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§1-81.1 [#1-#2] Network Plotting Library Initialization 1
1 Module Network_Graphics

This module provides a routine for plotting a planar graph with values of a certain quantity specified at
possibly the nodes and/or the arcs. The connectivity information in the form of a head-tail array heads_tails
and a planar embedding of the graph in the form of node coordinates node_coords must be supplied, and a lot
of other arguments are optional. The routine can label, color or resize the nodes/arcs according to specified
labels and/or values. This module is very similar to the Simple_Graphics module, but it is built from scratch
for a more customizable approach. It uses the DISLIN graphics library to do the actual plotting.

For now, I only provide a fully functional 2D routine PlotNetwork2D (along with some initialization/termination
routines), but there is a 3D routine as well. The main problem with 3D graphics is that DISLIN does not
have fast enough primitives for spheres, cylinders and other objects.

"WEAVE.f90" 1 =

MODULE Network_Graphics

USE Precision [/ Kind parameters

use DISLIN  // The DISLIN library

USE Simple_Graphics, oNLY:r_sg  // Real kind of DISLIN floats

IMPLICIT NONE

PUBLIC :: InitNetworkGraphics, EndNetworkGraphics, PlotNetwork2D , PlotNetwork3D
PRIV TE

Global ariables 1
CONT INS

InitNetworkGraphics 1
ndNetworkGraphics 1
PlotNetwork 1

END MODULE Network_Graphics

These routines attempt to set some friendly and nice parameters for the plotting routines. They accept an
optional routine m _ nc¢ which can be used to perform some additional actions or to override some of the
defaults.

"WEAVE.f90" 11 =
m _
INTER CE

SUBROUTINE m _ nc(le el)
INTE ER, INTENT( ):le el
END SUBROUTINE m _ nc
END INTER CE
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The subroutine InitNetworkGraphics must be called before plotting anything. Things like title, page size,
a is labels etc. are set, and some are stored in global module variables:

Global ariables 1 =
LO IC L, S VE : new_network_plot, ertical_ ar
INTE ER, S VE : page_length, page_width, a is_length, a is_width, n_ticks, n_digits
C R CTER 10), s VE :: color_pallete
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InitNetworkGraphics 1 =

SUBROUTINE InitNetworkGraphics( le, le_t pe, page_si e, plot_title, _la el, _la el, la el_ ormat,
a is_la els_ ormat, color_ta le, color ar_position, m _ nc)

C R CTER( ), OPTION L, INTENT( ):: le, let pe

INTE ER, DIMENSION (2), INTENT ( ), OPTION L :: page_si €

C R CTER( ), DIMENSION (:), OPTION L, INTENT ( ) :: plot_title

C R CTER( ), OPTION L, INTENT( ):: _lael, _la el

C R CTER( 3), OPTION L, INTENT ( ):la el_ ormat [/ Suchas" "

C R CTER( ), DIMENSION (4), INTENT (), OPTION L: ¢ isla els_ ormat
// Read about DISLIN s SE

C R CTER( ), INTENT( ), OPTION L:colortale // " E"or" A "

C R CTER ), INTENT ( ), OPTION L :: color ar_position

// "VE A "or™" n
OPTION L:m - nc

INTE ER:: titleline // A counter

new_network_plot
n_digits 1 [/ Default number of digits
n_ticks 5 // Default number of ticks is 6

1 ( ( le))
c LL SE IL( le) // File name

1 ( ( leit pe)) T EN  // File type
c 1L E  L( let pe)

ELSE
cw E L(" ") /] Default

END I

1 ( (page_si e)) T EN |/ Page size

page_length  page_si e(1)
page_width  page_si e(2)
C LL E(page_length, page_width)
ELSE
page_length 300 11 // A letter page with 300 dpi
page_width 300 85
C LL E(page_length, page_width)
END I

c LLS OD(" EVE ") // lack-on-white graphics

1 ( (m _ nc))

c L m - nc(0) //  ecute level 0 additional activities

LL DISINI ~ // Initalize the graphics

LL IN E ("E AE") // se S toclose graphics window
LL EN E

LL E // order around the centered page

L O L // Nicer font

LL NO E // Suppress e tra messages

L. E OD(" ") // selLaTe in labels and such
LL E(0) // No frames

LL S("E ") // enter justification

aaoaQcaacaoaaaa a
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C LLN (™ A ") // Floating point numbers by default
c LLS D (16) // Fill in circles for the nodes
C LL NO LN // No outline needed for the circles
Cc LL N  E(page-width / 50) [/ Size of labels
1 ( ( la el))
C LL ( -lael, ) // label
1 ( ( _lael))

