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FOREWORD

This report is an unedited version of the doctoral thesis of
John D. DeTreville. His research represents further results of continuing
investigations by staff members of the M.I.T. Electronic Systems Laboratory
of techniques for computer-assisted layout of newspaper pages, including
layout of both display advertising and news items,

In an earlier doctoral thesis, Dr. Hsin-Kuo Kan presented an approach
to automated news layout which utilizes a library of a priori layouts
called "templates"™. He developed a special graphic language that permits
template descriptions to be independent of news-item dimensions, thereby
minimizing the size of the computer-stored template library. A compre-
hensive report describing computer-assisted display ads and news layout
based on Dr. Kan's technigues has been published.?*

In his research, Dr. DeTreville sought a layout method that would
eliminate need for a computer-stored template library of layouts. His
technique consists of an ad hoc generation of a series of candidate (legal)
layout templates for each page of news. A search of legal templates for
a page is then made to determine which among them will yield a layout for
the specific news itemsassigned to the page. The final layout is chosen
from the several possibilities. Since, in general, the number of legal
templates is far too large to be tested in toto, a search strategy is
necessary in order to find acceptable layouts guickly through partial
testing. In his thesis, Dr. DeTreville examines the merits of several
search strategies and draws conclusions about their relative effective-
ness. In contrast to Kan's approach, which is built uvpon a manual
formation of templates and a graphic-language description of them,
DeTreville's layout algorithms rely on an analytical technique in which
templates are generated from solutions to simultaneous inequalities.

As a result of our research in computer-assisted newspaper layout,
we recognize that automating the newspaper-layout process poses a major
challenge. Clearly, fresh new approaches that go beyond simply autcmating
traditional manual procedures are needed in order to meet, simultansously,
requirements for cost effectiveness, speed, variety, and aesthetically
pleasing layouts. We offer, as two possibilities, the approaches of Kan
and DeTreville and hope these will serve as stimuli for others. More
research and evaluation are needed before a complete operational computer-
ized layout system can be postulated with confidence.

J. Francis Reintjes
Professor of Electrigal Engineering

Donald R. Knudson
Staff Member
Electronic Systems Laboratory

* J. Francis Reintjes, Donald R. Knudson, and Hsin-Kuo Kan, "Computer-
Assisted Layout of Newspapers", ESL-R-778, Electronic Systems Laboratory,
M.I.T., December, 1977.
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ABSTRACT

Although many operations in newspaper production are being rapidly
automated, the operation of laying out news items on the individual pages
remains labor-intensive and time-consuming. This thesis presents an approach

- to the design of algorithms for performing this operation automaticaily.

The news layout problem, which is to produce a page layout given a
numerical definition of the news items, is divided into two parts. The first part
produces a femplate, which is an abstraction of a layout. The second part,
praducing a layout from the template, can be accomplished by generating a set
of analytical fayout equatlions from the template. Their solution, if any,
corresponds to a layout based on the tempiate.

The problem of generating a suitable series of templates from the original
problem is made easier by the development of a templale grammar, which
defines the set of legal templates. From the generative form of the grammar,
all legal templates can be generated incrementally, although they are far too
numerous for all of them to be tested individually for correspondence tc a
layout. Instead, an analogy with game-playing programs leads to the concept of
a layout tree, which is to be searched for templates corresponding to layouts.
Intermediate nodes in the tree correspond to partial templates.

Various search strategies are examined, and it is concluded that the most
effective of these is a breadth-first search modified to consider a very limited
number of nodes at each ply. These nodes are selected on a semi-random
basis, with the selection biased toward partial templates whose corresponding
partial layout equations indicate that they are relatively likely to be successful.

‘Testing of this approach indicates that it can produce layouts of quality
comparable to layouts found on inside pages of current newspapers, but
requiring less human time and effort.
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Chapter 1 - Introduction

1.1 Background

The use of computers in newspaper offices has increased rapidly within the
last decade. Computers are now used to capture copy typed in at t_efmina’uls
locally and by wire services, to recall and edit the copy later, to make up
pages of the paper interactively, to drive photocompositors, and to perform
many other functions. Extensive use of computers helps to reduce the lead
time required for newspaper production, thereby allowing the inclusion of

later-breaking news, as well as reducing costs and improving the quality of
production.

One of ihe newspaper production operations that has been partially
computerized is that of page layout. Each page of the nhewspaper contains
some combination of stories and pictures and ads; the problem is to find a
layout which specifies where they are to be placed on the page. When this
task is performed by hand, a layout person uses pencil and paper to produce a
page dummy such as the one shown in Fi‘gure 1-1.

An approach which has been used in computerizing page layout is to
replace thé piece of paper with a display screen and the pencil with a light
pen. This is the approach currently used in commercially available systems, as
well as in the.once-proposed NSDG system [NSDG 73}.!

A computer implementation of some facet of newspaper production can be
judged successful to the extent that it allows the computer to perform a task
formerly requiring human effort, and allows it to do so either faster or better

than the pérson. Using such a criterion, we can judge the "scratch-pad”™

I. R.eferences. inside brackets are listed in the References seclion at the end of the
report.
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Figure 1-1. Example Page Dummy.
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implementation of news layout to be inherently unattractive on both éou‘nts,
since the layout person will do essentially the same work as-in the manual
case, and will take essentially the same amount of time doing it, but now
requires a corﬁputer to drive the display.

Another approach would be for the computer to produce page layouts
automatically. In such a system, the layout person would instruct the system to
lay out each of the pages of the paper, in turn. It might still be necessary or
desirable for the layout person to lay out some pages by hand, such as the
front page, but it should be possible for the less-important and less-demanding
inside pages to be laid out mechanically. Such.a procedure would have the
advantage ot greatly reducing the amount of human effort required for page

layout by having the computer be able to do most of the work.

Layout persons normally divide the problem of page layout into two
separate problems: ad layout and news layout. This approach has been found
practical because of the different nature of the layout problems for ads and for
news. Since the set of ads to be included in the newspaper is typically known
long before the set of stories and pictures, the ads are laid out first; this
involves decisions on the size of the edition (the greater the number of ads, |
then typically the greater the number of pages), the size of each of the
departments, and the assignment of ads to the pages coupled with the

placement of the ads on each individual page.

A computer program for ad layout was designed by Kan [Kan 73]. His
program took as inputs the set of ads to appear in the edition, along with a
policy file deiining the rules to be used in laying out the ads. This program
made a decision on the size of the edition and on the assignment of ads to
pages, énd produced as its output an ad layout for each page. Tests of this
approach in ar.t'operating newspaper environment [Elkin 74] showed that it was

able to produce layouts of comparable quality to those produced by the
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newspaper staff, and in significantly tess time and with far fewer manual steps
required..zl The ad layouts produced were of the single-pyramid or double-
pyramid style, identified as the style most used by newspapers and the style
most acceptable to them. Examples of this style are shown in Figure 1-2. All

of the ad layouts in the figure are single-pyramid except the last, which is ,
double-pyramid.

After ad layout has been compieted, each page not totally taken up by ads

AD
AD AP
AD AD AD
Ad

A A — o
» s

Figure 1-2. Examples of Single-Pyramid and Double-Pyramid Ad-Layout
Styles. ' '

2. Although fewer manual steps were required, it was still possible to override any
decision made by the layout program, on an interactive basis. This ability was judged a
necessity for any such program to be acceptable for use at actual newspaper offices.
Ideally, the necessity for such interactions should be kept as small as possible.
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has some empty space; this space is called the newshole. For each of the
depaftments of the paper (e.g, News, Editorial, Arts, Sports), the sum of the
sizes of the newsholes represents the budget for the department. Generally,
there will be more items available for ea&h of the departments than the budget
will atlow. The next step in a computerized layout system has been idehtified
[Longtin 72, Reintjes 77] as that of story assignment, in which each page is
assigned. some set of items® out of the items available for that department.

The sum of the areas of the items assigned to a given page will not exceed the
size of the néwshole.on that page, and will usually be significantly less,
because of the discrete sizes of the items. It is reasonable to expect the sum
of the areas of the items to represent approximately 95% of the space
available in the newshole. The presence of a margin between the actual
amount of space needed for the items and the amount of space available rlnakes
it easier to produce layouts, since it does not require the items in the layout to
fit together exactly, but only rwithin the specified margin. The difference will
be made up in the final layout either through the use of white space between
items, or through the use of /eading to increase the inter-line spacing in text.
(The term "leading™ derives from the hot-type method of inserting lead strips
between lines of text.) |

After story assignment has been performed, each page can be laid out
separately. This process involves positioning each item assigned to the page
within the rewshole in a manner which is in accordance with established
newspaper policy for acceptable layouts. Unfortunately, there seems to exist
no explicit rules in use by newspaper layout persons which either describe the
set of acceptable layouts, or which explain how to achieve such layouts.

Indeed, when a layout man at one newspaper was asked what rules he used to

3. In this report, the term item is used to denote not only 5lories, possibly containing
dependent pictures, but also independent pictures. A more complete definition of an item
is given in the next section. '
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lay out pages, he replied thal he did not know, but would appreciate being told

if someone could find out. Layout persons seem to be guided by experience
and instruction in such matters.:

1.2 Stat_érhent of Problem

This thesis is concerned with the problem of news layout, which is the
problem of placing news items on the pages of the News departments of the. |
paper. In most newspapers, there are certain differences in style among the
various departments, but the News departments are prototypical. A procedure

for laying out news items, once achieved, can be adapted to other departments.

_Each page to be laid out is considered as a separate layout prdblem. The
inputs to the layout procedure are a definition of the newshole, and a definition
of the news items assigned to the page. Generally, the number of news items
on a page is relatively small, as can be seen by an examination of a typical
newspaper. It is reasonable to consider approximately a dozen news items as

being a practical upper limit on the number of news items assighed to a page;

the number will usually be far less.

The newshole is defined by the number of columns in the newshole, and the
height of each. From the nature of pyramidal ad layout, we know that each
news column starts at the top of the newshole, and extends downward for
‘some height, terminating either at an ad or at the bottom of the page. For
exérhple. the definition of the newshole shown in Figure 1-3 is shown in Table
1-I. In this table, heights are given in points; the height standard used in this
report. One point is approximalely 1/72 inch. We assume that all of the

“columns have equal width; the problem of variable-width columns is discussed

. in Section 11.3.

The definitions of the news items are also expressed numerical'ly. We
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Figure 1-3. Example Newshole.

Table 1-I. Numerical Definition of Example Newshole.
column height

1000
1000
500
750
750
750

oM phwWN—

All heights are measured in points,

define a news item as either a story, which may or may not have some number
- of associated dependent pictures, or as an independent picture, which is not
associated with any story on the page. We can identify the following

components of a news item.

Stories have a text component, the definition of which specifies the area of

the text for the story. We assume either that the text has already been
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divided into lines of width equal to the width of a column, so that the number
of lines required is definitely known, or else that this quantity has been
estimated from the raw length of the story. We can measure the area in

column-points (i.e,, the number of points tall the text would be if it were lald
" out in one column). For some stories, part of the text may be cut from the
final layout if necessary; in this case, it is necessary to Iknow both the amount
of text that is available, and the absolute minimum amount that can be run.

Stories also have & headliﬁe component, whose definition specifies the size
of the headtine for the stary.® In some cases, the layout person may 'wish.to
~ specify an exact headline to be used in the layout; in this case, the width of
the headline, in columns, and its height, in points, are giveﬂ In other cases, a
variety of headlines might be possible, and the height and width of each are
given. As a limiting case, it is possible to mechanically estimate a probable
" headline area for a story g_iveﬁ its text size, as described by Bracken [Bracken 7
75} from this estimated area, a set of headline widths and heig'hts'can be _
generated, and the layout person can write a headline after the spacé. allocated
to the headline in the fayout is known. In any case, the input to the layout

program will be in the form of a set of possible headline widths and heights t_o
be considered.

Still another item component is the picture. Pictures may be ihde‘pendent,
or may occur as a part of a story Pictures sre defined by their wndths,
measured in columns, and their heights, measured in points. Pictures may often
have a large range of possibie heights, since they can be cropped; in such a
case, the range of ﬁeights is given. '

As an example, Table 1-ll gives a definition of the news items in the layout
shown in Figure 1-4. )

4. Independent pictures may also have headlines, in rare cases.
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Table 1-Ii. Numerical Definition of News items in Figure 1-4.

name text headtine picture
pPcCP 1568 = 1x360,2x180,3x120,4x120,5x120,6x60 -
DiCara- 760 1x192,2x96,3x96,4x48 , 4x343
Chase 532 1x252,2x126,3%x84,4x84,5x84,6x42 -
Droney 352 1x144,2x72,3x72,4x36 - Ix221
School-Board = 228 1x48,2x24 -
Chelsea 485 1x144,2x72,3%x72,4%x36 2x343
Volterra 333 1x72,2%x36 -
Correction 114 ix18 Co-

The variety of headline sizes for each of the stories was. generated from the
headline width and height used in the layout shown in Figure 1-4, to simulate
- more closely an actual layout problem. '

The height listed for each picture includes the height of the cutline beneath the
picture. - ' '

- The output of the program is a layout for the given news items. This
layout will be in the torm of a page dummy which can be used to drive the
page-makeup procedure. Figure 1-5 shows the page dummy for the page in
Figure 1-4. Pictures are denoted by diagonal lines. Headlines are separated
from the rest of the story by dotted lines, as are dependent pictures. This
graphical notztion is the standard used in this report.

In page makeup, following page layout, éxact headlines are written and
inserted, the text leaded and divided among the columns assigned to the

stories, white space inserted, lines separating items drawn, and so forth.

1.3 Overview of Thesis

The basis of the approach taken in this thesis is to divide the news layout
‘problem into two parts. The first part produces not a layout, but an

abstraction of a layout called a template. The second part transforms a
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template into a layout, by means of the solution of a set of simultaneous linear
inequalities, called /ayout equations, generated from the template (Chapter 2).

If the equations based on a given template have a solution, then the template

has a correéponding layout, which can be used as the solution to the origihal

news layout problem. Otherwise, another template must be tried.

The problem of how a stream of templates is supplied in this procedure is
made easier by the specification of a template grammar (Chapter 3).
Templates specify the set of geometric interrelationships between the items in
the template; some sets of interrelationships can be specified as being
grammatical and some ungrammatical, according to a descriptive grammar based
on the types of layouts commonly used in newspapers. A corresponding.
generatlive grammar can be used to generate every legal (i.e,, grammatical)
template. -

_ The operation of the generative grammar for a given layout problem can be
modelled by a conceptual /ayout tree (Chapter 4). The terminal nodes of the
tree correspond to templates, while the non-terminal nodes correspond to
partial templates. Just as the validity of a template for a given layout problem
can be determined through attempting the solution of a set of layout equations,
the validity of a partial template can be partially determined through attempting
the solution of a set of partial layout equations. The problem of finding a valid
template éan ‘hen be viewed as the problem of searching through the layout

tree until a node corresponding to such a template is encountered.

The efiectiveness of this search depends on the exact nature of the layout
tree. Certain modifications to the generative grammar can greatly increase the
probability of a successful search. In particular, requiring that templates be
built either upward from the bottom of the page (bottom-up) or downward
from the top of the page (top-down) allows a significant strengthening of the

conditions stated in the partial layout equations, allowing earlier detection of
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invalid paths through the tree; it also greatly reduces the size of the tree
(Chapter 5). Moreover, top-down layout gives certain advantages over

bottom-up layout, because of the nature of the template grammar.

In any formulation of the generative grammar, the sheer size of the layout
tree necessitates the use of highly efficient search strategies to enable the
location of a valid template in a reasonable amount of time (Chépter 6). A
simple exhaustive search can be ruled out, because of the nature of the Iaybut
tree. Instead, a /imited-breadth search can be effectively used. Such a search
can best proceéd down the tree on a semi-random basis, biasing its selection
of moves in a manner related to certain numerical criteria, derived from the

partial layout equations; these criteria are statistically related to the eventual

success of the paths.

Such a bias improves the chances of the search strategy reaching some
valid terminal node, corresponding to a template which can be used to generate
a fegal layout. The additional incorporation of esthetic rules (Chapter 7) can

assist in steering the search toward good-~looking templates, which produce
good-looking layouts.

In general, the presence of restrictions on acceptable layouts will make
layouts harder to find. This is the case with setting an upper limit on allowable
leading factors for stories (Chapter B). Such a restriction can be represented
by additional fayout equations, but its effective incorporation necessitates a
. significant change in the basic nature of the layout equations, increasing the

~ probability of their successtul solution by weakening certain other restrictions

in compensation.

The problem being solved is above all a practical problem. As such, the
ultimate test of any approach is how well it works on practical cases. An

experimental implementation of the layout algorithms has been programmed;
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examples of its operation on news layout problems taken from actual

newspapers are shown (Chapter 9).

Certain problems encountered in the design of implementations of the
algorithms are discussed, along with suggested solutions (Chapter 10). Finally,

a number of cpen research problems are listed (Chapter 11), and conclusions
are presented (Chapter 12).

Appendix | presents a series of experiments performed to determine what
rules, if any, are used by humans in performing news layout. Appendix I
presents a number of theoretical considerations relating to the problem of
news layou!. Appendices Iif and IV compare past work on the computerization
of news layout to the approach used in this thesis.
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Chapter 2 - Templates
2.1 Definition

In his doctoral thesis [Kan 76}, Kan introduced the concept of a templalte.
As defined by Kan, a template contains purely geometrical information about a
layout but specifies no numerical dimensions. A single template, therefore, can
correspond to an (essentially) infinite nhumber of layouts, each of them with
different numerical dimensions, but all similar in the abstract shapes. and
locations of the items. Thus, a single template represents an abstraction of a
large class of layouts. For example, all the layouts shown in Figure 2-1 can be
represented by the same abstract template, shown in Figure 2-2. The
template contains a number of template items, one for each news item in the
eventual Iayeut.

The problem of finding a suitable layout for a given page can be.subdivided
into the problem of first selecting a suitable template, and then the problem of
finding-a layout corresponding to that template. This chapter deals with the
latter problem; template selection is covered in later chapters.

2.2 Template Specification

Before the problem of transforming a template '.into a layout can be
attacked, it is necessary to specify exactiy what information is held in a
template. By definition, a template holds the geometrical information that will

~be used to produce the layout. But, how can this information be expressed?

In this thesis, I;‘emplates are represented in a matrix form. Consider the
template given pictorially in Figure 2-3. The matrix form for this tempiate, for
an arbitrary labelling .of the template items, is:
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Figure 2-1. Layouts with the Same Abstract Template.
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Figure 2-2. Abstract Template for Examples.

Figure 2-3. Example Template.

We see that the matrix form of the template contains the same info_i'mation as

the pictorial form. Indeed, the pictorial form may be immediately derived from
the matrix form, as shown in Figure 2-4.

Figure 2-4. Derivation of Pictorial Form from Matrix Form.



Templates -28- Template Specification

From here on, the matrix and pictorial forms of templates are used
interchangably. The pictorial form is easier to grasp visually, while the matrix

form makes it easier to understand the operation of the layout algorithms.

~ A template contains one or more template items; in the final layout, each
template item will correspond to one of the news items to be laid out. We
‘define a marked template as one in which the correspondence between the
template items and the news items they represent is explicitly labelled in the

template, and an unmarked template as one in which ne such correspondence is
given,

A template in the matrix form also contains some number of columns. Each
of these template columns corresponds to one or more news columns in the ‘
final layout, ars shown in Figure 2-5. A widened template is one which contains
ekactly the same number of columns as does the layout (i.e., a5 does the
newshole), so that each template column corresponds to exactly one news
column. An unwidened template is one without this restriction |

NYAR4

A B B
A CC
0 0DC

Figure 2-5. Interpretation of Abstract' Template Columns.
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Consider the layout in a non-rectangular newshole shown in Figure 2-6. A
fitted template is one which has the same overall shape as the newshole, as for
the widened fitted template:

A A ABUBDB
A AACTC

0 DDDC

whereas an unfitted template is one which does not explicitly state the

interaction between the newshole shape and the news items, such as:
A°AABBUDB
A°A ACTCTC

DDDODCC

Of course, for rectangular newsholes, there is np difference between fitted and
unfitted templates.
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Figure 2-6. Layout in 8 Non-Rectangular Newshole.
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A fitted, widened, marked template will be called a concrete tempiate,
because the correspondences of template items to news items, of template
columns to laynut columns, and of the shape of the template to the shape of
the newshole are explicitly represented as part of the template. An unfitted
unwidened unmarked template will be called an abstract template. In this
thesis, we will be concerned primarily with the use of concrete templates.!

Unless otherwise qualified, the term "template” in this report will refer to a
concrete template.

2.3 layout Equations

Given a concrete template, how can a layout be generated? Since the only
information held in a layout but not in the template is that of the numerical
dimensions of the layout, the problem is to find appropriate dimensions to add
to the tempiate so as to produce the layout. A layout has two sets of
dimensions: width and height. Since a concrete template is by definition
widened, the width dimensions are represented 'explicitly in the template (i.e,
each template column corresponds to precisely one layout column), and are thus

known, leaving only the variable height dimensions to be determined.

Each row of a template correspond to some unknown height dimension, as
shown in Figure 2-7. We can symbolically represent the height dimensions by
a set of height variables, one for each row:

AAABBEB h
AAACCC h

DD DDCC hy

L. Abstract templates will be used in Appendix IV, however, in the discussion of the
“template library” approach presented by Kan in his thesis.
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Figure 2-7. Interpretation of Template Rows.

The problem is to find apipropriate numerical values for the height
variables. These values can then be used to produce the layout. What, then,
defines those values of the height variables which are appropr.iat‘e? The
apbroach taken in this thesis is to generate a set of simultaneous equations
from the template. These equations will collectively state the necessary

conditions on appropriate values of the height variables.

The first' thing we note is that the sum of the height variables must equal

the height of-the newshole.?2 We can represent this restraint symbolically as:
hy + h, + .. + h_ = height of newshole {2-1)
We term _this equation a height equation. |
Also, the height Vvariables must always be non-negative:
hyhy o h, 20 - (2-2)

. Another set of restraints on the height variables can be derived from the
sizes of the news items. Each news item has a certain known minimum ares,
and must be assigned at least that much space on the page. It might be

2. The probi'e_m of non-rectangular newsholes is discussed in Section 2.4.1.
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assigned more, usually without any great harm, with the excess simply
remaining some form of white space. Alternatively, if there is more text or

other matter available for optional use, it can be run.

_For each news item, then, we can generate an area equation, which states
that, for each item:

space assigned in layout 2 area (item) {(2-3)

For example, ir the template shown above, the area equétions are:

3 h; +3h, 2 area (A) (2-9)
3 h; = area (B) | {2-5)
3 hy + 2 h; 2 area (C) : (2-6)
4 hy 2 area (D) . (2-7)

These area equations, combined with the height equation:
h; + h, + hy = height of page - (2-8)

and the non-negatlve condition, form a set of /ayout equations. Any values of

h;s by and hy must satisfy these equations in order to correspond to a valid
layout.

For the given layout equations, consider the layout problem given in Table
2-1. Here there is 9000 column-points of space available, but the areas of the

news items sum to onty 8600 column-points. The solution of the layout

Table 2-I. Example Layout Problem.

height of page = 1500 [i.e, 1500 points]
area (A) = 3000 [i.e., 3000 column-points]
area (B) = 1500
area (C) = 2500
area (D) = 1600
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equations is represented by the shaded region in Figure 2-B. The variable h,
has been eliminated in this graph by use of the height equation: |

hy + h, + hg = 1500 (2-9)
The four area equations for the four template items are marked A, B,‘C, and D.

Since the layout equations are all linear equalities or inequalities, a simplex
linéar programming algorithm is sufficient for finding a solution to the layout
equations. There is no function which needs to be maximized within the basic
feasible region defined by the layout equations, so a linear programming |
algorithm which returns an arbitrary point in the regidn is adequate. The only
caveat is that, becayse of the nature of linear programming, the solution -

returned will be at some vertex of the basic feasible region. In our

900 4 @ h,%0

KR
500 ~ h:. 20 \ (<)
h,

()

L] 3 L3 1 ) L ! )

joo 200 Joo Yoo hs‘oo éoo T Yoo
L)

o

Figure 2-8. Solution of Layout Equations.
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interpretaiion, then, some of the area equations'will be satistied as equalities |
(i.e.,, those news ilems will have zero leading), while others will be far from

equalities (i.e., these news items will be leaded more than average).®

In this example, the layout equations a set of solutions. However, this may
not always be the case. Most concrete templates, it develops, will have no
corresponding layouts; their layout equations will therefore have no solutions.

A simplex linear programming algorithm is capable of detecting such a case.

The layout equations, then, can be seen to represent the necessary
conditions for a layout to be derived from a given template. A linear
programming algorithm can determine whether the equations have a solution or

not, and, if so, can generate the specific height dimensions for the layout.

2.4 More Layout Equations

The layout equations described in the previous section (the area equations
and the single height equation), plus the non-negative condition, are necessary
conditions on appropriate values of the height variables, but they are not
necessarily sufficient. There are other necessary conditions which also need to
be stated. in the layout equations. Fortunately, these new equations are
themselves in the form of linear inequalities, so that the linear progra'mming

approach can still be used to solve the resulting set of layout equations.
2.4.1 Non-Rectangular Newsholes

Consider the concrete (and therefore fitted) template:

3. This topic is discussed more fully in Chapter 8.
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A°A B B BB
A A CZC

DDDTEC

corresponding to the non-rectangular newshole shown in Figure 2-9. Here, the
one height equation of the rectangular-newshole case must be replaced by a

set of height equa.tions:

h, = 800 (2-10)
hy + hy = 700 (2-11)

In general, for non-rectangular newsholes, there will be a height equation

for each "level” in the newshole.
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Figure 2-9. Example Non-Rectangular Newshole.
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2.4.2 Headlnes

Stories have headlines, and the dimensions of a story’s headline must be
taken into account in the layout equations. We shall assume the area needed
for the headllne is included in the total area needed for the story, as stated in
the area equation. That is, the story’s headline is not represented explicitly in

the template, but is considered part of the containing template item.

There is, however, another restriction that must be stated as a layout
equation. Consider the headline._ We assume that we know its width, since the
template is a widened template, and its height, from the numerical definition of
the layout problem. Not only must the space assigned to the story be great
enough to accomodate the headline, it must also be great enough to allow it ‘to
be constrained to a rectangular form. That is, while a headline placed as in
Figure 2-10 is acceptable, the one shown in Figure 2-11 is not, even though
the numerical area assigned to each is the same, since the space assigned to
headlines must be rectangular.

This condition can be stated as a layo_ut equation. Consider the template: )

heaﬂ'l‘n‘

Figure 2-10. Example of Acceptable Headline Placement.

4. 1f there is more than one possible headline height for the given headline width, then
the minimum of these should be used, since we are stating only necessary conditions on the
space allocated. -
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| headiing |

text

Figure 2-11. Example of Unacceptable Headline Placement.

A AABGB B
AAACTCTC
DODDTCC

For stbry C, ihe headline equation is of the form:
h, 2 height of headline of C | (2-12)
This headline equation is in addition to the area equation for C:
3 h, + 2 h; > headline area of C + text areaof C (2-13)

This headline equation guarantees only that there will be enough space to
run a rectangular headline. It does not rule out the possibiiity of a resultant
layout such as the one shown in Figure 2-12 with no text running under part of
the headline. This is cansidered an acceptable layout at some newspapers.

For newspapers where s_uch layouts are not used, the headline equation can be
changed to: ' '

h, 2 height of headline of C + increment _ (2-14)

where the increment is the minimum height of text which sbsolutely must run
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Figure 2-12. Questionable Layout.

underneath the headline. This can be either an absolute amount (e.g, two lines
of text) or scme amount retative to the headline size (e.g, 50% of the headline
height).

The left-hand side of the headline equation will not always be a single

height variable. in the template:
A°AABBSB

cccsadeBs

the headline equation for C is:
h, + hy 2 height of headline of C + increment ~ (2-15)

for some‘ appropriate value of the increment. in general, the left-hand side of a
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headline equation is a sum of height variables, starting from the top of the

template item, and terminating at the point where the template item ceases to
be rectangular. -

A corollary of this fact is that rectangular stories do not need their
headline equations explicitly included in the set of layout equations. 1t is

~ obvious that there can be no problem in providing a rectangular space for a

headline within a rectangular story.‘ Thus, in the above template, stories C and

D need headline equations, while A, B and E do not, since their headline

equations would simply be redundant: if we already require that:

3 h; 2 headline area of A + text area of A {(2-16}
~ [headline area of A = three times headline height of A} (2-17)

then the headline equation:

h; 2 headline height of A + increment (2-18)

is unnecessary.

