 lo I =1 + 1

49300 INT(N) = 1

43490 MUDe(I) = W

49500 TNGROL) = |

49400 20 RET RN

49700 END

49800 r

49900 f = = ™ @ = @ = = % = @ = = @ @ = "7 « @ ¢ * u =T e = =2

50000 o

50100 SUARUJTINE O-nArA(Nds TNIs L NUDEs I8T1, LAgELs NI
50200 1 PaliuTe [wuke LINKs [BN)

50300 r

50400 ” ALL THE ARRAYS ARE IMENSIURFEU 1IN THE MATN PIUGRAM
50500 INTEALR Inl, wOpbClas INTC1)s NIC1)s PUINT(q)»
506n0 1 IMURCL ) LLIaK(1)

50700 REag LAk (12 TITLECLIY»H0U)

50800 cuMagn TITLE

50900 C

51000 e FlLL THE ARRAYS FRU« FILE 3

51100 ichow [ ND 3

51200 HL“‘)CS’IUUU) Ng ThNp» L NN

513n0 TFOLNN oLTe wn) Lin=s ynN

51400 U 10 1T = 1» Liw

51500 10 REAHE3,1U19) qupkECL) e BnTCL)e wiCI)s pUIMTCI)s LASELCI)
. 51600 DU ¢0 1 = 1s L

51700 20 REA)(3,1020) IngR(L)s LINK(I)

51800 QU 30 1 = 1ls [in

251900 30 Rbagl(3s1030) (TITLELI» T g=lslu)

52000 KE 4 N 3

52100 1000 FUNSAT(LH » HY1h)

52200 1010 FURSAT(LIA » 4916, A0

52300 1n2n FLRAATCIH » 216)

52400 1030 Fus jal(lH » duan)

52500 RET SRt

52600 £nD

52700 9

52800 f & = ® e = = = @ 2 @ ®w a2 = % = 2 " 8 = @ @ @ "= ===
52900 C

53090 SURROUTINE B (PTlas Liws mDse PTNNs s Tl JLs TF)
53100 INTCGF R FTINCLY, INCEDs NPQl)» PTONCL)s pul1)ds
532n0 1 !L(‘.)l OLClys TFCL)

533n0 Py 01 = 1s 500

53400 PILWC[) = 0

53500 NGCL) = U

53600 Pin (L) = 1

53700 TLCy) =

53810 Jb¢]) = u

53900 TF([) = U

54000 10 CunTIWUE

54190 DL 26 T = 1» 19y

S542n0 Inw(y) = 0

54300 pw(pl) = U

54400 20 CuUn[INUE

54500 RET . RA

54600 Fivi)
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54700 C

54800 f = =" = " = = 2 = =2 @« =282 F"2rfesessrrsr=="
549a0 L

5500 SURRUUTINE IN;REU(NNs Tals NI POINTs IngRs LINKs PTTHs IN)
55100 C

55210 ¢ ALL THE ARKAYS ARE ylMENSIONEL IN THFE MaTN pROGRAM
55300 INTEGER IWbs IC1)s POINTC1)s LIwGRC12s LINK(L)s PTINCL)Ss INCH)
55400 N )

55500 ¢ CuNsTRyC!t THE PulNTER PTIN FRUM NI

55600 I (L) =1

55700 NG 0 1 = 28 N

55500 10 PTILCLY = PTIwC[™1d + NICI=1)

55450 I

56000 C Filte THE SIMPLE INGREODTENT LISIT 1IN

56100 K = 1

56200 NU »G I = 1» Wi

56300 IFC,ICII™1) SUs 20 3u

56400 20 INCK) = INGR(POINTC(L))

56500 K = K + 1

56600 G0 T 59

56700 30 M o= Pitlyi(lD)

56800 Nl 49 4 = 1 w101

56900 INCK) = INGR{m)

57C¢n0 K = K + 1

57100 Moz LLINK(H)

57200 40 CHUNTINYE

57300 S50 CUWTIiNE

574n0 RET 4R

57500 £

57600 o

57700 = = " = " =S = "8 &8 808882 en st
S7800) Ios

57990 SURSOUTINE DEPEWCNNs 1NEs NMIs FTLus INs mpe BTOws ON)
58000 INTRGER INIs NICLD» PTINCL)s LNC1)s KNDCLye PTNRNC1)» NNC1)
58100 e

58200 c CALCULATE THE ~NuUMBER (F LUEPENUEXNTS

58300 U 10 T = 1 IN]

58400 10 MDCIRCIYD = NGOIn(L)) + 1

58500 C .

58600 r CUNSTRyUg! THE POINTER FOUR THE UEPENDENT [ TST

58700 PTDyC1) = 1

58800 DU 30 I = 2 ni

58900 30 PTH (1) = PTOa(Ll = 1) + wpCl = 1)

59090 r

59100 I COUNSTRUGT THE nNEPENpDENT LIST

59200 DO >0 I = 1s nN

59300 IF (N1CIJ oEQ@s V) Ga TH 50

59400 IP1 = PTINCLS

59500 P2 = 1wl + NI(1) = 1

59600 NG 40 4 F 1Pls THZ

59700 NelpTiunCliuldll)) = 1

59800 4o PTOGCOIN(YI)Y = PTUNCINCIDY + 1

59900 50 CuN]INUE

60000 o

60100 ¢ CORRECT THE PUINTER FOR THE DEFENDENT LIGT

60200 Dl g0 1 = 1 NN

60300 60 PINLEL1) = PTONCI) = nNpll)

60400 RETURN

60500 END

60600 C

60700 fm==" """ S22 rsr7sr st srenes

60800 C
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60900 SUBKOUTINE LEVELC(NNs TNI» NI» PTINs ND* pTONs DN» ILs OLs TFs

61000 1 LENGTH)
61100 o
61200 N ALL THE FOLLUWING ARRAYS ARE UVIMENSIONES IN THE CALLING PRIOGRAM
61300 INTEGER INI» NI(l)» PTINCL)» NUCL)s PTUNc1)s DN(21)s ILCL),
61400 1 uL(1l), TFCEL)
61500 c
61600 c OKNER IS A LUCAL VAxIABLE
61700 INTLGER URDER(500)
61800 C
51900 c INLTIALTIZE THE CUUNTERS A~ND 0ORUER
62000 JL = 4
- 62190 JE o= 4
62200 Nl 10 1 = 1y duu
62300 10 OROgR(I) = 0
62400 c
62500 t AUTLD Aw ORDERED LI3T 9F THE NETWORKk RY | U0DkING FOR
62600 o STARTIng NUDES (THUSE wITH N INGREpDIENTG)
62700 QU 40 I o= 1 NN
62800 IFCICI)enNESD) 0 Hy 40
62900 ¢ HERE WE HAVE A yupt WITy wu wEMAINING I4nREpIENTS
63000 ¢ PUT IT IN THE LIST
63100 NECT) = =)
63200 JL = Jdp + 1
63300 DRDeROJLY = 1
63400 C :
63500 I PRUGESS THE DEpPENDE«TS UF THIS wUPE 8y wFiUcING THEIR
63600 C REM L IWNING INuREDIENTS RY ONE
63700 2n JF = JF + 1
63800 JJd = ORPDERCIF)
63900 IF(yD(JJIebdey) GI) TO 32
64000 L1 = PTONCUT)
64100 L = LI = 1 + NutJdd)
64200 PU 30 LI = L1, L<
64300 LL = Dn(LI)
648400 NICLL)Y = NICLLy = 1
64500 c
64600 ¢ CHECK FUR MURE wUDES wlTH N REMAINING TNGREDIENTS
64790 o AMN (G THESE DEPENDENTS

64800 TFCGICLL) e NEQ) GO TU 3u

64900 C MEQe WE HAVE A NUE «TTH NQ REMAINING INGRED[ENTS,
65000 c PUT IT LN THE LIST

65100 NICLL) = =1

65200 JL = Jr * 1

65390 ARDER(JLY = Lo

65400 30 CUNTINUE

65500 ¢ creok T SEE IF ALL THE NQUES w0w IN "URNER" HAVE
A5700 35 [P F LTeJb) Gy T 29

63800 4n CULTINUE

65900 C

66000 c CHE LK wEIWURK FUR £xRORS

66100 THOJLLEJdD) CalL ExrURC(Z)

66200 IFCoLenEoNi) CALL ERRIRCI)

66300 e

66400 c CURRECT THE vaLutS uF NI

66500 J = N o= 1

66600 DU 20 7 = 1

66700 50 NL([) = FTINCI + 1) = PTINCD)

66800 NLCYND = TNL = PTINCNGD 4

66900 ¢

67000 ¢ CALCULATE THE ExTREt4E DISTANCE FROM INPyT FOR EACH NoDE===



67100
67200
67300
67400
67500
67400
67700
678600
67900
68000
68100
68200
68300
68400
68500
68600
68700
68800
68900
6€9000
69100
69200
69300
69400
695100
69600
69700
698n1)
69900
70000
70100
70200
703n0
704100
70500
70600
70700
70800
70900
71000
71100
71200
71300
71400
71500
71600
71700
71800
719090
72000
721190
72200
72300
72400
72500
72600
72700
72800
72900
73000
73100
73200

DOD

690
79

3n

90

12n

16

20
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THI s 1S SIHMILAR Ti) THE EARLY START IW A pPM RQUTINE
“F 3 URoRRCL)
LEngTH = 0
DU 30 T = 1» wn
J = CRDEK(I)
TF(WWCJ)eEQdel) U 1. 70
L1 = PFTonGd)
Le = L1 + NDCy) = 1
U 56 LI = L1, L2
Moo= ON(LID
TFCILCM)sLTaCILCJ)Y + 1)) [LC1Y = JL(yy + 1
CUNTINUE
IFCLENgThReGESCTILCYY + 10) GO 10 &y
NEo= J '
LENLTH = ILCJ) + 1
CUlITINUE

CALLULATE TRE ExIRbaE OISTANCE fROM NiiTpnT fFJR EACH MNQDE===
THIS L3 A MAuIFICATION uf Trt LATE ¢Twnlgu In A cPM RY, TINE
K = NN

J o= UrER(K)

OLCys = LEWNGTA

TF(4OCJ)eEQe)y Gl by 1340

Ll = PToNCU)

LZ = L1 + WD) = |

nuo 10N Ll s Lis L2

M o= UN(LLD

TEC(OLEMI ™ 1JeLVo4LCd)) gL(y) = DL(¥) = 1

CumMpINUE

K = K = 1

JF(KeNT o) ul TU U

CALCULATE THE guylPdl LeEvEL Awl THE TCTAL FLNAT
DU 120 4 = 1s 4y

DLCJ) = LENGIx = 0OL(d)

TFCy) = LEnGlh = OLOJ)Y = L) =
RET yR~

D]

> @ m e " W @ e W W m ® @ omow ™ wm owm g ™ . wm W e W g, ® e =

SUNUUTINE SURTER(MLs M2 p13s AiNr Tils wTe pTINs INs NE. PTONS

16GLs ILs TF)