C LL ( -la el, ) // label
Cc LL EI (page_width [/ 50) /] Size of title

1 ( (plot_title)) T EN /] Plot title—can use LaTe math
Do title_line 1, (plot_title)
c L I LIN(plot_title , title_line) // New line in title
END DO
END I
1 ( (la el_ ormat)) T EN // A is and colorbar label format
- (la el_ ormat) // acro for parsing the label format
ELSE
c L. L DI (n_digits, " ")
c .l ELS(" E" " ")
END I

/ Now we set up an a is system according to my own preferences, very similar to the default: /
a islength (2 page_length) /3
a iscwidth (2 page-width) /3
c LL S OS(page_length | 6, (5 page_width) / 6)
c LL  SLEN(a is_length, a is_width)
c L ID (page_length | 40)

1 ( (a is_la els- ormat)) T EN  // Set up a is labeling
Cc LL SE (a is-la els- ormat (1), a is_la els- ormat(2), a is_la els. ormat(3),
a is_la els_ ormat(4))
ELSE
Cc LL SE ( E"," E" " E"" E") // Abo around the plot
END I
1 ( (color_ta le)) T EN [/ Set the color table
color_pallete  color_ta le
ELSE
color_pallete " A " // The deault is color plots
END I
I ( (color ar_position)) T EN  // Positioning for colorbar
1 (color ar_position = color ar_position = ) T EN
ertical_ ar
ELSE
ertical_ ar
END I
ELSE
ertical_ ar
END I
1 ( (m - nc))

c Lt m _ nc(l) // Level 1 additional actions

END SUBROUTINE // InitNetworkGraphics
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ere is the macro that parses a format specification:

"WEAVE.f90" 1 =
m _ (- ormat)
n_ticks (1, ( (ormat(1:1)) 48,9)) // etween 2-10 ticks
n_digits (0, ( (- ormat(3:3)) 48, 9)) // Number of digits
c L L DI (n_digits, " ")

SELECT C SE (- ormat(2: 2))
c se( ) // Decimal notation, base 10 e ponents

Cc LL L ELS("E n’ " n)
c se( E) // ponential notation, as in Fortran
cLLL ELS("E ", " ")
c se( ) // Floating-point notation
c L EBLS(" A", " ")
Cc SEDE L // se no labels
c L L ELS(" E", " M)
ENDSELECT

The function EndNetworkGraphics needs to be called to end the plotting. The optional routine m _ nc
now specifies additional level 0 routines (a level -1 is actually passed) e ecuted at the end:

ndNetworkGraphics 1 =

SUBROUTINE EndNetworkGraphics(m _ nc)
OPTION L:m _ nc

1 ( (m - nc))

cLm_ ne( 1)
C LL DIS IN

END SUBROUTINE EndNetworkGraphics

1
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The routine PlotNetwork2D plots a planar graph. The list of arguments is huge, but most are optional and
they are rather intuitive. Again, m _ nc can be used to change some of my settings (but not all ). A version
of the routine macros is also written for 3D, but e perimenting shows that vizualization is much harder in
this case and something more sophisticated than DISLIN is needed for that. The routine is big and broken
up into many (messy) macros. In particular, many things are done both for arcs and for nodes.