Strictly speaking, this headline equation might not be automatically satisfied
if the text areca becomes relatively small compared to the increment. This
situation, however, can be avoided by the choice of the increment as an

~appropriate function of the text area.
2.4.3 Independent Pictures

There are two types of pictures: independent pictures, which are not
associated with any story on the page, and dependent pictures, which are. The
layout equation for an independent picture is simple. First, we note that the
template item corresponding to an independent picture must be rectangular, and
that the width of the template item must correspond to the width of the
picture. With this given, the picture equation is simply:
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~ height assigned to picture 2 height (picture) | {(2-19)

where height(picture) represents the minimum possible height the picture can

be cropped to, since the:picture equation states only a necessary condition. In
the template:

A A AB BB
AA A CCC

DDDDCOC

if A is a picture, its layout equation is simply the picture equation.
h, +h, > height (&) |  (2-20)

No separate area equation is needed for an independent picture, since it

would state exactly the same condition, merely multiplied by the width of the
picture. ' '

Pictures typically have a culline (or caption} beneath them, of the same
width as the picture. The height of this cutline can be considered as part of

the height of the picture for the purposes of the layout equations. The same is
true for a headline appearing above the picture.

244 Dependent Pictures

Pictures which are associated with a story and which are to appear as part
 of the story are more difficult to handle. As with headlines, we assume that
the location of a dependent picture or pictures within the template item
corresponding to a story is not stated directly within the matrix form of a
template, but is defined by a story-picture format, present as an adjunct to the

template. The exact type of equation to be generated depends on the story-
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picture format chosen. The following tormats are typical.’

2441 Format 1

Format 1 is shown in Figure 2-13. The format is simply that of a picture
to the left of the remainder of the story. Although the text shown in the figure
is rectangular, this does not need to be the case. Of course, however, the
picture must be rectangular. For the purposes of the layout equations, the two
parts of the format, the picture and the headline-text combination, can be
considered separately, with a picture equation for the picture, and an area
equation and a headline equation for the remainder of the story. The area
equation should include the area of the text plus the area of the headline, but
hot the area of the picture. Consider the template:

A°A A A BB

CCCABSGEB

where 'story A, with a two-column picture, is to be laid out in Format 1. The
picture will be placed in the first two columns of item A; this is acceptable

since these columns define a rectangular space. For story A, the layout
equations are: o

Figure 2-13. Format 1.

5. By extension, we can consider the headline-text combination present in a story without
independent pictures to represent the single possible "format” for such a cese; the same is
also possible for independent pictures.
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h; 2 picture height ' (2-21)
2 h; +h, 2 text area + headline area S (2-22)
h, 2 headiine height + increment ' (2-23)

2442 Format 2

In Format 2, shown in Figure 2-14, the picture appears directly above the
headline, and is of the same width. In this case, the conceptual approach is to
think of the combination of picture and headline as if it were a single very tall
headline, and generate the layout equations appropriately. The text, of coﬁrse,

need not be rectangular. Consider the template:

AA AB BB

A A ABBC

where story B, with a three-column picture, is to be laid out in Format 2. The

layout equations are:

h | 2 picture height + headline height + increment | (2-248)
3 h; + 2 h, 2 picture area + headline area + text area (2-25)

Figure 2-14. Format 2.
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2443 Format 3

In Format 3, shown in Figure 2-15, the picture appears to the right of the
headline, the headline has text running beneath it, and there may be text
running beneath the picture. In the template:

A BCCTCTOC
D opcCcCCcC

"E E E E E E

where story C, which has a picture two columns wide, is td be laid out in

Format 3, the layout equations are:

h, 2 headtine height + increment (2-26)
_ h, +h, 2 picture height (2-27)
4 h; +3h, 2 text area + headline area + picture area  (2-28)

Here, we are requiring that the first two columns, which hold the headline,
have sufficient minimum height (here, h,) for it, while requiring that the last
two columns, which hold the picture, have sufficient minimum height (here,
h,+h,) to do so. The use of the increment in the headline equation requires
that there be enough space to run some text beneath the headline; the lack of
such an increment in the picture equation means that, although it is possible for

there to be room for text underneath the picture, this is not required.

Figure 2-15. Format 3.



Templates ' ' - 44 - More Layout Equations

2444 Format 4

Format 4, shown in Figure 2-16, is very similar to Format 3. The only

difference is that the headline runs above the picture, slightly modifying the
picture equation. With the temptate:

A BBCTCTC
A BDDODOD

EEEDDD

Iayihg out story D, with a two-column picture, in Format 4 gives the layout
equations:

h, 2 headline height + increment S (2-29)
h, + hy 2 headline height + picture height {2-30)
4 h, + 3 hy 2 text area + headline area + picture area {2-31)

The only difference from Format 3 is in the right-hand side of the picture
equation.

Figure 2-16. Format 4.
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2445 Other Formats

Other story-picture formats are possible, not only for stories with only one
dependent picture, but also for those with more. The above examples, though,
should be sufficient for showing how to develop the form of the layout

equations needed for arbitrary formats, and for stories with an arbitrary
number of pictures.

2.5 Example

Consider the concrete template:
A A BB B
ccecoas B
cCccoo
where the news items are defined in Table 2-Il. Item A and item C are stories
with no dependent pictures. Item B is a story with one dependent picture,

which will be laid out in Format 2. item D is an independent picture. The

newshole is five columns wide and 1160 points tall.

The resultant layout equations are shown in Table 2-lil. The first three
equations state the non-negative condition on the height variables. The next
equation is the height equation, requiring that the sum of the height variables

be equal to the height of the newshole. The area equation for item A requires

Table 2-1l. News Item Sizes for Example.

item text size headline size picture §i_i__9_
A 589 2x80 -
B 1121 3x40 3x270
C 2252 - 3x40
D

- - 2x261
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Table 2-lll. Layout Equations for Example.

. h 20

h, 20

hy 20
h; + h, + hy = 1500 [height egn]
2 h; 2 589 + 2x80 [area eqn for A]

3h; +2h,2 1121 + 3x40 + 3x270 [area eqn for B]
h, 2 270 + 40 [picture-headline eqn for B]

3 h, + 3 hy 2 2252 + 3x40 [area eqn for C]
hy 2 261 ~ [picture eqn for D]
One solution to these equations is:

h, = 389.33 points
h, = 509.67 points
hy = 261.00 points

that the space allocated to A, namely 2 h;, be large enough to hold the text
and headline area of A. Story A needs no headline equation, because it is
rectangular in shépe. The area equation for item B requires that the space |
allocated for it, 3 h; + 2 h,, be large enough to hold the text, headiine, and
picture areas of B. Also, a picture-headline equation for B is necessary,
requiring that the rectangular space at the top of the template item have
sufficient height, here'hl, for the picture and the headline to be allocated
rectangular spaces; for the sake of simplicity, the increment was left out of the
right-hand side of this equation. The area equation for item C requires that
the space allocated to C, hamely 3 h, + 3 hy, be large enough to hold the text
and headline area of C. The picture equation for item D requires that its |

height, h;, be large enough to hold the picture. The layout based on the given
solution to the equations is shown in Figure 2-17.
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Figure 2-17. Final Layout for Example.

2.6 Summary

This chapter has introduced the concept of a template. A template
contains the same non-numerical information as does a layout, but without
specifying the numerical dimensions. Given a template corresponding to a given
layout ' problem, it is possible to generate a set of layout equations whose
solution, if any, is the set of numerical dimensions needed to transtorm the .
template into a layout.

The following chaﬁters consider the problem of how these concrete
templates are {o be supplied.
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Chapter 3 - Template Grammar
3.1 Definitions

Chapter 2 presents a template-layout procedure that produces a layout
from a known concrete template, if a layout with that template is possible. In
the general layout problem, however, no such template will be available a
priori. It will be necessary somehow to produce one or more templates based
on the given layout problem, and then to test each of these templates for

correspondence to a layout. Testing can stop when a layout has been
| achieved, or, alternatively, a number of layouts can be generated, with the
layout person deciding when to stop this process, and then choosing from

among the layouts produced up to that point.

When geherating a number of likely templates, not all possible templates
need be cohs.idered. Some, such as the one shown in Figure 3-1, would be
considered illagal at any newspaper, while others, like the one shown in Figure
3-2, are definitely legal. When generating templates, we should restrict

ourselves to the legal ones only. What, then, defines a legal template?

In the theory of Iingbistics, there is the concept of a grammar, which

Figure 3-1. lllegal Template.
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T

‘ Figu;'e 3-2. Legal Template.

defines the syntax. of a language. The grammar consists of rules which specify
the set of legal constructs (e.g., sentences) in the language; a construct is legal
if, and only if, it belongs to the set of legal constructs thereby defined.

By analogy, then, we can develop a template grammar which will specify
which templates are legal and which are not. Two types of grammar will be
considered. The first, a descriptive grammar, gives rules for determining if an
arbitrary template belongs to the set of legal templates. The second, a

generalive grammar based on the first, gives rules whereby the set of legal

templates may-be generated.
3.2 Descriptive Grammar

Unfortunately, not all newspaper personnel would agree on what
constitutes a legal layout. To the extent that this disagreement involves
~ geometrical issues, this implies that not all newspapers would agree on what
constitutes a legal template. Even so, a careful study of Iayouts in a variety of
newspaperé shows that there are some common rules for legal téniplates which

can be stated. Imdividual newspapers may wish to make changes to these
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rules.! Still, these rules do a good job of stating what features concrete

temblates at different newspapers have in common. There are seven rules, as
follows.

Rule 1. The shapes of templiate items must never become larger as one
scans from top to bottom.

For example, template item shapes such as the ones shown in Figure 3-3
are illegal, while those shown in Figure 3-4 are legal. In other words, a
template item must have a unique flat top.

Rule 2. Each template item must be contiguous.

Figure 3-3. lllegal Template Item Shapes.

Figure 3-4. Legal Template Item Shapes.

1. Bette-r. yel, those newspapers could change their layout rules to conform to those
given here. The latter is especially advisable considering that the simplicity of the

generative grammar, as given in the next section, depends on the exact details of this
descriptive -grammar.
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Obviously, items should not jump about on the same page.
Rule 3. There must be one and only one template item for each news item.
This rule ensures that the template is a properly marked template.

Rule 4. The width of the top of a template item must be a possible one for
the associated news item.

For example, a story whose only possible headlines are four and five
columns wide should not have an associated template item with a one-column
top. An independent picture always has exactly one possible width for its
template item. For slories with dependent pictures, the choice of the story-

picture format determines the possible top widths for the template item.

Rule 5. Each story with dependent pictures must have associated with it an
acceptable story-picture format.

The story-picture formats given in Chapter 2 are all acceptable. Others
are also acceptable, still others are not. There seems to be no simple general
rule for determining which are which without utilizir}g human judgement. Thus,
if template generation is to performed automatically, the layout program should
have access to a list of pre-approved story formats to use, either built in or
provided by the layout person.

Rule 6. Tempiate. items corresponding to pictures must be rectangular.

Thig includes that, for template items in Format 1, or similar formats, the
part of the template item which will hold the picture must be rectan’gular.'

Rule 7. The template items must be placed together in such a way as to
produce a template which has the same width and the same overall shape
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as the newshcle,? with no holes left.

These seven rules collectively specify what will be considered in.thiq
thesis the set-of legal templates. They require that the template be a
concrete template, that the template items correspond correctly to their news

items, and that template items have only certain legal shapes.

The purpese of these rules is only to outlaw those templates which should
definitely be avoided. They are not intended to make any further distinctions
between the various levels of quality found among the legal templates. The

issue of template quality is discussed in Chapter 7.

33 Generat ive Grammar

The above de_scrfptive grammar enables us to test a given template for

legality. Moreover, this grammar can be transformed into a gener‘ativé grammar

which can be used to generate legal templates.

This generative grammar will give rules for generating templates .
incrementally, one template item at a time. At an intermediate stage in this
process, we will have constructed a partial template. At the very beginning,
the partial template is empty. At the end, the partial template becomes the
final template. ‘Each step of the template-generation procedure involves the
addition of a single template item, corresponding .to some particular news item,
to the partial template, thereby obtaining a new partial template. At any step,
there might be more than one poésible item to add, and more than one possible
way to add it. These rules do not tell which possibility to choose; they only
state which possibilities are legal.

This generative grammar is based on a simple observation about the set of

2. le., they must produce 2 fitted widened |eh1p|a!e.
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legat templales as defined in the previous section. Consider such a template:
AAAB BB
A A A C C C

00 00D CC

The set of allowable shapes for template items is such that if we know where
in the template the tops of the items are to go:

A A ABBGB
- - ~Cc¢cCc¢c

0 oBbD - -

it is possible to construct the remainder of the templéte mechanically.
Therefore, when generating templates, it is necessary only to choose the
positions of the tops of the stories: the rest of the template can be

~ automatically filled in later. For the remainder of this report, templates may be
represented in this latter manner, so as to make it easier for readers to locate

the tops of the template items and thereby see how the templates' were
generated.

To lay ot an item in a partial t.emplate, some legal top Width is chosen,
then a top of that width is inserted somewhere in the template. The template
above could be generated in the four steps shown in Figure 3-5. In fact, this .
temblate could be generated in a total of 24 ways (i.e., 4! ways), depending on
the order in which the items are qdded. |

in the generation of templates for a non-rectangular newshole, the
conceptually simptest approach is to begin with an empty template marked with
the location of the ads, and to modify the above procedﬁre so that tops ;nay
not be laid out inside the marked regions. The template:
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Figure 3-5. Generation of Example Template.

A°A A B BB
A BB B
A CC

0 0C

could be generated as shown in Figure 3-6, where ads are marked with a "§".

To genéraie a template, then, one starts with the empty template, and |
repeatedly adds individual items to it, until all the items have been used. Each
time a template item is added, an appropriate top and an appropriate format

must be chosen. If this is done, the resulting final template will be guaranteed
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8 8 - - - -
$ 8 - - - 8
- - -BBB
$ 8§ - - - -
$ 8 - - - §
- - - B BB

Figure 3-6. Generation of Example Non-Rectangular Template
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to follow most of the rules for |egal templates listed in the descriptive
grammar. Some rtjles, however, will have to be checked independently. For
example, the descriptive grammar requires that there be no holes left in the
template. The only way that this could happen, given our interpretation of item
shapes in terms of the tops of items, is for the very top line of the template
‘not to be filled in. This condition must be checked. It is also necessary to
check that the parts of the template corresponding to pictures are rectangular.
If these criteria are satisfied, then a template built in the manner described is a
legal one.

3.4 Summary

This chabter has introduced the class of legal templates, and has outlined a
number .of fules for recognizing iegal templates and for generating them. Th_es_e
rules for template generation state only what templates can be generated, not
which templates should be generated. This dichotomy can be compared to the

relationship in linguistics between syntax and semantics. A gfarnmar fror‘Eninsh

may tell you how to form correct sentences, but it cannot tell you what to say.

| The issue of template syntax is developed more fully in the néxt two
chapters, and then template semantics (the problem of determing which

templates to generate) is considered.
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Chapter 4 - Layout Trees

The preceding chapter outlines a scheme whereby an arbitrary template
may be generated by a series of incremental operations. This chapter further

develops this idea, using an analogy with game-playing programs.

4.1 Definition

Many computer programs have been written to play games such as
checkers and chess against human opponents [Newborn 75]. Although these

programs differ in detail, they all use the concept of a game tree in generating

moves.

The nodés of a game tree are all of the board positions achievable in the
game, and the edges are the moves which relate one position to another.
Figure 4-1 shows part of the complete game tree for chess. The root node of
the tree corresponds to the board at the beginning of the game. The nodes at
the first ply represent the 20 possible board positions after White makes his
first move;’l the edges leading to them represent the 20 possible moves,
Similarly, the nodes at the second ply represent the 400 possible board

positions after Black has replied with his first move, and so forth.

[ e—- foot M“

A\

"o f_"FM Pa’

//’I\ A M A M /\\
» “—— Second

N o TN P‘*
Figure 4-1. Part of the Complete Game Tree for Chess.
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The complete game tree for chess is finite, since the rules for chess set an
upper limit on the length of a game. Even so, it is estimated that there are
approximately 10120 possible paths throﬁgh the tree [Shannon 50]. Obviously,
the complete game tree for chess will never be enumerated;' it remains
forever a conceptual entity, which, still, has intellectual value. Playing a game
of chess can be compared to following a path downward through this tree; the
players alternate in choosing edges (moves). Some of the nodes (positions) in
the tree represent a win for White; some represent a win for Black. White’s
aim is fo force a path to one of his winning nodes, and vice-versa for Black.
Unfortunately, a chess-playing program will not have an overview of the entire
tree; it will be able, though, to "mentally” explore some neighborhood of ihe
tree for each of its moves, starting from the then-éurrent position, and use the

information thereby gained to determine the seemingly-best move.

By analogy, one can consider a given news layout problem to be a game,
although a solitaire one. We call its game tree a layout tree. The playing
board is the t.e'rnplate being constructed. At the beginning, the template is
empty. Each move consists of adding an item to the template, leading to a new
node in the layout tree corresponding to the new position. The final positions
are those where all of the items have been added; these occur in the tree at

the n'" ply, where n is the number of items to be laid out on the page.

Some of these final positions, as we have seen in the last chapter, will be
syntactically illegal. These count as losses. Others will be syntactical_ly legal,
but semantically invalid. These are the templates without associated Iayouts.

and also count as losses. The wins are those legal templates which do have
associated layouts. |

1. Assuming that certain current assumptions about the nature of the physical universe
are correct.
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The problem is to move through the tree to a winning position, thereby
obtaining a layout. As in chess, the compiete tree for a given layout problem is
far too large to enumerate. It is necessary to search through the tree based
on imperféct. knowledge of where the search will lead. There are, hdwev_er,

some ways of increasing that knowledge, as described below.
4.2 Partial Layout Equations

As we have seen, the final nodes in the layout tree correspond to :
completed templates. Given one of these templates, we can generate a set of
layout equations which tell us whether or not there is a fayout based on that

template, and, if there is, give its dimensions.

Each of the intermediate nodes in the layout tree corresponds to a partial
template. Given one of these, it is possible to generate a set of partial layout
equations, based on the partiat information available, which tell whether there
is any possibility of this partial template giving rise to a completed template
which has a layout. Consider, for example, the partial template:

- ccc¢cC -

A set of partial layout equations for this partial template is shown in Table 4-|.

If there exist any h,, h,, and hy which satisfy these equations, then there is the '

Table 4-l Partial Layout Equations.

h, + h, + hy = height of page [partial height eqn]
h; + h, + hy 2 area (A) [partial area eqn for A]

4 h, 2 area (C) “[partial area eqn for C)

2 h, + hy 2 area (F) [partial area eqn for F)

h, 2 headline height (F) [partial headline eqgn for F]
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possibility that a completed template with an associated layout can be built
from this partial template. If not, then there is no such chance, slncé the partial
layout equations necessarily state a strictly weaker condition on the existence
of height variables than will any of the possible eventual sets of final fayout
equations.? The actual values of the height variables which satisfy the partial
layout equatioﬁs are irrelevant; what matters is whether any such height
variables exist. The problem being solved here is not to determine partial
numerical dimensions for the layout, but to determine if any such layout can
exist. No. actual numerical dimensions can necessarily be inferred from a partial
template, since it is not yet known where the remaining template items will be

inserted. Different subsequent choices will force different Iéyout positions of
the items already placed. '

In this example, if news item A is too large to fit into one column, then the
partial Iéyou{ 2qualions will fail. Simiiarly, if news items C and F are too large
to flt together in the manner specified by the template, the equations will also
fail. Hf the equations do succeed, there is still the possibility that the partial
template might not lead to any layouts, because of the particular mix of news
items remaining to be inserted into the template. However, this will be

because of conditions not expressible in the pértial layout equations.

A partial template whose set of partial layout equations succeeds is
termed valid, as is a legal completed template whose set of final layout
equations succeeds;? all other templates are invalid By analogy, the various
nodes of the layout tree for a particular layout problem can be considered valid

or invalid, as can the particular moves leading to them. Since the partial (ayout

2. Adding an item to a template does not, in general, simply add new layout equations to
the set of partial layout equations, but various existing equations may also change.
- 3. All partial templates are considered legal, since they are constructed by legal moves.
In general, only a final template can be considered definitely illegal for such reasons as a
non-rectangular shape for a picture, since such faults in @ partlal template might be
corrected by the time it becomes final.
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equations state necessary conditions on the existence of an eventual layout, no
invalid 'nod'e cen have valid descendants (although the reverse can obviously be
true). Therefore, any subtree of the layout tree originating from an invalid
node will be uniformly invalid; in particular, all of the templates corresponding
to final nodes in that subtree will be invalid and will not lead to layouts. Such |
a subtree can be totally' ignored by any search procedure. In terms of our
analogy, this means that, when adding an item to a partial template.'the layout
equations of the new template should be checked for satlsflablllty If they fail
the move is invalid and should not be considered.

Similarly, any illegal completed templates can be removed from the tree,
and the final moves leading to them considered invalid. With the use of
lockahead, it is somelimes possible to determine whether or not intermediate

positions can possibly lead to legal final templates; those that cannot should be
considered invalid. |

4.3 Shape of the Layout Tree

Although there will be a different layout tree for each layout problem,

some generalities can be made about the shapes of layout trees.

There are more possible moves early in layout than there are later on. At
the beginning, there are simply more news items remaining to be laid out.
Toward the end, there are fewer remaining, and the requirements for legal
completed templated must also be dealt with, potentially reducing the number

of possible placements for each remaining item.

There is a higher probability that a legal position early in the tree will bé _
valid than for positions later in the tree. The root position is.always valid, of
course. Positions at the first ply have small sets of partial layout equations,

“which state relatively weak conditions, and therefore stand a good chancé of
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being valid. For positions at subsequent plies, the sets of partial layout
equations change, growing in size as they do, and become more and more

difficult to fuifill, causing a decrease in the probability of a valid position.

4.4 Basic Search Strategy

~ To find a layout, it is necessary only to search through the layout tree until
a valid final node is tocated. This, unfortunately, is more easily said than done,
because of the great size of the tree. The basic approach to search strategy
taken in this thesis is to start at the root node of the layout tree and move
downward, makiné only legal moves, and checking the validity of each move by
generating and attempting to solve each set of partial layout equations. This
procedure may lead directly to a layout. Alternatively, there may come an
intermediate point where there are either no legal moves possible, or where
there are no valid moves among the legal ones. Either case can be termed a
dead end. Upon encountering a dead end, the search procedure will backtrack,
trying other possible paths. Eventually, if there are layouts, one will be found.
This procedure should be monitored by the layout persen to catch the rare
cases in which there are no layouts possible with the given items on the given
page, as well as the cases where the number of layouts is so small that finding

one is like finding a needle in a haystack, becoming excessively difficult.

The amount of time that this search procedure takes depénds on the
number of positions in the tree it must consider. One obvious conclusion is that
the effectiveness of the procedure depends on the etfectiveness of the partial
layout equations generated at each step. The more bfind alleys (paths leading
only to dead ends) that can be detected at their offset, the less time will be
required to _genefate a layout.

4. This ap;ﬁ:roach is developed more fully in Chapter 6.
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45 Summary

The concept of a layout tree provides a convenient conceptual framework
for understanding the layout probiem. Generating a template is equivalent to
moving downward through the tree; producing a final layout can be pérfofmed

by searching through the tree, generating partial templates along the way, until
a valid final template is reached. |

The following chapter considers certain modifications of the rules for legal
moves which make the search procedure more effective.
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5.1 Canonical Orderings

As Was shown in Chapter 3, a single template can be built in a variety of
different ways, corresponding to the variety of possible orders in which the
template items can be inserted into the partial templates. With n items to be
laid out, there will be n! possible orders of insertion. These n! orderings will
correspond {o n! distinct paths through the layout tree, terminating at n! final -

nodes, each of which will correspond to the same final template.

Since the order of insertion of the items into the partial templatés does not
matter, restricting any particular final template to be constructed in a single
particular order will reduce the size of the layout tree, potentially making
searching easier. In this case, it matters not how you play the layout garne,l but
whether you win or lose. These changes will represent changes in the rules of
the layout game, making it potentially easier to win. Of course, the winning
positions will still correspond to the same set of valid legal final templates.
Each valid Ie'gal final template will appear once and only once in the restricted
layout tree, and there will be only one path leading to each such template.

We define a canonical ordering based on the matrix form of the template.
An item whose top appears on a template row higher than the top of another
item will appear earlier in the ordering than the other item. For items whose
tops appear on the same template row, the ones appearing the further left will

appear earlier in the ordering. For example, for the template:
A AABDB B
AAAACTCC

bboobCC
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the canonical ordering will be A, B, C, D. This ordering, which represents a
total ordering on the items, will be called the top-down ordering. This ordering
goes from left to right, top to bottom.

Another possible canonical ordering is the botlom-up ordering, which we
define to be préciseiy the reverse of the top-down ordering. This ordering
proceeds from right to left, bottom to top. . '

_ Either of these two possible orderings will satisfy the goal given above of
there being. only one possible path through the layout tree to a given final
template. In this way, these orderings represent additions to the template
grammar, in that they restrict the set of possible moves. As will be seen, each
of these orderings has its ‘unique advantages. Layout using the bottom-up

ordering will be considered first, since it is the easier to understand

5.2 Bottom-Up Layout
Bh.2.1 Equation-Generation Method
521.1 Basic Method

Consider building the template:
AADDD
cccoDoD

cccese B

bottom-up. This will proceed as shown in Figure 5-1. The template items are
inserted in the order B, C, D, A. The unique advantage of bottom-up layout lies
in the fact that it is possible to generate the layout equations of the items as

soon as they are inserted into the partial templates. For example, the area
equation for B is:
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Figure 5-1. Bottom-Up Generstion of Example Template.

2 h, 2 area (B) _— {5-1)

where height variables are numbered from the bottom up, so that h, is the
height variablé‘corresponding to the towest row of the template under
construction.! This area equation can, of course, be easily generated from the
final template, but it can also be generated in the same form at the very first
point that item B is added to the partial temp!ate, because of the bottom-up

direction of layout. The other area equations, which can also be generated in

1. This reversal of the usual numbering scheme will be used throughout the discussion of
bottom-up layout.
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turn, are:
3h, + 3 h, 2 area (C) (52
3 hy + 2h, 2 area (D) (5-3)
2 hy 2 area (A) o (5-9)

As can be seen, each of these area equstions can be generated as soon as the
corresponding template item is inserted into the template. This is because the
exact symbolic shape of each template item is known immediately, dﬁe_ to the
interaction between the bottom-up direction of layout and the template
grammar; the symbolic shape of a template item does not depend on the

placements of the following items.

Headline equations and picture equations can be generated with equal
simplicity. None of the layout equations will need to be changed as further
template items are inserted, with the exception of the height equation, which

will have to be changed so as to incorporate the new height variables.

5.2.1.2 Height Equation

At an i'ntérmediate point in template generation, the set of height variables
will be incomplete. Therefore, the height equation at an intermediate point
cannot refer directly to the sum of the height variables, but must state that the
sum of the subset of the height variables that have been'introduced up to that
point, plus some dummy variable h , equals the height of the newshole. The
dummy var'ia.ble h, represents the sum of the height variables yet to be

introduced. In the above example, for instance, after the first template item is
inserted, the height equation is:

h, + h_ = height of newshole ' (5-9)

In case of a non-rectangular newshole, only a little more pfdcessing is
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required for generating the multiple height equations. Consider the newshole
shown in Figure 5-2. We divide the newshole into a number of /evels, one for
each of the height equations that will be generated. In this case, there are
three levels, leading eventually to three height equations. Layout begins in the
bottom level. When deciding where to place the top of an item, one possibility
is to terminate the current level and move to a higher level, possibly skipping
over some number of intermediate levels. At any point, the variable h_ refers

to the sum of the height variables yet to be introduced in the current level.

Template construction in the above newshole might progress as in the
following sequence. We start with: | '

$ S EE S 8

The current height equation is now:

hy +h, =350 (5-6)

900

250

Sapmty st

Figure 5-2. Non-Rectangular Newshole.
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At this point, let us suppose that the next higher level Is chosen. The
height equation:
h, = 350 ‘ (5-7)
is final, and @ new one is started. The partial template becomes:
$ 8 DDDOD
$ ¢$ EE 8§ 8

and the new height equation is:
hy + h, = 250 ‘ (5-8)

Above, the next-level operation was performed in such a way as to .'
require that the top of E, already placed in its level, be at the same height as

the top of its level in the final layout. Another possibility is to perform the
next-level operation as in: - '

$ 8 - - - -
$ $DODODOD

$ 8 EE § 8

which allows there to be some distance between the top of D and the top .of

its level in the final layout. Here, the height equation:
h, + hy = 250 (5-9)

is final; the height variable hy, which may 6r may not be zero in the final layout,
represents the distance between the top of D and the top of its level. A new
height equation:
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h, + h_ = 900 (5-10)
is started, and template construction continues.