ALL OF TnE AtrayS AgE nIuEnSIUNED IN T4F cALLING PROGHAM
TwTeGER Inle wI(Lye PYINCLY)s LC1)» NDCLye PTON(CI )
{ UHCLYs yblClys TLCL)s HTHCT)

NETekmivk THE UgUVER UF SOKTING
GU 0 (lvse 200 ml

SURTING BY FLUATs 1HEN mY LEVEL

SURT THE INGREDIENTS

CALL SJRi(NW» Txyls NIs PTIns LNs TFs DLs M2, M3)
SURT THE DERENDENTS

CALL SURT(ivds dyls e PTyYws UWNs TFs TLs M2, M3)
RET RN

SURTING BY LEVELs IwEN BY FLOAT

SURT THE INGHREDIENTS

CALL SUgTCilns Twls vIs PTINe LiNs (3Ls TF, ®2, M3)
SURT THE DEPENOLHTS

DN



73300
73400
73500
73600
73700
738n0
73900
74000
74100
74200
74300
74400
- 74500
74600
74700
74800
74900
75000
75100
75200
75300
75400
75500
75600
75700
75800
75900
76000
76100
76220
76300
76400
76500
76600
76700
76800
76900
77000
77100
77200
773n0
774n0
77500
77600
77700
77800
779n0
78000
78100
78200
78390
78490
78500
78690
78700
78800
78900
79000
79100
792n0
79300
79400

e Re] OO0

fa}

(o]

[ X

[ Ne ) D

DO

IO

19

20
30

i

CALL SURICNN, T

RETJRN

END

-

NIs NDe»

SUKOUTINE SURT(NN» TN

ALL OF THE ARRAYS 4xE

SET THE wmULTIpRLIERS

INTEGER N
MULTl = 1
MULTE = 1

I,

TF(424E0s2)
[FC43eEQe2)

DORDER
Dl 50

TE

MUl
Ml

MPas nR(

“1
=1

I
72

uu
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PTDiN» UNs [Ls TF, M2, M3)

Is iNwe FIRNe HN» 4, 3 M2, M3)

DIMENSTUNED  IN THF CALLING PRAGRAM
1), PTRNCLD RNCLY, A(l)s R(1)

FUR NEAREST AND FARTHEST MUDES OF SURTING

IHL dRAnNCHES AT EACH NOUE By A ANnD 3

I

CHECK Fuk
N = NK(]I)

Nt 30
Jo=J

J

J

nu 39 K

SURY

J =
-1

FIrST
[FeqULTI*AQCRN(PTIRNC(I)+U))

1a

MULTIpPLE gRAYCHES

1

RV
B

1
4

sy

JJdroowN

BY A

uly 1y 3

SWiljCH BHANCHES J AxD
RNCPTRNCL)+J)

Temp

RN(PTRN(I)+J) =
Rn{PTRN(II+K) =
N

GU 710

D)

K

= A(KN(PTRN(13+K)y))) 3u»s 20» 10

KnN(PTRN(T)+K)

TEMP

SURT AWy TIES BY 8
IF(AULT2*(BCRN(FTRN(I)+J) )= (RN(PTRN(I)4w)))) 30530.1
cuNijINUE

RE ! iJR
END

- e =

]

Sus4U0uUTINE

THE FULLUwING

INTEGER

LUSLICAL

IN

SEARCH (W
NUUEs LAusEL

Is

NP

(1y» Ngr

NQUECTY, TH(L1D
REAL Lagkl (1)

ISURT S

FURM

SN LHUES NUT AppEAR IN
INTLGER SH(SDU)» T5

CUNWECT ALL

MUNDE N OAND
N o= NN o+ ]
NK(y) = U
I = ¢

nu 19 J =

ImE STARTING

MUDIFY Nit»

1»

AN

TNT s

WPe NRs pPTRN, RNe LEV, KOHNTD

» TSURT» Mls M2s M3I» TFe FNRM)

ARRAYS ARE pl

1),

MENSIONED TN THE 4AIN PROGRAM
PTRECL)» RN(19ys LEV(1)»

THE MATN PROGKAM AND TS5 DIMENSIANED HERE

FPIRNe

NUQES TU THE ARTIFICIAL

AND RN ACCURPINGLY
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79500 TFCqPCJ)eNELU)Y gU Tu 10
79600 I =1 + 1
79700 SN([) = J
76800 NECy) = NR(ND) + 1
79900 1o CUNTINUE
80000 T = TNI + I
80100 PTRy(N) = INI + 1
80200 DU 20 J = PTRN(WNI» TH
803n0 I = J = INI
80400 20 RNCJ) = SNCI)
80500 c :
80600 I CHEGK T SEE LF THE NEw BRRANCHES SHOULU af SARTED
80700 IFC,NGTSISORTY QU 1y 50
80800 o ‘
8N900 ¢ SUKT IS UESIREDs NDETERMINE THt URNER
81000 GU 10 (3U»40) Ml
81100 C SURT dYy FLUAT» [HEN By LEVEL
81200 30 CALL SURTCYs [» NRUNDs PTRNCWNI® RNs TFs [EVe MZ2s M3)
81300 U 10 30
A1400 ¢ SURY HyY LEVEL» THEN BY FLUAT
81500 40 cALL SuUrICle L» NKOW)s» PTRNCNI?® RN» LEVe TFs M2s M3)
81600 C
B1700 £ Flny THE GLUBAL INGREODLENGE (URPENDENCE)Y OF NOQDE N
818a0 50 NUM =
81900 CALL GLUdAL(N. iz 13s NRs FTRNs Koy LEV, 2 OUNTs NNDE, LAHEL
B2000 1 Fuks) ‘ ,
82100 C
82200 e CURRECT NRs PIRwne® AN R TU THEIR OrIGINAL vALUES
82300 WK(NUM) = 0
82400 DU 00 J = PTRN(wUMIs TX
825n0 60 RN(J) = U
82619 PIRN(NUM) = O
82700 RETJRN
B2800 ENG
R2900 c
83000 f = = ™ = = @ = = o o = = = = 2 @ % & @ & = 2 "« " % =28 =2 =-
83100 r
83200 SURROUTINE GLUBAL(Ns ~NNso TaIs Nke PTRN gnN»e _EVs KEYs KJyUNTs
833n0 1 NJDEs LagELe FURM)
83400 o
83500 n THFSE 4RKAYS ARE H14ENSIONED IN THE mMALy PRNGRAM
83600 INTEGER INIs» WOph(l)s Ne(lys FIRN(L)s Ryelys LEVCL)
83700 Rta LA4ELCL)
83800 LUGICAL FiRM
83900 C
84000 o GLOg» HIT ANp STACK ARE yARIAGLES wHInH nu NJT ApPEAR
84100 I I THE MAIN prQgRAM AvD Art OIHMENSTONEU yFRE
84200 TNTLGER GLOB(LO0Uy» HIT(5JU)» STACK(2022,
B4300 r
844n0 c Nk AaND FIRN ARE Buls UESTRUYEU IN TrE RgTIsk
84500 c SU u pUpLICATE GF ®x IS prubyLby HERE
B460n0 INTEGER NNR(S54)
84700 DU 10 I = 1s nN
84800 10 WNR(I) = NR(I:
84900 C
85000 C INTTIALICE GLuBs hifs AND STALK
85100 pu 26 1 = 1, 1000
85200 20 GLasCI) = 0
85300 DU 30 I = 1» AN
85400 30 KRIT(IJ = 0
855090 nu 40 1 = 1s 290
85600 STACKC(I»1) = U



R5700
85800
85900
86000
86100
86200
86300
86400
865010
B6600
86700
86800
R6900
R7000
87100
87200
B7300
87400
B7500
87600
B?7700
87800
87901
88000
88100
88200
88390
88400
88500
88ANY
8g700
88800
8R900
890n0
89100
89200
893n0
89400
89500
896n0)
89700
B98DGC
83900

90000 -
90100

90200
90300
90400
80500
90600
90700
90800
90900
91000
91100
91200
91300
91490
91590
91600
91700
91800

DO

DO

DO

jo Ne )

o Re]

DD
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40 STACK(I»2) = ¢

50

el

70

30

90

100

110

REGIN PRUCESSiNGg THE BRANCHES Up THE NETwORk IN PREORDER
Moo= 1

L =0

REx[ND 2

KutlyT = U

INSERT THE RUUT NUUE INTO THE UUTPUT LlgTe
UNLESS 1 IS IMAGINERY

IF(<EYebUWal) CALL LIST(ivs L» STACKs LEV, NNR(N)» NODF,N)»
1 LASEL{N): FURM)

TF(AEYeENLT) KOyNT = 1

GLOA(MY = W

L =L + 1

STACK(Ls1) =

MK(y) = NRON) = 1
STAGK(ILsZ) = 4R(N)
M =M+ 1

J = Kanlpligndind)

PEZy(N)Y = BTRa(w) + 1

[F¢ RIT(ureNECD ) 60 T71 79

HIT(U) = 1

N o= J

CALL LIS5!(N, L, STAGK, LEvs NWR(N), Nougen), LABFLIN)» g0ORH)
Kutr o7 = KOJunT + 1

«U 7G 20

GLNs(My = *J '
CALL LISTOGLUOS () e STAQR, LEVe NNR(J). Mgt {J)s LABE{(J)s FORwW)
KULUYT = KUUNT + 1

TFCLeEWaU) GO Tu LUy

TF(STACKLL»2) ,Euef) GU TU YO

N = STACK(L»1)

GU 10 5HU

L =L =1

GU 10 %49

CURRECT THE vaLuytS JF Ni ang PigN
PIR4(L1) =1

MROL) = wWNr(l)

NU 119 I = 29 Nn

NKCj) = NHNRCL)

pTRv(I) = PTHN(I - 1) + Nnyk(] ™ 1)
END FILE 2 :

RETJRN

FAD

SUSOUTINE LIST(N, Ls STACK, LEV. NNR, ynDE, LAZFL, FURY)

STAck AwD LEv ARE DIMENSIygNED 1w THE CALLINg PROGRAM
INTEGER STACK(20»2), LEV(I)

Llng Is THE vaRIABLE WHICH CUNTAINS A LINE gF OyUTPUT

REA[ LINE(234)s MINjS» LAgEL

DATa BLANKs CuLuNs JOTs HMInUSs ASTER/IH 1HisIH. s 1H=,1H*/
LUGICAL FURM

INITILIZE THE LINE TU ALL sLANKS
DU 1C 1 = 1» 234



91900
92000
92100
92200
92300
92400
92500
926n0
32700
928n1)
§2900
93090
93190
93200
93300
934n0
93500
9360
93700
93800
93900
94000
94109
94200
94300
94400
94500
94600
94700
94810
94900
95000
95100
95200
95300
25400
95500
95600
95700
95800
95900
96000
36100
96200

96300

96400
96500
96600
96700
96800
96900
9700v
97100
97200
97300
97409
97500
97600
97700
97800
97900
98000

DO

D

D

DOD

e ReRe]

20

25

30

35

40

50
60

70
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LINLCI) = BLARK
IFCLeEQaU) GU Ty 25

PUT CULIUNS BELNW ALy "FATHERS" UF TwE
DU 20 1 = 1»s L
J = LEV(STAGCK(I,1))

Niynk

TFOSTAGKUIP2)eEuwsa( «ANDe [oNEeL) 40 TO 20

LINEC(Ly*d + 4) = CULON
CUNTINJE

PUT fQu!s FRUM THE LAST COLUN U THE NO

LN = LEv(IABS(wN))
Il = 19%d + 5
12 = LO*LN + 3

IF(LNGEJeD) GJ TU 33
N 30 I = [1» 12
LisngCl) = ulGr

HREAk ThE ExTERwAL vUMsER OF trtk NODE
N109 = JAHS(NUIEI/Z100

N1 = JARS(NUYDE)/Z10 = 1u*yl0D

N1 = JTASSONUODEDY = 1u*N1u = 10U*n100
IFCilefws) Ni=10

[t (410U, NELU) Gu Tu 4o

IFCylUe ko) wu T 20

G0 [0 69

CALL MUMSER(LIVE(IZ=1)eoN10U)
IFCWI0eEW.0) 1 = 10

CALL WudoFR(LINE(IZ)en1U)

CALL NuUHSER(LINEC(TIZ+1)enN1)

ENTER A NESATLvE SLaN IF THE NUDE HAS

IFCyelToU aAnye NIUUWNESY ediyUe NIOGNEeny LINE(IZ2=2)
«0) LINEC(I2=1)
II;(qILTOU IANUQ NIUK)DEUIO 'AIJU' NI{J.EQ'O) LIVE(I?)

