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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
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information, apparatus, product, or process disclosed, or represents that its use would not
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process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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COMPUTER-AIDED DESIGN OF PRINTED-CIRCUIT ARTWORK
Ronald Zane and Deanna A, Wilber Harrell
Lawrence Radiation Laboratory
University of California

Berkeley, California

April 9, 1968

ABSTRACT
The problems of designing printed-circuit artwork are discussed.

A brief description of manual methods is used to introduce the advan-
tage of automating portions of the design., Emphasis is placed on the
interaction between man and machine as the optimum method of pro-
duction, A program which is based on man-machine interaction is
described, It is capable of designing two-sided boards with a variety
of components. The appendices include a user's manual describing
input procedures anci an interpretation of output., A complete listing

of the current version of the program is also included.
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Chapter 12 PR
COMPUTER-AIDED DESIGN OF PRINTED CIRCUIT ARTWORK

R. Zane, Lawrence Radlation Laboratory, Berkeley
D. A. Harrell, Lawrence Radiation Laboratory, Berkeley

12.1 PRINTED CIRCUIT CARD DEVELOPMENT _ | .
The starting point in the design of printed circuit cards is the |
schematir diagram, logilc diagram, or Boolean algebraic expression for
the circuit. The circuit is usually a part of a larger system so that'.; {a'5H.
a common first step is deciding which portions of the overall system |

should be confined to a partir~ular printed circuit card. This étep

establishes the boundaries of a particular circuit, Fig. 12.1.

The printed circuit card board outline chosen for a particular

circuit greatly affects the layout of the circuit. The dimensions of

the card and the type of connector used are usually dictated by systems-',ii?“E»ﬁ'

packaging considerations, but the effect of the outline on the topology

of the circuit must not be neglected. The more important considerations5‘j$i."

are:

1. Pin spacing and number of pins in the connector.

2. Board dimensions and aspect ratio relative to the connector.

3. Number of surfaces on the board, i.e., single-sided, double~

sided, or multi-layer.
. k., Power distribution and filtering techniques as well as the
. presence or absence of the need for a ground plane.

Numefous techniqués are available fér the etching of printed circuit )
cards. The choice of technique ranges from the rather crude proto£ype
technique of direct application of an etch-resistant tape or paint to‘

printed circuit laminated stock, through the use of a photoresistosuch
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Fig. 12.1, The outlined portion of the Scaler and Register circuit
would be allocated to one

] printed circuit card, All lines cros sing
the outlined boundary would constitute connections to the printed
circuit connector, ’ '
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as KPR (Kodek Photo ‘Resist) for small production quantities of good

quality, to silk screening techniques for large production quantities._ﬁ}ﬁiﬁ[}_;‘

The loeding of boards with components is considerably eased if

a systematic‘placement of components is used. To this end it may be

desirable to align resistors and capacitors in neat arrays. Integrated:jii.~’

circuits may usually be placed in systematic patterns, Fig.'12.2. On

the other hand, particularly in high frequency linear circuits, design\i{fﬁ:ﬁ" a

considerations may preclude the use of systematic placement and insteadvgf};ffx .

require the placement of the components in positions and orientationg ”‘
determined by performance characteristics of the functional circuit.

12.2 THE ROLE OF THE COMPUTER

The highly variable nature of the considerations briefly touched . ..
lnpon in the preceding section suggest that the construction of a generalfkfl

~algorithm to deal with all the known variables in printed circuit card i”yﬂi”;fﬁ

design is a formidable task. In addition, the construction of such an
algorithm is" complicated by the" fact that technological innovations in -
circuitry and packaging are prone to introduce new sets of variables

in the problem. The complexity of the problem suggests that any attempt

- to turn it entirely over to a computer program would require either that -

the program be exceptionally detailed, with many complex involutions and .:‘

ramifications to its algorithms, or that the variables be handled by

generating sets of programs for particular classes of circuits. Either o

of these approaches would require the expenditure of considerable pro-

gramming effort. Such 1arge and complex programs would be increasingly

difficult to modify to keep pace with the changing state of technology. f




Fig, 12.2.
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y of components including 8-pin,
-pin packages as well as provisions for
Standard positioning within a 1-in, square
facilitates ready use of the micro-logic,