In summary, before a template item is inserted into a partial template, one
or more next-level operations may be performed. These may specify whether

the item previously inserted is or is not to be constrained to be at the same
height as the top of its level.

5.2.1.3 Items on the Same Row

Consider the two partial templates:
- - BEE CC

and

The effective difference between these two partial templates is that, in the
first, the top of item E is constrained to be at the same height as the top of C,
whereas no such constraint exists in the second partial template. The flrst
partial template can be viewed as a special case of the second, since the
height variable h, in the second partial template can take on the particula_r
value zero, .mak_ing it equivalent to the first in such a case. If any final
template built with the first of these partial templates can achieve a layout, so
can an equivalent template built with the second. Moreover, it may be the
case that layouts exist based on the second partial template that have no _
counter_parf based on the first partial template, since the height variable h, in
their final templates is effectively constrained to 'be greater than zero. Thus,
we can consider the second partial template to be a generalization of the first.

in fact, the. first partial tempiate represents so special a case that it is
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reasonable to outlaw such partial templates, in order to increase the proportion
of valid nodes in the layout tree. ' |

In certain situations, however, final templates built with the first partial

template may have no equivalents built with the second. Consider the partial
template:

- -DDD -

- - EECC

where D represents a picture. Since D requires a rectangular space, it can be
placed above E and C onlly if £ and C are constrained to be at the same height.
Similarly, the top row of a final template Will usually contain a number of items,
and all of these will of necessity be on the same row.

Even so, there can never be any reason for allowing more than one item
top to occur on the same line of a partial template if the tops are non-
adjacent. Partial templates such as: '

- EE -CC

are never desirable, since they can lead to neither of the special cases
‘mentioned. They can therefore be considered illegal, potentially increasing the
proportion of valid nodes in the layout tree.

h.2.1.4 Lookahead

The top row of a template is the last row to be filled in when using

| bottom-up layout. By the rules of the template grammar, there must be no
holes in the top row. If partial templates are not carefully chosen, though, it
might become impossible to fill the top row with the item or items remaining. A

lookahead procedure can help to forecast such a situation early enough to
avoid it. |
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For exarﬁple, in the partial template:
- - CccCc -
- B BB -

if there is only one item, A, remaining, then it is necessary for A to have a
possible top width of five; otherwise, the top of the template cannot possible
be filled.in. If there are several template items remaining, there must be some
subset with possible ’top widths totalling five. Similarly, with the partial
template: '

- B BB -

either a width of five or a width of three must be achievable.
5.2.2 Augmented Partial Layout Equations

As ghown above, generating the partial layout equations ié straightforward
when préceeding bottom-up. Another advantage of bottom-up layout is that
the partial layout equations can be augmented to state a stronger condition
than is possible without an inherent direction of layout. The partial layout
equations, as shown so far, make no statement related to the items remaining
to be inserted into the template. '

With bottom-up iayout, we know that the remaining items will be‘_ inserted
above the items already present. This knowledge can lead to an additional
equation. With the partial template:

- -ccCcC -

- DO D - -
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_we can generéte an additional ‘area equation for the remaining items:2
6 h, + 3 h, + 2 h 2 area of remaining items - (5-11)
This equation is in addition to the area equations:

3 by 2 area (D) - (5-12)
3 h, + h; > area (C) : (5-13)

Note that if these three equations are added together, we obtain:
6h,+6h,+6h, > areaofitems (5-149)

which is to be éxpected. This shows that the new equation effectively
requires that the total amount of space available in the newshole be sufficient

to hold all the news items. This equation, in fact, states a much stronger
condition.

This new equation can be called the remaining-items equation. To
understand its operation, a basic concept is needed. In a given Ia_ybut problem,
there will be more newshole space available than the sum of the areas of the

news it'ems. We define the amount of residue to be the difference between

these two quantities.

At the beginning of template construction, there is positive residue. The
remaining-items equation is:

total space available > total area of items ' (5-1"5)

This is true, since the residue is non-negative.

2. If the newshole is non-rectangular, then the numerical sum of the sizes of all levels
higher than the current one should be added into the left-hand side of this equation. This
is because these levels form part of the space available for the remaining items.
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When the first item is added to the template, the symbolic "space
available” splits into two parts: the part assigned to that item, and the part left
for the rem_aindgr of the items. The "space available” is symbolically decreased
by the area of the item inserted,? and the "area left” is numerically decreased

by the same area, so that the residue remains the same.

At all points in template construction, the remaining-items equation
requires the residue to be nonQnegative. After the first template item is
insertéd, though, the residue can begin to shrink. Consider, for example, the
partial template: |

B B BB - -
bDbcC - -

The amount of space allocated for D is constrained to be exactly equal to the

- amount of space allocated for C. If the areas needed for these two items are
unequal, then this partial template represents a forced transfer of some of the
residue from the "space available” into the space for the smaller of items C and
D. The remaining-items equation requires that the remaining residue be non-

negative after such a transfer.

Residue can decrease because of a great number of template constructs. If
the residue ever becomes negative (strictly speaking, if the maximum value of
the residue ever becomes negative), then the partial template is invalid.” This
‘will be marked by the failure of the augmented partial layout equations.: In
such a case, the amount of space available can not possibly be large enough to -
hold the remaining items. The augmented partial layout equations therefore
provide the ability to detect unsatisfiable situations before they Woulcl be
detected by uhaugmente.d partial layout equations.

3. Strictly speakmg. it is decreased by a symbolic quantity, whose achlevable minimum in
this case is the area of the item.
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523 An Efficient Equation Solution Method

All of the layout equations are simple linear equalities or inequalities. As
stated in Chapter 2, a simplex linear programming technique is adequate for
solving them. There is an even simpler and much faster method which can be

used to solve the class of layout equations generated by bottom-up layout.

This method is primarily intended for determining oniy whether a set of
layout equations or partial layout equations has a solution. As it turns out, this
method does produce values of height variables as a by-product, but the
simplex method would tend to produce cnes of a better qqality. That is, better
in the quality of the layout produced. This method, if used for final layouts,
would produce layouts with the bottommost items leaded as little as possiblé
and the topmost items leaded as much as possible. The simplex fnethod would
tend to assign leading more evenly among the items. Still, this method can be
used to check sets of partial layout equations, and to quickly check sets of final
layout equations before performing the slower simplex method to obtain the |

numerical dimensions to be used for the final layout.

Consider an arbitrary set of partial layout equations. The layout equations
for the items already added to the partial template say only that the space

- allocated to these items must meet certain minimum requirements, such as area,

space for headline, etc; the finalized height equations, if any, state s.imilar

requirements. The other equations are the current height equation and the

remaining-iterris equation. These reqﬁire that the space left must also meet

certain requirements.

For an arbitrary partial template, such as the one shown in Figure 5-3, one
way of satisfying these requirements is to find height variables to minimize the
space assigned to the items already present, and to simultaneously maximize
the space left. Consider the items at the h; row. If their tops are ‘r'\umerically‘
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Figure 5-3. Partial Template.

placed as low as they can possibly be, based on these items’ layout equations,
thus minimizing h,, this cannot possibly force the tops of any of the other items
to be nﬁmerically higher than they might otherwise be, This is obvious for the
partial temp.late shown. It is also true in general, because of the restrictions on
legal shapes- of template items.

| Similarly,l consider the items-at the h, row. If their tops are now placed as
low as possible, minimizing h, with known h;, this cannot cause the tqps of any
of the other items to move up numerically. Moreover, the choice of minimum h;

necessarily leads to minimum h, +h, at this point.

This process can continue up to the highest row yet used. This assignmént
of values to the height variables will simultaneously maximize h,, and maximize
the space available for the remaining items. If these quantities are sUfﬁcienL
then the values of the height variables represent solutions of the partial layout
_equations. Otherwise, there are no solutions.

This process can be incorporated in the template-building procédufe as
follows. Each -time. a new. height variable h, is introduced, ilt is assigned a value,
initially 0. When an item is added whose top is on the height variable’s rdw,
the layout equétions for that item are generated, and tested for truth with the

current value of h,. If necessary, h, is increased until the equations become
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true. The finalizing of an old height equation might also make to necessary to
increase h. If increasing h, causes h | to become negative or the ramaining-'

items equation to become faise, then the partial template is invalid; otherwisé,
it is valid.

Consider an example. The newshole is rectangular,'slx columns wide and
1500 points tall. Thus, h_ is initially 1500. We shall assume there'is 8600
column-points of news to fit into the 9000 column-points of newshole. Story
D, with area 1600 column-points, is inserted:

o boboboD - -

This introduces a new height variable h;. Since we know that:
4 h; 2 1600 (5-16)

(cohsidering'only area equations here), this sets h, to 400, which is the
minimum possible. Doing so decreases h, to 1100 and the available space to
7400. Next, story C, with area 2500, is inserted:

- - -ccCcc¢c

DDODOD - -

This introduces a new height variable h,. Since we require that:
3h, + 2 h, 2 2500 (5-17)

this sets h, to 566.67, which is (2500-2x400)/3, decreasing h,, to 533.33, and
the available space to 4900. Story B, with area 1500, is inserted:
. _ - -BBB

- - -cCCGC

0o obdDbD - -
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This introduces h3. and, since we require that:
3 hy 2 1500 , (5-18)

we set h; to 500, reducing h_ to 33.33, and the available space to 3400. Last,
story A, with area 3000, is inserted:

A°A A-B B B

- - -cCccCC
oobDD - -
This requires that:
3 hy + 3 h, 2 3000 | ) (5-19)

but 3 h; + 3 h, = 3200 already, so hy does not need to be increased further.
All of the items have now been inserted, and h,, is still positive, as is the
residue, which is all that remains of the space available (in this case, in fact,

none of the residue was used up). This signifies that the final template is valid,

as were, of course, all of the partial templates

As an example of an invalid partial template, consider item C having been
inserted as:

- - CC - -
“"o0bDbD - -

This would have set h2' to 1250, forcing h,, negative.
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5.3 Top-Down Layout

5.3.1 Equation Generation Method
5.3.1.1 Basic Method

Top-down layout is quite different. Consider the following pariial template
with one item:

A A A - -

Here, there is no immediate knowledge of the symbolic shape of the item A just
inserted into the template. It could have any of a number of possible final
shapes, depending on the placements of the succeeding items below A. None

of the advantagés associated with the presence of such knowledge in
bottom-up layout exist here in top-down layout.

Even so, it is still possible to generate partial layout equations. Consider
what is known in the above partial template. The space aliocated for A,

aithough not yet known for certain, will be at feast 3 h;. We can express this
as: '

3 h) +x, 2 area (A) {(5-20)

where x, symbolically represents the part of the space eventually to be
altocated to A which is not contained in the 3 h,. We know that:

xp €3 hy, (5-21)
where h_, of course, is defined here by:
h, + h_ = height of newshole (5-22)

since area A cannot occupy more than three columns at any lower point in the
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template.
In the subsequent partial template:
A°A A BB

similar partial layout equations for B can also be generated:

2 h; +xg 2 area (B) (5-23)
xg < 2h, ' (5-24) -
In the par[ial template:
A°A A BB
- -CcCcCc

the partial layout equations for C can be generated in the same manner;

3 h2 + %o 2 area (C) | (5-25)
Xc <3 hn. : (5-26)

For A and B, howevgr, matters now become more complicated. For one thing,

the space for B is now completely known, so B’s layout equafiohs can be
generated in final form:

2 h) 2 area (B) | {(5-27)

plus any necessary headline and picture equations. The area equation for A
becomes:

3h, +2h, +x, 2 area (A) - (5-28)
xy € 2h, - (5-29)

since A will be at most two columns wide at any fower point. Additionally,
more is known about the shape of A. We know, for instance, that its headline
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equation, if any, should be:
h, 2 headline height of A + increment {(5-30)

Also, we know that the shape of A will be non-rectangular, making it illegal if A
is a picture. If A contains a dependent picture, the generation of a picture

equation might now be possible, depending on the story-picture format chosen.

The point is that information about the exact symbolic shapes of template
items is accumulated slowly in top-down layout. Layout equations must be
generated and modified as the construction of the template progresses. As
more information becomes known concerning the shapes of items, these shapes
should be checked against the set of legal shapes.

B5.3.1.2 Special Cases

Special cases such as those described in the presentation of bottom-up

layout can be .handled similarly in top-down layout.

Non-récténgular newsholes can be divided into a number of levels in the
same way as in bottom-up Iéyout. Here, there is a choice as to whether the
item being'ihserted is to be in a lower level, and, if so, whether its top is or is
not to be constrained to be at the same height as the top of that new level.
The definition of the x-variables should be changed appropriately. Finally, in
cases such as the partial template: '

A°AABOBUDB
ccecece - -
ina newshole such as the one shown in Figure 5-4, partial headlihe and picture

equations for C should be generated until its shape is more certain than it is in
this partial template.
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Figure 5-4. Nén—Rectanguiar Newshole.

- As in bottom-up layout, there is never any reason for the tops of two non-

adjacent items to appear on the same template row.

Since the top row of the template is filled in first in top-down layout, there

is no need fdr complicated lookahead procedures to assure the absence of
holes in the top row, as is needed in the bottom-up case. Holes st the bottom,
of course, cannot occur, due to the nature of the template gramméf.

5.3.2 Augmented Partial Layout Equatidhs

Aé in bottom-up layout, it is possible in top-down layout to augment th.e'
partial layout 'equations to take into account the set of items remaining.

Consider the partial template:
A A A - -

Here, we change the partial layout equations for A to:
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3 h; +x, 2 area (A) (5-31)
X5 +fa=3h : {5-32)

The latter of these equations can be seen to be equivalent to the formerly
defined x-variable equation in terms of the restraints it places on X a0 since all
variables in linear programming are constrained to be non-negative.* This new
equation symbolically divides the space left below A (the 3 h.) into that which *
will be used tor the remainder of the symbolic shape of A (the x,), plus that |
which will be used for other items (the f,). |

These changes in the x-variable equations make it possible to generate a

remaining-items equation. In this case, it is:
fa+ 2h; + 2h 2 area of remaining items ' (5-33)'

The 2 h 1t ?_'hn appears in this equation because that part of the'template is
not under any template item, and thus is totally free for the allocation of the
remaining items. For the partial template:

A A ABGB

the remaining-items equation would be:

fp + fg 2 area of remaining items ' (5-34)
In:
A°AABGB
- -CcCc¢C

it is:

4. In case of a non-rectangular newshole, the numerical sum of the areas of the lower
levels should be added to the right-hand side of this equation.
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f A—+ fc 2 area of remaining items (5-35)

Of course, the layout equations for B in this latter partial template will no

longer include references to Xg or fg, since the exact symbolic shape of B is
known. '

5.3.3 Absence of an Efficient Equation Solution Method -~

For bottom-up layout, thére exists an efficient method available for solving
the layout equations generated, in the order generated. No asnalogous method
exists for top-down layout.

Consider the partial template:
A°A A ABSB
- - - CcCcCZFc

where the item areas are as shown in Table 5-:1, and the newsholé height is
1500 points. Given this partial template, it might seem that it would be simple

to generate a value for h;, namely 500, the minimum possible one. Consider,
however, the final template:

Table 5-I. Example ltem Areas.

area (A) = 3800 column-points
area (B) = 1000 column-points
area (C) = 900 column-points
area (D} = 1200 column-points
area (E) = 1500 column-points
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Here, it develops that there is only one solution possible, which is shown in

Table 5- iI; this solution has a greater-than-minimum h;. On the other hand, the

minimum b, is achievable in this final template:

A

D

A

D

A

D

A

c

E

B

C

E

which is also based on the same partial template. Indeed, the minimum h,
possible with the partial template corresponds to the only soluli_on with this

final template.

The point here is that it is not possible in top-down layout, based only on a

partial template, to determine universally acceptable values for the height

variables which can be used regardless of the placement of the remaining

items. Instead, the set of partial layout equations must be kept and completely

checked at the point of insertion of each new item, without such a shortcut as

is possible with bottom-up layout. It is interesting to note that the only 7

Table 5-II. Solution to Layout Equations.

h, = 800
h, = 200
hy = 100

hy = 400
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exception to this genéral rule is when all template items are rectangular. This

is because rectangles are the only legal template item shapes which are still
legal upside-down.

One computational shortcut that is possible, given a partial or final template
constructed top-down, is to reconstruct the template bottom-up, checking for
validity in doing so. This method, of course, works perfectly as a validity check
for a final template constructed top-down (or, indeed, in any manner); for
partial templates, though, it cannot yield a correct value for the space
remaining, because of the mismatch in layout directions. Thus, for partial
templates, thi.s method can be used only for checking a subset of the necéssry
conditions stated in fhe layout equations. Still, the procedure is fast, arid, if it
fails, then the more complicated linear programming method need not be tried,
because it would certainly-.fail also. If the procedure succeeds, then linear
programming must still be used to check the validity of the layout equations

augmented with the remaining-items equation.

For final templates, this shortcut always gives the same result as linear

programming. For partial templates, the correlation grows less as the template
grows less complete.

5.4 A Comparison

The previous sections outlining the use of bottom-up layout and bf
top-down layout strongly suggest that the layout game is inherently easier to
play when proceeding bottom-up than when proceeding top~-down. The
important point of comparison between them, though, is to determine which one
makes the layout game easier to win. The answer, surprisingly, is that it is
much easier to win the layout game when proceeding top-down than when
proceeding bottom-up. '
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Consider the layout problem given in Table 5-ll. This example is taken
directly from Page 8 of the February 9, 1977 issue of Tech Talk, an M.L.T.
administrative newspaper of tabloid size (this page is shown in Figure I-1 in
Appendix I). In this example, as in others in this report which are based on
actual newspaper layouts, a number of possible headline sizes are included in
the layout problem listed, all based on the single headline size actually used in

the layout, so as to make the problem more representative of actual layout
problems.

- The complete layout trees for this example layout problem have been
~experimentally enumerated, both for the bottom-up layout case and the
top-down layout case. There were found:-to be exactly 66 distinct layouts
possible for this layout problem; therefore, the layout trees for both bottom-up
layout and for top-down layout have exactly 66 valid legal final nodes. What
matters, though, is how difficult those 66 nodes are to reach.

The layout tree, ignoring descendants of invalid nodes, contains 4317 nodes
in the bottom-up case, but only 1011 nodes in the top-down case. More
statistics are shown in Tables 5-IV and 5-V. We see that proceeding

top-down gives a significantly smaller layout tree for this example than does

Table 5-Ill. Tech Talk Layout Problem.

name text _ headline picture
Engineering 2252 3x40, 4x40 -
Dancing 1121 2x80, 3x40, 4x40 3x270
Symposium 589 2x60, 3x30, 4x30 -
AARP - -

2x261

The newshole is rectangular, 5x1160.

Formats 1, 2, and 3 are legal format choices for the Dancing story.

The increment in the headline equations is equal to the headline height.
The convexity rule from Section 7.2 is an absolute rule.
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Table 5-IV. Bottom-Up Layout Tree Statistics for Tech Talk Example.

Pyl Ply2 Py3 P4

No. of posns w/valid final descendants: 11 44 64
No. of posns w/valid descendants: 22 141 64
No. of valid posns: ' _ 22 235 424 66
No. of posns: 23 332 2174 1787

Table 5-V. Top-Down Layout Tree Statistics for Tech Talk Example.

Pyl Py2 Py3 Py4

No. of posns w/valid final descendants: 6 17 40
No. of posns w/valid descendants: 7 - 30 40
No. of valid posns: 9 36 154 66
No. of posns: 9 38 291 672

proceeding bottom-up. The top-down tree contains fewer dead ends and blind
alleys than does the bottom-up tree. As a measure of this, consider a tree-
searching algorithm which starts at the root node, and repeatedly moves to
some valid-descendant node selected at random, stopping either when a valid
final node has been reached or a dead end has been detected.®> The probability
of success of a single pass of this simplistic search algorithm can be derived -
from the information in the two tables; it_is 0.091 with bottom-up layout and
0.168 with top-down layout. |

As noted in Section 5.3.3, there is a very efficient equation solution method
possible with bottom-up layout which has no analogue under top-down |ayout;
This method reduces the amount of time necessary to check a given node in the
layout tree for validity. This time reduction, however, is wiped out by the

relatively greater number of nodes that must be checked in bottom-up layout.

5. More sophisticated tree-search algorithms are the subject of the following chapter.
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Generating these layout trees required 359 seconds bottom-up but only 287
seconds top-down, even with the more efficient equation solution method
possuble with bottom-up layout. The difference in these figures is made even’
more significant by the fact that the implementation of bottom-up layout used
to generate the layout tree was a drastically stripped version which was _
suitable only for generating the bottom-up layout tree as quickly-as possible,
while the one for top-down was a relatively inefficient general-purpose

top-down layout program adapted for generating the layout tree.

There are many sources of the advantages of top-dowﬁ fayout over
bottom-up layout. For example, the top of the page is laid out first with
top-down layout. This eliminates the need for the complicated and less-than-
perfect look-ahead procedures that are necessary with bottom-up layout for |
ensuring that the top of the page can be filled in at all. Furthermore, since the |
top of the page "governs" the rest of the page, a partial template going
top-down tells more about the overall nature of the layout than a partial layout
going bottom-up. Top-down layout places the stories at the bottom of the
page last. There are a number of possible legal placements for these items;
this increases the probability of some valid placement, and helps to avoid a
dead-end late in the tree. Bottom-up layout, on the other hand, places the last
items at the top of the page, where there are only a few placements possible
if the top of the template is to have no holes, thus reducing the probability of

one of these few placements leading to a valid final template.

Dead ends can be detected earlier with top-down layout than with
bottom-up layout. Experience with both top-down and bottom-up layout

algorithms shows that this is true not only for the Tech Talk example, but also

6. These timing figures are, of course, based on a particular implementation running on a

particular machine. More information on the timing characteristics of Ihls implementation
are given in Chapter 9.
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in the general case. The number of nodes in the complete layout tree grows
exponentially with the number of items.” Since dead ends are detected earlier
with top-down layout than with bottom-up layout, and since there are simply
fewer dead ends to find, the ratio between the number of nodes to be
examined with bottom-up layout and with top-down layout grows exponentially
with the number of items. On the other hand, the ratio between the speeds of
the equation solution methods of bottom-up layout and top-down layout grows
at only a polynomial rate,® which becomes insignificant. This suggests that, for __
any layout problem of equal or greater complexity than the Tech Talk example,
top-down layout will be faster than bottom-up layout. For sit"npler problems,
bottom-up Iajrout may be faster, but, since the amount of time taken by either
direction of layout should be relatively small, it would not be unreasonable to

use top-down layout for these cases too.

This discussion has been based on the overall shape of the layout trees for
bottom-up layout and top-down fayout, showing that it is reasonable to believe
that top-down layout will be faster than bottom-up layout. In actual practice,
this is true. The problem with bottom-up layout is that it is difficult to contro!
its path toward a layout, because of the shape to its layout tree. 1t will often
achieve parlial templates which look distinctly improbable to a human observer,

because of their geomelrical shapes, but which are nonetheless valid at that

7. It is this fact that makes it effectively impossible to generate the complete layout trees
for any examples larger than the Tech Talk example. Another example was tried, which
also had four items, but with a greater relative ¢hoice of possible headline sizes (and
therefore of possible top widths). This example lead to 3080 distinct layouts, with 14038
nodes in its layout tree in the top-down case, requiring over 4500 seconds (one and a
quarter hours) to generate. The bottom-up layout tree was not atlempted. An attempt at
a compleie top-down layout tree for an example with five items was halted partway
through; it is estimated that it would have required several hours to exhaustively
enumerate. This exponential increase is related to the exponential increase in the number
of possible templates, explored in Appendix I1.

8. That is, the equation solution method for bottom-up tayout takes constant time per
item, and thus linear time overall, while linear programming can be cleverly implemented to
take quadratic time per item, and cubic time overall.
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ply. These partial templates later turn out to have no valid final descendants.
in top-down Iaylout, however, a human cbserver is usually unable to predict the

probability of success of a partial template much better than do the partial
layout equations.

9.5 Summary

Choosing a fixed direction of layout not only drastically reduces the size of
the layout tree, bljt also allows Ithe partial layout equations to be augmented
by a remaining-items equation. This strengthens the condition on valid
intermediate positions, assisting in the earlier detection of dead ends. Although

the bottom-up layout game is easier to play, the top-down layout game is
easier to win,

The follbwing chapter will consider the problem of efficient searching of the
top-down layout tree.
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Chapter 6 - Layout Tree Searéhing

Once the form of the'layout tree has been made more certain by the choice
of top-down '_Iayout, it is possible to study the effectiveness of the various
possible tree-searching procedures. All of the search strategies presented in
the chapter have been implemented and tested. The analyses presented are
based on the experience thereby obtained.

6.1 Exhaustive Search

One search procedure is exhaustive search. An exhaustive search
procedure si'mply searches the entire layout tree, in a depth-first .
{backtracking) search, looking for valid final nodes. Remember that moving
down through the tree corresponds to adding to the partial template under
construction, combined with checking the new partial layout equations for
satisfiability, while backtracking up the tree correspondé to undoing a previous
choice, returning the partial template to a former valid state before an_other‘
possibility is‘ tried. When a valid final node has been found, the corresponding

layout is output. We assume that the layout person has control over whether

the search procedure will then terminate, or whether it will continue to search
for further valid final nodes,

This search procedure has the advantage of simplicity. It does, however,
present certain problems. A layout tree is usually too large to search
completely in any reasonable amount of time. Assume that, at each ply, the
search procedure cycles through the vario_us possible valid moves, trying each
in turn. If there are only three or so items on the page, this search procedure
will be able to traverse all the possible paths through the layout tree in a
reasonable amount of time. If there are more than about three items, not all of
the tree can be searched within the time available, That part of.the tree

reachable by an exhaustive search procedure will all be based on the same



Layout Tree Searching -93- Exhaustive Search

move at the first ply (since the procedure will not have exhausted the
consequences of that move yet), the same move at the second ply, and so
forth, with only the moves on the last three or so plies examined fully. This .
will result in a noticable lack of variety in the final templates tested for

validity, since the top of the page will be identical in each of them. This has
two consequences.

First, all the layouts produced will look quite similar. if the top of the page
resulting from the single early choices that could be tried looks good, then this
is no problem. If, however, it represents an esthetic "mistake”, then the

Iaybuts produced will tend to be equally unacceptable.

Secondly, all the templates generated will have similar layout equations.
_Experierice sH‘o_ws that valid nodes tend to cluster together in various parts of |
the tree, instead of being evenly distributed. This relates to the fact that
variouslearly choices in building the templates are better than others for.‘
reasons not expressible by the dichotomy of simple validity or invalidity of
partial templates. If that part of the tree visited first happens to be relatively
dense in valid final nodes, exhaustive search will be effective. 1If that part of
the tree has no valid final nodes, then exhaustive search will fail because of a

pragmatic "mistake” having been made early in the search.

It is possible to design a tree-searching algorithm so that it can make
certain judgements concerning the probability of the validity of descendants"of
a given node in the layout tree. One such judgement, of course, is in the
distinction between validity and invalidity of a node; a more sophisticated
judgement is discussed in Section 6.5. It is also possible to design the tree-
searching algorithm so that it can make certain judgements concerning the
eventual esthetic qualities of layouts based on descendants of a givén node.

One such judgement is related to the rule of trying to place the more irnportaht
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news items nearer to the top of the page than the less-important ones.'

The use of such judgements of perceived template quality can improve the
efficiency of searching, but neither of these judgements is foolproof. It will be
still possible to make mistakes in choosing the early moves which, under
exhaustive searching, cannot be taken back. Paradoxically, exhaustive
searching can fail because it can not search enough of the tree. Instead of
exhaustively searching what must be at most a very small and closely-related
part of the tree, it might be better to try to search incompletely-ihrough a’
greater part of the tree. Such a search strategy will not work as well as
exhaustive search does in the best case, but it should represent an

improvement over the worst case.
6.2 Basis for Random Searching

Only a small part of the complete layout tree for any reasonably large
layout problém will be practical to search, no matter what particular search
strategy is used. The search strategy must select, from the set of all moves
that could be made, those that will actually be considered. How are these

moves to be selected?