TFCOyelTelU eAddDe NIUJLEQeD «ANUe NICJNE
IF(~J-LT.U s Aily e NNKeNESQ) LINt(lz*?) =

PUT THE LASEL JIr TATLE GF THE NUDE IM
J#(eNuTe FUORM) CALL wWURU(CLABEL? LINES
IF(FORM) CALL ~uRDICLIME» I2» ABS(N))

wRTTE THE LINe uN THE DISK
aRITECZ2270) LINE

Fluw4AT(1rH »23441)

RET JRuw

FNG

SUN~UUTINE WMgER(LINEL » UMK

Tul, <JulINE 1S USt, Ti ENTER IHE PROPER DIGIT IN THF

PrROPER SPACE 1IN THE LIWE
REAL LiNE]snwdnE

DE

Igtn pIGITS ANN ENTER
THE @ T4 THE ApPRUPKIATE SpPACES IN THF LInE

BEFM PRINTED REFURE

AgTER

Tyr LINE
I2)

4INUS
4INUS

MINUS

NATA IVEsTals I HALEs pOU s FIVE s SL {0 SEYENSETGHT o NINE» NOIJGHT/

NI, NN, NN, My, T, MR, RGN, NgN, N
GU TOC1s2r30d459s6s7sBs 7210) NUMY

LINEI = UNE

RET RN

LIngl = twd

RETyRN

"y



98100
98200

98300

98400
985n0
98600
98700
98800
98900
9%0n0
99100
99200
99300
99400
995n1)
99600
99700
99890
99900
00000
00190
00200
00300
00400
00590
00600
00700
00800
00900
0to0nq
01100
012n0
01300
01400
01500
01600
0170u

01800 -

01900
02000
021900
02200
02300
02400
02500
02600
02700
02800
02900
03000
03100
03200
03300
03400
03500
03600
03700
03800
03900
04000
04100
04200

S e Ie ]

e Xe}

DD

el

100
119

LINET =
REL RN

LINEI =
RETuURN

LINED =
KETURHN

LIngI =
RETURN

LINET =
RtT.JR"

LIngI =
RETURN

lLINg] =
RET RN

LINEL =
PET RN

ENU
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ITHREE

FOUR
FIVE
SIX
SEVEN
ETGHT
NINE

NEVIGH T

SUYOUTINE sunn(LABEL, LIk, 12)

ALL ARRAYS ARE InbNSIONED IW ITHE CALLINR PRUGRAM
REAL LagkLs LINE(LD)

SET THE
14 = 12
19 = 12

CUNVERT

CidluMas In «HIEH THE LAgEL IS
+ 4
+ 3

Tt LAREL FxROM A wlRD T SIX

WRLTE(Z22100) L&BEL

BACKSPACE 2

REAH(Zr110) (LINE(L)sI=14,1Y)
HACKSPACEL 2

FURSGAT(AG)
FURA4AT(6AL1)

P\hT(JRV
Fnid

SURROUTINE wusLC(LLNEs 125 N)

Tn

KE PRINTED

/

CHARACTERS

ALL ARRAYS ARE pMENSTONED N THE CALLING PRayRAM
KEAL TITLECIOs300)s LIME(CL)
CUw0ON TITLE

St T THE
14 = 12
MR 12

6

CUNYERT

WRLITE(2S

CuL.UMwnS IN yhichH THE TITLE IS
+ 4

+ 63

FRUM adrUS TU CHARACTENRS
Loy (TITLECIsN)s[=1»10)

NECKSPACE ¢
REA,(2,110) (LInkCLl)sIl=14,1X)
BACKSFACE 2

FUKqAT{1UAS)
FURAAT(60AL)

RET RN
EnND

1n

g€ PRINTED



04300
04400
04500
04600
04700
048900
04900
05000
05100
05200
053n0
05400
- 05500
05600
05700
05800
05900
06000
06100
06200
06300
06400
06500
06600
06700
068006
06900
07000
07100
07200
07200
07400
07500
07609
07700
07800
07900
08000
081nn
08200
08300
08400
08500
08600
087n0
0RBOO
08900
09000
09100
09200
093n0
09400
09500
09600
09700
098n0
09900
10000
10100
10200
10300
10400

(9 R M

O

e Nel

e

1o

12
16
20
3n

40

60

70
80

990
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SUBRCUTINE QUTPUT(MARK? KJUTs N» KOUNT» TSIRTs AL PHA1s ALPHAZ»
1 ALPHA3» ALPHA4» LENGTH, FQRM)

REAL LINEC39)s aLPHals ALPHAR» ALPHA3» A[PHAY

LUGLCAL 1SORT, FURM

SET THE LIMItS fFUR THE wIQlHA UF OuTpyurT

11 = 0

12 = LENGTH = 1
13 = 1

NL = 12

NW o= 22

it

ITF(KQUT oFE4ws 6) NL
TF(KOUT sEue 0) Nu
14 = N4

IX = 13

1IFCFURM) 11X = 67
NPz b (10*%([2) + IXV/(6*nN)
TFCF WFWe 1) Gy T S

0
-~
v e

KESET iwk wlufn LIMITS FOR A PARTIONED (TPPYT

12 = NL

J = 1

11 = J1 * g
12 = 12 + JwyL
19 = 3 + Jd¥*an
[4 = [d + grNg
HEGIN T4E Julpyr
FEw[ND &

whilTE THE PRJFER PAuE HEADING
IF(TSUAT) GU 0 12
WRLITE(KQUTs 700)

U 10 146

WRITF(RIUT» 990y ALPHALs ALPHAZ» ALPHA3, ALPHAM4
GU 0 (2us 30 4Us 90) MARK
WRIFECKJUT» 1360 N

G0 60

WRITE(KOQUT» 140} N

VR A :
rRITE(RQUT s 1ucd)

6u IC 50

WRLITE(KJUT 1030,

G 10 7N

ARITE Tut SEcuwy AWy TuIRp LINES OF THE pAGE HEADING
4RI(E(WuUT21040)

U 10 by

wRITE(KJUTs1001)

SRLTECKJUT2109D) (1s]=11s]2)

REA ;) 14 A LInE gF UgTPuT Frud THE ISk anD prIAT IT nuT
REA (22 1070) (LINECI)»I=1.14)

SRITECKJUT»10901%

WRITE(KUJUT» 1040y (LINECI)»I=T4014)

DECKREMLNT THE TilalL NUMgER OF LINES ANJU nHECK
KUUNT = KgunT = 1
TFCAQUNTeGTL0) . 0U 1 90
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10500 c CHECK FOR MURE pPAGES

10600 J = Jd + 1

10700 MNP = NP ™ 1

10800 THCGRD) 1Uu0s dyns 2

10900 C

11009 100 RETRN

11100 c

11200 980 FURAAT(1HL MmU~SjRTLDM) :

11300 990 FUR4AT(1HI nSURTEH FIRST wmy m» 2A6s nANp THEN By M"s 246)
11400 1000 FURAAT{IHO»"GLUBAL INGREOIENCE UF NGRE™,13)

11500 1010 FURJAT(IHO,mGLOBAL QEPENDENCE UF NOpDE™a1R)

11600 1120 FUR4AT(LIHQ»"GLOBAL INGREDIENCE UF COMPLETE NETWORKM™)
11700 IN30 FURAAT(IHO»"GLUGAL DEPENDENCE UF COMPLETF NETwURKk™)
11800 1040 FUIMAT(IHO»"EXTHE AL LEVEL FROM YUTPyT")

11900 1050 FURAAT(LIHO»MEATREME LEVEL FRIOM INPUTM™)Y

12000 1060 FURAAT(LIHOs T4 JD(nXeT2)/)

12100 1070 FUR4AT{3YA6)

12200 1N80 FURMAT(1H+»39a6)

12300 1090 FURJAT(SH )

12400 END

12500 C

12600 P oI A R e e R
12704 C

12800 SUQ(OUTINE Dﬁ]UUl(NN' TnIs Nopks INTs LARFLs NI
12900 1 PTINs Iws NUs PTDNs ON, ILe ULe TF)
13000 C )

13100 ¢ ALL OF THE AR=ayS ARE NIMERSIUNED In THE MALNY PRNGAM EXcEPTIAASH
13200 INTEGER THIs wNJubk(lye IaT(l)e NICLI)» PTINCLys INCLl)s nNiD(1)s
13300 1 PTONCE), ONCTDe TLC1)e OLCLYs Teel)

13400 REAL LaBELCL)s TITLECLOP50U)» DASK(22)

13500 CUMa0N TLITLE

13600 NATA JASH(Ll)/bym=====/

13700 Nl j0 Jd = 25 22

13800 19 NASH(J) = DASH(YI

13990 C

14000 c wRITE THbE PAGE HEADING

14100 1 =0

14200 20 WKITE(1,1000) DAaSH

14300 o

14400 c InNC<Edt gl THE NyUE aND wRITE OUT A LINE nF paTA
14500 30 T =1 + 1

14600 IFCfeGToaNN) ReTgRN

14700 Moo= IuT(L)

148900 WHITECLI21010) I LABEL(N) s (TLILECJdaNI 2 J=181D)
14900 1 Ly ULOw)s TE(N)

15000 C

15100 C Flivy THE NUMgER UF INGRENDIENTS ANp DEPENPEATS

15200 K = NI(y)

15310 L = NUu(w?

15400 £

15590 ¢ NETERMINE THE NyMiubs GF LINES REQUIRED

15600 KL = (K+3)/4

15700 LL = (L+3)/4

15800 TFC(KL st aldatgRe CLLoGT1)) Wy Ty 50

15900 c

16000 G Dby UNE LINE REWYULIRED

16100 IF(KkeEGU) GO TU 35

16200 K1 = PTIN(N)

16300 K = ki + K =

16400 WKITEC(1s4020) (NUDECINCG))su=KlsK2)

16500 35 JF(LeEW.U) QU Tu 3V

16600 Ll = PTON(H)



16700
16800
16900
17000
17100
17200
17300
17400
175n0
17600
17700
17800
17900
18000
18100
18200
183n0
184900
18530
18600
18700
18800
18900
19000
19100
19200
19300
19400
19500
19600
19700
19800
19900
20000
20100
20200
20300
20400
20500
20600
20700
20800
20900
21000
21100
21200
21300
21400
21500
21600
21700
21800
21900
22000