The range parameters are a bit tricky. They denote the interval that corresponds to the full allowed size
range of the nodes and the arcs. This interval may be smaller or larger than the actual range of values
present. An alternative would have been to have these be the ma imum and minimum size of the nodes/arcs
for the ma imum/minimum values present, but this seemed less fle ible. Also note that nodal arrays have
e tent ( node_o set :), just as in the rest of this library.

m _ (-kind, _NDI ') // nly for 2D at present

SUBROUTINE PlotNetwork _NDI (heads_tails, node_o set, node_coords, arc_mask, node_mask,

node_ al es, node_la els, arc_ ol es, arc_la els,
n m er_arcs, n m er_nodes, color_nodes, resi e_nodes, color_arcs, resi e_arcs,
arc_st e_range, arc_color_range, node_si e_range, node_color_range,
node_color ar- ormat, arc_color ar- ormat, ector-t pe, a is, m - nc)

IMPLICIT NONE

INTE ER, DIMENSION (:,:), INTENT () :: heads_tails // eads-tails array of size [2, ]

INTE ER, INTENT ( ):node_o set

RE L( 7_8g), DIMENSION (:; node_o set :), INTENT ( ) :: node_coords

// Node coordinates (planar embedding) of size [2, ]in 2D, with displaced numbering
Lo IC L( l_wp), DIMENSION ( node_o set :), INTENT( ), OPTION L : node_mask
Lo IC L( l_wp), DIMENSION (: ), INTENT ( ), OPTION L :: arc_mask

// Logical mask selectors—may be byte long for memory conserving
RE L( _kind), DIMENSION ( node_o set :), INTENT ( ), OPTION L :: node_ al es
RE L( _kind), DIMENSION (: ), INTENT ( ), OPTION L : arc_ al es

// alues at the nodes and arcs, say e cess inflow or flow.
INTE ER, DIMENSION ( node_o set:), INTENT( ), OPTION L : node_la els
INTE ER, DIMENSION (:), INTENT ( ), OPTION L: arcla els |/ Integer labels
LO IC L, INTENT( ), OPTION L:n m er_nodes, n m er_arcs
// Instead of labels when numbering is the chosen labeling
LO IC L, INTENT( ), OPTION L : color_nodes, resi e_nodes, color_arcs, resi e_arcs
// Things to do and not to do
RE L( _kind), DIMENSION (2), INTENT ( ), OPTION L :: arc_color_range,
node_color_range, arc_si e_range, node_si e_range |/ Ranges—read above
C R CTER( 3), OPTION L, INTENT ( ) :: node_color ar- ormat, arc_color ar_ ormat
/] nd
INTE ER, INTENT( ), OPTION L: ector-t pe [/ Asin DISLINs E O
RE L( r_sg), DIMENSION (_NDI  2), INTENT( ), OPTION L:ais [/ [ , , , ]
OPTION L:um _ nc [/ Additional actions

INTE ER: n_nodes, n_nodes.l , n_nodes. , n_arcs, node, arc, head, tail [/ ounters

/ Some additional local variables: /
- (_kind, _NDI )
- (node, _kind, _NDI )
- (arc, _kind, _NDI )
- (_kind, _NDI )
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n_nodes (node_coords, 2) //

n_nodes_l (node_coords, 2) // Lower bound for numbering of nodes
n_nodes. (node_coords, 2) // pper bound

n_arcs (heads_tails 2) //

B} (_LNDI )

_ (node, _NDI , _kind)

_ (_LNDI )

_ (arc, _NDI , _kind)

_ (_LNDI )

END SUBROUTINE [/ PlotNetwork

The following macros set the a is system:

"WEAVE.f90"1 =
m _ (_kind, _NDI )
RE L( r_8g), DIMENSION (_NDI , 2):: a is_ranges
RE L( r_8g), DIMENSION (_NDI ) :: a is_lengths
m _
C LL ( a is_ranges(1, 1), a is_ranges(1l, 2), a is_ranges(1, 1), a is_lengths(1)

/RE L (n_ticks), a is_ranges(2, 1), a is_ranges(2, 2), a is_ranges(2, 1), a is_lengths(2)
/RE L (n_ticks)) // In2D

C LL D ( a is_ranges(1, 1), a is_ranges(1l, 2), a is_ranges(1l, 1), a is_lengths(1)
/RE L(n_ticks), a is_ranges(2, 1), a is_ranges(2, 2), a is_ranges(2, 1), a is_lengths(2)
/RE L(n_ticks), a is_ranges(3, 1), a is_ranges(3, 2), a is_ranges(3, 1), a is_lengths(3)
/RE L(n_ticks)) // In3D
m _ (_LNDI )
I (new_network_plot) T EN [/ e need to make the a is system