In this thesis, the premise is that the moves are selected at raﬁdom, with
probabilities related to their perceived quality. This may seem a strange
choice at first. It might seem more reasonable always to use those moves
which have the highest perceived quality, without running the risk associated

with a lower quality one. There are, however, reasons why such an analysis ig
incorrect. '

As mentioned in the last section, the perceived quality of a move is not a -

1. Others esthetic judgements are discussed in Chapter 7.
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perfect indicalion of its actual worth, to which it is related only stafistically. In
other words, there is uncertainty over the conditions governing the choice of a
move. Game Theory? is a branch of mathematics which deals with declsion-
making in uncertain situations. It shows that, in many situations where one has
a choice of s.trategies to be pursued, sel'ecting randomly from the strategies
according to mathematically derived odds can lead to a higher degree of
success than simply following the most reasonable single strategy. This
suggests that such an approach might also be reasonable in searching a layout
tree, where {he're.is incomplete information about the quality of possible
moves. Unfofttmately, a direct application of game-theoretic analysis to this
problem seems impractical, precluding the possibility of deriving optimal odds
for the various moves. it is necessary to use rule-of-thumb meésures of move
quality for this purpose. In this way, we can at least increase the probability
of success of a partial tree search. '

It a probabilistically directed partial search of the tree fails to produce a
layout, the search can be repeated until a layout is found. Alternatively, the
layout person may choose to intervene after a reasonable amount of time has
passed. If a probabilistic search of the layout tree faiI; to produce a layout
after a reasonable amount of .lime, it is more reasonable to conclude that there
are either no layouts in the tree, or very few, than it would be with other
search techniques. If layouts do exist, as is usually the case, this procedure
will eventually find some. One important measure associated with such a
search procedure is the amount of time required to find the first layout, or the
first few. The use of a probabilistic search algorithm can be expected to
improve the variance of this amount of time as compared to the exhaustive-

search case, since it is not as badly affected by the clustering of the valid

2. Game Theory, despiie its name, is only indirectly related to the study of games such as
chess, and to elements of that theory, such as game trees.
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nodes.? Thus, it will increase the probability that a layout will be found within
the fixed amount of time available. Also, the layouts achieved should prove
less similar to each other than those produced in the exhaustive-search case,

increasing the set of real choices available to the layout person.

6.3 Breadth-1 Search

The breadth-1 search procedure was briefly introduced in the. last chapter.
This pr;ocedure starts at the root node of the layout tree and attempts to form |
a single continuous path to a valid final node by continuously adding purely.
random valid moves. Eventually, either a valid final node is reached, in which
case the corresponding layout is output, or a dead end is reached, in which

case the algorithm starts again from the beginning.

Discarding the entire path thus constructed might not be the optimal _

| strategy here. However, it does have the advantage of simplicity, and is not
totally unjustified. It is known that the path leads nowhere, and it is not known
which particular move or sequence of moves is to blame for this. Starting an
entirely new path represents cutting our losses, rather than continuing to spend
time trying.to patch the path

This algorithm will eventually produce layouts. As might be expected,l it
performs less well as the number of news items grows. Its implémentation,
however, is quite simple. At each intermediate point, there is somepartial
template representing the current position, from which a new position is chosen

by randomly selecting from among the sel of possible legal moves until a valid

3. Rabin {Rabin 76] has studied the class of probabilistic algorithms, and shows that the
time performance of many algorithms can be improved through the use of randomization.
For example, certain sorting algorithms have good average-case running times, but bad
worst-case times. If the inputs to such an algorithm are first randomized, then all sets of
inputs of a given size will have an expected running time equal to the average running time
of the algorithm for sets of input of that size,
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one is found. -
6.4 Breadth-N Search

~ One improvement on breadth-1 search is to let the set of current positions
kept at each ply be of size N, for some constant N possibly greater than 1.
Here, each step of the search involves choosing N valid moves from the moves
possible frorﬁ_ the N current positions. (Of course, there will be only one
current position, the empty template, at the start, and exceptional numbers of
dead ends rﬁay force a smaller number of current positions at other plies.) At
the end of a successful search, there will be N final layouts produced. This

search strategy will be called breadth-N search. If N=1, then breadth-N search
is the same as breadth-1 search. ‘

On the average, we can see that this procedure will take'ppréximately N
times as much time as breadth-1 search, ignoring the occurrence of dead ends.
On the other hand, dead ends do occur frequently, and are the source of the

potential superiority of breadth-N search over breadth-1 search.

Consider a layout tree for five items, where each valid node has a 0.5
chance of being a dead end, except for the root node and final nodes. With
breadth-1 search, there is a chance of only 0.5%, or 0.0625, that a fayout will
be found in one pass, requiring an average of 16 passes to find a layout (the 4
in the epr‘nent comes from the fact that there are four moves following the
first). With breadth-2 search, the probability that both of the current positions
will be a dead end is ohly 0.25, giving a 0.75 chance of success at singie ply,

and a 0.75%, or 0.316, chance of success in one pass, requiring an average of
| ‘only 3.16 passes. Thus, a doubling of the amount of work performed at each
ply can lead to the number of passes through the tree being better than
halved. Further increases in N lead to further overall improvements, up to a

point, after which the probable number of passes becomes so close to unity’
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that diminishing returns set in.

The above analysis is quite simplistic. To confirm its results, an
experiment was performed in which the complete top-down layout tree for the
~ Tech Talk example given in Chapter 5 was used to simulate the breadth-N
search procedure for various values of N, thereby determining the expected
amounts of time that would be required. This required the simulation of
several hundred searches for each N, more than would be practical if the
complete layout tree were not available. Figure 6-1 shows the expected
times as a function of N. Time is expressed in seconds, estimated from
performance measurements of the layout program. The curve represents the

amount of time required to achieve one layout.? The vertical lines for each N
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Figure 6-1. Average Times for Breadth-N Search for Tech Talk Example.

4. Of course, for large N, not much more time would be required to achteve some number
of layouts after the first.
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represent 90% bounds for the distribution of the times.

'As can be seen, the expected time reaches a minimum here atN = 2, and
then increases with increasing N5 The variance in the amount of time required
decreases wuth increasing N. Thus, breadth-N search can be seen to represent

- an improvement on the less-generat breadth-1 search,

For the séke of interest, part of the equivalent graph for the bottom-up
layout tree for the Tech Talk example is shown in Figure 6-2. For this

example, it achieves approximately the same minimum expected time, but at a

‘l'imc,
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Figure 6-2. Average Times for Breadth-N Search for Tech Talk Example
{Bottom-Up Layout).

5. The irregularities in the curve are probably caused by the finite sample size.
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_relatively greater N, reflecting the grealer proportion of dead ends in the
bottom-up layout tree. It is believed that the optimum value of N also grows
as the number of items increases.

In the above analysis of breadth-N search, it was stated that an increase in
the number 61 current positions would lead to a certain decrease in the
probability of failure at a given ply. There was an implicit assump-tion-t_hat the
probabilities of failure of each of the individual positions were statistically
independent. To the extent that this is true, the analysis is correct. At the
other extreme, if the probabilities of failure were perfectly correlated, then
breadth-N search wili be no more successful than breadth-1 search, but will
require N times as much work. In general, some correlation between the
probabilities of failure of the current positions will iead to some decrease in
the effective breadth of search. :

This consideration suggests that there should be some attempt made to
kéep the set of current positions uncorrelated. Consider breadth-2 search. At
the first ply, there will be two current positions, from which two new positions
are selected. These two current positions are "brothers™ in the layout tree. If
the two new positions at the second ply are based on different old positions,
then they will be "cousins" in the tree to each other. If they are both based on
the same old position, however, then they will themselves be brbthers. For the
Tech Talk top-down layout tree, analysis shows that the coefficient of

correlation of eventual failure is 0.289 between brothers but only 0.008

between cousins.

This leads to differences in effectiveness between the possible ways to
select the next N pc.)sitions. One possibility is to assign all of the descendants
of the N current positions equal weights. Another is to divide the descendants
into N sets, based on which of the N current positions they are derived from,

give each of these sets equal aggregate weight, and givé the members of each
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set equal weight among themselves. In other words, te pick a move to check
tor validity, it will be necessary first to pick at random a current position on
which to base it, and then to pick at random one of the legal moves from that
position. |

Certain of the current positions will have more valid moves than will
others, usually because they simply have more legal moves. Here, the former
"one-bucket” approach will tend to give more weight to such such positions:
than will the latter "N-bucket” approach. On the other hand, if certain positions
have a higher proportion of valid moves than others (that is, if they are more
"robust”},. theh' N-bucket move selection will tend to give them higher weight.
Experience and experimentation show the N-bucket approach to work better.
One-bucket move selection has too great a tendency to select multiple
descendants of the same prolific current position; prolificy is less of an

indication of quality than is robustness.

An improvement that works even better is to similarly subdivide the moves
in each of the N sets, depending on which item is being inserted by the move.
This keeps moves involving independent pictures, which have only one possible
top height, from being swamped by moves involving stories, which can have
several possibie top heights. Otherwise, moves inserting independent pictures

‘have much Iowér aggregate probability than moves inserting étories, producing
a tendency toward leaving pictures to be inserted last, which is unpleasing
esthetically as well as difficult practically.

| A further possible improvement to ensure that brothers occur as seldom as
possible might be never to pick rnbre than one move from the same current
position, unless this becomes necessary because of the occurrence of dead
ends. Such a method might reduce the number of passes necessary, but,
experience éhows, requires a roughly equivalent increase in the amount of time

spent at each ply. Some of the positions are simply difficult to get velid moves
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from, being close to failure though not yet failing (this concept is explored more
closely in the following section). The expense of squeezing the inferior moves
from these positions does not seem to be reasonable.

6.5 Breadth—(Nl.Nz) Search

In the previous chapter, the concept of residue wasintroduced,r as a |
measure of the difference between the amount of spaée a.vailabie for the
remaining items and the sum of the areas of those news items. The amount of |
residue decreases monotonically as one moves downward on a path through the
layout tree. If the amount of residue ever becomes negative, this signals an
invalid position.. Figure 6-3 shows how the average amount of residue
decreased in one particular breadth-10 search of a layout tree for a layout
problem with 12 items (such a large value of N as 10 is used to provide a
smoother graph). The first few items are all laid out on the top line. The
amount of residue cannot decrease while they are being laid out, except for

ve'ry small amount related to new-found knowledge of exact headline sizes.
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Figure 6-3. Decrease of Amount of Residue in Breadth-10 Search.
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After the first few items, the amount of residue begins to drop almost linearly,
until it approaches zero. At this point, many moves would lead to negative |
residue; these, being invalid, are ignored. Still, the amount of residue moves

asymptotically closer to zero, making it harder and harder to find a valid move.

During the linear section of the curve, no effort is being made to try to
minimize the amount of residue iost, which is why the curve approaches zero so
rapidly. |f the amount of residue associaled with a position could be directly
. corhpﬁted, however, such information could be used to avoid this situation. To

compute the residue, we can remember that the remaining-items equation is of
the form:

space remaining > area remaining ’ - {6-1)

for symbolic "space remaining” and numerical "area remaining”. This equation is
used to form a set of augmented partial layout equations, which are then
checked to see if any solution exists. A different approach would be, instead
of including this equation explicitly in the set of layout equations, to use linear
pro_grammin'g to maximize the "space remaining” within the constraints given by
the other equations.® The known total area of the remaining items can then be
sublracted from this quantity to compute the residue. If the residue is non-
negative, then the position is valid. Moreover, the exact amount 6f residue is

thereby known and can be used to judge the quality of fhe position.

A relatively large amount of residue remaining can be viewed a§ an
indication that a position is more likely than average to have valid descendants.
To understand this, consider that a position has some number of possiblé legal
sequences of moves following it. Each of these uses up some amount of |

residue. The greater the amount of available residue associated with the

6. This is done implicitly by the bottom-up eqﬁalion solution method discussed in the
previous chapter.
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current position, the greater the proportion of these move sequences that will
be valid.

~ Another measure of position quality that can be used in conjunction. with
the amount of residue is the total area of the remaining items. In general,
templates with the larger items placed at the top of the page are more
~successful than those with the large items placed at the bottom of the page.”
Thus, a template with a smaller "area remaif'\ing" should tend to be chosen over
templates with larger ones. The smaller items will bé easier to place than
would Iargér ones. One numerical measure of position quality that experience
has proven useful is (residue)/(area remaining). When this expression is
maximized, this tends to maximize the amount of residue while minimizing the
area remaining. This function will be used as the criterion function related to
the probability of valid descendants of a position. Note that, since residue =
space remaining - area remaining, maximizing the criterion function is the same
as maximizihg‘. (space remaining)/(area remaining), which seems reasonable,
cohsideri'ng the overall relation in layout problems between this factor and ease
of layout. This relation is expiored in more depth in Appendix 1. .Note that this
criterion function predicts that it is harder to solve layout problems with news
items all of the same size, or nearly so, than it is to solve problems with the
~ same number of items but where there is. a great dissimilarity in sizes, since
the maximum decrease of the "area left” in the first case is less than in the

second. Experience shows this to be the case.

The availability ot a criterion function leads to breadth-(N J,,I\‘IZJ search.
Here, there ar"_eNl current positions, and there are I\'I;Z valid descendants

chosen, where N,2N,; the value of the criterion function is computed for each

7. This criterion is related to the numerical probability of template success, and should
not be confused with the esthetic criterion whereby important news items should be placed
near the top of the page, although these two criteria usually work toward the same goals.
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Finally, the N, of these with the highest values of the criterion function are
chosen as the N, new current positions. Of course, if N,;=N,, then
breadth-(N;,N.} search is equivalent to breadth-N search.

This procedure gives roughly the same results as would be obtained by
selecting I'\I'1 valid moves with all valid moves being weighted according to their
values of the criterion function, but requires the computation of the: criterion
function for only N, valid positions. Checking for validity, of course, takes tlme,
so it is desnrable to limit checking to as few positions as possible.

Figure 6-4 shows the reéults of using breadth-(10,15) search. As can be
seen, the amount of residue decreases significantly more slowly with
breadth-(10,15) search thén with breadth-10 search, since the effort to keep
the residue large begins earlier. The presence of upward slopes on this curve
may seem-_confbsing at first, since adding to a partial template can only
decrease the residue left, not increase it. Actually, this curve represents the

average amount of residue in the ten positions at each ply. At plies where
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Figure. 6-4. Decrease of Amount of Residue in Breadth-(lo.'l 5) Search.
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proportionately many of the positions are derived from a relatively small set of

high-residue positions in the previous ply, the average amount of residue can,

and sometimes does, increase.

This consideration points out that breadth-(N,,N.) search does tend toward
the selection of somewhat correlated positions at a given ply, where .the
correlation is related to the values of the criterion formula. This correlation is
related to a correlation between the probabilities of failure of the positions,
and thus works partially at cross purposes to the principle expressed in the
previous section of selecting uncorrelated positions. Still, moderate use of

breadth-(N,,N,) search can result in faster layout.

Figure 6-5 illustrates the expected amount of time required for
breadth-(N;,N,} layout for various values of N1 and N, for the Tech Talk
example. These figures were obtained in a similar way to the breadth-N

figures. The minimum is reached here at (N|,N,) = (2,4), with an average time
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Figure 6-5. Average Times for Breadth-(N, )N,) Search for Tech Talk.
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of 6.1 seconds. This shows that breadth-(Nl,NZ) search can provide a

significant improvement over the less general breadth-N search.

6.6 Other Approaches

Other approaches to searching layout trees are possible. However, none of
the alternatives tested seem as well adapted to the particular nature of layout
trees as the ones described above. It seems that any efficient searchin.g-
algorithm should be based on one of these.

One approach that has not been completely tested is the possibil_iiy of
variable-breadth search, where the breadth of the search can vary with the
depth of the ply. This would tet the breadth increase toward the bottom of the
 tree, where proportionately more work is needed to avoid dead ends. S'uéh an
increase can be effective, but it seems difficult to formulate general rules of

when and by how much the breadth should be increased for the best resuits.

A limiting case of the above is to increase the breadth toward infinity near
the end of the search, which is the same as having & randomly ordered
exhaustive search. Doing so for the final ply is effective, since further layouts
can thus be achieved cheaply, though they will be similar to the earlier ones.
Doing so for forming the next-to-final ply is also effective,® but daing so any

earlier requires too many positions to be checked.

6.7 Summary

This chapter has examined the problem of searching through a layout tree.
A simple exhaustive search is shown to be inappropriate, and a partial

probabilistic search to be more promising. A series of probabilistic search

8. In such a case, keeping lists of all the current positions will be too space-consuming,
since their number will be so great. instead, a backtracking search should be used,
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techniques was considered, culminating in a breadth-(N,,N,} search with a fast
exhaustive search at the end. Experience and experimentation show this
method to be the best of the ones considered. Success in achieving layouts .

was the measure of quality of a search technigue used in this chapter.

Now that it is clear that layouts can be reached by searching the tayout
tree, the next chapter is devoted to the related problem ot achieving

esthetically pleasing layouts.
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7.1 Basic Procedure

Preceding chapters have shown how layouts for a given layout problem
may be generated by.searching the layout tree for valid final nodes. The
procedures 5__hown, although adequate for their task of finding some layout,
made no special effort to find a "good-looking” layout.

The rules of template grammar given in Chapter 3 are hard-and-fast rules
on template construction, which may never be viclated. They are few in
number and provide only enough restrictions on the form of templates to allow
the layout procedures to operate. There are other rules which one might wish
to state, which make more subtle judgements on template quality. Such rules
may be broken, but layouts will tend to be of better quality if they are not. On

the other hand, these rules give only a partial indication of template quality.

The approach used to implement such rules will be to have the moves
setected for consideration tend to be moves judged esthetically good. Thus,
we will in eifect be combining the criterion function described in the last
chapter, which judges a partial template on a numerical basis ‘relrated to its
perceived ability to produce layouts, with esthetic criteria related to how
good-looking the template is perceived to be. This could present a problem if
these criteria tended to oppose each other. In actual practice, this does not
seem to be the case. All of the esthetic criteria considered here seem at
worst to make no real difference in the probability of a successful layout, and
many seem to improve the probability. This interesting fact is possibly due to
the tendency on the part of newspaper readers (and especially editors) to
consider commonly used layout types as esthetically pleasing, coupled with the

tendency on the part of newspaper layout people to produce layouts which are
easy to achieve.
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This chapter considers a representative set of possible rules governing
template esthetics. These rules make their judgement based solely on the form
of the template or partial template. Thus, they cannot incorparate certain
judgements based on numerical properties of the eventual layout. For
example, it is considered poor form to have a headline placed exactly half-way
down the first page of a section, since that is where the fold in the paper
occurs. It is hard to see how such a consideralion could be detected in the

framework of basing esthetic criteria on properties of the templates alone.

As was argued in the last chapter, rules for move selection are best used
as the basis for the assignment of probabilities in a probabilistic search of the
~ layout tree. One satisfactory way to implement these esthetic rules is to use
them to assign a numerical quality factor to each legal move, and to use this
factor to control the random selection of legal moves for testing for validity.!
Each time a legal move is to be chosen, the probability that a given move will
be selected is proportional to its quality factor. This bias will affect the order
in which the moves are chosen, and will tend to have the more highly rated
moves chosen before the lower rated ones. Since the search procedures
discussed in the previous chapter require only some certain number of valid
moves, this method will tend to make the chosen moves be more esthetically

pleasing than average.

These esthetic rules will be rules on the form of final templates, and will
list certain bad features which should not be present. These bad features can
be detected when they are incorporated into partial templates. For each newly
constructed partial template, there might be some set of bad features present
in it which were not detectable in its immediate predecessor. Each of these

bad features can be considered to have some numerical weight, associated with

1. In case of a multiple-bucket selection procedure, such as described in the last chapter,
each bucket should have assigned to it a derived aggregate quality.
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its severity; the worse the feature, the greater the weight. The sum of these
weights can be used to generate the quality factor for each position. One
formula for the quality factor that has been found useful is 1 /(l+surri). Thus,
the poorer a position, the greater the sum of the weights for the position, thus

the less the quality factor, and the less the probability that the position will be
selected.

The rules listed here are only part of the set of possible esthetic rules. In |
experimental implementations, the choice of which rules to include, and what

weights to assign to them, was based on experience. Further research is
needed to understand this probiem better.

7.2 \tem Shapes

Templates containing extremely unusual item shapes are undesirable. For
example, in the template shown in Figure 7-1, the topmost item has an
obviously undesirable shape. This item violates the convexity rule, which
states that there should not be such holes in the shapes of items (i.e, no
horizontal line drawn through an item should pass through the item twice or

more).? Violations of the convexity rule should be given great weight, except

Figure 7-1. Template with item of Unusual Shape.

2. The presence of this feature could not be detected at the point when the second item
was inserted, since there would be no way of knowing that the third item would not be
inserted immediately to the right of the second item, extending to the end of the row. Such
a placement would result in a shape for the top item that did not violate the convexity rule.
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possibly for the common case shown in Figure 7-2, where one item is centered

beneath the other and the overall shape of the two items is rectangular.

Another example of a strange template item shape is the top item in the
template showh in Figure 7-3. It is hard to say exactly how bad a layout
based on this template will look, since the numerical dimensions are not known,

but it is reasonable to assign some weight against moves that drastically
reduce the width of a template item.

Figure 7-2. Possible Exception to the Convexity Rule.

Figure 7-3. Template with Item of Unusual Shepe.
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7.3 Importance Ranking

The relative importances of news items can be provided to the layout
program in the hope that the eventual layout will have the more important
items near the top of the page, and the less important items near the bottom.
Taking into account the fact that the more important items tend to be the
larger, and that the breadth-(N;,N,) search procedure already tends to place
larger items nearer the top of the page, it would be possible to let this suffice
as a treatment of importancéfanking. Otherwise, giving some weight to the

presence of unimportant items near the top of the template is reasonable.

7.4 Headline Bumping

In a laycut such as the one shown in Figure 7-4, the headlines of the two
stories on the top row are said bump, since they are directly adjacent.
Bumping headlines are undesirable visually. Such a condition can imually be

detected when constructing the template, and should be assigned a weight On

J e .

Figure 7-4. Example of Headline Bumping.
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the other hard, given only a templéte such as:

A A B B B

cceg - -

- - - DD

it is impossible to tell what the relative heights of the tops of C and D are. If
h, is zero or near-zero in the final layout, this will cause the headlines to
bump, but this cannot be detected in the template, since it depends on
numerical knowledge found only in the Iayout and not in the tempiste. _
However, such an occurrence tends to be relatively improbable, eépecially with
the asynchronous layout procedure discussed in Chapter 8.

7.5 Pictures

Templates with pictures that touch each other are less desirable than they

would be otherwise. Cases such as the one shown in Figure 7-5 can be

-t e —

Figure 7-5. Example of Picture Bumping.
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detected by the same procedures that detect headline bumping. That is, the
top of each item can be considered to be either headline 6r picture at the left,
and headline or picture at the right. A story with no dependent pictures is
headline-headline, an independent picture is picture-picture, a story in Format
1 is picture-headline, and so forth. Headlines bump against headlines, and
pictures bump against pictures. Other undesirable cases include such layouts

as the ones shown in Figure 7-6, in which pictures are positioned adjacent to

each other in other manners.

Caution should be exerted when choosing the weights associated with the
violations of these rutés, or of any of the esthetic rules. Since there are so
many bad template features potentially associated with pictures, this can
produce a téndency not to choose partial templates confaining pictures, since
such partial templates tend to be judged of lower quality, such lower quality
being difficult to avoid. One partial solution to this problem is aiso to include

esthetic rules against leaving pictures to be inserted last, but such a rule might

-  ———— m—— — — . oy — - ——

Figure 7-6. Examples of Undesirable Picture Placements.
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prove difficult to control.
7.6 Summary

This section has presented a basic procedure whereby template selection
may be directed toward the production of esthetically pleasing t_empl'ates. The
definition of such templates is embodied in a set of esthetic rules, the
violations of which are assigned various weights. These rules may be broken,
but only at the cost of a reduced probability that such templates will be

selected.

The exact choice of rules and their associated weights is an implementation
decision. Implementations to date have made this decision based solely on

experience.
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8.1 Introduction

The layout equations associated with a particular template pléce
constraints on the set of layouts possible with the template. This chapter
considers certain additional layout equations which outlaw a certain class of
undesirable layouts. The additional constraints thereby incorporated, however,
make the generation of layouts very difficult, since the constraints are so

strong as to drastically reduce the number of valid nodes in the layout tree.

This chapter also introduces a change in the method of generating layout
equations from a template, in order to make the relationship between template
and layout more flexible and to allow a single template to correspond to a
greater class of layouts. This change leads. to an increase in the number of

valid nodes in the layout tree sufficient to allow the additionat layout equations

mentioned above to be used.
8.2 Leading Factors

The prece:ding chapters have presented a method whereby a given set of
news items can be laid out in a given newshole. In the resulting Iay_out, each
news item is allocated an amount of space which is greater than or equal to the
area it is known to need. This allocation of space includes a distribution of the
available residue among the various items; the residue present in a particular
layout item will represent leading or some other form of unused space.! Each
item in the layout will have an associated /eading factor, which indicates the
ratio between the amount of residue assigned to the item and the area of the

item. For example, if an item with an area of 1000 column-pointé is assigned

1. Technically, only text areas can be leaded. However, analogous procedures are
possible with headlines and, to an extent, pictures.
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1050 column-points of space, this corresponds to 50 column-points of residue, -
or a 5% leading factor. '

In general, we can observe that layouts with extreme discrepancies among
the leading factors of the various items on the page will be less pleasing
visually than layouts where the leading tactors are more nearly equal. As we
have seen, there are typically many possible solutions to the linear
programming problem represented by a set of layout equations, one sotution for
each point inside the basic feasible region. Of course, all of these layouts will
be based on the same template, and wiil therefore differ from each other only
in the particular values of the height variables. Of these solutions, some will
be more desirable than others, because of their particular distribution of
leading factors. Certain mathematical techniques (such as coefficient ranging or
quadratic programming) can be used in conjunction with linear programming to
produce final layouts where the leading factors of the items are as nearly equal

as possible within the constraints imposed by the layout equations.

In some cases, this will not be good enough. Even the particular solution to
the layout equations that minimizes the differences among the leading factors
might still represent an undesirable layout, because of unfortunate constraints

imposed by the layout equations. Consider, for example, the template:
| AABBGBC
DOD .- - -

- - - EEE

Assume that the average leading factor on the page (i.e., the ratio between the
total residue on the page and the sum of the areas of the news items) is 5%,
and that news item B is equal in area to news item A. This template, however, |
requires that the space allocated to 8 be at least 50% greater than that

allocated to A, since the space allocated to Bis 3 h + 2 h,, whereas the
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space alloceted to A is only 2 h,. It is possible, although improbable, that
layouts could exist for such a iayout problem and for such a template, but in
any such layout,'- B’s leading factor will be at least 50% (since A’s leading factor
is at least 0%). Any leading factor so much larger than the average leading
factor on the page can be judged totally unacceptable.

8.3 Additional Layout Equations

Templai_es which have no iayouts with appropriate leading factors can be
considered to have no layouts at all. Such templates can be outlawed by the
use of additional layout equations, which set maximum leading factors
pefmissible for the various items. Thus, the only layouts generated will bé
Iayoﬁls with acceptable leading factors.

~ Such an additional layout equation, for a typical item, will be of the form:
space allocated for item < maximum space allowable (8-1)

whefe the right-hand side of the equation is some constant which represents
the maximum amount of space which should be allowed to be allocated to the
item. A reasonable value is an amount 15% greater than the maximum area |
possible for the item,? resulting in a maximum leading factor of 154. Of course, -
thé leading factors of most of the items in the layouts produced can be
expected tt‘j be less than 15%, which is simply the maximum leading factor
deemed at all acceptable.

- Remembering that the area equation for the item is of the form:

'épace allocated for item 2 minimum space allowable (8-2)

2. For iteme where text can be cut, or where pictures may be cropped, or where

headlines may be rewritten, there is no one area associated with the item, but rather a
range of values.
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where the minimum space allowable is simply the minimum possible area for the
item, we can consider Equation 8-1 as also being a type of area equation. The
two area equations for each item both have the same symbolic left-hand side,.

but differ in their numerical ﬁght-hand sides. Together, these two area

equations set numerical bounds on the amount of space that can be permitted
to be allocated for the item.

in addition to the inclusion of the new area equations in the set of layout
equations, a new remaining-items equation along the same lines must also be

included in sets_ of partial layout equations. This remaining-items equation Is of
the form:

space remaining < maximum space atiowable ' (8-'3)

where the maximum space allowable is the sum of the maximum amounts of

space allowable for each of the items remaining.

8.4 A Problem

The use of these additions to the set of layout equations will lead only to |
tayouts with reasonable leading factors. Unfortunately, experience shows that
they tend in general to make it extremely difficult to find such layouts. In fact,
it was found impossible to determine experimentally any reliable figures on
how much more difficult the new equations make the layout probiem; these
equations make layouts so rare that, for most layout problems tested, no
layouts at ail could be generated within a reasonable period of time. It is to be
expected that the addition of restrictions on possible layouts will meke layouts
harder to find; what is unexpected is that these restrictions on maximum
leading factors make layouts so much harder to find.