22100
22200

22300
22400
22500
22600

50
60
70
RO

90
100

1290

)

130

e el

140

[ el

1000

1010
1020
11730
10490

OO
]
L]

Oy

101
102
103
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Lg = L1 + L = 1

WRTTEC1,1030) (NUDECDNCJY)»y=L1sL2)
GU 10 30

MURE THaN ONE LINE REQUIREDs HMRJCESS ONE LINE AT A TIME
M oz 0

Kl = BTINCN) ¢ g4*pM

IFCabl=1) 100s Bos 10

KZ = K1 + 3

GU 19 92

K = PTIN{AR) + n = 1

wRITE THE IRGREQIENTS

WRITEC1,1020) (AUDECINCGU))PJ=K1sK2)
Ll = pTunN(nN) + a*y

IFCLL=1) 140 120, 110

L2 = 1 + 3

GU 10 13U

L2 = PTDNCHNY + L " 1

WKLTE THE DEPENpERTS

le‘[E(l.lOii)) (NUDE(DNCU) ) pdsll L 2)

CHECK ' SEE IF MOreE LTNES ARt wEQUIRED
TF((KLebLbslyoanpe(LlLebLEely) GU TO 30

INCKEMENT THE COUNTERS
M= M + 1

KL = KL = 1

Ll = LL = 1
ARLTEC(L1»1940)

0 10 69

FURAAT(LHLe™DATA JATAMS 7118 wINPUT UyTPUT TOTAL"s/
NG LAaBEL™e 19Xs MUATA DESCRTPTI.INTS
/8, "IVhHEUIEN!S"' 9Xs "DEPENNENTST, 7X»
"LEVEL LEveEL FLUAT™s/ 22A6)

FOR4ATU1H 213y 3Xs abhs 3%s LDAGs 41y 2('[2' 4%X)s I2)

FURAAT(1H+» (20Xs 414)

FURAAT(1H+» Y5%x, 4d14)

FORAAT(1IH 2

END

SUROUTINE ERAUR(N)
GU 70 (1 25 3) N

WKTITE(Hs101)
STOr

WKITE(H6r102)
sTNp

WRITF(65103)
STNe

FURGAT(LlH »mPROGRAM STUPPEU=="LWNCORRECT TNPT™)

FURAGATCLIH s"PROGRAN STHPPED===NQ STARTIwng NOuE IN NETWORK™)
FURMATCLH s"PKOGRAM STUFPED===wbTwirK CAnTATINS A LOOP™)

RET RN

END
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Chapter Three
OUTLINE PROGRAM

3.1 Algorithm

The purpose of the algorithm is to map the information network
onto the network of arguments. The argument network represents the outline
or table of contents of the spegification and its hierarchial structure is
basically unrelated to that of the information network. Only a portion of
the nodes in the information network are used in the algorithm and they are
known as provisions. They are generally at or near the output level of the
information network. The outlining algorithm does not account for any
logical relations between the provisions. The user specifies the provisions,
a set of arguments associated with each provision, and the hierarchical
structure of the arguments.

There are two principal concepts governing the alqgorithm. First,
the user specifies the order in which the argument trees w111vbe expressed
in the outline. Second, the a]gorithm is provision directed. That is,
when there are provisions related to an argument and not yet outlined
because they are also related to other arguments, additional argument
trees are appended to the network of arguments to allow entry of these
provisions. Broadly, the flow of the algorithm can be represented in the
following steps:

1. Obtain the next heading from the argument tree.
2. Determine if any provisions arerelated to the argument. If so,

determine if they may be entered into the outline. (They may



-87-

if all of the other arguments associated with them have alr'. dy
.appeared in the current portion of the argument network).

3. If there are provisions that may not yet be entered, and if the
tree containing the argument associated first with the provision
is the primary tree, then append other trees of arguments so that
those arguments that are required will become avajlable. Go to 1.

4. If there are no provisions associated with the argument determine
if the tree to which the argument being considered belongs is .
the primary tree. If not, suppress the heading. Go to 1.

More detail about the algorithm is shown in the logic diagrams for

subroutines OUTLN and ADVANC in the next section.

3.2 Logic Diagrams

The following diagrams describe the structure of the program and

the major subroutines.
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Determine -the output unit (MAIN)
:1 \
Obtain the data file name (MAIN)

MM
N

Read old data from disk
(OLDATA)

modify 4<£>

—y

Read new data from
terminal (INPUT

Complete the argument and provision

data by building the arrays ROOT, SON,
BROTH, PAP, NAA, LAA, and NAP (APPROV)
\

[Build the outline data (OUTLN)]

e e e e e o e o e e = Ty} et - L e - e S - T e S e e -

[Request an operating command]

S
m
O, @ @

Figure 3.1 Block Diagram for the Qutline Program

. INPUT
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[MAIN PROGRAM |

i 1
I ] '
[naTia] | [aweuT] [ouTLy]
[ERROR ] [ARPROV ]

PARSE
SUBPROGRAM

| [INIOUT|  [ADVANC]

NOTES:

1. PARSE contains several function and subroutines, including
PARSE, WDINIT, SCAN, SETOUT, RDLINE, END, MATCH, STRING, and
FIXED.

2. INPUT and MAIN jnclude the file PARCOM, used for the common
declarations needed for PARSE.

Figure 3.2 Subroutine Linkage, (OUTLINE)



-90-'

Initialize the variables

Advance on the tree. Execute
the decision table in figure 3.3
for the particular set of
conditions

Determine if there are provisions to
be entered with the current argument

no ,1\ yes

N
|
Is the argument on Qutline the provisions that are
its primary tree associated with this argument only
no
yes ]
Qutline the provisions with
multiple arguments if all those
Determine if arguments have been outlined
the outline array in the current tree
be advanced
no \
. yes Check to see if any provisions
remain that require more arguments
Enter another before they can be outlined
1line 1in the :
outline no Ag;i\f yes
] N

)
append a new tree

of arguments

Figure 3.3  Subroutine OUTLN (OUTLINE)
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DECISION TABLE FOR OUTLINING ALGORITHM

—

-—

A1l provisions outlined

Initial root, 10 = 0

Initial =

- -r T1jco

| i} |

Argument has son

* | =~ | mjeo
o[~

¢ || mfo

Argument has brother

o | T~ —4 | o
<]

T -

Suppressed =

o || | —4 7| Tijon

Argqument is tree root

of o [ = | A | 1|

Argument at bottom stack

Additional argument tree

A ok o o H | H o *

.......................................

ol e |
¥ || |l ¢ || njo

b,
*

il || -

A
*

Exit from outlining

*

1.4 2 o bk ok N ke sl b e 8 e e e s ok
TERKEEREKKEXEXAEKRKEENKEENGXK

Put son in stack

Put brother in stack

Clear stack to parent

Remove argument from stack

Clear stack, get next tree root

Initial

n{n

Advance

sel < <

> <
><—ﬁ—<><

LT =10

10

LO

LO+1 (Incr. indent.)

<) o< <
> e —d <

11

L0 = L0-1 (Dec. indent.)

12

Exit from table

> > < g <<
><

>
>
>

13

Re-enter table

|| k] o] o H| H k| %] o] k| *| *

14

Outlining fajls provision w/o

Arg.

DERIVED DECISION NETWORK

Cl + + + RI

- - - -2+ 4+ +R2

S - - -3+ 444

Figure 3.4

- - --C5

Subroutine

- - - -R8
ADVANC (OUTLINE)

R5
R4

C9 + + + RIO
- - - - R
R9
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3.3 Data Structure

The figures on the following pages show the principal items of
data used in the program. A complete 1ist of all the data names is in the

glossary, section 3.4.
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ROOT. PARENT ~ SON _ BROTH_ NAP
1 1 1 N 1
2 2 2 2 2
™AL Al JTnal f mal Al
ARG
PAP _ LAP 12 ... 5
[ T 7 17 7
2 2 2
™AL |
TLAAL | TNAL ]

TNA is the total number of arguments
TLAA 1s the total number of associated arguments

For all of the 1ists that are TNS is length, the row number is the
argument number. The contents of the Tists are:

R00T - the argument at the root of the argument tree

PARENT - the parent of the argument

SON - the first son of the argument

BROTH - the next brother of the argument

4AP - the number of associated provisions

PAP - the row number in LAP where the first
associated provision is located

LAP - the Tist of associated provisions

ARG - the alphameric description of the argument

Figure 3.5 Argument Data (OUTLINE)
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PROV NAA PAA LAA PPOUT
12 ...5_ A 7 10 7 i 7 0]
1
2 2 2 2
2
mel | mel wel
P i ARl |

TNP is the total number of provisons
TLAA is the total number of associated arguments

For all of the 1sits that are TNP in length, the row number is the-
provision number. The contents of the lists are:

PROV - the alphameric description of the provision
NAA - the number of associated arguments
PAA - the row number in LAA where the first
associated argument is Tocated
LAA - the 1ist of associated arguments
PPOUT - the Tine number of the outline where
the provision is located

Figure 3.6 Provison Data (OUTLINE)



TLM

INDENT
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HEAD NPE ' PPE LPE
i 7 1 7 1 7 1r N
2 2 2 2
JTINL  J TLNL JTINL JTINPL

TLN is the total number of Tines (headings)
in the outline.

For all of the lists except LPE, the row number is the
Tine number. The contents are:

INDENT - the Tevel of dindentation
HEAD - the number of the argument used as a
heading

MPE - the number of provisions entered at this
heading

PPE - the row number in LPE where the first
provision for this 1ine is found

LPE - the 1ist of provisions entered in the outline

Figure 3.7 Outline Data (OUTLINE)
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Contents of the line Format
TNP TNA 212
PROV NUMA LA for prov. 1 bA6, 6I3

PROV NUMA LA for prov. 2

PROV NUMA LA for prov. TNP

ARG PARENT for arg. 1 5A6, I3

ARG PARENT for arg. 2

ARG PARENT for arg. TNA

NOTES:

1. NUMA is the number of associated arguments for
each provision (same as NAA).

2. LA is the 1ist of arguments associated with
the provision (five at most).

Figure 3.8 Permanent Data File (OUTLINE)
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NSSARY/NUTI TME (09/719/75)

100
200
nn
on
LY 3l
~00
700
ann
Gen
1000
1100
1200
1300
140
1tRnn
16nn
17600
1800
1900
2000
2100
oot
2300
2400
2500
2600
2ron
2800
o0
REVIANG
3100
3700
3300
3ang
3500
600
3700
I8N0
3900
aenn
4100
4200
4300
YR
4500
4ACO
4700
4En0
qon0
s5000
51n0
so0n
5300
5400
! V(-
5600
5700
5800
5900

.4 GLOSSARY

P FASE NNTE THAT THE NAMES AcSOCTATED WlTH pARSF ARE NPT In TRIS §187.