1 ( (ais)) T EN /] se the whole range
a is_ranges(:, 1) (node_coords, 2) // Lower a is limit
a is_ranges(:, 2) (node_coords, 2) // opper a is limit

a islengths  a is_ranges(:, 2) a is_-ranges(:, 1) // Length of a is
ELSE // se the supplied a is range

a is-ranges (a is, (/-NDI , 2/)) /] Iprefer this shape
a is_lengths  a is_ranges(:, 2) a is_ranges(:, 1)
END I

- dlG ##_NDI ##

c LL I LE [/ Doesnt hurt even if there is no title

new_network_plot // To avoid over-plotting the a is in certain cases
END I
1 ( (m - nc))

c L m - nc(2) [/ e should be in level 2 now
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The following are some local data that we will need in this section. Their names are self-e planatory (sorry
for the mess, but it is impossible to fully organize these. There are versions for both 2D (where I always use
integer plot coordinates) and for 3D (where I use real user coordinates most of the time):

"WEAVE.f90" 1 =

m _ (_kind)
INTE ER: , ,
INTE ER:: , , , 2, 2, 2 /] Temporary coordinates—current point
INTE ER: ma _node_si e, ma _arc_si e

m _ (_kind)
RE L( r_8g) ,
RE L( rsg): , , , 2, 2, 2 /] Temporary coordinates—current point
INTE ER: ma _node_si e, ma _arc_si e

m _ (_kind, _NDI )

_ ##_NDI ## (_kind)

INTE ER: node_ ar_ _corner, node_ ar- _corner, arc_ ar- _COTMeT, arc_ ar- _corner
INTE ER: node_ ar_length, arc_ ar_length

LO IC L : node_coloring, node_resi ing, arc_coloring, arc_resi ing

LO IC L: node.la eling, arc_la eling

LO IC L: node_n m ering, arc.n m ering

LO IC L : node_masking, arc_masking // Is there a mask

INTE ER: eclor_spec, ar_position

The macros that follow change the color and the size of an element, either a node or an arc, according to
the supplied (optional) values. They are somewhat tricky. First come some local data, then the actual work
of resizing and coloring the network elements according to their values:

"WEAVE.f90" 1 =
m _ (element, _kind, _NDI )
RE L( _kind), DIMENSION (2) :: element _cr, element _sr [/ olor and size range
RE L( _kind) :: element _ac, element _ c, element _as, element _ s

// oe cients and in linear scaling
INTE ER:: element _color, element _sie

The ma imum allowed sizes for the elements are a matter of choice, so one may change these:

"WEAVE.f90" 11 =
m _ - - -

ma _node_si e (2, (( (page_length, page_width) [ 2) / (RE L(n_nodes))))
m_ - -

ma _arc_si e ma _node_si e [ 2
m_ - -

ma _node_si e (2, (( (page_length, page_width) [ 2) / (RE L(n_nodes))))
m_

ma _arc_si e ma _node_si e [ 2
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The scaling of colors and sizes is done using these ranges via linear interpolation:

"WEAVE.f90" 111 =
m _ (element, NDI , _kind)
_ma _##element##t_si e_##_NDI ##

c LL SE L (color_pallete) // The deault is color plots
c LL OLO (" E") // Default color-black

1 ( (element _ al es)) T EN  // Set color and size of symbols
1 ( (element _color_range)) T EN [/ Set color range
element _cr element _color_range
ELSE
element _cr(1) (element _ al es)
element _cr(2) (element _ al es)
END I
1 (element _si e_range)) T EN [/ Set size range
element _sr element _si e_range
ELSE
element _sr(1) (element _ al es)
element _sr(2) (element _ al es)
END I
element _ac 255 _kind/(element _cr(2) element _cr(1) (00 _kind))
//  for color
element _ c element _ac element _cr(1) // for color
element _as (ma _  element _sie,
_kind) [ (element _sr(2) element _sr(1) (00 _kind)) /] for size
element _ s element _as element _sr(1) // for size
END I

The following macros do the actual linear interpolation. In this version the 2D and 3D macros are almost
the same, but they would be rather di erent if di erent plotting primitives were chosen in 3D:

"WEAVE.f90" 11 =
m _ (element)
element  _color (1, ( (element _ac element _ al es element _ c), 254))
// olorinde in [0,255] using linear interpolation
c LL SE L (element _color)

m _ (element)
element _si e (1, ( (element _as element _ al es element _ s),
ma _ element _sie)) // Again linear interpolation
m _ (element)  // For now no resizing of arcs or nodes in 3D
element _si e (1, ( (element _as element _ al es element _ s),

ma _ element _sie)) // Again linear interpolation
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The ne t set of macros deals with setting up colorbars:

"WEAVE.f90" 11 =

m _ (element)
1 ( (element  _color ar_ ormat)) T EN
- (element  _color ar_ ormat)
END I
1 ( ertical_ ar) T EN
element _ ar_ _corner (5 page_width) /6
1 ELSE 0

0 0

element _ ar.length (2 page_width) /3

ar_position 0

ELSE

element _ ar_ _corner page_length /6

I ELSE 0
09 0

element _ ar.length (2 page_length) /3

ar_position 1

END 1

1 ELSE E E E E 0

Cc LL LIN ID(1)

c L. OLO (" E")

C LL IS ( (element _cr(1), r_sg), (element _cr(2), r_sg), (element _cr(1),
r_89), ( (element _cr(2) element _cr(1))/ n_ticks, r_sg), element _ ar_length,

"o T, ar_position, element _ ar_ _corner, element _ ar_ _corner)
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1 1 Plotting nodes

Now start the macros that deal with actually plotting the nodes as filled possibly colored circles. ere I
chose to do all conversions to plot coordinates myself and not use the user-coordinates functions of DISLIN,
since I set the page myself and so can have better control by doing this. Also, labeling of the nodes or arcs
is done with integers (another macro that accepts element as an argument):

"WEAVE.f90" 1 =
m _ (node)
N OSN(node_coords(l, node)) // onvert to plot coordinates
N OSN (node_coords(2, node))

m _ (node)

C LL EL (node_coords (1, node), node_coords(2, node), node_coords(3, node), , )
m _ (node_si e)

c L I LE(, , nodesie) [/ usta simple circle for now
m _ (node_si e)

ciLL § L(  (node_si ¢))
crus oL, (), ()

m _ _ (la el)

c L OLO (" E") // lacklabels

C LL (RE L(lael, r_sg), 1, , ma _node_si e ) // An integer label
m _ - (la el)
m _ (element,_NDI )

1 (element _la eling) T EN // Label the element
1 (element _n m ering) T EN
_ a el ##element##_NDI ## (element) // se the element number as label
ELSE
_ o el ##telement##_NDI ## (element _la els(element)) // se the user-supplied label
END I
END I
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Plotting nodes

12

Since there are so many optional arguments, the piece of code that selects what e actly to do (color, label,

resize, etc.) with the nodes and/or arcs is somewhat messy:

"WEAVE.£90" 11
m _
1 (
element
ELSE
element
END I
'
element
ELSE
element
END I

1 (element

END I

m _
L
element
ELSE
element
END I

1 (
element

ELSE
element

END I

1 (
element
ELSE
element
END I
m _
1 (element

(element)
(color_  element
_coloring  color-

_coloring

(resi e. element
_Tesi ing resi e

_Tesi ing

_coloring) T EN
(element)

(element)

(n m er- element

)) T EN // Are elements colored
element

)) T EN // Are elements resized
element

// Put a colorbar

)) T EN

-n mering n mer- element

N m ering

(element _la els) element

_la eling

_la eling

(element _mask)) T EN

_masking

_masking

(element,  ter oop)

_masking) T EN

1 ( element _mask

END I

// If there is a mask
) CYCLE ter oop

// Number the elements

_n m ering) T EN

// Are elements labeled
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And here is the real thing the macro that actually plots and labels the nodes. I decided to make separate
ones for arcs and nodes to avoid making this web file too complicated and to allow more fle ibility in doing
di erent things for arcs and for nodes:

"WEAVE.f90" 11 =

m _ (_NDI )
- (node)
1 ELSE A
1 ( (node_ al es)) T EN  // Resize/color the nodes
_ (node)
PlotNodes ith al es: DO node n_nodes.l , n_nodes. // Plot the nodes