The inclusion of the additional area equations, by making the set of layout

equations much more restrictive, vastly increases the number of dead ends ir_i
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the layout tree, thereby reducing the occurrence of successful layouts. The
approach taken in this thesis is to make certain changes in the nature of the |
layout equations which, by independently increasing the incidence of successful

layouts, help to offset this effect. These changes are discussed below.

8.5 Definition

In almost all templates, certain items appear above certain others. For |
example, in the template: |

AAAAB BB

- - -DDOD

A appears above C, and B appears above D. For any template, these
relationships define a partial ordering on. the positions of the tops of the items.
Obviously, if item X appears above item Y in the template, it must also do so in
the layout. This partial ordering, like any other, is transitive, in that if X is
above Y and Y is above Z, then X is defined to be above Z |

The layout equations as presented so far, however, define a total ordering
on the positions of the tops of the items. For example, for the template above,
even tﬁough C is not above D, C’s top is constrained by the layout equationé to
 be above (or at the same height as) D’s top in the final layout. Asynchronous
layout is a manner of generating layout equations in such a way that

unnecessary relations, such as the relation between the positions of the tops of
| C and D, are not included in the necessary conditions stated in the layout
equations; this is opposed to synchronous layout, presented in the previous
chapters, where these relations are included as necessary conditions. With
asynchronous layout, the above template can be used to generate Iayduts

where D’s top is positioned higher than C’s top, as well as the reverse case
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(and of course the special case where they both have the same height).

The method used is a change in the nature of the layout equations. Instead
of a simple sequential set of height variables h 1» h, and h; used in the
synchronous case, the asynchronous layout equations are based on other types
of height variables. For the template shown above, let the height variable h,.
represent the vertical distance between the top of A and the top of C.
Similarly, et hg, represent the vertical distance between the top of B and the
top of D. The height variable h., represents the distance between the top of
C and the bottom of the newshole, and hp, represents the diétance between
the top of D and the bottom of the newshole. These height variables do not
represent the heights of template rows as in the synchronous case; rather, they
represent the heights between the tops of items and either the tops of the
items directly below or the bottom of the newshole.

For this template, the asynchronous layout equations are shown in Table _
8-l. The first equation is the non-negative condition on the asynchronous
height variables. The next two equations are the height equations; two -
separate height equations are needed here. The next four equations are the
area equations for the four items. It may be seen that these asynchronous

layout equations embody the same constraint; on the layouts produced as do

Table 8-1. Asynchronous Layout Equations for Example.

hacr hgpr heer P 2 0

hac +'th = height of newshole
hgp * hp, = height of newshole

3 hyc 2 area (A)
3 hgp 2 area (B)
3 he, 2 area (C)
3 hp, 2 area (D)
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the equivalent synchronous layout equations, except that they aliow D’s top to _
appear higher than C’s (since h,. may be less than hgp, although h; is never
tess than h, +h,). In short, the relative heights of items in the template do not
unneéessarily carry over into the layout; layout items may have any reasonable
heights, \_Nhich are not totally "synchronized™ with the relative heights of the

template‘ items.
Consider a more complicated example. For the asynchronous template:
AAAABUBB

ccec - - -

EEEE - -

the asynchronous layout equations are shown in Table 8-ll. The first equation
states the non-negative condition on the height variables. The next two

equations are the height equations. One is necessary for each item which

Table 8-l. Asynchraonous Layout Equations for Example.

hac Mo hges Mopy Mo ge 2 0

" hac * hep + b, = height of newshole
hgp * bp, = height of newshole

3 hAc > area (A.)
hBE + 2 hBD > area (B)
3 hCE > area (C)

2 hy, 2 area (D)

4 hE, > grea (E)

hge = headline height of B + increment
hgp 2 headline height of B + increment

Pac + hep = hge
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touches the bottom of the newshole.® The next five equations are the area
equations for the five template items. The next two equations are the
headline equations for B (only item B has a non-rectangular shape); since both
E and D appear under B, and since their relative heights are not known, two
headline equations are necessary. The last equation is a new type of equation,
called a synchronization equation; when E is inserted into the template, it cuts
across two independent sections of the template (that is, it lies beneath both B
and C}, necessitating a synchronization equation to state that the height of the
top of E is the same in bath sections. (Indeed, the height equations may
themselves be considered a special form of synchronization equation, forced by
the occurrence of the bottom of the newshole.)

In the asynchronous layout equations shown, no statement is made about
the relative heights of the tops of C and D, or of D and E; such restrictions are
considered unnecessary. On the other hand, the asynchronous layout equations
do require that, for example, the top of B be higher than the top of E, since

such a restriction is obviously required by the fact that B is above E in the
template.

8.6 Evaluation

Synchronous templates, since they define total orderings, place restrictions
on the relative heights of all of their items. They are often inappropriate for
particulaf layout pfoblems because of the relative sizes of the news items; in
such. cases, they might lead either to no layout, or to excessively leaded ones.
To understand the connection between these two possibilities, con_sider that
excessive leading is caused by the transfer, under the contro! of the layout .

equations, of an excessive amount of residue into one or more of the layout

3. If the newshole is non-rectangular, there must be a separate height squation, along

with a separaie height variable, for each distinct place that an item touches ths bottom of
the newshole.
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items. If the layout equations force the transfer of more residue then is
available, then there is no solution. If they force no more than is available,

they can still cause excessive leading factors in one or more of the items.

- The equivalent asynchronous templates are more flexible in the sets of
layouts they can produce, and in the sets of item sizes they are appropriate
for. Therefore, asynchronous layout is inherently more efficient than
synchronous layout. To understand this, consider that each asynchronous
template can correspond to a number of synchronous templates, where each
synchronous template represents some permutation of the relative heights of
certain items. Since the asynchronous template will be valid if anjr of these
synchronous templates are valid, it has a greater chance of being valid than a
single one of the synchronous templates. Interestingly enough, even though
each asynchronous template can correspond to more than one synchronous
template, the total number of asynchronous templates is the same as the total
number of synchronous templates, since they have the same template grammar.
This is because more than cne asynchronous template can have the same set of
layout equations, making such asynchronous templates equivalent. Thus, the
same asynchronous template may be possibie to generate in a number of ways,
corresponding to alternative orderings of the placement of the template items.
Even though these items are placed top-down in the tempiate, they are not
necessarily being placed top-down in the resulting layout. Although this leads
to a repetition of equivalent templates in the layout tree, this causes no real
problem here when probabilistic search, which considers only part of the tree
in any case, is used.

- Asynchronous layout owes its efficiency also to the fact that it allows fewer
ways to force the transfer of residue into layout items. For example, in the
synchronous template:
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AAAABDBGB
ccec - - -
. . - DDOD

if item D were Iérger than item C, this would force residue into item C (since
_item C is constrained to have at least the same amount of space allocated toiit

as item D). On the other hand, this particular case of forced transfer does not
occur in asynchronous layout.

We see, lhe.n, that asynchronous layout simplifies the search for layouts,
since it increases the occurrence of valid nodes in the layout tree. The use of
asynchronous layout can help to counteract the decrease in the occurrence of
valid nodes caused by the use of additional layout equations to set maximum
leading factors. In fact, we can expect asynchronous layout to be especially
useful here, since it lowers the probability of an unallowable residue transfer
which would result in a violation of the new layout equations. Experience
shows that this is indeed the case, and that that a combination of asynchronous
layout with the additional layout equations is effective, and that layout
programs using the two techniques together are only slightly slower than thosé'
using neithef. This is considered a reasonable price to pay for the assurance
of appropriately leaded layouts.

There are some miscellaneous special problems caused by the use of
asynchronous layout, relating to the fact that the template bears a less direct

relation to the resulting layout. For example, in an asynchronous templaté such
as:
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the shape of A in the layout will not necessarily be that shown in the template,
depending on the relative heights of B, C, and D. In particular, the shape of A
can violate the convexity rule of Section 7.2 if C is placed higher than both B
and D in the final layout. Similarly, in the asynchronous template:

A A BB B

ccC - - -

EE - - -

where items C and D correspond to pictures, it is impossible to tell whether C
and D will border on each other in the final layout. These examples show that
the great computational advantages of asynchronous layout are combined with a
slight decrease in the ability to make esthetic judgements on asynchronous |
templates; both the advantage and the disadvantage stem from the more
flexible relationship between template and final layout.

8.7 Summary

Restrictions on the maximum amounts of space sllocated to layout items can
be expressed as additions to the set of layout equations. Such equations are
practical to solve only in the case of asynchronous layout, which makes the

connection _between template and layout more flexible.
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91 The Experimental implementation

To test the validity of the approaches to news layout described in the
preceding chapters, several experimental implementations were prepared at
vartous stages of the research. These implementations were programmed in
Maclisp, a dialect of Lisp, running on a DECsystem-10 computer. |

The most récent, the most complete, and the most effective of these
experimental implementations uses top-down asynchronous layout, with
breadth-(N|,N,) search of the layout tree; for the sake of eiperimental
flexibility, this implementation allows the user to choose N, and N, dynamically
at each ply. All of the Iéyout equations described in the preceding chapters
are implemented, including the additional area equations described in Chapter 8
for. setting maximum leading factors. All of the particular esthetic rules listed
in Chapter 7 are included. For the sake of simplicity, this implementation
incorporates'bnly story-picture formats -1, 2 and 3; therefore, it allows stories
to have at rﬁost one dependent picture. This implementation was Lised to

- generate the example layouts in this chapter.

As shown bélbw, this implementation has proven its ability to produce
layouts for the problems given it, taking less time than it is estimated would be
required if the layout were done by‘hand. This is especially impressive
considering the relatively siow instruction execution rate (about 300,000
instructions per second) of the particular'compdter used. |
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9.2 Examp!e Layouts

This chapter shows the results of applying the experimental implementation
to several news layout problems taken from actual newspapers. For each of
these example problems, a page from a newspaper was selected, and a layout
problem prepared from it. The Iayo'ut program then operated on the layout
problem to produce a set of possible layouts. One layout was chosen manually,

and a page was pasted up using the specified layout and news items cut from
the original page. ' '

For each storf to be laid out, the maximum leading féctor for text was set
at 15‘7.._' A set of possible headline widths and heights was generated from the
headline used in the original layout; the maximum leading factor for headlines
was approximately 15%, based on a formula related to the number of lines in
the headline. Picture heights were constrained to be at most 10% larger or
smaller than they appeared in the original layout, to simulate the range of
cropping factors typically possible. It is Believed that these constraints are, if
anything, |ess.flexible than those found in real newspaper layout. For example,
in actual practice, headlines can easily be made larger or smaller as needed,'_

text can be cut, pictures can be cropped more, and so forth.

9.2.1 Boston Globe Examples

This section shows layouts generated for pages taken from various daily
editions of the Boston Globe. |

1. Thal is to say, 15% was the absolute maximum leading factor that could be tolerated.
Actual leading faclors in the generaled layout could be expected to be somewhat less.
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9.2.1.1 First Example

Figure 9-1 shows a layout generated for the items on Page 3 of the
Boston Globe on January 10, 1978. The sandwich {the boxed copy appearing
in the text area) in the'Fifsf-BIacks story was included in the text length in-the' '
layout problem. This layout was produced in 19 seconds of CPU time. In all,
four layouts were produced in one pass of the layout algorithm, the .first being
generated after 11 seconds of CPU time and the last after 19 seconds, at

~which point ‘_t'he pass terminated. In this example, as iﬁ the others, the values
of N, and N, were chosen large enough so as virtually to guaranteel & layout
being achieved in one péss, making the amounts of time for the various
examples mora nearly comparable. Of course, use of the optimal values of N,

and N, if they were known, would result in a reduction in the expected time
for a layout. -

9.2.1.2 Second Example

F igure' 9-2 shows a layout generated for the items on Page 3 of the |
Boston Globe on January 11, 1978. The kicker (the smaller headline _appéaring
over the main headiine) in the Councilman-Deficit story was included in the
headline height .in the layout problem. This layout was produced in 1 minute 53
seconds of CPU time. In all, two layouts were produced in one pass of the
layout algorithm, the first being generated after 1 minute 52 seconds of CPU

time; the pass required 2 minutes 7 seconds.

9.2.1.3 Third Example

Figure 9-3 shows a layout generated for the items on Page 3 of the
Boston Globe on April 21, 1977. This layout was produced in 2 minutes 52 _ '
seconds of CPU time. In all, ten layouts were produced in one pass of the
. layout algorithm, the ﬁr?st being generated after 2 minutes and 40 seconds of
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Figure 9-1. Layout for First Boston Globe Example.
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CPU time; the pass reqt.iired 4 minutes 2 seconds.
9.2.1.4 Fourth Example

Figure 9-4 shows a layout generated for the items on Page 3 of the
Boston Globe on March 10, 1977. The format for the *73-Murders story was
manually changed from Format 1, produced by the layout program, to the format
shown for esthetic reasons. This tayout was produced in 5 seconds of CPU
time. in all, four layouts were produced in one pass of the layout alﬁorithm, of
which this was the first; the pass required 13 seconds.

9.2.1.5 Fifth Example

Figure 9-5 shows a layout generated for the items on Page 3 of the
Boston Globe on May 14, 1977. This layout was produced in 2 minutes 20
seconds of CPU time. In ali, four layouts were produced in one pass of the -
layout algorithm, of which this was the first; the pess required 2 rninufes 28
seconds. ' : ' |

9.2.1.6 Sixth Example

Figure 9-6 shows a layout generated for the items on Page 3 of the |
Boston Globe on January 6, 1978. .In an actual layout, lines wduld be inserted
to betler isolate the Patriarca picture from the story beneath it. This .Iay'out
was produced in 1 minute 52 seconds of CPU time. In all, two layouts were
produced in one pass of the layout algorithm, of which this was the first; the
pass required 2 minutes 7 seconds. |
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Figure 9-6. Layout for Sixth Boston Globe Example.
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9.2.2 Tech Talk Examples

This section shows layouts generated for Page 8 of the February 9, 1977
edition of Tech Talk, an M.LT. administrative newspaper. The layout originally
used by Tech Talk is shoWn in Figure 1-1 in Appendix .. The same news items,
as defined by Table 5-1 in Chapter 5, were laid out in a number of different

ways to illustrate the variety of layouts possible.

Figures 9-7 and 9-8 show two different layouts for the news items.
These layouts were produced in separate passes of the layout program.

. Figures 9-9 and 9-10 show examples of layouts in non-rectangular newsholes.

93 Summary

This chapter has presented examples of the class of layouts possible with
the layout algorithm presented in this thesis. The quality of the layouts
produced can be seén to compare favorably with the quality of.layouts on
inside pages of typical newspapers. This is particularly impressive in light of
the fact that the numbers of items in many of the layout pfoblems solved were

significantly greater then the number of items on a typical newspaper page.




Katie Earnshaw Mixes MIT
Duties with D_ancing Future

By KATHARINE 5.0 JUNFS
Saff B iner

Kamntnne Earmshaw 1 4 profes
monal dencer, enrolied in F masler's
deglee  program &t Lonoecucul
College. and an  sdminustralive
ass@lant in the MIT Deparimen of
Suchar Engineenng

How dors the manage 10 do w
much® She attnbutes her success al
combanwng Ut dermands of a dam
cer's career with a tul-lime job to
the Nexibuity of MIT and Lhe support

ol her woband and ber supenisar
St & eaarried to Willam Earmabaw,
1 docroral degree camdidate 0
ookt at MIT

M3 Earmshaw began workung a1
MIT ip 1977 a5 3 cierk m nuchear
enginwening  headquariers  Three
#venings a week she wenl to medern
dance clpsses When she leamed of
an opporrunity to sludy with dancer
choreographer Dorauyy Memhkowiz
wn the fall of 1935 she thought she
woull have 1o quit her job and work

part-time élsewhire  Her super-
visor. John Cochrape. administra-
uve officer in \he Degactment of
Nuclesr Engineering, suggested
they resrrange her schedule 50 she
would nave lime lor daylime <lasses
Her schedule was sdjusted apd now
she has & class four days a weel with
M3, Hershiowiu plus one ballet
class wilh Lhe Baslon Reperwory
Ball

Ms Eamshaw estimaten thay she
devotes mune 10 len hours each week

W dance—mere when she's re
heazsing for a public performance.
She spends 35 hours 2 weeh working
Al MIT.

"L try W be sersitive to the
premsures of my job.” she sad_ ~T'd
cancel 3 datce class o something
wrgenl came up” Alhough her
sheduule 18 hechac, * I"m much happier
than | w35 bwo years age.” she said

Her madern dance class= io the
fall of 1776 were repertory classes,
am resuited @ the premiere of
‘Morday Mormog Quarterback HAn
Amencan Dance Masque 13761, ° 2
ore work ' Ms  Heohowil
periormed I Dance Curcle on
Jamary &8 al the Fimst Congre
gabanal Chureh i Cambnidge The
dance was well received and highly
acclagned 1 the Baston press 1t s
“Hae bt work vel by Uus Lalented
chertograper.  wTote Lawra Sha-
mre o the Baston Gobr Ims M
Tangee A the Ch-arat Sowace
Mamwr calied .1 a3 provocalne
work Wik SSeme i b oseen
agam by a wider audence

Ties meques nas ‘ween granied
‘sanday  Morng  Gharuertack
will be performed Friday
Supday. Febrzary 11-12. al the Jox of
Mgvenent Center 23 Main 5t '
‘Watertown. Thckels cosl X and are
availatle 3t the Joy of Movement
Centers n Cambridge and Water-
wwn

In addilion Lo performances in this
wark, Ms. Earnshaw is working on a
mew piece with Chrisiv Nichals,

" dance wacher al Pine Manor Juniot
College. o he performed March
Eoand B

Eramples of System Qperation

Lawart L musler s degree 10 dance
A Coonsvieot, College m o the
sumimer of WS The  prgram
Pequires w0 summers and ane
Seadenie year o trarung and siudy
She hay rempleled two anoweck
suFiMer seasions, and hopes (@
retirn for a full academic year 0 the
near fulure K each of e w0
summers sh siudied at Connecicul,
she Look 2 1eave of abeence from her
ob. ard. whep necessary, 2 temp
rary empipvee w35 hired to handle
day-io-day office werk

Her abulity o combine Stody and
mrformance 0 dance with =z
full-time job has led M3. Earmhas
1o beheve that “there are ways ol
working within the system at MIT lo
accomplish vour career goals. and
s ymporant for people to kaow that
Ihey can work something oul

16 Named

The Following appoiniments of
changes of appoinUments have been
announced in the Schoe! of Eng

neenng

Drpartmen of Electrical Eng
necring and Compuler Sience

Or Cyril Leung, appointed as
assislant prufessar unbl Jaly 1. 17y
Dr Leung wha receivid the B %
+Eng » Honsurs degree fram Imper
1l College, London, completed his
doctorate sl Slanford Umversiy.
where he was the 1915 King Gearge
V1 memorial fellow. in 1976 His re
SEAFCH inlerests are in Lhe areas of
communicatian, information  and
cumplexity theories

Mr. Markus Zahn, appanied visi-
ing assoeiale prafessor Sepl |, 1977,
Dr Zahn, who as an insiructor of
clecwrical engineering at MIT from
July 1968 to July 1979, 15 assoorale
professor in the Department of Elec-
trica) Engineering ai the Lniversily
of Flonda. Gainsville

Deparument of Chemucal Enge
neenmg:

Dr. Willam M. Deen. appointed.
assistant professar in (he geparl:
ment-and 1n the Harvard-MIT Pro

DANCING A CHEERLEADERS' ROUTINE I8 “Moadyy Marsing Quarterback™ sre members of the Dance Cirtle
ensemble, That's Katherine Earushew oo the far right.

wram i Health Sciences and Tech
nology unlil July 1, 1978 Dr. Deen.
wiha received Lhe BS &gtlr! i; d:m
] ineering from Columbua Um
‘::“:"f;'ﬂin me‘?gand the MS and PR
in chemcal  enginerniak
from Stanfard Lrusersily an 1391 and
LT, was adjunet 3as61EAL prolessor
*n Lhe depariments o medicine and
phynialogy at the Gniversity of Cah
fyrmua. $an Francisco. from January
1975 unlil Jure 1915
Or Jeha P Longwell, change of
appainiment 16 prafessor in Lthe De
padment of Chemical Kngineering
from wisiing prolessor, begmunk
Jan 1 1977 Dr. Longwell, formesly
senjor soientific adviser m corpotate
and government research at Exxon
Resesrch and Engmeering Co . s o
past president of the Combustion
(nstitutz and & member af the Na-
uorah Academny of Engneering. He
received the B5 degree in mechani
cal engineenng irom the Lversiy
of Caldornia in 1940 and te ScDon
chemical engineering lrom MIT

1543
Dr Fredesick A Pulpam. ap

Sozce 175 propie signed up for ehe aew MIT-Cambridge chapler of the
Americas Assoclition of Reured Persons ai 1l srgeaitatiomal meeting
Tast Thursday ls Ren %150, Ballols for icciisg officers, Lbe hoard of direc-
10ry nwd the Dominating comigitiee will be mulled 1o nll wbe sigaed 9p

within the meX} werk or t

Thome eilgible Lo belong

e 35 or older) who

&4 wet ¥iga 0P ul e meellng muy &v oo by cailisg 137904,

- Toxic Chemicals Symposium February 15

A symposium on (he anhalysis
and gasessment of Loxic chemicals
1 the envirpnment will be held al
MIT Feb. 15.

The chaiman of the sympo
Sium—which will begin al 9am in
Kresge Audilorium—is Profesnr
Roaald A. Hites of the MIT Depart-
mest of Chemical Engineesing
Professor Hites has been invalved
in major research prajecis on the

of analytical ch |

air, water and products and to a5-
5¢55 Lhe lotic effects, il any, of
these chemicals,

"l‘hc nhjeqlivq of this sympo-
S{Um (£ 10 review current research
techniques for he analysis of
<hemiculy in Lhe enviranment and
for the delermination of U toxic

eHfects of such compounds
**Mast of Lhe emphasis wiil be on
organic n water and

tachriquen 10 the solution of en-
virghmeotal and energy-relaled
jems
"Coocern sbout liic chemicala
in the environmenl has never been
Righer,” Dr Hiles waid
"With increasmg, requenc

n

Lheéir Inessurement by gas chram-
alographic mass specirometry
The use of cellular toxicatogy and
industriai epidemiology (0 assess
tozic effects of chermicais aisg will
e reviewsd

Professor Hiley, 1 an acucle

dastrial, g and
demic labotalories are being
catied upon W ideutify ard quanli-
tate potentially toxk chemrcals i

A receni imayr of
Analylicgi Cheriyery, i
methody currently employed by

mast indusiries La idenlufy chem.
1cals in therr waslewater da nol de-
\ect many polentially loxic ma
Ierials.

Reporiing on a research project
thal examined lhe waslewaler at
two tire manufecluring plants.
Professor Hites said 1 the arlicle
that the we of gas chromato-
graphic mass spectromelry de-
iected polentially tonic chemicals
several miles irem where one
planl's waslewater enlered a
river.

The sympasium is spansored by
Ahe Nationa! Science Foundalion's
Iivision of Advanced Envirorenen-
1zl Reseyreh and Technology

Figure 9-7. First Tech Talk Example.

in Engineering School

poinled assistanl prolessor i the
Department ol Chemical Engineer-
ng untid July 1.1979 Dr Putnam re
ceived the HA in phynice, cum laude
{rom ltarimnuth College 1n 1969, the
M4 i vpemacal enginesring frum
Cam Weslern Reserve Uroversity in
1975 amd the PhD in chemical engs
neering from Carnegie Mellon Uni-
versily n 1976, His research areas of
jnteTest are milerfacial phepomena,

physizal adsarptions of gases, adhes-
ion and abbesion, solid surfact char-
actenzalien and  lhermodynamics
and statislica) mechanics.

Dr. Preetinder S Vick. appointed
asspciale profestor in the Depart.
ment of Chemical Engineering untit
July 11919 Dr. Vark, who received
the Dactor of Science degree Irem
MIT 121 1966, was an assista nt profes-
sor of chemical engineering at MIT
from 1966-1971 and an associate pro-
fessor from 191-72 From 1972 until
he returned 1o MIT be was 3 pro-
fessar of chemical engineering at the
Indian Instilute of Technology in
Madras, Ingia. He is 2 consultan! far
the Process Indusiries Group al
Stone & Websler Engineering Corp.

Department of Civil Engineering

De. Oral Buyukoziurk, appointed
asaoetale professar in civil engineer
wng until July 1, 1999 Dr. Buyuk
Wrk received the M5 in - owil
engipeering in 1981 lrom Technical
Umversity of (stanbul, Turkey. the
M5 in struclural engineering from
Tornell Universily in 1969 and the
PhD w0 siruciural engineering ftom
Cornell wn 1910 Dr. Buyukozlurk
formerly was adjunct assoriate pro-
fessor of enginetnng al Brown
Lawversily

Deparimenl of Mechanucal Engh
neering:

Dr Adam €. Bell, change of 2p-
poiRUmenl Lo associale prolessor
rem visiling professor uniil Juty 1.
1979. O Bell, who received Lhe
BEng degree in 183 [rom Nova
Scohia Technical College, holds Lhe
SM. ME and ScD degrees from MIT,
He Became visiung assotiate pro-
Iessor 1n mechancial engineering at
MIT in Seplember 1975 afler being an
the engineeting and applied sciences
facully at the Stale Universilty el
Yew York ai Buffako frem Sep
tember {965—September 1975

Dr Peter W. Huber, change of ap-
poniment to assistanl peolessor in
merhanical engineering, from lec-
wrer until July L, 1978 Dr. Huber,
whorecaived the SB and SM
1n 1974 and the EhD in 1976, all from
MIT, has been 5 research assisian
and parl-lime teaching assistant al
ine Insudute smce 1972

Dr Alician ¥ Quinian, appoint-
menl a5 Arthur D Little Assistant
Professor of Envircnmenial Sci
ences and Engineermg, Dr. Quinlan,
whaalseis a Rockele|ler Foundation
Fellow in Environmental Alfairs and
un assistant professor of mechanical
engineering, received the 5B in life
sciences in 1568 from MIT, the MS in
physical oceanography in 199 from

the Institule of Marine Science. -

University of Alsska, and the PRl in
epviormental enpreering n 17
fram MIT Her main lelds o
inlevetl gre ehhrotmental engnorr-
g, elemeni<ycle dynamica in

PhOA0 'y Goorge Mimian

aguabic and lertesioal econysieos
and reaction Lrarsporl Synamics 1n
living syslems

Dr Derck Rowell, change of ap
paniment 10 assistanl professor in
mechanical engineering fram Spon-
sared Research Slalf and leciurer in
mechanical engineering until July 1,
1579 Ur. Howell received the BE
degree in 196 and the PhD degree in
1975, boih drom Lhe Universily of
Canierbury, Christehurch, New Zea-
land. He is director ol the Seasory
Aids Evaluation and Uevelopment
Cenler at MIT.

Dr. Hendnk G, Stassen, sppoini-
menl 38 visiting asociate profesor
in mhechanical engin— .- until Aug
1. 3977, Dr. Stassen, ussociale pro-

* fessor in conlrol engineering al Delf;

Upiversity of Techrology. The Neth.
erlands, since 196, specislizes in
control engineering. man-machine
systems and rehabilitation of Lhe
hapdicapped. He reccived Ibe Bic
degree in 1960, the MS5c degree in
1964 and the Dr. of Technology
degree in 1964, all from the Dali Uni-
wersily of Technology.

Dr. Nak-Ho5Sung, change of ap-
poinlment 1o assislanl professor of
mechanical engifcering (Hom r=
search associale and lecturer uniil
duly 1, 1978, Dr. Sung reveived Lhe
85 in chemical angineering from
Seoul National Universily, Korea, in
1964, Ibe MS 1n physical chemistry
Irom the University of Chicago in
1967 and the ScD) in mechanical engi:
neering [rom MIT in 1972 He joined
MTT 101967 a5 a research assistant in
the Fibess and Polymers Diviswon of
the mechanical engineering depart-
ment.

Department of Nuclear Enginser

ing,

Dr. Mujid 5. Kazimi, appoiniment
as assistant prefessor in Use Depar-
menl of Nuclear Engineering anlil
July 1. 1979, Dr. Kazim: received the
B.5. innuclear engineering from the
Universily of Alexandris in 1960, Lhe
MS in puciear engimtering in 1971
Irom MIT and the PAD in nuchear en-
gineering in 1973, alse [rom MIT.
From May 1974 until corung to MIT
he wat associalé nuclear engincer.
Departmenl ol Applied science,
Brookhaven Nationa) Laboralory
His main fields of interesl are no-
<lear reacier safely analyels, nu-
clear reaclor design and Oplrniza-
Licn heal transfer and Nuid Joschan
IS5 in bwo-phase media and scenlific
advancement and lechnology trans
fer in developing ¢ountrie..