FFFER T THE GLODSSARIES Fuk NETKRGRK UR TAKIE FNr THETR DEFTNITIONS,

SYMEOL i DESCRIFTIUN

e e e T R N N R R W R R I R e N L L I X I

A : ARGUMENT NUMEER

Ap ; LNGICAL VARIAELF THAT IS FALSF IF THF ARGUMENT TI§ NPT
: ENTERED IN THE NUTLINE

ADVANG ; A SUBRLUTINE

LN ; ARGUMENT NUMKFFK

rkPROV ; A SUBRULUTINE

LR : ARRAY CONTAINING Tht DESCRIPTIVE TTTLE OF ThE ARGUMENTS

RL ; A BLANg SYMBOL 14 (HARACTFKS)

Bl ANK ; A BLANK SYMRUL (6 CHARACTERS)

PRPTH ; VECTNDR CUNTAINING THE FIRST WROTHFR OF EACH ARGUNFNT

13 ; NIIMBER 0OF THE DATA FILE

neT : THE DOT SYMBUL

Fhi TH : LOGICAL VAﬁlnkLFvustU FOR DETFCTING THE END GF PROVISTON
H UATA DfF ARGUMENT PATA IN THF INPUT ROUTINF

FFEAD : VECTOR CONTAINIMG ThE ARGUMENT NiuMpER FOR BEACH HFADTING
: IN TRE QUTLINE

TNE f NIMBER 0OF ARGUMFNTS TrHAT ARF NOT TM THE STACK

VFCTOR CUNTAINIMG Tht IMUENTATION NF FACH LINF TN THF
OLUTLINE

ITNPENT

LNglcAL VARIARLF THAT 1S FALSE IfF SUBROUTINE ADVANEC T®
HEING PROCESSE( A SECOND TIME wITWnUT RETURN

H

H
INTAUT H A SUBRLCUTINE

INTT :

H

INTTIA A SUBRLUTIME

TNPUT : A SURRGUTINE



6000
6100
6200
£300
6400
£ 00

20
6700
6RN0D
900
7000
7100
7200
7300
7400
7500
7600
77no
7800
7900
Aapno
R100
8200

R3INOD
RUNO

Renn
R&nn
R700
RBNO
RAn0
9Q00

0
9-,00
93nn
q4nQ
9500
9600
Q700
GRrO0
99nn
10060
o100
10200
10300
1¢cance
10800
10600
10700
10800
10900
116000
11100
11200
11300
11400
11500
11400
] a0
11800
11900
12000
12100

LAA

[ AP

LTRT

I N
Lo

LPF
uTgS
MonIfFy
HAA

MAPp

MPF

NppP
FR
NGT

Mo

Mur A
nEnAT
NLNATA
(R

NpnER

AUTCOM

nuTLM

e ae oo

ws ®e s we ss o

®e 4o s ws es Bm e S ma av ws

"% $e %e s e B 84 64 e S8 8% Se O A3 e as

@ 6 B ®a 0a BT e Se e Gs 9O me Be Ss oo wa 8e oo

es e ov ws e wa as
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GUMMY NAME FOR | AA

VECTOR CONTAINING Tht LIST OF
THE PRCVISIONS

VECTOR CONTAINIMG TheE LIST OF
THE ARGUMENTS

INDENTATION UF THE wmEALING

VECTOR CONTAINIMG THE LIST O
BE OUTLINED AT THIS HFADING

LINE NUMRER UF THE UUTLINE
INDENTATION LEVFL DOF THE NEXT

VECTOR CONTAINIMNG ThE LIST 0f

ARGIMFNTS ASSQOCTYATFD WTTH

PROVISINNS ASSOcTATEN wlTH

PRAVISINNS FLIGTRLE TN

HEARTNG

PROYTSION NUIMRERS IN Tw©

THE NREGER THEY APPEAR IN THE nuTLINE

THE NUMRER OF AM ASSUCIATED ARGUMFMT TRAT IS NOT IN THF

CURRENT ARGUHMENT NETwNRK

LOGICAL VARIARLF THAT IS TRUE
DATA ARE RETNG MADE

WHEN MNNIFICATINNS Tn THE

VECTOR CONTAINIMG THE NUNRER OF ARGUMENTS ASSNCTATFN

wWITH EACH PRUVISION

VECTOR CUONTAINIMNG THE NUMRER
ARGUMENT IS ASSNCIATEL WITH

NF PRPNVISIONS THAT FAQH

NUMBER 0OF PROUVISIONS ENTERED AT THF CURRENT HWFALING

VECTUR CONTAINIMG THE NUMREP QOF PROVISIOMS ENTEKED AT

LINE (PEADING)Y Np THE OUTLINE

NUMBER DF PRUVISIDONS REMAININGgG

Tn gE NUTLINED

ROLE NUMBEP IN THE DECISION TARLF FOR SUPROUTINE ApvA!cC

NUMBER (1 Tht STEP IN THE FLOw DTAGRAM FDOR SUR. DUTLN

VECTOR CONTAINIMG THE NUMRER NF ASSOCTATED ARGUMENTS

FOR EACH PPUVISTGp

NUMBER OF ASSHCTATED ARGUMENTS

LhgIcAL VARIAKLF THAT IS TRUE

A SURBRLUTINE

FOR nLN DATA

LNGICAL VARIAKLF ASSOCIATED WITH THE COMMAND NRNER

VECTOR CUONTAINMIMG THE ROUTS OF THF ARGUMENT TeFES TM

THE ORDER THEY ARF T0 KE USELDL

FILE CONTAINING THE GOMMON DECLARATIONS FDR THE PROGRAM

A SUBRLUTINE



L 192200 nuT?2 : A SUBRGUTINE -99-
12300 :
12400 P H PROVISION NUMBEP
12500 3
12600 PAA H VECTOR CONTAINIMG THE ROW NUMRER 0OF LAA WHERE THFE FTRST
12700 t ARGUMENT ASSUCIATED wITH EACH PROVISION IS STPRRED
1. n¢ , :
12900 FAP : VECTOR CONTAIKNIMG THRE KOw NUMBER NF LAP wWHERE THF FTRST
13000 H PROVISION EACH ARGUMEMT IS ASSOCTATED wWITH 7S STORED
13100 H
13200 PAGENT : VECTOR CONTAINIMG THE PARENT 0OF FACH ARGUMENT
13300 : :
13400 PN : PROVISION NUMRER
13%00 :
13600 POTNT H PHINTEFR TO THE PROVISION REING ENTFRED IN THE QUTLTNF
3700 :
%3300 FPF : VECTOR CONTAINMIMG THE KiOw MUMBER TN LPE WHERE THF FIRST
t3oenn 3 PROVISION fOR EACH LIME (HEADINGY 75 STURFO
14000 i
14100 ppauT : VECTOR CUNTAINIMG THF LINF MNUMRER wHERF FACH pROVISTA®
1u200 : 1S TO BE ENTEREP IM 1wk GUTLINF
14300 :
taano FRNPV : ARRAY DL TAININA THE PESCRIPTIVE TITLE 0OF THE PROVISTUMS
14500 : -
14600 eOnT H VECTOR CUNTAINING THE KGULT NF THF ARGUMENT TRFF FOR
14700 : EACH ARGUMENT
14800 H
14900 SN : VECTOR CONTAINIMG ThHE SON 0OF FACH AGUMENT
15000 :
15100 STACK : VECTOR CONTAINIMG A STACK OF ARGUMFNT NUMRERS THAT HAVE
15200 : PROVISJONS YET Ty #E CQUTLINER IN TWE CURRFANT TRFEF
17 o :
15,-00 Sppp : LOGICAL VARIAKLF THAT IS TRuUE IF TWE ARGUMENT IS8 NOT
18500 : ENTEREPR IN THE OuTLINE .
15600 H
15700 Ty oA : TOTAL MUMRER OF sSGCIATIUNS RFTWFFN ppOvISIONE AND
15600 : ARGUMENTS===THE LEMGTH UF LAA ANP | AP
15900 '
16000 TL : TNTAL MNUMRER OfF LINES IN THE puTyp INE
16100 : :
16200 TNA : TOTAL MUMBER OF ARGUMENTS
16300 ;
16400 ThNp H TATAL NUMBFR BOF PROVISIDENS
C16%00 :
16600 Y H SUBSCRIPT DF URDLR
16700 H
16800 YMA X : TATAL NMUMBER OfF ROUTS (MUMpRER OF TPEES OF ARGUMENTS)
16900 i
P 17006 7 H NUMBER OfF THE FTLE USED ¢0OR GUTPUT



-100-
IKFILE: QUTLINE (19/23/73)

10
20
30
40
50
A0
70 3.5 PRUGHAM L1STIng
80
30
100 % RFSEI fPHREE
200 FILE S5zl eCUmsUiITsREMUTESRECOR)=14
300 FILE 530yuTCiMsuUnNITSREMOTL s RECORD=14
490 FILE 1=0yTPUT2UNITzPRINIERS RECGRD=ZS
600 FILE 3s00TFILEYsUNIT=UYSKPACK,RECTRU=14,3LNCkTH=30,54VE=]
1000 & INCLUDg '"PARSE!
1100 FINCLUDE *CGuUTguHt
1200 C
1300 I THIs ik DIMENSIONS ALL THE ArRAYS sk In THE
16400 I PRI JRAM AND RSSIGHS THbm Ti cUMMON
15n0 I .
1600 ¢ INTLGER NAA(SU).FAA(SO,vLAA(QD).HggT(3U).PARENT(3U)'
1760 ¢ *SUNC30) s RGTHC30)I s WAP(30)»PAPL30) s L APCY8)Y e UQyERCIO)
1600 c CINPENTC30) e qCan(30)sNFECIQI»PPECIN), PEC30),PPOYT(30)
tono o *STALKCLG ) LISTCIU) s LACIU,g)»AC30),P(30),NUA(C3D)
2000 C
2100 o REAL PROV(3023)sARG(30r2)
200 c
2300 C LUGICAL ENLINSORU» LAITsSUPF2AUVSTILDAT»MANTE ys UNPACK
2400 C
2500 C CUMAONZINT/ZDFsPys TNPs TNAD TLAA» Aty XMAXs LN, NPRo LI O
2600 I FTLNGNAAS P AR LAAsKOUT o PARENT » SUNS BROTHaNAPIPAP
2700 c * AP OROER, INUENT »HE QDS NPE S PPESLPE o PPRUT,qTACKSLIST,
2800 o *xMIS3s INCOPNP»PUINT s Xe Ko LAs AP PsNUAS/
2900 o
3000 C CUMMUN/REAL/PRUYV?» AR s HLANK L UUT
3tno C CUMAUN/LUG/ZENLINS GR ) TNITaSUPFs ANy OLNAT, d ) [FY»NONPACK
3200 ¢
33p0 o Enn OF guTCcoH
3400 SINCLUDE tPARCUM!
3500 r
3600 C
3700 C THls FILE LISTS Tk DECLARATIUNS FUOR USE UF THRE TINPUT SCANNER
3800 o
3900 ' LUGICAL binDs fFlxtie MATCHs STRINGs NEXT
4000 c CUMAON/SCANER/ ENTLTY(Z20), MOUEs VALUF* MCHAR» NWD» NEXT
4100 o EQUIVALENCE (IVALUESVALUE)
5000 c
5100 C END NF PARCUM
5110 C
5120 o DELETE THE ECHO PRINT 0F THE SCANMNER
5130 DATa PRIZMUFFn/
5140 o
5150 o SET THE LEwuTH oOF A LINE gf INPUT EqQuAbl T 72 SPACES
5160 ¢ AND THE NUMBEK ub HLANKS REWUIRED Tg sigunlty THE END
5170 £ OF & RECURD Egyab 1 1o
5180 CALL WUINIT(LUs»72sPRI)
5200 C '
5205 ¢ REA,) THE OUTPUT UNLT [H