- (node, PlotNodes ith al es)
_SetNode oords##_NDI ## (node)
I (node_coloring) T EN // olor
- (node)
END I
I (node_resi ing) T EN [/ Resize
_SetElementSi e##_NDI ## (node)
END I
_PlotNode##_NDI ## (node.si e) |/ Plot
- (node, _.NDI ) // Label
END DO PlotNodes ith al es
ELSE
PlotNodes itho t al es: DO node n_nodes_l , n_nodes_ // No values to worry about
- (node, PlotNodes itho t al es)
_SetNode oords##_NDI ## (node)
_PlotNode##_NDI ## (node_sie) // Plot
- (node, _.NDI ) [/ Possibly label
END DO PlotNodes itho t al es
END I
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1 2 Plotting ar s

This section contains some of the very same macros as when plotting the nodes, only this time for arcs,
where we use the head and tails array to retrieve coordinate information via indirection:

"WEAVE.f90" 1 =
m _ (head, tail)
N OSN (node_coords(1, head))
N OSN(node_coords(2, head))
2 N OSN(node_coords(1, tail))
2 N OSN(node_coords(2, tail))
m _ (head, tail )
c 1L 0SS  (node_coords(1l, head), node_coords(2, head), node_coords(3, head), , , )
c 1L 0SS  (node_coords(1, tail), node_coords(2, tail), node_coords(3, tail), 2, 2, 2)
m _ (arc_si €)
cw E O( , , 2, 2, ector_spec)
m _ (arc_si €)
Cc LL E ( , 5, 5, 2, 2, 2, ector_spec)
m _ - (la el)
c L OLO (" E")
c LL LIN ID(2) // Reset the line width
C LL (rE L(lael, rsg), 1,( 2)/2, ( 2)/2)
m _ - (la el)
m _ (_NDI )
1 ( ( ector_t pe)) T EN // Set the type of vector arrow (0 for no arrow)
ector_spec ector_t pe
ELSE
ector_spec 1421 [/ wust a default
END I
- (arce)
arc_si e (1, ma _arc_si e [/ 10)  // Default line size
1 ( (arc_ al es)) T EN
- (arc)

Plot res ith al es: DO arc 1, n_arcs
- (are, Plot rcs ith al es)
_Set rc oords##_NDI ## (heads_tails(1, arc), heads_tails(2, arc))
1 (arc_coloring) T EN
- (arce)
END I
1 (arc_resi ing) T EN
_SetElementSi e##_NDI ## (arc)
END I
c LL LIN ID(arc_si e)
_Plot rc##_NDI ## (arc_sie)
- (arc, _NDI )
END DO Plot rcs ith al es
ELSE
Plot rcs itho t al es: DO arc 1, n_arcs
- (arc, Plot res itho t al es)
_Set rc oords##_NDI ## (heads_tails(1, arc), heads_tails(2, arc))
_Plot rc##_NDI ## (arc_sie)
- (arc, _NDI )
END DO Plot rcs itho t al es
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END I

1 tual routines

e make specific instances of this routine for single and double-precision arguments:

PlotNetwork 1 =
- (r-wp, 2) /] Precision is r_wp from " . "

- (roup, 3)
1

e may include this under one generic heading, but this will make for an unresolvable interface in certain
occassions and I do not do this in this particular project.
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o ttn ules o les

These are just same au illiary formatting rules and useful macros I use from time to time.

m _ (generic_name, )
INTER CE generic_name
MODULE PROCEDURE #.
END INTER CE generic_name

m _ -- ()
INTE ER:#.
m _ - ()
INTE ER( iwp) : #.
m _ -- ()
RE L( rwp)#
m _ -- ()
RE L( r_sp) :: #.
m _ -- ()
RE L ( r_dp) :: #.
m _ (_rank) : bpo( , 2, _rank) ,:
m _ (- aria le, _start, _end)
_ aria le##_start po( , EV L(.start 1), _end) , _ aria le
m _ (_ aria le, _arra , _rank)
po( , _rank, 1, 1) DO _ aria le (Larra ), (Larra
m _ (_rank) po( , 1, _rank) END DO
m _ ()
m _ (message, arra )

1 ( (arra ) 20) T EN
RITE (message_print_ nit, " A ") message
RITE (message_print_ nit, " 0 . ") arra
END I

PF