Dr. Puthenveetil K. John, appoint-
ed &5 visiling associnle professor
parttime. in the Department of
Nuclear Epgineenng, unbl July 1,
197 An amociale profetsor of
physics at the University of Weslern
Ortariosince 1972, Dr. Jokn roceived

the BSc degree from Kerals Univer-
sily, India, in 1951, the MS¢ from
Nadras University in 1065 and the
PhD Irom Chio State Universily n
196

Tepariment of Ncean Enincering:

Cmmdr Clark Gruham, change nf
appoinimenl W adjunct prolessor
from amacite prolaisor of oomn
enginmering until Sept. 1, 1Y Dr
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DANCING A CHEFRLEADERE' ROUTINE in “Mamay Marabeg Quarorvhmck ™ wre members of the Dyace Clrele
Spcable. Thatt Katherint EArmbsw m e for right.
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Katie Earnshaw Mixes MIT, Dancing

By KATHARINE 5.C. JONES

degroe  program at  Conneclicul
College. and an  adminalralive
aussiant in U MIT Depariment of
Nuclear Enguneening

How does she manage 1o do sa
much? She attnbuies her suciois 2t
Lombanitg the demands of 3 dan
cer's career with & full-time job to
the flewnlity of MIT and Lhe support

of her hushand and her supervisar.
She s married (o William Earnshyw,
3 doctoral degree candicale in
bisdogy st MIT.

Ms Eamthaw began warking at
MIT in 1973 as 2 elerh in nuclear
engineering  headquariers. Three
evtnings a week She wen! Lo modetn
dance classes. Whea she learned of
AR oppor tunity W sludy wilh dapeer:
choreographer Dorothy Herahkowilz
in the al of LS she thought she
wonld have W quil her job and work

pr-me eledhere  He  super.
visar John Cochrane. admuusyra
ave officer in the Departmen. of
Nuclkar Enpoeenng  suggested
they renrTange her schedue o the
aaudbgve ume for daviume ¢lasse
Her achedhuie was adjusied and now
e by a cLass four days 3wk with
M

M: Earmchav oslumates that she
drvoles ure W IRF HOrS each e

w dance—more whin shey re
hearsig (or 4 public performance
She spands 35 hours 2 wesk workuing
a1 MIT

I try o be semtlive Lo the
propsures of My Job, she 1id |d
cance] a dance class U something
urgent came up” Altheugh her
shedule is hectic. "'I'm much happier
than 1 was bwo years #go,” she said

Her modern dance classes in the
{all of 1§76 were reperiory classes,
and reuited in (he premiere of
““Monday Mornwg Quarterhack An
American Dance Masque 1976). " a
mew work by M3 Hershkowil

choreographer.” wrote Laurs Sha
pira of the Boslon Globr Irs M
Fanger of the Christian Scienco
Muailor caltéd 1l a “provocalive
work which Seserves 10 be sren
agan by a wider audience ©

This requisl has been graniwd
‘Monday  Murning  Guarlerback’
will be performed Fridey through
Sunday, February 1113, at the Joy of
Movement Cenler 23 Main 5t n
Watertown. Tickels cost &) and are
available a! the Joy of Movement
Centert 1 Cambndge and Waler-
town

n additian to parformances v ths
work. Ms Earnshaw i3 working on 3
e mece with Chrsty Nickels,

dance teacher al Pine Manor Junigr
College. lo- be performed Mazch
& ang %

She began her dance career rather
late. Her first dance lesson was at
Colby Callege where she earned the
BA degree in sociology in 1972 Calby
did not have a dance program, bgt
she took 3!l Ube courses oifered in
dance hustory. compasitian.  and
1M provisation.

Dancing was something | always
wafitedloda bul it was always al the
back of my mind.” she said ~Having
starwed o late, I'm now trywng o
mmake up far [ast ume

Ms Esrmshaw  began warlung
toward U master 5 degree in donce
at Conarcucut College in the
summer of 1975 The prowram
TEpUres tws summers and o
academic year of traung ind stady
She has compleied twe sux-week
summer sessions, and hopts W
relur® for a full acadermic yexr 1n Lhe
mear fulure For each of the twp
summers she studied al Connechicul.
she took a [eave of abence from her
yob.and. when necessary, & (empe-
Tary empioyer was hirsd (g hapdie
day-today office work

Her ability & combne study and
performance ace with a
full-time job has led M5 Earnshaw
to helieve that “Usere are ways of
wirking wthin the system al 3T o

Thame M
i aat 4lgn up 0t e Cowiing may du 52 by caliing L3270

accomphsh your career goals, and
s imgar sl for prople Lok now that
they can work sumething out

Summary

Toxic Chemicals Symposium
Planned For February 15

A sympogium on the anajysy
and gssesyment of loxic chemicals
in the environment will be held al
MIT Feb. 15

The chairman o the sympo-
sium--which will begin st Sam in
Kresge Audilerium—is Profestor
FRonald A. Hiles of Lve MIT Depari-
ment of Chemical Engineering.
Prafessor Hites has been involved
n fnajor research profects on Lhe
applicaiion of analylical chemical
lechnigues Lo Lhe solulion of en-
vironmental and epergy-related
problems.

"Concern aboul toxic chemicals
in Lhe eavironment has never been
higher " Dr. Hites said.

“Wilh increasing (requency, in-
dustrial, governmenla! and aca-
demic laboratories are being
walled upon Lo identily and guants
tate polentially LoXic chemicals in
mir, waler and producls and o &3-
ngss the toxic efleets ol any of
ihese chemicels

““The objeclive of Lhis sympo
3iUm is lo Fevikw cwTent research
Technigues for Lhe analysis of
chemicals i lhe epvironment and
for the determinalion of the lonic

elfects of such compounds.

“"Most. of Lhe emphasis will be on
organic compounds in waler and
their mepsurement by gas chrom-
alographic mass speclromelry
The use of celluler Lonicalogy and
indusirial epidemivlogy lo anyess
rouic effects of chemicale also will
be reviewed.”

Professor Hiles, in sn article

blished in & recenl issne of
Analytical Chemistry, &aid the
melhods currenly employed by
mosl indusiries Lo identify chem-
irals in Lheir waslewaler do not de-
lec! Mmany -potenbially toxic fna.
Lerials.

Reporting on a research project
that examined the waslewater aL
twe lire maenulacluring plants,
Professor Hites ssid in the articke
1hal the use of gasz chromaln
graphi¢ mass speciromelty de-
tecled potenlially loxic chernicaly
several miles from where ooe
plani’s waslewster eniered &
river,

The sympasium is sporgored by
the National Science Foundation's
Division of Advanced Ervironmen-
Lal Aesearch and Technology.
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The Following appeinimesls or
changes of apparnimenls have been
anpoinced 10 the School of Engr
neer:

Deparimeat af Elecirical Engs
reering and Compuler Science:

Dr Cynl Leung. appointed as
assistant professor untd July T, 1979
Dr Leung whe receved the B Sc
1Eng . Honours degree from Imper-
1al Callege. London cempleied his
docigrate ar Sianford Lnpiversily.
where he w5 the 1915 King George
¥1 memonal lellow, i 1976 His re
search mleresis are 1n the areas of
commumication, dermalien. and
complexity theories

Mr Markus Zahn. appointed wisit-
ing 3ssorials professor Sepl 1 a9
Dr Zahn. who as an instruclor of
¢lecirical enganeenag at MIT from
July 1964 In July 1570, 15 associale
professor in the Department of Elec-
tica) Enginetring al the Universily
of Flurida. Gainsville

Departmenl ol Chemacal Engy
oeeri

Dr Willam M Ueen, appoipied
assustant professor n the depart-
ment and 10 the Harvard MIT Pro-
Eram 0 lealth Sciences and Tech
nokogy ualll July 1. 1979 Dr [heen
wrho recervied the B degree in chem
tcal Fnganeering irom Columbia Uni
versity 1 1962, and zhe MS and PhD

in chemieal engincering
fram Stanford Graversaty n 1971 and
1973, was adjuncl asatstan professer
in the deparimenis of medicine and
physiclogy at the University of Calv
foema, San Francixco, (rom January
1975 unlit June 1975
Or John P Lengwell, change of
appuintment Lo professar n ihe De
pariment af Chemical Engineenng
(rom wisiting professor, begnning
Jan 1, 1977 Dr. Longwell, formerly
semer seienlific adviser in corporale

. ‘and govarnment research at Exzon

Rutearch and Engneering Co . is a
past presudent of Lhe Combuslion
Irstitute and & membes af Lhe Na-
uona! Academy of Engineening. He
received the BS degree In mechani-
<al engineenng from the Universily
af Calfornis in 1940 and Lhe SeD in
chemical engineering from MIT in
1548,
Or Frederick 4 Pulnam. ap
powled assistan! profesior in the
Department of Chemical Engineer-
ingunnt July 1, ¥99. Dr. Pulnam re-
ceived the 84 10 physecs, cum Jaude,
trom. Danmouth College i 1968, Lhe
MS n chemical enginesring from
Cage Wenlern & Unyversily in
1975 2nd Lhe FhD in chemical engi-
neerng from (Carnegic-Mellon Uni
versiiy n 76 His roacarch aress of
intereat are inlerfacal bhenomena
physne ol acareplinns of gaves, arlhen
s el abhsainn, holid aurTace char
actenzativn and tharmodyremice
«nd sabikacal mechames

[ Freetinger 5 Yirk wpminied
asukiale prdesr nothe Leparl
ment of Chemical Eniteering until
duly 1R D Vich, whe rceet
the Inmlur al Scieack degree frum

Figure 9-8. Second Tech Talk Example.

MJT in 1966, was an assistant profes-
sor of chemical engineering 8l MJT
fram 1966 1971 and an associale pro-
fessor from 157)-72. From 1572 unhl
he returaer 1o 1T e wak 3 pro-
fessar of chemical engineering al the
Indian Insbtute of Technology in
Madras [ndia He w a consultant fer
e Process Indusines Group al
Slane & Wetster Engineering Corp.

Department of Civii Enginesring

Dr. Oral Buyukezlurk, appoinled
associgle professor in civil engineer-
ing bntd July 1. 1975. Dr. Buyukez-
urk received lhe MS in vl
engineermg ih 1963 fram Techniea]
Umiversity of Istanbul, Turkey, lhe
M5 in struclural engineering [rom
Cornell Unoversily in 1969 and the
PhD in sirurtural engineenng from
Cornell 1 1970, Dr. Buyukozturk
farmerky was adjuncl Assaciate pro-
lessor of engineering =l Brown
niversity

Depariment of Mechanical Engi-
neering.

¢ Adam C Bedl, change of ap
pomlment fo @ssociale professot
fram viiing professar unlil July ),
979 1 Hell, who received Lhe
HEng degree 0 1383 Irom Nova
Scolia Techrucal Coltege. halds Lhe
M. ME and Scb degrees trom MIT
He became wismling associale pro-
fessof 1n mechancia) engineering al
81T 1n September 1975 alter being on
the enginpering and apphed scienoss
facuy at the Slale Unoversily of
New York ot Buffslo from Sep-
temter 1963—September (775

Dr Peter W Huber, change of ap-
minlment lo assislant professor in
mechanical engineenng Irom lec
\urer untd July 3, 9% Dr Huber,
who received the SB and SM degrecs
in 1974 and 1he PhD in 1476, all [rom
MIT, has been a research assistant
ard partAime leatlung assistanl al
the Insulule since 1972.

Dr. Alicten V. Quinlan, appoint-
ment as Arthur D Liltle Asgistanl
Professor of Ervironmental Sci-
erwes and Engineeriag. Dr Quinlan,
who alsois 3 Rackeftller Foundation
Fellaw in Environmentai Affairs and
an assislant preflesser of mechanical
engineering, teceived the SB in life
sciences in 1568 from MIT, the #iS in
physical oceancgraphy i 1970 from
the Instilule of Merine Science,
Universily of Alaska, snd the PED in
envirenmenial enginecring w1 175
fTrom MIT Her main lelde of
ntereat are environmenls) engincer-
ng. clemenlcycle dynamics in

QUALE and terrestrial ecusyslams
and reaciion transporl dynamics in
inving Systems.

B lirred Townll, chaage of ap
PAMment i asalalant peofmunr i
mrvhumaral engineering frnm Spon
sorvsl Hinearch 81 und imclurer in
Fechaficnl engineering unill Jujy 1,
W Iir Huwell srevived The hE:
shegree in 198 wivt (he FhiD degroe (n
Wau, heih from the Vnversity of
Camterbuy Chridrhurch, New Zeg
W Me o dieecioe of bhe Sersacy

menl as isiting associale professor
1n mexhanical engineering until Aug.
1, 1977, Dr. Staisen, assoriale pfo-
tessaF in romtrol engineering at Delll
Universily of Technology, The Neth
erlamds, since 1968, specializes in
control enginéering. man-machioe
syslems and rehabililanen of the
handicapped. He received the BSc
degree in 1980, the MBr degree in
194 and the Dr. of Tu:l\n!lﬁly
degree in 1968, ail [rom the Dedll Uni-
veesily of Technol ogy.

Dr. Nak-HoSung, change of ap-
peintment Lo aasistant professer of
mechanical engineering [from re
search assoclale and leclurer unlil
July 1, 1918, Dr. Sung received Lhe
B in chemical engnecring from
Seoul National Universily, Korea, in
1564, the MS in physical chemiatry
Irom the University of Chicaga in
1967 and U ScD in mechanical eng-
neering fram MIT in 1972 He joined
MIT in 1967 35 2 research ausislant sn
the Fibers and Polymers Division of
Ihe mechanica) engineering depari-
menl

Deparimenl of Nuglear Engincer:
"

Mﬁr Mu;id §. Kazimi, appainiment
as ass1siant prolesor in Lhe Depart- -
menl of Nuclear Engineering unlil
July 1. 197 Dr. Kazumi received Lhe
RS innuclear engineening from Lhe
Universily of Alezandria in 1959, the
M5 in nucleaf engineenng W 1571
frotn MIT and the PhD in nuckar en-
gnmering in 1973, alio trom MIT
From May 1974 until coming 19 MIT
he was associsle nutlear enfuneer,
Department of Applied science,
Brookhaven National Laborstory,
His main fields of infeTest are Bu-

jes in two-phase media and scies*iNie
advancement and technclogy trans-
[er in developing comtrics.

Dr. Puthenvestil K. John, sppoint-
wd ay visiling associale profemor
part-time, in Lhe riment of
Nuclear Engineering. unlil July 1,
)97 An essaciale  professor of
physics at the University of Western
Ontario Since 1972, Or. John rectived

Lhe BSt degree from Kersla Lrver-
sity, Inia. in 1561, (he M5c from
Madras University in 1855 snd the
PhD from Dhio State Unsveruily in
1953

Departmenl of Ocesn Epinetring

Cmmdr. Clark Graham, changs of
appointment to adjuncl pro{msor
from smsociale profeasor of ocean
mrgintering untl Sepl 1, W78 Dr

am reevived dhe B degree
Trom the US Naval Acwbemy in
19, Ute SM In mwchanical mgineer
ing from MIT in 1967 un Ihe PAI? in
meahanical rnginsering in 1689, also
from MIT Hiv principal felde of
inleral are high-periormence ma
e vetwclm, marine

MECIne power syMems and In-l
tranader.
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Figure 9-9. Third Tech Talk Example.
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Katie Earnshaw Mixes MIT, Dancing
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Chapter 1@ - Implementation Considerations

If the atgorithms presented in this report were to be used in an operating
newspaper production environment, they would probably be implemented on a
relatively small computer system, such as a minicomputer system, for reasons

of cost-effectiveness. There are special probiems for such an implementation.

One problem is limited memory size. Many minicomputers have stringent
inherent Iimi.tations on the possible size of memory. Even when this is not the
case, the cost of the memory needed is an incentive to develop a space-~
efficient implementation. Another problem is limited instruction sel. For
example, most minicomputers do not include a standard floating-point package;
this lack presents problems in the implementation of linear programming. Speed
of execution is another possible problem, depending on the exact minicomputer
to be used. This chapter examines each of these problems, and considers the

impact of each on software system development.

13.1 Memory Size

As was .mentioned in the previous chapter, the experimental implementation
made for the purpose of testing the algorithms in this thesis was programmed
on a large-scale computer. Because of the relative absence of memory
constraints, this implementation was able to be very inefficient in its use of -
memory. For certain large layout problems, the data structures generated at
intermediate points required aimost 100,000 36-bit words for their storage.

This amount can easily be decreased.

This section presents the major data bases used by the layout algorithms,
and considers how each may be implemented efficiently. Data storage is
expected to be the major factor in memory requirements for an implementation,
with program storage being less significant.
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19.1.1 Templates

in the expe_rirriental implementation, templates (and partial templates) were
represented as data structures containing over twenty separate elements.
Almost all of these elements, however, could be regenerated from a lesser

amount of basic,inforrhnation.

The least information necessary to represent a templafe is a history of
which items have been inserted, and where. This means a list of which news
items have been inserted, listed in the order of insertion, along with a
specification of the columns occupied by their tops. Additionally, it is necessary
to note for each item whether its top is or is not required to be at the same
height as the previous item’s top, or at the same height as the top of a level,
and it is necessary to specify the set of story-picture formats chosen. If this
information is known, al! other necessary data can be generated. In particular,

the matrix form of the template can be generated, and from it, the layout

equations.

| As space permits, more data can be included in the representétion of a
template, which, although redundant, will increase the speed efficiency of the
algorithm. In particular, state information concerning the template construction

can be helpful. In the partial template:
ABBGBGBSLC

DOD - - -

where B is a picture, the next item inserted must begin in the fourth column,
and must be constrained to be at the same height as D. This fact can be
effectively encoded as a state variable. Other state variables miéht include the
set of news items remaining, their total area, the total area of the items

already present in the partial template, and so forth.
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19.1.2 Tableaux

The linear programming tableaux can require a great amount of space for
their storage. A tableau is represented as a two-dimensional array of numbers,
where there.is a row for each equation, and a column for each variable.! Of
course, it is necessary to provide space for only one tabieau at a time. The
tableaux are not particularly sparse (i.e, most elements are non-zero,
especially toWard the end of the soiution of the linear prograi‘nming problern),

so representation techniqués for sparse arrays are not applicable here.
194.1.3 Possibility Lists

A possibility list can be used to store the set of possible moves based on
the set of current positions. One structure for the possibility list is shown in
Figure 10-1. Beneath each current position are listed the items which could be
~ inserted, and below each of the items is listed the set of possible moves which
could be made to insert that item. Each of the current positions should be
represented in the format for a pal;tial template; this information n_ee_d not be

- repeated in the list of moves, leading to a space-efficient implementation which

current positions:

items:

moves:

Figure 10-1. Format of Passibility List.

1. And for.each "slack variable”, implicit in each inequality.
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is particularly desirable in light of the fact that there can be hundreds of moves
possible. '

Each move should also be associated with its quality factor, as described in
Chapter 7. This factor can be used to control the selection of possible moves
in the following fashion, assuming that all factors are between O (the worst)
and 1 (the best).?. When a set of moves is to be selected, a current position is
chosen at random, then an item to be inserted into that position, then a move
inserting that item. When such a randomly determined move is reached, a
random number between O and 1 is generated, and compared to the quality
factor of the move. If the random number is less than or equal to the quality
factor, the move is removed from the tree and, if valid, inserted into the set of
valid moves. If the random number is greater than the quality factor, the move

is left untouched. This method can be seen to tend to examine higher-quality

moves before lower-quality ones. It is superior to direct selection of moves

with the probability of selection of each move equal to its quality factor in that

it is unnecessary to compute and update aggregate probabilities for each of the
current positions and items.

A move which has been selected is removed from the possibility list so
that it will not be selected twice. A current position or an item for which

there are no possible moves remaining should also be removed.

In breadth-(N;,N,) search, once a valid move is selected, it is placed in a
set of valid moves, which will reach size N,. These moves can perhaps best

be represented in the partial template format, with their associated values of
the criterion function. |

2. Although some moves may have a factor of 1, no moves should have a factor of O,

since this will signify that the move is never to be chosen. Such a move should not be
placed in the possnblllty list initially. :
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19.2 Instruction Set

Minicomputers typically have a mo mlted repertoire of instructions than
do larger computers. This limited instrL‘l‘-‘Et‘ion set is usually accompanied by a
smaller word size. In general, neither of these limitations should prove a real
problem. Most of the operations performed by the layout algorithm can be
represented by logical operations on small fields, with few arithmetic
operations required. The arithmetic operations which ar,e'neede.d are typically

simple, and no difficulty should be caused by the smaller word size.

The exception to the above is the simplex algorithm for linear programming.
The tableau will contain non-integral numerical values. |f the machine being
used has floating-point operations, then the floating-point number format can
be used for these values. Experience shows that a floating-point number
format with a 27-bit mantissa presents no real problems with the accumulation

of round-off and truncation errors during linear programming. This should also

be the case with a slightly smaller mantissa.

If floating-point operations are not present, they could be simulated
through the use of software routines. 1t is probably more efficient, though, to
implement routines for ration;"al arithmetic, in which each number is represented
in the form a/b, where a and b are integers. Assuming that rational numbers
are always fepresented in reduced form {i.e., where a and b have a greatest
common denominator of 1), the sizes of a and b should remain sufficiently small
to be stored as 16-bit numbers. In particular, denominators seem to stay
below 10 in value, assuming a six-column page. Numerators can be higher,
especially when representing values of variables, which are measured in the
relatively small units of column-points. If they are measured in larger units,

this can cause the sizes of the numerators to shrink, possibly accompanied by

some growth in the size of the denominators,
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It is also possible, of course, to store numbers in a fixed-point format. It is:
not known what particular problems this might cause, but it is suspected that

this might lower the accuracy of the numerical operations.

When numerical values are obtained by linear programming, these results,
representing some number of points of height, might be fractional. In general,
replacing these values by the next higher integral number of points is
appropriate. ' .

183 Speed of Execution

As was described in the last chapter, the test implementation was able to
achieve a reasonable speed of execution, taking only a few minutes to solve

large layout problems. it is believed that this speed can be improved upon in a

production implementation.

The test implementation Was written in Lisp, and run on a computer with
onty a 300,000 instruction-per-second execution rate. This basic rate can be
greatly surpassed by modern minicomputers. Moreover, hand-coding of the

layout procedures can produce a further improvement in their speed.

Monitoring of the test implementation shows that the majority of time is
spent in generating possibility lists and in linear programming. Special attention
should be paid to these sections.

One cause of the large amount of time spent in generating possiBiIity lists
is the large number of possibie moves that must be enumerated. Not all of the |
possibility list, however, will typically be examined once it has been generated.
A more time-efficient implementation would be to have the possibility list
generated .incremenlally, while it is being examined. In other words, only a
skeleton of the possibility list is generated initially; the set of moves for a

given current position and a given item to be inserted is generated the first
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time that pair is selected. In cases where the number of such pairs possible is
greater than the number that will be considered, such incremental generation
-can result in significant time savings, by generating only that part of the
possibility list that is actually needed. Further compartmentalization of moves
in the possibility list can result in further efficiency gains. It should be kept in
mind, though, that changes in the structure of the possibility list might lead to
undesirable'biases in move selection.

Of course, the amount of time used to generate a single move should also
be kept as small as possible. One way of doing this, as mentioned above, is to
‘include redundant data in the representation of a template, trading off space

efficiency for time efficiency.

The speed of linear programming can be improved through the use of
careful coding techniques. It will be stower, however, if software simulatic_m of

arithmetic is necessary.
18.4 Summary

Special care must be taken when implementing the Iayoutlalgorithms
described in this report on a minicomputer system, because of the limitations of
such machines. Consideration of these limitations can lead to implementations
for which the first consideration is space efficiency, but where the time

efficiency is also adequate.
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Chapter 11 - Open Problems

There exist certain open research problems relating to the news layout
procedures outlined in this report. Before these procedures can be
implemented énd used in a production environment, these problems must be
considered and resolved. They relate both to understanding more fully the |
layout algorithms developed in this thesis, and to evaluating the utility of

possible additions to the basic approach.

As was stated in the last chapter, production versions of the news layout
program will probably be implemented on relatively small computer systems.
Such systems, however, are seldom the best choice for basic development
work. To the extent that these unresolved fesearch problems deal with the
layout aigorithms themselves, independent of the particular implementation, this
work can be performed on a large-scale computer system offering a wide range
of program-development tools. Once the complete details of the layout
algorithms to be used have been determined, these algorithms should be
transferrable to the desired target computer system without creating any

significant probiems of a research nature.

This chapter presents a number of known research problems which should
be considered. It begins with problems pertaining to features of the layout
program described in this report, and leads into problems related to possible
additional features.

11.1 Biases in Move Selection.

Any particular method of move selection is based on some particular bias.
Any such bias will have an effect on the relative probabilities of selection of
the various possible final layouts. For example, in the experimental

implementation, for the Tech Talk layout example presented in Chapler 5, the
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probability of selection of the final template:
| EEE S S
E EDODOOD

E A ADD

‘is 0.14, while thg probability of selection of:
DDDUDTED
D EEEE
A A E E E

A A S S 5

is only 0.00089, assuming a totally random breadth-1 search. This is primarily
because the partial template:

i

EEE - -

has far fewer possible next-moves than the partial template:

b DDDOD

since the top row must be filled in in the first case, meaning that each
individual next-move has a greater chance of being selected. A basis is
needed for understanding which move-selection method produces the "best”

results.
11.2 Tuning

An implementation of the layout algorithm will include many parameters
which can take on various values. It has been shown that the particular values
used for these variables can have significant impact on system efficiency. A

process of funing is necessary to achieve appropriate values for these
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parameters. Since each layout problem is different, it seems unlikely that
perfectly optimum values could be determined, although certain uniformly good

values might exist. More research is necessary to better understand this

- process.

One possibility in some cases is automatic tuning. This would have the
system itself automatically adjust the parameters as necessary. For example, if
multiple passes through the layout tree were necessary for a particutar layout
problem, the breadth of search could be increased on each pass in recognition
of the apparent difficuity of the problem. Similarly, it might be possible to
automatically tune the weights of the esthetic rules, based on feedback from

the layout person on the esthetic quality of the layouts produced.

11.3 Internal Story Formats

There are more possible elements to a story than have been considered in
this research; hence, it must be determined how the additional elements affect
the generation of layout equat'ions. These elements include secondary
headlines (kickers), boxed exerpts (sandwiches), and so forth. All such story

elements should be considered, and a disposition determined for each.

' Stories_'with more than one picture present a problem. Experience shows
that a small number of possible story-picture formats is sufficient for stories
with only one picture. (In this way,‘the set of possible story-picture formats
acts like the template library proposed by Kan, discussed in Appendix [V,
except on a smaller scale; only three or four formats are needed) For stories
" with more than one picture, it is expected that this number would have to be
much larger, causing a vast increase in the number of possible moves when
such stories are inserted. Instead, it is proposed that a set of appropriate
formats be specified by the layout person for every story with more than one

picture. This is particularly reasonable in light of the fact that the proportion
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of such stories is small.

In this case, and in the case when unusual story formats are desired, the
layout person will have to provide a format to be used by the layout program.
It would be desirable to have a very powerful general means for doing this,

whereby even unusual formats could be described and used.

One partial alternative to the use of internal formats for generating layout
equations might be to represent all item components directly in the matrix form
of the template. Coupled with the use of asynchronous layout, it might be
possible for such a representation to be no less general than the

representation scheme used in this thesis.

11.4 Unusual Item Shapes

Chapter 3 presents a template grammar which, it is believed, is the
simplest such grammar which does a good job of representing the set of legal
templates.  However, it will not necessarily describe the exact set of legal
templates for any particular newspaper. |If desired, the rules can be changed to _
reflect the local conditions at the newspaper. On the other hand, since the
rules given in Chapter 3 lead to such a simple generative grammar, it might be

more reasonable to leave these rules as they are.

As a example of a possible change to the template grammar, the template
~ shown in Fig_ui'e 11-1 contains an item of illegal shape. it is believed that in
most newspapers such shapes are used only for the sake of expediency, and
are not as desirable as shapes considered legal in this thesis. (On the other
hand, the New York Times uses items of such a shape often.) Similarly, item

shapes such as the illegal one in Figure 11-2 are used in some newspapers.

If the generative grammar were to expanded to allow these shapes by

permitting a growth in the width of an item after its top has been inserted into
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Figure 11-1. Example of Template with Item of Unusual Shape.