5210 2 = 6



=101~

5215 WRITECZ»100Y)

5220 CALL PARSECENIITY,»MyilE s vVALUESNCHAR)
5225 IFCAATCHI"P" 2 1)) 2 = 1

5230 CALL SETUUT(Z)

5235 NEXT= (TKUE.

5300 ¢ REAy THE ODATA FILD ~AME IW

5400 1 =0

5500 10 WRITE(S,1200)

5510 CALL SCANCENTLTyrMUuEsvALULsNCHAR)
5520 IFCAATCHUTYES™» 30 ) CALL w)INIICL0.72,"0N ")
5522 ¢ .

5524 ¢ INL{TALIZE THe AKRAYS

5526 30 CALL INTIHIA

5530 4n wRLTE(H»1000)

5540 CALL. RuoLINE

5580 ENTITY(aND+1)=6re

5560 CLUSE (3J

5570 CHANGE (3o TITLE=ENTLIY)

558Q nkE=3

6700 c

6800 C CHECK FuR ExISTING JATAFILE

69n0 1 =0

7000 INGJIRE(3sRESIDENT=INPACK)

7050 IFC.NUT. UNPACK) GU TU S0

7190 e

7150 o EXIgTIng FILEs (UUBLE CHECK THE NAME
7200 WRITE(n»1010)

7250 CALL RiLliE

7300 TFCHATCHO"YES"» 3)) 40 TU 43

7600 GU TGO 490

7700 C

7800 Q REA, NEg DATA I FrdM TwE TERMLINAL
7900 50 CALL InpUuT

8000 GU Ta 7D

8100 C

8200 r REA) THE ULD PATA FrOM THE DAIAFILE
8340 63 CALL ULUATA

8400 c

8500 ¢ CHEGK TU SEE IfF MODIFICATLUNS TU THE nATA ARE DESIRED
28600 WRITEC(6S1020) :
8700 CALL RDLINE

8800 IFC NUT MATCHCYESS3)) G Tn 100
8810 MUDIFYS, IRUE.,

8900 65 CALL InpPUT

9000 70 CALL ARPROV

9100 CALL dJuTln

9200 o PRINT QUT THE JUTLINE

9300 o caLL Cull

9350 CALL UuTZé

9400 100 wRITE(H»1030)

9500 " CALL RULINE

9600 110 IF(END(XIY GO Tu 10

9700 IF(AATOHOTNEXT™3)) 60 10 1y

9800 IF(qATCHLN"STUP",3)) STOP

9900 IF(4ATCHC"ORDER®»3); G T 1%V
9910 WRITE(6s1100)

10000 1=1 +1

10100 IF([eEQ,10) Caby ERRORCL)

10200 GU (0 10v

10240 150 CALL INIFIA

10270 CALL ULJATA

10300 NKD=eTRUE .



10400
10500
10600
10650
10660
10700
107590
10800
10900
10910
10920
11000
11100
11200
11300
11400
11500
116n0
11700
11800
11900
12000
12100
12200
12300
12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
138n0
13810
13820
13830
13900
14000
14100
14200
14300
14400
14410
14420
14500
14600
14700
14800
14900
15000
15100
15200
15300
15310
15320

1000
1005
1

1019

*
1020
1030
1100
1200

SINCLU

19

40

50

s N Ne]
1
]

CERUG
CEruUG
o

C

¢ THI
¢ 0 A
C AU
e

%

%

INCL

INCLUOE
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GO N 65
FURMAT(IH »monNTER IRE NDATA FILE
FURJAT(LIH » MEYTER p FUR QuTpul CON T
Zy " OTHERwASE Twbt OUTPUT wILL BE
FURAAT(LH »mDATL Flok ¥1TH THIS NAMFE
"Dy YNUWANT 19 USE IT?2%"s/)
FURSATCLH o"™pu yUU «ANT T9 mNulry T
FURAAT(1H
FURWATC" InNFUT ERRUR RE=ENTER DOy
FURMATC" DO Yoy WANT THRE pRINTUUT Of
END

-

SUAIDUTINE IN[TIA
b rQuTcuM!

nu 40 I1=1,30
GU 10 Jy=le>
ARSI e J)=RLANK
PrROy(Tedd=8 #iyK
NAA(IY=D
PAA(I):U
RUNT(IJ=U
PARCNT(I)=0
SUN(I)=Y
bRATH(])=D
NAP(T)=)
PAP(TI)=n
THOENT (T )=V
wEay(Il=v
MPE(TI)=D
PPE(I)=
LPECTIY=0
PPRyT(I)=

DU -0 I=lslo
STALK(IY=0
LIST(li=v
NDkNzeFALSE .
ENLINS FALSE
AUnIFY= FALSE.
Twaz(

TNP=Q

RET RN

Fiviy

- ® & m W™ = m m M W wm ® wm w @ ™ = w

SURGOUTINE Inpyr
MUuNjTUR(L U<J'P’PN-T4P-anl.vﬂuv’11
HUNLTURCL) ORNDER2 xXMAX

THE PROVISIUNS 4l
JR ARGUMENTS wITH
NAAs ANI) NAP

S SyRrUylINE REaUs
RGU4ENTS» THE LIST
.US THE VECTUYRS LAAs

*OYTCOM?
RParCGM?
IF (OROD) 60
TECGNUTMODI: vy
JU 6 K=1»TNF

UDE

1o 110
Yy 69 109

NAME®)

KE aQn=STTE opINTEge",
N Tur READTE TERMINAL™Y
EXIgTS, "

£ EXYSTTJG NDATAZ®)

PMENTER A PROGRAM CUMMANDM™)

A NEw LINE®™)
THE IapuyT™)

- ™ L = e W o ® o

LAsNUALENLIN?AN

Th THEIR ASSNCIATE
THETR pPARENTS ANYp



15330
15340
15350
15400
15500
15600
158700
15800
15900
16000
16100
16200
16300
16400
16500
16600
16700
16800
16900
17000
17100
17200
17300
17400
17510
17700
17800
17900
18000
18050
18060
18065
18070
180890
18100
18200
18300
184p0
18500
18600
18700
18800
18900
19000
19100
19300
19400
19500
19600
18700
19800
19900
20100
280300
20410
20420
20425
20430
20500
20600
20700
20900

(e e Re)

o e Nel

[w Ne N

OO O

é

8
9
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P{K)}=K
DI » K12 TNA
ACK)sK
WRITE(6»1000)
=9

REGIN SCANNING FYs [NPUT

10
15

CALL. PARSE(ENTTITYsMJIDEs VALUES NCHAR)
IFCAATCHO"PRUOYIS™»3)) GO Ty 2V
IFCHATCHC"END"»3)) 30 TG 100
[F(JAATCH(®ARGUME™,3)) 60 TO 6V
[FCAATCHUMORDER™»3)) 61 TQ 1tu

IMPRUPCK IwPUT JATA

WRITE(G6921100)

CALL RDLINE

KK+l

IF(AR.59.,10) CALL ERRORCLD
GU [0 1o

HERE wi HAyk TwE [1ST JF PROVISIUNS AND ASSACLATED ARG

20

27
28

WRITE(Bs1060)
PN= CUUNIER NF PROVISIONS

PN=y
K=10

CALL RDLINE
THCLNOTSFIXEDCX)) G TN 28
PN=pN+]

IF(40DIFY) pPr=sIVALUE
P(PN)=IVALUE
THPzMAXOC(TNPap(PN))
IFCSTRINGOX)) GO FU 39
1FCFIXEDUXY) G T4 40
TFCENDCXD) GO Tu 5S¢0
IF(ENLIN) GUTD 29

IMPRUPER INFUT UATA

29

WRITE(G6»1100)

CALL ROLINE

K=K+ .
IF(KkeEQ,10) CALL ERRORCL)
GU TO 26

CUNTINUE

NEw LINE

GU 10 15

READ T[TLE UF PRUVISIuUN

30

31
32
35

4Q

I1: COUNTEK [F ASSUCIATEU ARGUMENTg OF pPROVISION
I1=y
NwD1={NCHAR+5,/76
NWO1=MINO(NWDL15)
1FC,NOT.MODITY) G0N TO 32
DU 31 J=1le5
PROy(P(PN)»dl=sHLANK
DU 35 g=1sNwD1
PROV(P(PN)s G =EnTIiY(J)
GG 0 27
I1=11+1



21100
21200
21300
21400
21500
21600
21700
21800
21900
22000
22010
22100
22200
223n0
22310
22315
22320
22325
22330
22400
22600
22700
22800
22900
23000
23100
23110
23115
23120
23200
23300
23400
23500
23600
23700

23800
23900

24000
24100
24200
24300
24400
24500
24600
24700
24800
24900
25000
25100
25200
25300
25400
25500
25510
25600
25700
25890
25900
26000
26100
26200
26300

ITOY OO DD

] " =104~
LAC(PR(PN)sII)=IVALUL
NUA(F(PWI)=II
ENLIN=.FALSE,
GU T 27
SO ENLIN=0 TRUE!
GU 10 26

AN COUNIER OF ARGUMENTS
60 WRITE(6s1070)
' A=
K=
CALL RDLINE
ENLIN=«FALSE,
65 IFCNOUTLFIXFEU(X)) G TO 99
AN=al+]
ACA I=]VALUL
IFCA0UIFY) AN=IVALUg
IFCoNOTeSTRINV3(%x)) a0 TO 40
NaD L =(NCHAR®S) /6
NAD =MINO(SensnL)

IF(«NUT.MUDIFY) GO 100 60
pu 6f J=1s5

67 AKG(ACANDJ)=BL ANK

6R DU 720 J=slshnwD]

70 ARG(ACAND»J)=ENTITY(J)

BO TFCNUTSFIXED(X)) GJ TH 99
PARENT(ACAN) /=] yALUE
ENL[N=.FALSE.,

90 JF(END(XD) Gy Tu 9>

ENLIN, = NHEN THE ENTITY IS NUT STRINGPINTEGER» OR END
OF LINEs ENLIN IS ustD TO SFECIFY TRAT THIS
IS A NEA LINE IF ITS VALUE IS TRUE, BUTs» TF
ITS vALUE IS FALSEs I[HERE IS AN ERROK.