-

_g{uﬂ |

‘l(.ﬁ(’

of a mechanical or optical plotter.

response to a challenging problem. A continuing effort- to utilize PR
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The answer to the problem of handling the variables in prinﬁéd
circuit card design while keeping pace with the state of the art may.
lie in programming efforts that rely heavily on man-machine interactiqﬁ.; R
In such a program the designer would retain control over certain desigﬁ Ff&ff:ﬁ”

decisions, whereas the computer would solve topological problems and

furnish a higthuality graphic output suitable for printed circuit card7;ﬁf:f_ff'

production with a minimum number of intervening processes. Ideally the 3fﬂ  ?ff

printed circuit card designer would present his circuit to the computerl'iﬁfﬂff‘

by means of a sketch on a CRT with a light pen, a Rand Te“let, or some

form of scanning system. The computer would present a CRT display of itsif'

solution for modification by the designer. And the process would.be

fepeated until a solution was produced which the designer could accept.iﬁ;

¢
A

Then the computer woﬁld_ﬁroduce a high-quaiity graphic output by means fﬁ.}i"”'"'

The original motivation for seeking a solution to a problem of Jfﬁg' g\ﬁ;;f 

this nature may quite properly be simple intellectual curiosity in

solution must ultimately be Jusfified in terms of effort compared to fﬁﬁkjflﬁ
result. The aim of programmiﬁg efforts directed toward the design of '
printed circuitbartwork should be the production of printed circuit

boards of acceptable quality at low cost. Elegant programs that prs-‘l'

duce beautiful topological solutions at inordinate expense in terms of
(1,2,3]

i '

programming time or computer time are self-defeating.

4“"“



routing of interconnectioné. However, the time and amount ofvmodification;q"

. depend on the actual routing philosophy.

.avoided because they would have a relatively large capacitance between -
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12.3 ROUTING LOGIC.
Once a schematic has been sketched and the necessary components have

been chosen, it is time to design the card. There are several methods

‘currently being employed to handle this phase. Some of these are manual.n;g;f¥:

_and others are automated. Though the procedures required by the manual

- common characteristics. Once a board size is chosen, it is necessary to Lo

y'pdéifidﬁ'ﬁhélnecessary-components; ‘This placement will be influenced by;f; §x;¥

. and automated epproaches.are dissimilar in meny respects, they have some .- - e

such considerations_ashpiacing_intergqnnectingpgomponents close together,iﬂfi“ﬁfV'

placing components connecting to the connector tabs near the respecti?e‘

edges, spacing components in order to evenly distribute board density,

. ete.  Either approach may permit modification of placement during‘actual'":jghf};'

In addition, electrical and practical considerations impose certain |

restrictions on layout. One of the most obvious concerns is to avoid -

short circuits. Therefore lines that cross each other must appear on . 'j;fv

opposite sides of the board or be rerouted unless they are part of the ;';_;;;

which are superimposed upon one another and separated only by the di- :

electric material of the printed circuit board, should in general be

them. It ‘'is desireable to minimize overall wire length, in order to
minimize the inductance and to optimize use of boérd spaée. The number : '
of holes should be minimized in order to reduce production cost. ,Ail

of these factors must be considered whether the printed circuit artwork - =

is manually or automatically produced.

t

same branch of the circuit. Parallel lines on qﬁposite sides of-the'board," ﬁ"

e

. .
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12.3.1 Manual Design ‘ ' .

When a man sets out to design a printed circuit card, he has severa1‘ j;

distinet advantages over a computer program. The primary advantage is . .. - -

that .& human designer may employ a more flexible variety of procedﬁfe,v

whereas a computer is rigldly confined.to a predetermined set of rules. f.