Figure 11-2. Example of Template with ltem of Unusual Shape.

the template, this wauld have an undesirable effect on the partial layout
equations. For instance, it would be impossible to determine what part of a

partial template would be available to hold the incomplete items.

115 Variable-Width Columns

Most newspapers have a nominal six-column or eight-column structure. in
many cases, though, the sizes of ads sold do not conform directly to the chosen
structure. In such cases, various column sizes must be used, sometimes on the
same page, as shown in Figure 11-3. Variable-width columns can also be

forced by pictures of odd width, or may even be used voluntarily_.

It is expected that achieving layouts with variable-width columns might
prove difficult within the framework provided in this thesis. It is difficult to
~ see how the definition of a widened template might be appropriately changed.

It would also be necessary for the layout program to do some amount of
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Figure 11-3. Variable-Width Columns.

planning ahead to anticipate transitions between the column widths. On the
other hand, such layouts are often ugly, and are not strictly nec.:essary. as
evidenced by the New York Times, which entirely avoids them in its news
sections. It might be more reasonable at least to decrease the need for such

layouts.
11.6 Item Clustering -

If related items are to appear on the same page, they should be adjacent
to each other. One way to achieve this might be by means of an esthetic rule,
as discussed in Chapter 7. Such a rule could not guarantee that related items
would be clustered properly, but could only penalize those templates that
failed to comply. It is expected that such an approach might prove very

difficult to control.

Another approach might be to note that the overall shape of such a cluster

is typically the same as a legal shape for a single item. Thus, the "top” of the
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cluster could be inserted into the template, the appropriate items Insérted
underneath it in following steps, and then the rest of the items inserted. This
procedure assumes the use of asynchronous top-down layout, of course. More
restrictive partial fayout equations could be generated at intermediate paints in

this process, since it would be known that the items in the cluster could be
inserted only under the cluster top.

11.7 Outside-In Layout

As was shown in Chapter 5, top-down layout is superior to bottom-up
layout. A combination of the two might prove superior to either. Such a
scheme can Be called outside-in layout, because it inserts items both top-down
and bottom-up, working both ends against the middle. The use of top-down
layout albne, for example, is unlikely to produce layouts with a large item at

the very bottom of the page, but such layouts are often used in actual

newspapers.

The problem with such an approach would be to tune it properly. For
example, we know that top-down layout alo.ne is better than bottom-up layout,
which suggests that relatively more items should be inserted from the top of
the page than from the bottom. What proportion of items placed from the
bottom of the page will result in the greatest improvement over basic

top-down layout, if any, is not known.
11.8 Incremental Story Assignment

The nunibef of dead ends increases dramatically toward the bottom of the
layout tree. This is partially because the set 6f items remaining to be inserted
iinto the template becomes much smaller, allowing less flexibility in move
selection. It has been assumed in this thesis that a story-assignment phase

provides the Iay'out program with the exact set of items which are to appear
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on the given page. An alternative would be to provide a larger set of items
than will fit, allowing the layout program some discretion in choosing which
items to place. In practice, this will increase the number of possible moves,
decreasing the probability of dead ends. Of course, the definition of a final
position would have to be changed to be that of a position where enough of
the items have been inserted, measured by comparing the sum of their areas to
some threshold value. Note that, in this scheme, valid final positions mighi have

descendants.

A basic version of this approach has been implemented and seems to work
well. It requires that story assignment be executed incrementally, since it is
nat until the page has been finally Iaid out that it iz known wtich items will be
availabl-e tor the remaining pages. This might require a number of subsidiary

changes in the organization of story assignment.

This incremental story-assignment approach seems particuiarly applicable
to pages containing stories that might be jumped to some other page. In the
non-incremental version, it is necessary to pick for each such story some
arbitrary fraction to be laid out on the given page, with the rest then being
assigned to following pages. With incremental story assignment, it is possible
~ to allow more of a choice for the layout program. This means that the layout
equations can be very loose in stating the minimum and maximum amounts of
e_ach story that will appear on the page, increasing the ease of layout.
Unfortunalely. this seems to mean that virtually any generated template will be
valid, possibly leading to ugly random tayouts. On the other hand, since pages
containing such stories, such as the first page, would tend to be laid out by

hand anyway, this ability might not be necessary. This topic should be

considered further.
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11.9 Planning

The layout algorithm presented in this thesis makes no real effort to plan
‘ahead when constructing a template, due primarily to the use of the layout tree
as its conceptualization of the layout game. A similar Yack of planning has been
observed in chess-playing programs. An opposite approach would be an
algorithm which began by making an overall plan for how it would go about
producing the template, modifying the plan as it encountered pfoblems.

Although this extreme is probably unrealizable given the current understanding

of the problem, perhaps certain aspects of it could be incorporated into the
layout algorithm.

11.1@ Criticism

Some of the layouts produced by the layout program will be unacceptable
to the Iayouf person. In certain cases it might be possible for the layout
person to determine the reason for the unacceptability of the layout. It would
be desirable if such reasons could be communicated to the layout program, and

if the program could then produce a similar layout without the offending
feature.

11.11 Human Interface

Any production implementation of the layout program will have to pay
parficular attention to the human interface to be provided for the layout

person. The current view of the interface is as follows.

We assume that the layout person is seated at a display console. For each
page, the layout person is presented with a list of the news items to be placed
on that page, and can override the choice manually if desired. (In general, it is
desirable for the layout person to be able to override any system decision; .on

the other hand, the number of points where it is necessary for the layout
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person to make decisions for the layout program should be kept as small as
possible.)

For each of the items, it will be possible to specify certain constraints,
such as a fixed headline or set of headlines, fixed format or set of formats, and
so forth. If these constraints are not explicitly stated, default values will be
assumed, such as a set of possible headline widths and heights based on the
size of the story. As noted above, although a set of dzfault forinats can easily
be provided for stories with one picture, this will probably be less reasonable

for stories with more than one picture.

The layout person will then be allowed to pre-place some items in the
template, if desired. This might be restricted to placing items eitner at the top
of the template or at the bottom, as opposed to starting in the middle. If
desired, the layout person can construct the entire template manually. If not,

the layout program will generate one or more itself.

During the operation of the layout program, there is not much information
that can reasonably be displayed. In breadth-(N,,N,) layout, the current state
includes N,. current positions and N, moves based on them. This is too much
information to be absorbed by the layout person in the short amount of time
during which it will be applicable. Instead, it is suggested that various
indications of system operation be displayed, such as the amount of time spent
on the page so far, the number of passes through the layout tree, the depth of
the current ply, how many moves were examined at each ply, and so forth.
The information provided should be sufficient to enable the layout person to

decide how well the page layout is proceeding, and to vary the appropriate

system parameters if necessary.

At any intermediate point, the layout person can halt the tayout program

and supply a template manually, or modify the input to the program, such as the
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sel of items to be laid out, and try again.

The layout person will be shown each layout produced, and will be allowed
to decide whether it should be accepted or whether more layouts should be '

generated. It will also be possible to return to a previous layout.

After a |éyout has been produced, it will be displayed. This will be a
skeleton layout. It will still be necessary to detlermine a number of details,
such as writing remaining headlines, deciding on headline typefaces, drawing
lines around items, and so forth. It will also be possible to modify the numerical

compenent of the layout at this stage, if desired.
11.12 Summary

There are a number of remaining research problems associated with the
approach to computerized news layout presented in this thesis. Any potential

implementor should consider these before finalizing the system design.
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Chapter 12 - Conclusions

The conclusion {o be presented here is that an approach to the problem of
news layout based on the incremental generation of templates is feasible. As
shown in Chépter 9, the algorithms developed are capable of laying out news
pages in actual newspapers, and of producing layouts of quality comparable to
layouts produced by hand. Although much developmental work remains to be
done before the results can be applied operationally, the basic approach has
been demonstrated to be sound, and it is believed that there are no significant
obstacles to its ultimate use in a newspaper environment. The ability to lay

out many newspaper pages by computer should provide an important dimunition
" in the amount of time and effort required for a newspaper offi~» to produce an

edition.
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Appendix | - Human Layout Methods

1. Background

One approach to the construction of a computerized news-layout system
might be to discover how humans solve the problem. In the past, when tayout
persons have been asked to explain their "algorithms”, they have been unable
to do so. This appendix presents a series of experiments which examine the

performance of a layout person when solving layout problems.

2. The Experiments

In these experiments, an experienced layout person from The Tech, a
student newspaper at M.L.T,, was presented with a set of layout problems
based on layouts taken from Tech Talk, an M.LT. administrative newspaper.

Both newspapers are tabloid-size, five columns wide and 16 inches tall. The
| layout person was asked to verbalize her thought processes as she laid out the
pages. | | |

2.1 The First Experiment

In this experiment, the news items shown in Figure |-1 were to be laid out.
 This is Page 8 of the February 9, 1977 issue of Tech Talk. The original Tech
Talk layout was provided only to allow the layout person to acquire a feel for
the relative sizes of the news items; numerical size measurements were also
provided. The following is an edited transcript of the layout person’s

commentary.

"One thing | could try would be putting... | could either put the [Dancing]
picture in the upper-right corner with the headline running above it, or having

the headline just a little... For the time being, I'll leave the headline the same
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The Experiments
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snethameal engneering anii July 1
1Wis I Hoaell receved e HE
it and Lht: I'hY) degrov
nofrnm the | onersis o
Canterhurs . Chrisienureh Nes Zea
fard 1 o Airecar o the Sensors
Asds Fualunlion and 1eyeiopment
fentee ol MIT

I Hendrk {o Stassen appoint
mens . 19 assciaie professor
10 mechiaine s | eagineenag ualil Aug
LT sen, aisocwle pro-
fessor in enntral engineening 1 Delfl
Ungrersity of Technology. The Neth
eriunds. snve 19ER. specializes n
CORLP ¢nRINeenng. Man-machine
ssslems and rehabiblalion of (he
handicapped e received the HSc
degree 1n 1960 the MSc depree in
142 and the Lir ol Technol
degree in 1968, all from Lhe Delit
versily of Technotogy

Dr Nah-HeSung, change of ap
pOIRIMERL In dssislant professar of
mechanital engineering from re
search associale and leclurer until
July 3. 19Tk Lir Surg received the
BY i chemcal enginsecing irom
Sepul Natwnal University. Korea, in
i, 1he M5 1n physical chemisiry
frum the versity of Chicage in
1967 &nd the: §¢1) 1n Mechanwal enge
ey {rom MT (0 1952 He joined
MIT o
the Fibor, avd Folymers Divosien of
the mechanieal ERKINCCONE depard
ment

Depariment of Nudlear Engineer
ny

[ Ml b Kazim:, appo-siment
% anaistunt prefessor o the Depart
men ol Nucltar EAgipecring unn
Juls 11wy Dr Kazim recenved the
H S i nuclear enginesring (Fom the
Umiveraty of Alexandrig in %9, the
MS 0 nuglear engiReerng n 197
from MIT and the PhI)in nuclear en-
ginwering i 1971, ake lrom MIT
Fram Mas 1974 unnl coming Lo MIT
he 2 vwwiriale nutleer ongmees.
Drepartment of Appled  Science,
rookhaven Nabwenai

labtorawory

clear resctor salely analvsis. nu
clear reaclor design and aplimiza
uen keat bransler and (ud mechan-
¥ i lw o piiase medha and scwenliig
advancement and tevhnslogy trans
fer i developing couniries

Br Puthenveeh) K John appo:nt-
ed as visng assocrale professor
portlite n lhe Departmenl of
Nuclear Engineenng. anti July |
197 An assoriale professor of
phywics at the Uuversily of Weslern
Ortariosince 1972 Nr Jahn nceived

Figure i-1. News Items for First Experiment.

dance mare when she's re
rving for a public performance
She spends 35 hours a week waorking
S MIT

1 iry lo be sensiive 'n ine
presures of my b, * she sad ' I'd
cancel 3 dance class if sonething
urgenl came up” Although her
shedule is heclic. “I'm much happier
than | was twe véars ago.” she said.

Her moderr dance classes in the
fall of \976 weTt reperiony Classes
ond resulles in Lhe premiere of
Monday Mormng Quarterback 1An
American Dance Masque \JiFr 3
new work by Ms. Hershkowilz
performed by Dance Crrcle on
January &H al the Fipl Congre
gationzl Church in Cambridge. The
dance was well received and highly
acclaimed in the Boslen presa. 1L s
“Ihe best woerk vel by this talented
chareographer,” wrate Laura Sha-
oo of the Boston Globe 1ms M
Fanger of (he Christian Svienre
Monitor calleg 1t a “provocslive
werk which defierves (o be seen
IRAIN by s wadeT 2udsPnce,

This reguesl hat been granted,

Menday  Merning  Quarlerback”
will be performed Friday (hrough
Sunday February 11-13. at the oy of
Muvement Center '3 Main SL) in
Watertuwn Tickels cost 53 and sre
available at the Joy of Movemenl
(lanlers in Cambridge and Waler
town

In adduien te perfarmances in this
work. Ma Earashaw 1s working on 3
wew piece with Christy Nichuls,

" College.

dance teacher a1 Pine Manor Junior
Lo be perforraed March
25 and 2

She began her dance career rather
late Her [irst dance jesson was at
Colby College where she earned the
1A degree in sociology in 1972, Colby
d not have & dance program. L
she took a1l the courses oifered in
dance hustory, composition. and
impruvisalipn.

“Dancisg was something 1 always
wanted 10 dp DUt N was always al Lhe
back of my mind, ' she sad.  Having
slarled so Jale, I'm now Urying 1o
make up for lost time

Ms Eamshaw began working
1oward (he master's degree in dance
at Connegticut  College in  Lhe
summer of 1925 The Program
requires  lwo summers and onhe
avademic year of Iraining and study
She has compleled [wo sic-week
Summer sessions. and hopes o
returnlor afyll academic year in Llhe
near [uture. For each of the iwo
summers she studied at Comneclicnl.
she 100k o Jeave of absence [rom her

b, and, when pecessary, a lempo-

rary employee waz hired lo handle
day. 1p-day office work

Her ability lo combine study and
pecformance in dance with a
Tull-ume job has led Ms. Esrshaw
1o believe thal “lhere are ways of
working within [he system aL MIT to
accomplish your career goals, and
al's imperlant for people Lok now That
they can wark something oul

Toxic Chemicals Symposium
Planned For February 15

A sympmium or The analysis
and assessient of loxic chrmicals
i the envicanment will be held at
MITFreb. 15

The chawman of the s¢mpo
swm -which will begin al Sam 1n
Kresge Audilorium—is Professor
Henald A Hites of the MIT Deparl-
menl of Chemical Engineering
Frafessor Hites has been involved
W major research projecls on Lhe
apphcation of analytical chemical
teehmigues o Lhe soluben of en
vironmental and energy-related
preblems.

~Concern sbout loxie chemicals
0 the envirenmend has never been
higher.” Dr. Hites said.

“'Wilh increasing frequency. in-
dustrial, governmenlal and aca-
demic laberalories are being
called upon to identify and quanti-
1ale petentially Loaic chemicals in
air, waler and products and lo as-
sess the toaic effects. if any, of
Ihese chemicals

“"The objective af this sympo-
sim 15 Lo review current research
techniques for lhe analysis of
“hemicals 1. the environment and
Iar the determination of Lhe Lexic

elfects of such compounds

*Mos! of the emphas.s will be on
argame campounds in water and
their measurement by gae chrom-
alpgraphic mass spectrometry.
The use of cellular toxicology and
ndusirial epidemioiogy 1o assess
loxic effecls of chemicals also will
be reviewed.”

Professor Hites, 'in an arliele
published in a recenl issue of
Angiyucal Chemistry. said lhe
methods cutreatiy employed by
mesl industries Lo identily chem.
1€3)5 1n Lheir wastewarer do nol de-
lecl many pelenyally loxic ma-
terials,

Feporuing on a research project
that examined Lhe waslewatet al
twq lire manufacturing plants,
Professor Hites said in the article
Lhat the use of gas chremato-
graphic mass specirometry de-
Lected potentially toxic chemicals
several miles Irom where ane
plant's waslewaler entered a
river

The symposium is sponsared by
Lhe Natinnai Science Foundalion's
Divisann of Advanced Environmen-
tal Research and Technology.

Some 125 peaple slgned up for the new MIT-Cambridge chapter of Lie
Amtrican Asvoclation of Relired Persons ot Js organizalivnal aerilng
Jam Thyrsday in Am 3158, Baltols for electing tdlicers, the board of direc-
tars ang the nomioating commitlee will be rasiled 1o &l whe signed ap
wilhln Lse next week or iwo. Those eligible (o beleng (nge 55 or shller) who
did not sign up at the meeting may do 5o hy calling x3-7814

the BSe degree from Keralz Univer-
sy, India. n 1961, the MSc from
Madras Universily in 1965 and Ihe
PRI} iram Ghie Staie Lniversdy in
Tcd

Iepartment of Ocean Enmeering:

'mmdr Clark Graham, change of
usppainument lo adjunct profesar
fram asseclale pralessor ol ocen
engineering untih Sepl 1. 1979 Dr

Graham received the BS degree
[rsm the U5 Naval Academy in
1564, the M 1n mechanical engineer.
ng from MIT in 967 an the PhD in
mechanical engineering in 1866, also
from MIT. His principal ficlds of
interest are high-perfarmance ma-
rine vetucles. riarine engineering,
marine powtr syslems and heal
transler
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as they, and... Well, all right, I'll assume half an inch {for the headline]. Try
putling the headline across 5 columns with the picture 3 1/4 inches deep,
three columns. Well, just so it’s even, I'll make it [the picture] a little bit
bigger. That’s 3 1/3, with two lines underneath, so that’s about a third of an

inch. And the story is 15 1/2. So [ can run it in these two columns [see
Figure I-2].

"And I can either run it [the text].. | could run it under the picture, so
that it’s even, and then have another.... | could try a five-column headline [for

the Engineering story] since the story’s so long. All right, il try that {see
Figure I-3].

“That’s a little more than half an inch [for the Engineering headiine}. [/ think
I’if try putting the AARP picture down here for balance, | guess... The lower

DANCI NG

Figure |-2. Partial Layout for First Experiment.



Human Layout Methods - 165 - The Experiments

DANCING

Figure I-3. Partial Layout for First Experiment.

left-hand corner.. So thal’s 2 3/4 inches high, plus about an inch or so of
cutline [see Figure 1-4].

"And if I run this headline across 5 columns.... All right, so that means if |
put the Symposium story down here, everything should work out [see Figure
1-5]. '

"That’s one possibility. I'm not saying it’s the best layout, but at least it

gels the headlines apart from each other.”

The elapsed time for this experiment was 4 minutes 50 seconds.
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DANCING

Figure i-4. Partial Layout for First' Experiment.

DANCING

— o ———

Figure i-5. Final Layout for First Experiment.
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- 2.2 The Second Experiment

In this experiment, the layout person was to lay out the news items shown
in Figure 1-6. This is Page 5 of the February 9, 1977 issue of Tech Talk.

"i think I'll try to get rid of this big blotch here [the Energy jump) for one
thing, since the.... | could try to put the Energy jump lower down, and put some
stories that are starting here on the top. So, let’s see. Well, the longest one
is Media, so | guess l'll try putting that at the top, moving over 3 columns, |
guess. If | spread it over 5 columns... Well, | think I'll try keeping the picture

in the upper right corner: that’s the Edgerton picture that doesn’t go with
anything [see Figure |-7].

"So that’s 3 inches of picture and about 2 inches of cutline, and run the
Media story in the upper left [see Figure |-8]

"I think [l try to run a story in 3 columns underneath the picture, and have
the copy of Media in the first two columns [see Figure 1-9].

"Okay, three short stories and one long one are left. | could put a story in

here [under Edgerton], say... That’s a little too big for any of these stories.

"'m th)’nking of maybe putling the... That picture could get a little bigger.
Lel’s see. Thal would come down half an inch, and then | would have about a
5-inch stafy [under Edgerlon). Booklet... It’s probably a stupid place to put it,
since Booklet can’t be very important. Oh well, nothing looks ternbly important.
All right, l'll try puttmg [see Flgure I-10]

"Now, [ could either have a five-column headline [for the Energy.jump], or
.. or | could run it in 3 columns and put the graphic in [to the right of the
headline]. f don’t really like this. It’s working out so | can either.... | could put
the chart on one side here [on the left], and the headline here [on the right]
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Comtrand 1o g3

ATl inlerior ey ironmentd condy
fofs acrose rarpul  crealg an
Rigraled COMIT Znacdwns netsork
wiih 4 cenral corim
Tradeno! M\ 3L heanng, venl
ig10n amé aor cond:hon:ng vy stems
have comirel thermostals and can
prossdé oy tap setlings - day nughl
rheit cool A vompater vomrolled
saster of Tt pe called super-
clock T iunclional at MIT for sesera)
rears. did o credhiiable Job oi energy
consers shon. Mr snepherd sind. but

A rentrally controlied. intelligenl
sysiem iz the best way 1o oplimize
Ihe us ol erergy  Mr Shepherd
sad. and the laohties manage
ment svstem oo owie of the mosl
advouced BUIlding control sy stems
we are aware of

The new systenn s a dynamu one
Respunse models  buidl nin the
veniral seftware enable U Lo sense
and Feacl Wy envirenmentai changes
Savings are achieved through more
wifwient use of VAU machieery,
mummnzing ther vnergy require

1" Tias been 300 giode tn aser of the  ments and through elevitwal loud
Fore advaneed s of EAR shedding The latier o5 4 technigue of
W7 CJAMPULS
JTEI LTAD PRCFILE
FE NIC-WINTER WEEKDAY
RS A T L B B

19732
BA4ZE YEAR

HOURLY LOAD-THOUSANDS OF KILOWATTS
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Neustadt to Close
Election Forum

Or Ricrors Neusadl profes-
~r of goverrmes: 2! Harvars Uni-
versny wil The Fresi
gennial . W the lest
program of 1he Agenda 6 dis

cussrn senes or Wednesday. Feb
16. at 3 pm oan the Milllkan Room
E5i1-482

Best known for fis books. Pres.
dent'al Power 1960 and Alliance
Polttics 1970+, Dr. Neusiadi receni-
T served as a consullart 1w the
Carter-Monda le Iransilion groap.
Dr. Neustadl has been cleselv
associaled wilh the workings of the
lederal governmeni for the pasi
thirly rears A member of the While
House sLalf from 950-3. he became

Lo the Senate S

Apsts Kernedy snd Johnson rugh
1966 D Seustadt hos sl wried o
onsuitanl 1w lhe Burcau of e
Kudget St and Oefense Depart
mems and the Al Enecgs ©om
mussien

From 196573 Ur Newladl wy
assoviale dean of the John File
geraid Kennedy Sehool of Govern
ment at Harvard and served as
twunding direclor of Lhe School »
Insuilute of Pehtics trom 19657t He
received the AR degree [rom Lhe
Universily of Caldurnia al Betkeley
wm 1924, 3nd the MA_ J$41. and PhD

1831 degrees Iram Harvard Uni
versity
The seres 15 sponsored

tee on Nalonal Securily Stalfing and
Qperations in 1953 Tn 1960 he served
35 special consullint lo President-
elect Kennedy and became a con
sultant 1o Lhe President in 1961. con-
hnuing in this pesition under Pres)-

Sobieszek to Discuss
Robert A. Sobiesze will give a

leclore, "'The Composite Tmage:
Phote Monlage 1855-1333."" at Bpm
on Wednesday. February 9, in

Jewett Arts Center at Wellesley
College

The lecture, ]mn'LI)- spunsared by
the Wellesley College Arl-Deparl-
ment and Lhe MIT Crealive Pho
wgraphy Latwratory, 15 open in
the public free i charge

Mr  Snbieszek is asyociale
curator and direclor of 1he He
search Center of the Inernatinnal
Museum of Pholography at George
Easlman House in Kuchester, NY
He joined the Eastman House stafl
in 198 Lo assisl ih OFZANIZME N&
pholographic collecuons

He has been responsible lor sev.
eral exhibitions at the [nlefna-
litna | Museum of Pholography and

by Lhe MIT Depariment of Folnical
Sgience to promote an exchange an
the crilical issues facing Lhe LS
Sessions are open [0 the community
and include @ question and answer
period and group discussion

Photo Images

has assisted in orgamzing exhibi-
uans at The Philadelphia Museum
of Art, The Museum of Modern Art.
and Lthe Dakland Museum Fecenl-
ly he directed Lhe exhibil, ~Albert
Sands Southwarth and Josizh
Johnson Howes  American ba
guerrentyprsts " funded hy a gran
from the Natianal Endowmenl fur
Lhe Arts and dengnerd as the muse
um's coniribulion 16 Ihe nalion’s
Bcentennis) celebrasuon

Mr Sobienzek 15 assislant pro
fessar of art bistery at the Lm
vermly of Aachester ard on Lhe edi
orial biard of Image, a quarteriy
journal. He has cantributed Lo sev
eral books and portlolio, and bis
articles have appeared in such
professional journals a3 afbum
Aperiure, Artin 4 mezica and Con
I1rmporary Photogropher

brmiling ety peak elecirical kad
demands by tempararily wrming ol
non-mssenhial equproen during pen-
ads of high erery we

“With pnly lwenty-Nive baildings
npw connecied 10 1he system,” Mp
Shepherd said. we are already
saving anaverage of 1000 kilowalis
ofelectncits perhour We expect the
system ln pay for dsel within two
vears. he said

The loslitute 15 varrenth ']
S13 @ per barrel of fuel. o 8270
o over lasl year's price
10, when dramane prce
wreasts 11 fuel custs began. Lhe
wwst ol No 6 fuel ol which supplies
mast of MIT 5 healing cnery. has
risen from $1 8 per barrel Lo Lhe
current Tty the haghest MIT has
worr gl

A Wi s percent inflution rate
far the ot of fueh has beer il milo
the budgel.” Mr Shephuerd said
“hul a sesere winter such us the ane
Wy are nUw PEpCMIERCINE. can in
Crease costs by ay much wy 3150.000
aver e anlicipated o els

This ‘ammnter has oeen about 15 per
cent cuider than nermal and 2 per
cenlcolder Lhan last year. acvording
1o Proleisor Augusl L Hisgel
scharrd Jr vonsullant tu Physical
Plant Me expects this trend Lo care
Linw through the end of the wnter.

A negrmal winter s hased an @ 30-
yesr werrage of temperslres com
puled in degree days o furm of ac-
cumulated temperature for specily.
1y, rominal healing [oad in winler A
degree day 13 3 one degree 'Fitem-
perature dilference bétween inside
and autwide hased on A reference
lemperature uf 63°F (1%C) inside
The number of degree days 1n o 24
hour period 15 computed By sub
traching the mean lemperalure for
\hal period irom hiF. For example
for a 10day month in which Lhe
outaide temperature averages 0°F
it 10 days and 35'F for 20 days.
Lhere are 1050 degree days Degree
days WESZ0 + ARG =
1030

By Jan 2 ol this vear the total
number of degree days was 3092
This s 541 degree ¢a ys more Lhan the
tatal recorded during, UWnis Lime
perwd fgr tasl year and 407 more
than the M-year average

“Exen with this extreme cald,”
Mr Shepherd said. Cthe volunlary
parhcipstion of the community in
P FTErRY COMRMTVELON ProRrsm
conlsfa= tn e oulstanding 11 Lhe
§2% ruilion annual cost avedance
attnbuied o the EXCON pragram,
= peraent af the savings are duectly

huled I, communily action The

Liepariment of Fhisical Blanl com-
mends thise aytstanding efforts o
EOMMETLE FEOURCES and UrERS con-
D=t ippart he said

Booklet Includes
MIT Women

Thoughts of Nive present or lorm-
er MIT women are inciuded n
“Space lor Women: Perspectives
on Careers n Science,” a new
boaklet just published by the Har-
vard-Smilhsorian Center for
Astrophysics in Cambridge

MIT was represented by Tanya
Atwater, assistanl professor of
marine gealogy in Lhe Depariment
ol Earth and Planelary Sciences:
Alice d'Entremont. 60, an elec-
trical engineer at the Harvard Cal-
lege Observatory. Catherine A H.
Mink, “14, a scientific programmer
al the Smilhsoniun Aslrophysical
Ubservatory, Judilh Walzer,
director of women's educalion at
Hadchif(e College and former hum-
anilies instrucior at MIT, and Mar-
lene Wilhamseon, & Inrmer grad-
uale student in syslems snalysis
whi 15 now & geophysicist al the
Srmuthsaman Astrophysical (ibuer
vatnry

Text fur Lhe toak|cl was drawn
Trom a symposiam addressing the
satefartiony antl difficullies en
countered by wormen i iradibianal
male careers. held in celebralivn
of the Inernational Woemen's
Year

Copies of the booklel are avail-
able free of charge from Lhe Publi-
cations Office, Center for Astra-
physics. &0 Garden St , Camhndge.
Mass 02138, ar by calling
495-7461

MUK ITOR MUNITOR—MIT's Harol E. “Doc™ Edgerton. right. famed
for hls development of Lhe sirabe light underwaler pholography and
sunar, thechs rquipment thet will bo ured Lo make pholoa af the Civil War
irunelad Monitor, whick sank ofl Surih Carclina’s Cape Hotlerag during o
Rale in Li62. The lecativn of Ure famed warship was coofirmed by & 1974
expedithon that used sonar and pholographic equipment designed by
Edgertan. The new equipment. an which $ir, Edgerion and Bill Ma. Aok
+riv, project technician in the MIT 5trobe Lab. aze working, locludes 2

5 Xmm camera and a +vche HEht, Nodice the TV
Edgerton’s band on the TV monjlor se the labke to

the lefs. Prafessor Edgerion says the equipraent will be osed W0 make
photographs fram the alde of the Manitar. Eqriler pholu were ull of over-

head viewd, The new equip

can be

uater pumps mounled on the (rame.