IFCENLIND GO 1O 100
ART{E(621100)
CALL RDLINE
K=K+
GU 10 60
NEw LI E
100 TWNAzAN
GU 10 {0
95 FNL[N=+THRUE.
GU 10 %s
110 I=0
ARKTTE(6.1080)
K=0
120 IFC NOTWFIXED(Xx)) 6sg TO 130
IERES
ORNERCIISIVALUE
ENLIN=0FALS£'
6N TU 10
130 IF(.NUTLEND(X)) GN TO 140
ENLLINSTRUE.



26400
26500
26600
26700
26800
26900
27000
27100
27200
27300
27310
27320
27330
27400
27500
27600
27700
27800
27900
25000
28100
2820N0
28300
28400
26100
29200
29300
294900
29500
29600
29700
29710
29715
29720
29730
29740
29800
29900
30000
30100
30200
30300
30400
30500
30510
30610
30620
31010
31070
31110
31310
31410
31600

2 rd
31700

31800
31900
32000
32100
32200
32300
32400
32500

el

DTOND

-105-

GU fC 120
140 IFC(ENLIN) U 1D 15U
WRITE(6,1100)
CALL ROLINE
K=K+l
IF(KkeEWa10) CaLL ERR0RCL)D
GU 7O 19
150 xMAx=I
WU 70 1o
160 IFC(,NOT,0RD) 30 T4 165
ORD=eFALSE o
RETGRN
165 RE~IND DF
wRITECDF=11040) TNPsTNA
oo 170 IF1TNP
Nl=p(I)
NUMASNUACNT)
MPT=NTI+1
170 wRIGE(OF=NPI,1IgU0)INT, (PROY(NI»d) o d=1,5) ,NUMALCLA(NI,TI),II=1,NUMA:
N 180 I=1eInNA
NI=4(T)
NAaTl=A(I)*+31
180 WRI[E(pF= NAT»1050)IN[»CARG(NIsU)rJ=155) 20 aRENTCNT)
END FILE DF
LIOcK OF
1000 FOURAAT(™ BEGLN INPUT INSTRUCTILIUNS."
*" o NTER THE #0RU &0 WHEN FINLISHED.™)
1100 FURMAT(™ INPUIT ERRUK === RE=ENIER ON A NFw LINE®™)
1040 FURAAT(IH 21<&)
1050 FUR~AT(LH »12,506,613)
1060 FOR-SAT(™ ENTE®R ¢HE LIST QgF PRUVISIONS AnNn ASSOCIATED ARGUMENTS™.
/2" ONE LINE FOR EACH PKOVISIUNT)
1070 FURJAT(™ EnTtg THE L IST OF ARGUMENTS ANp THEIR PAQENTS"
x/»" ONE LINE FOr EACH ARGUMENIT™)
1080 FUR4AT ("™ ENTE THE wORD END WHEN FINISHER™)
RET RN
END

SURKGUTINE ULpATA
INCLUUE 'UuTCum!
REw[ND DF
REAN(DF=1210%0) TaPs»THA
DU L70 I=1sTNP
N=T+1
RLA)(UF N 103))(pHUV(I'J) J= 1’3)’NUMA'(LA(I [IYe11= leyuma)d
170 NUA(I)=nNUMA
NU 180 I=z1leTNA
NAT=I+21
180 REACOF=NAL» 29502 CARG(I»J)»Jd=195) s pARENT(I)
REW{ND DF
OLDaT=e TRUES
1040 FURAAT(LIH »212)
1050 FURAAT(1h 22Xs546,613)
RET RN
END

SURKOUTINE ARpPRUV



32600
32610
32700
32800
329n0
33000
33190
33200
33210
332158
33220
33222
33225
332130
33235
33240
33245
332590
33350
33400
33410
33500
33600
33700
338n0
33810
33820
33830
33900
34000
34100
34200
34300
34310
34400
34500
34600
34700
34800
34900
35000
35109
35290
353n0
354n0
35500
35600
35700
35800
35900
36000
36100
36200
363n0
36400
36500
316600
36700
36750
36760
36800
36900

-106-
CERtG MUNITUR (Y1) RUOUT,SONsBRNTHsPAPsLAPsPAA,NjMA» NAAS LAASNAP

CERyG

MUNITUR(L) PARENT

$ INCLUUE *0uTCOM!

o le e e}

1n

20

30

4n

50

60

70

D

80

90

INTEGER HKRUQTAPPAP

THIS SuBRRJUVTINE ¢OuPLETES THE ARGUMENT AND pROyISIQON
NDATA By BUILDING THE ARRAYS RUCT*SUN»BRCTH,0APs NAAS L AASNAP

I1=0
DU 9 K=1ls2Twp
NUMa=NygALK)
NAA(KD)=NUMA
DU 5 Jd=lsnNUMA
I=1+1
LAACII=LA(Ks )
NAR(LAACL))=waP(LAACI)I+1
COUNTINYE
TLAW=]
PrAp=NAp{1)+1
U of I=s1ls14A
pARENT(I)=paReNT ()
IF(RARENICI)epQa0) 50 T3 29
IFep,EQ,TNAY g0 TO 19
IF(PARENT(I)eEQ.PARENTCLI+1)) U T 10
RUNTCTI=RrRUNT
IF(RPARENTC(TI+1)anke0) G0 Tg 39
SUn¢I)=90
ali 10 35
GU 1D 30
RUNT(I)=KROQT
BROTHOI)=I+1
G 7D 49
RROYT=PARENT(I+1)
RUNT(IV=1
BROTH(I=1)=0
SUN(I)X=1*1
BROTH(I)=O
IFCVAPCTI?oNEQ) G4 TO 50
PAP(I)=0
G0 10 2n
PAP(1)=NAP(TI)+PRAP
PPAp=P4pPLT)
CUNTINUE
RRUTH(INA)=O
BJILD PAA
PAA(CL)=]
DU 70 I=<Z» THP
PAACT)=PAACTI™L)+NAA(CI=1)
BUILD LAP
II1=|NP
DU 30 M=l,TNP
I=P4ACTII)
JET+NAACLII) =]
DU 40 K=lsd
ANz AA(K)
PAP(ANJ=PAP(RN)=1
L=PaP(AN)
LAP(L)=T11
Tl=[1I=1
CUNTINUE
RETURN
END



37000 o

37100 T e A e e
37200 c

373n0 SUARUOUTINE QuTLw

37310 CERUG MUNITUR(L) STACK»ANsADVIINITsOUPPSLI»LUNP»LISTsNPRSINC
37320 CERUG MUNLTURCL) MISSsNPEsPIINTsPPEPLNsNAPsTLN,ROOTsSUN2»3RATHsPAP
37340 cERYG MUNITUORCL) LAPSPPDUT» Ko XoiwlaNCo INNENTSHEAD? LPESs QRDER
37400 § TNCLUDE *0uyTCOM?

37500 f

37600 f 1o INITALTZE SUILInIMG VARIABLES

37700 C

37710 o

37800 CALL Iwidur

37900 ¢

38000 C 2. AUVANGE UN THE TREE (SEE TAQ(E 1. DECISIAN TARBLE FOR
38100 r AUDVANCE)

38200 C

38300 20 4ST=2

38305 o WRIFECL»300) 5}

38310 CaLu ADVANC

38315 TF{sPReEWCU) RETURN

38330 3NN FUREATI™ M»TO9MS5TEP="S]2)

38400 o A

38500 f 3. peTeRMInt IF THERE aRbE pPryvISiuns Tu sk enTESED yNpER
3R600 [ THE HEAQIWNG JF TrhnE CUNHENT AnuUHMENT

38700 n

38710 30 waT=3

38720 I wRIFECL»30U) 5T

3RBN0O IFCWAPCANYWEW.Q) GU TO 199

3890y NF= )

39000 Nl=rAPCAN)

391n0 N2z 1+NAP(AN)=1

39200 DU 31 JsN1anZ

39210 PrUgT(LAP(Y) I=ppruul(Larcy))

393n0 FCPPONTCOLAPCU) Y ek 0) G Tiy J1

39310 SUDT(LAACPARACLA#(Y))))=ROOT(LAA(PAACLAP (1))

39400 P (RUBOTCLAACPAACLARCUY)))WNEWSTACK(1)Y) Al TU 31
395n0 MNP = yP+1

39600 LISTCNPYISLAPCY)

39709 31 CUHTINUE

39800 o8

39900 £ THE PROVISIUN(S) ISCARE) ENTERED WHEN TRE ApGUMENT FIRST
140000 ¢ NN ITSs LIST UF Agg MENTS Is In Tk RIERARC4IGALLY FIRST
40100 ¢ ARGUME T TRLE UF Tubk STACK

40200 ¢

40210 NP = 4P

40300 IF (WPsEWed) wd 10 104

40400 o

40500 6 4, AUVaANCE UUTLiwE

40600 e

40610 NST=4

40620 o WRLTE(12300) NST

40630 ALDV=ADY

40700 IFC,NUTSADV) i3 TO 41

40800 LN= N+

40900 INDENTLN)=LU

41000 HEApC(LM)=AN

41100 SUPP=,FALSE.

41110 NPE(LN/=U

41120 PHPE(LN)=FPJINT

41200 41 INC=0

41500 e



41600
41700
41800
41900
42000
42010
42070
42100
42200
42300
42400
42500
42600
42610
42620
42700
42800
42810
42900
43000
43100
43200
43300
43400
43500
43600
43700
43800
43900
43910
439290
44000
44100
44200
44300
44400
44500
44600
44700
44800
44900
45000
45010
45020
45100
45200
45300
45400
45410
45420
45500
45600
45700
45800
45900
46000
46100
46200
46300
46400
46500
46600

] OO0

DO

ODODIOHIOD

o Ne Nolte Ne)

[ R

O

O

5.

50

57

58

-108-
ENTERING PROVISIUNS
CHECK IF PKUVLISIONS cAn bBE ENTERFU, IF THEY ARE
CiyPLETE (aLL THEIR ARGUMENTS APPLaAQ {N THE CURRENT
STACK OF ARGUMENTS) THEY MAY BE ENTERED

NS8T=5

WRITEC(19300) WST

DU 29 J=1lsNP
Nl=pAACLIST(Y))
NZ=y1=1+ NAACLIST(J))

CUMPLETE?

NST=6

WRITFTECL1»300) «ST

NO 28 JJ=N1snN2

DU 57 KXK=1sK
STACK(KKI=STACK(KK)
IF(3TACK(KK)IsEQeLAA(JYY) 4Ny TU o8
CUNTINUE
MISS=LAACId)
INC=INC+]

GU TO 59

CUNTINUE

ALL IT5 AqpUMENts ARE IN THE CURRENT STAcK, THEREFQORE
PROVISIUN IS COMpLETE

7,

59

95

ENTER PRUVISIUN
NST=7

WRLITE(1s3010) 4ST
NPE(LN)sSNPE(LN)+1
LPE(POINTI=LLIST (W)
POTJT=POLIaT+1
PPOYTCLIST(J))=LN
NPR=NPR=1

CUNTINUE

ANY INCOMPLETE pPHOVISINN, A NEW TREE fF ARGUMENTS 715§
APPENDED AT THE RUOUT AS T4k ELUEST SON ng THE CURRENT
ARG JHENT

NST=E
WRLITE(1,300) NST
IFCINCeENL0) 30 TN 20

APPEND TREE

NST=9

WRITECL»300) wnST
K=K+1
STACK(KI=RUOT(M[SS)
IF(STACK(K)eNLN) GJ T71 95
STACK(K)=ROQT(MISS+1)
AUV-‘-. TKULO

LI=L0

LU=L0+1

INIT=«TRUE.

ANz 3TACK KD

GU 10 39
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46610 NPR=NPR
46700 IF(;QPROEHOO) RLTURN
46800 c _ ,
469090 r lo.pPrRIJARY TREE. NU PROVISLUNS FOK pOTENpIAL ENTRIES ARE
47000 o ENCJUNTEHRED AT A& HEbaDING
47100 o
47200 100 IF{QQOUTCAN)CEQ.STACKCLI) gu TU 105
47210 NST=19)
47220 In WRITE(1,300) ST
47300 SUPP=,. 1 3UES
47400 Lusi I
47500 G0 0 20
47510 o
47600 c .
47700 105 SUPP=.FALSE.
47710 AUV=ADV
47715 - NST=10
47720 c WRITE(CL1»300) ST
47800 IFCONQT.ALYY 50 Tg 2C
47900 LN=LN+
48000 : INDENT(LN)=LD
48100 HEAY(LN)=AN
482n0 GU 70 <9
48310 C
4R84nQ EnD
48500 [
486(‘() t‘--""""""'-'-'----.-------..
48700 C
48800 SUSRUOUTINE INIgUT
48900 $INCLUDE rOuUlicUHM®
49000 C  THIS SyBR -oVINE INITIALIZES gUTILING VARIAQLES
49100 c
49200 LN=0
49300 Li=sy
49400 Lu=y
49500 K=
49600 X=1
49700 STACK(K)=IRNER(X)
49800 SUPr=.FALSE,
49900 NPR=TNP
50000 PUTLT=1
50100 AN=STACK(K)
50200 PPE(ID)=1
50300 RETURN
50400 END
50500 o
50600 f = = = = = = = @« o = > = =" %= == === 402"
50700 ¢
50800 SUsRUJTINE AyvaNC
50810 cErun MUNLTURCY) STACKsANSADYI INITsSUPPsLIoLUNPs ISTsNPRsINC
50820 CERUG ~UNITIR(l) miSS, NPE,PUINT,PPESLN,TLN,NAR, RQOT,SON,BRNTH,PAP
50830 CERUG MUNLTHUR(L) LAP»pPAUTIK*X :
50600 $ INCLUULE "uUyTeuM!
51000 ¢ THIS S 8xJutINE JOES I4E ADVANCE Uw THE TREE (SEE TABLE 1
51100 ¢ DECISl )N TABLE FGR ADVANCE) .
51200 C
51300 c Ry L e le NPRS0 MEANS: OyuTLINING FINISHFD
51310 NPR=NPR
51400 JF(yPR.NEQ) 30 T3 2
851410 NRU=1
51420 C WRITE(12200) nNRyf

51430 200 FURMAT("™U ™»T70,"RULE "»12)



51500
51600
51700
51800
51810
51820
51830
5100
52000
52100
52200
52300
52400
52410
82420
52500
52600
52700
52800
52900
53000
53190
53200
53210
53220
53230
53300
53400
53500
53600
53700
53800
53900
54000
54010
54020
54030
54040
54050
54100
54200
54300
54400
54500
54600
54700
54800
54900
55000
550190
55020
55100
55200
55300
55400
55410
55420
55500
55600
"557n0
55800
55900

D

DOO

(9]

o Ne Ee e ]

e Ml

D

O

DO

R

R

R
R

R
6

é6

TLN=L
RE T KN
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ULE 2. LO=) INITLIAL PRIMARY TREE

2 IF(LUsNE«CG) @D TU 3
MRU=2
WRITEC(1+200) wRY
IF(LD«EW-0) GU TU 110
3 IFCNOTWINITY) Gy 10U 7

IFC5UNCAR) WER, D) GU TO 2

UL e 3. S0ON IS NES§ ARGUMENT
NRi)=3

WRITE(1200) wRU

K=K+l

STACK(RK)=SUNCAN)
AN=3TACKIK)
Gu 10 11lv

5 IF(4RATALANDI £, U) U
K=K+l
STALK(K)=6ROTH(AN)
AN=STACK (k)
NRU=4
IF(5UPP) HRU=S
ARTITE(1,200) WRu
IF(sUPP)y GG 1y 110

TG 6%

U L £ de SUPP=,.FAL3E. RBRUTHLR IS NEW ARGUMENT
U Lt 5S¢ 3UPF=TRUE. HRUTHER IS NEAN ARGUMENT
GU [0 Lob
ULt S 06 anpg 3 SEENTER wllH PARERT
& NRil=6
WRLITE(1+2DU) WKy
7 K=K

STACK(K)SSTACK(K)
PARENT(ANY=PARENT(AN)

IF(STACK(K) eEJo PARENT(ANY ) GO 10 69

K=K=1
GU [0 af

69 INI|=+FALSE.

R

7

R

Lu=0=1
ANSSTACKIK)
Gu 1O 3

7 IF(bRUTHUAN) et @, 0) yU TU
UL E 7 HAROTHER IS WEW arRGuUMERT

HRyU=7

WRITECL1»200) NRU
K=K+1
STACK({K)=BROTH(AN)
AN=3TACK(K)

GU 70 405

70

1F(PARENTCAND o NESD) NRU=8

ARLTEC19400) NRu

0 IF(PARENT(AN) oNESO) GO TN 64

UL E 8 PARENT eyEa

IF(neERel) GU Tu 10U

U

REENTER WITH paAnENT



56000
56100
56110
56120
56200
56300
56400
56500
R66n0
56610
56620
5670Q
- 56800
564800
57000
57100
57110
57120
57200
57210
57300
57400
57500
57600
57700
S?7800
57900
58000
58100
58200
S8300
58400
58500
S8600
58700
58800
58900
59000
59100
59200
593n0
59400
59500
596n0
59700
59800
59900
60000
601n0
60210
60300
60400
60500

60600
60700

60800
60900
61000
61100
61200
61300
61400

O

(@]

(@]

DO

R

100

R

102

105

110

120

TNC

50

100

200

100
200
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U L e 9« PROCEEY TU APEND ANOIHER TREE
NRU=9Y

WRITE(1»200) wRy

K=K=l

AN=STACKIK)

AU\/-‘--FALSE.

Li=0

20 10 12V

X=X

XMALX=XMAX

IFCaebL T AMAXY GO TU 1072

Cakl EXRIR(Z)

y L et L2¢ WNEy pPRIMARY TREE
X=X+1

MRUSTO
A#RITECL1.200) 3Ry
STACK(1)=URDERCK)
ANz TACK(1)

LI=iN

AuVs,.THyt.

GU [0 120

LI=LU

Lu=L0+1
AUV:lTRUt_-

INIT=e TRUE «
RETJRN

END

SUXROUTINE JuTl
LJUE *uyrcusx?
ARTIEC1.100)

JU 50 I=1sTLn _
RRITEC1,209) 1o INDESNTCI)w qEANLL) o NPEC T, pPECI)»LPECT)

FURAAT (m1lmeTSansURBSCRIPTIN,TZ02 L0 PeARGreT399 "NJENTRIES™,
*TURM"PRROVT 2 1352 "FRUV.")

FUR4AT(™ "» T/'IS'T‘J'[?-’SX'I?’ f3f:]‘3'T47,13. ]'57113)

RE 1 JKN .

END

SURSOUTINE ERRUR (W)
nu (0 (122)sy
rRITE(S»100)
~RITEC1,100)

S10p

wRITE(He20U)
SRITEC1,400)

Sinp )
FURAT (n INCYRRECT [NPuT==" pRUGRAM ExteoyTIgN STUPPED."}

FURJAT("™ pROaxAM STypPPED==" SUMEL PROVISIANS HAVE NQOT
#*REEy TUTLINED™)

RETURN

END



61500
61600
61700
1800
61810
61820
61830
61990
62000
62010
621010
62119
62300
624H0)
62590
62510
62511
62512
62513
62514
62515
62516
62517
62518
62519
62700
62800
62900
63000
63100
63110
63120
63200
63400
63402
63405
63410
63412
63415
63430
63440
63650
63700
63800
63900
63950
63955
63960
63965
63970
145000

[

(o e NP

BLACK JATfA

INCLULE *0uTCO#?

DATA BLANK/6H
END

SURKOUTINE dul

& INCLUDE "0uTcum™

10
20
30
40
50

55

56
60

1059
1000
1060
2000

4n00 FURAAT("tHs TY0s[2s2%0046)

4500
100
200
300
400
500

ARITE(Z203050)
vRITE (1»1000)
AIRITE(Z»1060)
DU 50 [=lsTLN
NBLsINDENTCOT)

/23l /4y

2
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ARLFECZ2 2000208 s3] NHL)

GU T0 (1Us20,30,40920)snNBL

/»DOT/UHe /

WRITE(Z2100) (ARG(HEAD(1)sJ)sd=1s9)

G0 10 55

WRITECz2200) CARGCHEADCI)»ydry=1s2)

G 10 9>

WRLTE(Z,300) (AKG(HEADCI),u),Jd=1,9)

U 10 55

WRITECZ#400) (ARGUHEADCTII» g2 u=125)

GU [0 K5

ARTTE(Z2,300) (ARG(HEAQUL1)sd),»vs1,3)

JEPREC])

IFCJeEd,0) 60 Ty 60

KSJ+NPL(LY~]
DU 56 LzJdsK
NBLI=NBL*]
WRTITE(Z»2000)

CONTINUE
ARTITE(Zs4HD0)

(HLsN=1sNGL)» (DUT»M=NBLTI?10)
WRITECZ2o4000) LPECL)» (PROV(LPECL)aM)H»MZL,5)

FURAAT("1"sTOs ") J

FURAAT("U",T6,

"H £ A

]

T

I

N

L

1 N gr)
GUeTHAUNR R 0 V [ S T

FURAATC™ "o T16s13C1H=)sT40s1/(LlH")s///)
FORMAT(™ "»3DAd)

FURAAT("L™)

FORMAT("+"»T6
FURAAT(n+ns Tl
FURMAT("+"sT14
FUR4AT("+M»T18
FURAAT("+M"sT2¢

RET JRN
EiND

s5A6)
2 DA6)
»5A6)
25A0)
2040

3 Nm)



1.1

1

.2

1.3

1

2.

.4

1
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