MIT Experts Assess Media
Influence on 1976 Election

Two members o the MIT Deparl-
ment of Pohtical Science teactung
slali—Professar Waller Dean Burp-
ham and Semor Leclurer Edwin
Liamond—are among nine media
vhperls whose assessmenls of news
medha influence on the 1976 presiden-
tal clection appear as 2 queslion-
and-answer panel 1n the current
\ssue of the rewspaper trade jourmal,
Editor and Fublisher

Other  panelists  include  three
Irom Syracuse Unversily and one
cach from  buke Universil the
University of Michigan, Cahlormia
Slate Universily at long Beach and
(nlhana tniversily The hree ques
by E&P and the

Inamnnd answers

| pased
Ruraham  and
wire:

1. Do you believe the Lelevision
drhates influgnced the sotem de-
cinion-meking process this year., and
if so. how? Mave you found any
eridence In show that the debules
had more influence on ane spreific
raup of volers than on whers?

Hurnkhym  They cerlanly were
inlivennal They probably marginal-
Iv conirihulid 1 Carler demen-
sraling mmsell s o credible
alternalive Lo W incumbent o oa
lime election They helped Carter
-10p hs shde downhill There was a
arealer nfivence n the  Vice
I'residential dehales, though. shere
it was clear that Uale was fur sut-
ulgsyed 108 hard 1o evaluate 1f one
groupwas wiluenced mure than any
other

Diamand The debales were . re-
iorcemen! mechanism. nol a con-
version mechamsm  They didn't
change the way people voled bul re-
assured them aboul the candidates
Since T dun't think the debales
changed many minds. this makes
them Jess (han (hev've been trum-
peled. Bul in ‘% small swings Lol
voleTs | were impartani. Nothing I've
lward or read indicales thal ane
proup was mers swayed by them
than athers

2. New spapers. ax opposed 1o Lele-
vision, have bren characlerized 35
the “agenda selling’” medium during
palitical campaigas, i.¢.. their cover-
ae of issues direclly determines
whal 1swurs vourTs conaider impar.
Lani. o you agree with thin Iheory™

Hurmham Tn 4 way pes. and 1n &
Iearly newspapers tend to

whn are alrvady

Wik
yeaple e wtonal
ol AN far ais

+licar thal Lkt rhvtrane |
cavver pulilies n deplh ke pront 1L
has Lep oy with: the i lure of {elevinun
itxell 1L doksn’l lend disell readily ta
the longer view

Diariond 1'd like 1o sugges! that
as lelevision and newspapers be
come lexs and less serio about

Figure I-6. News Items for Second Experiment.

mare and more things. the public
fends to discount what lhey are
alwitler about. If the prens ran days
and days af clase economic analy
il ittt owus with heavy, well
researiied siulf, then it could make
us think. Bul when papers day after
day go on aboul Carter's Playboy in-
terview, then the public doesn't take
them serinusly. Newspaper edilors
are lrying Lo pul ol papers that ok
ke lelevisicn—young, EROOVY,
wide space, picture oriented—and
they're nol  taken seriously It
Lhey're not Laken serioualy. then how
can lhev set Lhe agenda’ They're
only eelling an sgenda lor amuse
ment apathy. alienation, and feel.
ings of ineffigacy.

2. Do vou bellese the media tn the
swing  ehrwral ambes  1uch
Callfornia, New York apd Teamn,
have a gremier responsiBlilly im
seiling the ggenda than the media in
stat#s with o smaller eleciorul vade?

Burnham. | don'l ik it's the
elecloral vole as such. Afler all,
Ford won n Califorma but 1 didn't
help him get elected T hink Lhings
are rapidly changing. | see the
nationalization, ol palitical eflects
thal mokes the small 1electoral:
stale argument less relevant In 1976
vou had a large number ol states
with ¢laee i valing | oulcomes: simi-
larly svuated volers—upper class
Kepublicans 1n the suburbs. black
Demncrats —voled the same way
wherever they were lound in Lhe US.
IU's a diiferent ball game than in the
New Dreal The media by their very
existence conlribuce (o this situalion
Television struclures he voler's per-
ceplion. parties are decaying as tue-
givers. People are lookimg aL the
personal image of the candidales,
and television is exceedingly impoar-
tanl in the process. The Liming that
Lhings appear al 6pM on the everung
news s an imporlant part of lhe
candidates’ strategy Newspapers
are auxiliaries in the bachground.
Their influence is greatesl among
the specialized elile, the better
edugaled, maore alfluent class thal
has more leisure. those who have

clout  The accumulation af their
sovial  advantages gives them
greater personal mdividual influ.

rnce Aut all respeclat!c news media
have an whligation lo deal wilh the
1ssii%, ol Lhe day no matter where
thisy lucated, wyen ot thenr
resaurees bt hem

itamund | Aon't ok 1. U
prime 1ok Lo ok nver (U shoulder 10
aet- fw dlany vlectoral vote Uvere
are The priss does il beat for
Turiing causes. 1 i ook a1 elecioral
valwn il wion't be into journalisn but
pohlical advocacy. IUs different
from pournalism. and | think it woukd
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Tach Talk, Fabruary 1, 1977, Fagt
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EDGERTON

Figure |-7. Partial Layout for Second Experiment.

which would mean two three-column headlines right on top of each other, or |
could put the graphic over here [on the right], which would mean both pictures
on the same side of the page. Well, maybe Fli try... Pll try a five-column

headline, and I'll try putting.... Il try putting the graphic in the lower left
corner [see Figure |-11]. ' -

“And that leaves lwo stories down here, and | can just run... Well, both of
them could be fairly smail-point headlines, | guess. In fact, they can still be 24,

slightly less than 1/2 inch, say, and | guess I'll put the longer one on top, thal’s
Neudstadt, and that’s ... [see Figure |-12].

"Oown here, that’s Sobieszek ... [see Figure 1-13].

T sort of changed their one-column thing. We [at The Tech] don’t run too
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EDGERTN

Figure 1-8. Partial Layout for Second Experiment.

EDGERTON

Figure 1-9. Partial Layout for Second Experiment.
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EDGERTON

- PooKLET __

Figure 1-10. Partial Layout for Second Experiment.

_MEDIA_ _ _.
EDGERTON
_ BOOKLET __
T_ERFRGY dEMP. . ...

Figure I-11. Partial Layout for Second Experiment.
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Figure I-12. Partial Layout for Second Experiment.

The Second Experiment

MEDIA
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Figure I-13. Final Layout for Second Experiment.




Human LayoUt Methods -173- The Second Experiment

many one-column headlines, except on very tiny jumps.”

The elapsed time for this experiment was 8 minutes 5 seconds.

2.3 The Third Experiment

In this experiment, the layout person was to lay out the same news items

as in the first experiment, was asked to find a better-looking layout than the
first one produced.

"Well, | guess with 31 inches of copy, there’s not going to be much way to
break it up, very much. All right, | could try... Well, working from the bottom, |
_could put tﬁé AARP picture, sort of stick it in either the 2 and 39 or F9 and
4'" columns and run Engineering around it. | want to keep Engineering in 5
columns, | think, because it’ll spread it out more. So, okay, AARP is.... Tl try
putting it here in the 2™ and 39 columns [see Figure I-14]. |

Figure 1-14. Partial Layout for Third Experiment.
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- "And just run Engineering around it {see Figure I-15]. -

- "And headline is about 1/2 inch. That takes up about half the page. That
still looks moderately ugly. Afl right, so, Symposium [ could put... Symposium
lakes up a ltolal of aboul 5 inches aver 2 columns. Lel’s see. I could keep the
Dancing picture in the upper right corner and put the Symposium story in 3
columns down here, and run copy underneath the picture, which is dkay, or.. |
really can’t put the Symposium story at the top, because then I'd end up with
something else underneath it, which would be ugly. So, I think I'll do that. Al
right, Symposium is ... [see Figure I-16]

"And, see whal happens with Dancing. | could either have the Dancing
picture in the upper right-hand corner with no headline above it, and have the
headline, say, 2 columns by 2 lines over here, or | could have the headline all
the way across. | think it would look better all the way across, with the

T ENGINEERING —

Figure 1-15. Partial Layout for Third Experiment.
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— i — — — e . ——— — -
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Figure I-16. Partial Layout for Third Experiment.

picture underneath it [see Figure 1-17]

"Well, the only problem with this is that there’s not very much copy in-
between the... Once you put in the culline, there’s not very much copy in-
between these two stories, but it’s almost an inch. | don’t know, let’s see. . The

top of the page looks too crowded

‘I could have tried putling Symposium down here at the bottom of the
page, below the Engineering story, instead. Then | would have had (wo
pictures somehow on the top half of the page.

“If I run the [Dancing]' headline in 2 columns here, that would have moved

the picture up a little bit, which would have separaled it more from this block
over here.

"It’s really hard to make 31 inches of copy look nice.”
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Figure |I-17. Final Layout for Third Experiment.

The elapsed time for this experiment was 7 minutes 45 seconds.

3. Conclusions

It would seem that no significant layout rules can be extfacted from the
performance of this layout person. For example, she works both top-down and
bottom-up, depending on the layout problem. As compared with the layout
procedure presented in this thesis, the layout person’s method seems to be’
based on her ability to plan ahead, to reason abstractly, and to understand the
consequences of her actions in terms of their effects on the possible
placements of the remaining items. Instead of working solely with local criteria,

she is able to understand the global impact ot her decisions.

It should be noted that this layout person does not depend solely on an
innate reasoning ability, but also seems to use a number of learned rules, for

their esthetic effect. These rules would seem to be primat"ily of an esthetic
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nature, and are goal-oriented. For example, she makes an effort to achieve
picture balance on the page. It should also be noted that the layouts she
produces can be identified as being more in the style of The Tech than the
style of Tech Talk (e.g, there are more five-column headiines in The Tech than

in Tech Taik, while Tech Talk uses more one-column headlines‘ than The Tech).



- 178 -

Appendix |} - Theoretical Considerations

1. Computational Complexity

In a 1972 paper {Karp 72], Karp first identified the set of computationally
intractible problems now called the NP-complele problems. The best
algorithms known for the solution of these combinatorial problems require an
amount of time that grows exponentially with the size of their input. This
means that there exists some limit on the size of the input, usually a small limit,
beyond which any such algorithm becomes impractical because of.its
astronomical running times. Any NP-complete problem can be reduced to any
other in polynomial time, which is less than exponential time. Therefore, if any
of the NP-complete problems could be solved by some algorithm in less than
exponenlialrtime, then all of the NP-complete problems could, by first
transforming them to that problem and then solving them using the fast
algorithm. This consideration, combined with the large class of problems known
to be NP-complete, strongly suggests that it will never be possible to develop

an algorithm to solve any NP-complete problem in less than exponential time.

One of the problems shown NP-complete by Karp is the partition problem.
In this problem, a set of positive integers is given, and the problem is to
determine whether the integers can be divided into two subsets whose sums
are equal. The best approach known for solving this problem relies bésically

on generating and testing all possible partitions of the original set into two

subsets.

We preseht the foliowing theorems:
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Theorem 1. The news layout problem is NP-complete.'

Proof. (This problem is obviously a member of the class of NP problems.)?
Consider an arbitrary instance of the partition problem; we transform it into an
instance of the news layout problem as follows. Each integer in the original set
 becomes a picture, of height equal to that integer, and of width 1. The
newshole has height equal to haif the sum of the set of integers, and width 2.
Obviously, any layout achieved for the transformed problem represents a
solution of the original partition problem. Since this transformation shown can
be performed in polynomial time (in particular, it can be done in linear time),

this shows that the news Iayéul problem is NP-complete.

Theorem 2. The problem of news layout with a known abstract template is
NP-complete.?

Proof. (This problem is obviously a member of the class of NP problems.)
Consider an instance of the partition problem where there are n integers in the
set. We transform the probiem as in the previous proof. We also note that
there are only n-1 distinct abstract templates which could possi'bly. be
applicable to the layout problem, assuming asynchronous layout; thés-e are the
abstract templates with two columns, having i items in the first column and n-l
items in the second, as i ranges from 1 to n-1. Since n-1 is a polynomial
function of the size of the input, we see that the problem of news layout with
a known abstract template is NP-complete, since solving it n-1 times would

suffice for solving the partition problem.

1. Actually, what is being proven NP-complete here is the problem of determining
whether any layoutl exists for a given layout problem; this is necessary because of the
"yes-no" nalure of the class of NP-complete problems. Obviously, the problem of finding
some layout if layouts exist can be expected to be no easier than this problem.

2. Membership in the class of NP problems, also defined by Karp, is a precondilion to
membership in the class of NP-complete problems.

3. That is, the problem of determining whether a given abstract template is valid for a
given layout problem is NP-complete,
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These results show that the news layout problem can be considered as
computationally intractible. The best known algorithm for solving the problem
depends on an exhaustive search of all possible concrete templates. This

algorithm is applicable up to about three news items, beyond which the amount
of time required is excessive. ' '

One approach which is often used when dealing with computationally
intractible problems is to solve some different problem, related to the original
problem but computationally simpler. The approach taken in this thesis is
simply to try to find some layouts based on the given layout problem, If
layouts are found, then that shows that layouts exist; if none are found, then
either none exist or the algorithm was unlucky. Also, instead of trying to find
the best of all possible layouts, the approach will be only to try to find good
layouts. For the mix of layout problems commonly found, this approach, as
i;\corporated into the layout algorithm présented in this thesis, seems adequate,

in that it will typically find some layouts in a reasonable amount of time.

2. Number of Templates

The number of possible templates is very large. To count their numbef, a
program has been written which generates all distinct legal synchronous
abstract templates. The templates generated are all reduced templates, in that
no column is identical with an adjacent column, nor any row with an adjacent
row. Table ll-I shows the number of possible templates for up to five items,
broken down by the number of items and by the number of columns in the
reduced template. As can be seen, the number of abstract templates grows
quite rapidly with the numbeF of items. The number of concrete templates
grows even more rapidly. There are n! possible ways that an abstract
template with n items can be marked. The number of ways an abstract
template with i columns can be widened into a newshole with j columns is

C{j-1,i-1). The number of ways an abstract template can be fitted into a
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Table Ii-I. Number of Templates.

items = 1 2 3 4 5

columns = 1 1 1 1 1 1
' 2. 3 12 42 141
3 1 29 280 2185

4 24 716 12163

5 7 874 33430

6 519 50978

7 121 44142

8 20382

9 3907

sum = 1 5 73 2553 167329

newshole depends on fhe shape of the template items, as well as 6n numerical
factors. It can easily be seen that exhaustive searching of all possible concrete

templates is generally impractical.

Figures ll-1 through II-9 show the set of possible abstract templates for up
to three items, broken down by the number of template columns. it can be
seen that certain of these templates Jook noticably worse than others. The
best general rule that has been developed to explain this esthetic difference is
the convexity rule presented in Section 7.2; most of the worst-looking

templates violate the convexity rute. This rule, when incorporated into the

Figure li-1, All Possible One-Column Abstract Templates for One ltem.

&

Figure lI-2. All Possible One-Column Abstract Templates for Two items.
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4= b

Figuré II-3. All Passible Two-Column Abstract Templates for Two Items.

Figure lI-4. All Possible Three-Column Abstract Templates for Two ltems.

Figure {I-5. All Possible One-Column Abstract Templates for Three Items.

[__I_Ll_
O L B R

Figure 1I-6.. All Possible Two-Column Abstract Templates for Three items.

layout program as an esthetic rule, helps the program to avoid the generation
of such templates.
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Figure H-8. _AH Possible Four-Column Abstract Templates for Three items.
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Figure Il-9. All Possible Five-Column Abstract Templates for Three Items.

3. Template Satisfiability

3.1 General Observations

Some templates are more easily satisfied than others. That is, the
probability. that a given set of news items will satisty the templaté is greater
for some templates than for others. We note, for example, that a lemplate
such as the one shown in Figure I1-10 is applicable for any pair of stbries,“

while a template such as the one shown in Figure ll-11 is applicable in fewer

Figure 1I-10. Universally Applicable Template.

1]

Figure ll-11. Less Applicable Template.

4. This sectioﬁ considers just the areas of stories, and ignores their internal structure. It
also ignores pictures. All templates considered in this section are abstract templates.
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cases, because column boundaries are discrete, leading to a limited number of

possible positions tor the boundary between the two stories.

Figure II-12 shows the set of item sizes which will satisfy the template in
- Figure li-11, based on a six-column page, assuming that the sum of the item

sizes must be at teast 90% of the area of the rectangular newshole. Assuming
a uniform distribution of item sizes, there is a 26.3% probability that a random

pair of items obeying the overall size restriction will salisfy this template.

We can expect that the template shown in Figure ll-13 will have a higher
‘probability of satisying a given pair of items, since the item in the corner is not
restricted to occupy all of the area in its columns. Figure l-14 éhows the set
of item sizes which satisfy this template. This template has a 87.7% probability
of being satisfied with an arbitrary marking. Similarly, the template in Figure
I-15 has a 70.2% probability of being satisfied with an arbitrary marking.

3.2 Residue -

It can be seen from these graphs that the probability of satisfaction of a
template grows less as the sum of the item sizes approaches the size of the
newshole, forcing the amount of residue to zero. For the template in Figqre
II-11, the probability of satisfaction drops to zero as the limit, while the

‘probability of satisfaction for the template in Figure n-13 drops to 83.3%.
Conversely, the probability of satisfaction can be seen to grow monctonically as

‘the proportion of residue grows.

This predicts that layout problems with a low proportion of residue will be
harder to lay out, since fewer tempiates will be satistied by them, while layout

problems with a high proportion of residue will be easier to lay out.
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Figure l1-13. More Applicable Template.
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Size of lpwiar (kg

Figure lI-14. ltem Sizes Satisfying Template.

Figure li-15. Related Template.
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3.35 Columns

It can also be seen from these graphs that the probability of satisfaction of
an abstract template grows greater with the number of columns on the page. If
the template in Figure ll-11 were to be laid out in a newsholé with eight
cotumns, the probability of success would climb to 35.1%, an increase

proportional in this case to the increase in the number of columns.

A limiting case would exist if there were an infinite number of columns.
This would have the space in the newshole arbitrarily divisible in the horizontal
direction as well as the vertical. It is conjectured that it might be possible to

lay out any legal unwidened template in such a case.

3.4 Restrictions

It can be seen that placing restrictions on acceptable layouts decreases the
number of layouts possible. Consider, for example, the template in Figure
- I-11. Assuming the same conditions as before, if it is additionally required that
the maximum Ieading factor for either of the stories be 10%, this decreases the

probability of satisfaction to 85%, as shown in Figure II-16.

In general, reducing the proportion of valid templates can be expected to
make layouts harder to find.



' Theoretical Considerations - 189 - Template Satisfiability

L1
\
~
~
LY
.
~
.
~
. .
AN ~
L% [N
N N
~
~ \\
A \
A LY
~ ~
\ A
-
\ -
Y ‘\\
. ~
~ ~
A N
A Y
\ -
.
N .
~ hY
~ \\

¥ \ AN

¥ ~ >

£
- \ A

~
\\ “
. ~

+ ~
Q@ ~

¥ N ]

- ~

~ ~
~

[y ~ hY

[ b hY

b A
~ ~

v N N
" N ~

- \\ ~

~
NS N
A ~
~ ~
~ N
~
N AN
~ ~
\ ~
~ ~
~ ~
N A
~ A
N
~
\\ ~
~ ~
~ ~
N ~
~ hY
~ ~
~ ~
~ ~
~ ~
N “
L A g EE TV h >

SI". uc l’;s L iTd e
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Appendix il - Comparison with Longtin's Work

1. Background

In his 1972 thesis [Longtin 72], Longtin presented an approach to news
layout in which layouts were to be built incrementally, as illustrated in Figure
M-1. The insertion of an item could entail the modification of the placements of

the previously inserted items, as necessary.

Implementations of Longtin’s algorithm [Polansky 74] showed this approach
to be inadequate. Impasses in layout occurred very often, as illustrated in

Figure M-2. Although the implementation included a number of heuristics to

| Figure Hi-1. Example of Successful Layout with Longtin’s Algorithm.

?

Figure lil-2. Example of Unsuccessful Layout with Longtin’s Algorithm.
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modify the partial layouts to sidestep such situations, none were found that
were strong enough to allow the layout of more than about three items.

Beyond that point, no layout could typically be found because of the nearly
inevitable occurfence of dead ends.

2. Analysis

Longtin’s approach and the approach taken in this thesis are similar, in that
they both involve the incremental placement of the items to be laid out. The
difference lies in the fact that Longtin’s approach was to build layouts

incrementally, while the approach in this thesis is to build templates

incrementally.

Implementations of Longtin’s algorithm were attempted both for bottom-up
layout and for top-down layout. As was shown in Section 5.2.3, template
generation in the bottom-up case can be considered as being essentially the
same as layout generation, since the incremental solution of the layout
equations possible in bottom-up layout can be immediately applied to the
partial templates to produce partial layouts, which themselves grow
incrementally. Therefore, Longtin's approach and the approach in this thesis are
very similar in the case of bottom-up layout. As was shown in S'ection 5.4,
however, bottom-up layout is inefficient for all but the smallest layout
problems, because of the high probability of dead ends. Longtin’s algorithm,
upon encouhtering a dead end, would simply halt without produéing a layout. In
this way, it resembles a breadth-1 search which is restricted to operate in only

one pass. As shown in Section 6.3, such a search has only a small probability
of success.

In the case of rtop-down layout, the methods are more dissimilar. Longtin’s
method, since it produces layouts incrementally, must specify the exact shape

and dimensions of an item as soon as it is inserted into the partial layout.
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Although these may be changed somewhat later, the inclusion of numerical
dimensions can overly restrict top-down layout, as shown in Section 5.3.3.
Since the approach presented in this thesis is to generate templates
incrementally, where neither the shapes of items nor their actual dimensions
are determined until the information for doing so is available, it is more

successful in avoiding dead ends.

Longtin’s algorithm does not seem to include the concept of a gl;ammar
whereby legal item shapes can be distinguished from illegal ones. The
implementation of his approach tend to produce layouts with extremely bad

item shapes, especially in the top-down case.

As was noted, Longtin’s algorithm restricted itself to finding a layout in one
pass, taking the perceived best move at each step. The approach in thls thesis
allows for multlple passes through the layout tree, picking moves

probabilistically; this vastiy increases the potential for successful layout.
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- Appendix |V - Comparison with Kan's Work

1. Background

In his 1976 thesis [Kan 76}, Kan presented a different approach to news
layout, based on his concept of a template as an abstraction of a layout. Thé
problem of news layout was reduced to first finding an appropriate template,
and then producing a layout based on that template. Templates were- to come
from a template library, a large stored collection of abstract templates. For a
given layout problem, the template library would be searched for templates
with the same configuration of stories, independent pictures, and dependent
pictures, and layouts would be attempted for those templates matching the
fayout problefn. The template library would be sufficiently large for there to
be a high probability, for an arbitrary layout problem, of producing a successful
layout from at least one template in the library. '

2. An Experiment

The size needed for a template library is crucial in determining how
practical such an approach would be. Kan estimated that about 500 templates
would be needed, but admitted that this number was uncertain. To better
determine the size necessary for a template library, an experiment was
designed in which a small prototype template library with only a few dozen
abstract templates was to be implemented. Although the performance of this
small library would be expected to be less than the desired level, it was
believed fhat it would be possible, based on the performance level thereby
achieved, to estimate some lower bound on the template library size needed to
satisfy 95% of all layout problems, where 95% was chosen as a reasonable
performance level for a template library. The difference between the number -

of templates needed for 95% performance and the number needed, for example,
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for 90% performance can be expected to be less than a third.

in the implementation of this experiment, the templates! in the library were
all based on layouts appearing on Page 3 of the daily edition of the Boston
Globe. This page was chosen because the layouts on the page are stylistically
consistent over time, making it an ideal candidate for use with a template
library. Additionally, Page 3 never contains jumps or ads, which could cause

experimental complications. Templates fram 23 pages were used to form the
template library.

To test this template library, 23 layout problems based on the same 23
pages were used. Each layout problem was tried with each template, except,
of course, for the template that was used for its layout in the Globe, since such
a combination would be guaranteed to succeed. Of the 506 combinations
possible, 14 were found ta have the same story-picture configuration in both

the jayout problem and the template.?

In each layout problem for which a layout was attemptéd, the height of the
newshole was artificially set to make the space available be 1.05 times the
sum of the areas of the news items, to allow for experimental consistency. For
the 14 problem-template matches, no layouts were achieved. This suggests an
overall success rate of less than one success per 506 problem-templates,
which would require a template library of more than 1500 templates in order

to have a 95% success rate for layout problems.

. The template representation scheme used in this thesis and that used by Kan are quite
dissimilar, because of their different intended uses. However, il is believed that the
scheme used in this implementation (basically supplying abstract templates asynchronous in
both the horizontal and vertical directions) can, if anything, surpass Kan’s in its descriptive
power, ‘ :

2. These matches were based on three equivalence classes: one of three pages each
having two stories with no pictures, two stories with one picture, and one independent
picture; one of three pages each having four stories with ne pictures, one story with one
picture, and one independent picture; and one of two pages each having six stories with no
pictures, one story with one picture, and two independent pictures.
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The experiment was rerun with the space available equal to 1.10 times the
sum of the areas of the hews items, with the expectation that this might
produce more layouts. In this case, there were layouts achieved for three of

the problem-template matches, suggesting a template library size of about 500,
-as estimated by Kan.

3. Anélysis

Obviously, these figures have a high degree of uncertainty, which could be
remedied by an increase in the experimental template library size. It was
decided, though, that a template library size sufficient to raise the number of
problem-template matches from the 14 achieved in this experiment to a more
significant number would be sufficiently great to represent a major undertaking.
it seems that it might be necessary for the experimental template 'Iibrary to

‘become fairly near the size needed for 95% performance for a meaningful.

estimate of that size to be produced.

in the absence of hard quantative results, though, it is possible to argue
ﬁuanlitatively against a template library approach. Consider a layout problem
with 7 stories and no pictures. There would be 7!, or 5040, possiblé ways to
mark each appropriate abstract template from the template library in the
process of turning it into a concrete template;® this is a large number of
concrete templates to test for validity. There are methods by which such tests
can be done more efficiently than on a simple one-by-one basis; these methods
reduce the number of individual tests somewhat, but the number of tests can

still be expected to grow exponentially with.the number of items.

Such testing would have to be done, on the average, for many of the

3. Although Kan did not use the same distinction between abstract templates and concrete

templates as is used in this thesis, he did use a process of marking during layout using an
abstract template,
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templates fqr‘seven stories and no pictures before a layout would be achieved.
It seems likely that this number of templates would have to be greater than the
equivalent number for six stories and no pictures. This suggests that the
amount of time required might grow excessively great for complex layout
‘problems.

Moreover, there would have to be some set of templates stored for most
story-picture configurations possible. Since the number of configurations is
- quite large, this suggests that the size of a template library might be
exceptionally great. On the other hand, of course, some configurations are
more probable than others. The most probable of all are those with a small
number of news items, such as are found on most inside pages. A template
~ library which was biased toward the simpler layout problems might be able to
achieve a high proportion of layouts, averaged over all of the pages in the
newspaper. The above arguments, though, cast doubt on its ability to handle

complex layout problems very rapidly or in very many cases.

it is believed that the layout algorithm given in this thesis will perform
better than a template-library scheme. The approach in this thesis does not
entail storing a large set of temptates, since all possible templates can be
mechanically generated. While Kan was forced to use an exhaustive search
procedure to search through the set of appropriate abstract templates and to
determine whether a given abstract template could produce a layout, more

effective search procedures are possible in the framework given in this thesis.
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