A man will first establish a rough layout of the components. His next -

step would probably be to route the obvious connections, keepinggleéd

length as short as possible and attempting to avoid crossing through the :

board, yet all the while planning ahead in order to leave area for the
other paths. As he proceeds to the more difficult connections he may
begin to cheat a bit; For example, he may shift components or related

lines. When the most difficult connections are to be made, he may take

advantage of the idiosyncracies of the particular circuit. For example,,'

‘the capacitance effect may be a relatively minor concern for the parti-

cular pair of lines involved. Or it may be feasible to extend the leads

on a particular resistor in such a way that its terminals are‘O.B in. ,;1: ”‘

apart rather than 0.4 in.,vand consequently allow an additional path to
cross the line of the,resistor; He is not restrieted ﬁo a particular
grid, hence curved lines and dlagonels are readily available to him.
In general, he has a free spﬁce to work with and the capabilitg to
keep an accuraée and overall picture, and this visual image can con-
stantly cause him to alter his ground rules. .

There are disadvantages to the manual system, however. Two practical.

concerns are time and cost. A man may spend many hours trying to route a ]_".H

connection, and later have to reroute portions of the path or the entire
connection. He may also have to shift large blocks of routing, which

is a slow and tedious procedure. This can be costly. Also there is the
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unavoidable probleﬁ of .human error. No system‘éan be complétely indépen-;

dent of this factor, but under automated systems it can be minimized.

The human designer may also tire’ and resort to jumpers sooner than

necessary, The above reasons are some of the factors which are causing .

the development of automated systems that are faster and less costly.

12.3.2 Automated Systems

Basically two different design philosqphies are presently being

. used in.the automated systems for printed circuit design.' A three- _

dimensional model is used by the topological approach. Other systemsﬂjif'

- maintain a two~-dimensional model. 4 . o

‘The first step in the topological'approach is to set up a three;fgl;?fff wT
dimensional model with peaks, siopes, plains,.and valleys based on the-

‘ " ) I
component pin locations. So again the first step is to locate components, .- °

A gridf is. then set with weighting factors to fepresent the board's

terrain. These weighting factors may also be influenced by voltagé

considerationé. As paths are routed the topography of the model changes,

with new paths creating ridges. The valleys are chosen as preferred

. paths, and the ridges and peaks are vthe unavailable area. An increment-

ing process is then used to work the path through from origin to
[2,3]

‘Interested people have played maze-solving games for centuries.

With the advent of the computer, automating chess and similar gemes

has yleldéd many algorithms to appfdximaté humen effort. As the result. -

This is the system currently being used by Sandia Corporation and -

the Thomas Bede Foundation in their system, ACCEL.

The establishment of & fixed grid is one of the disadvantages of
the automated systems. However, because wires cannot be forced to be
too close together, if the grid is made fine enough it may very closely

approximate the usable working space.

v
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of similar experimentation, the Lee Algorithm[u] for maig solving was
developed. The proceﬁﬁre-Lee used was to set up two series of con-
centric wavefrohts, radiating from the origin and from the destination

within a maze. These wavefronts were set up originally as circles which . .

are forced to yield to obstacles. The path from any point on a circle

is then begun by the line segment forming the perpendicular to the
tangent of the circle. Line segments are added by succ\;sively'taking
the perpéndicular to‘the tangent of each inner circle at the point of'

intersection of the previous line segment. The building of wavefronts

ceases as soon as the outer wave fronts intersect. Then the line segments - -

are determined. Lee's Algorithm can assure a solution if one exists
and can guarantee the shortest path. The implementation of Lee's

Algorithm per se requires an unreasonably long computer run, therefore

modifications have been made by concerns using this approach.¥* waeﬁef,"f'ﬁ

such éystems may still be expensive in terms of computer cost.

At Lawrence Radiation Laboratory we are using a simplified stepping.
procedure. In some.ways it resembles both the topological and the Lee
approach; however, its basic precepts are markedly different. The logic

very closely resembles that of a rat in a maze. The only knowledge 6dr

.hypothetical rat has is the general direction in which he must go,

Motion that reduces the distance to the destination is defined és

positive, and motion +that increases this distance is defined as nega.t:l.ve."r

[l

*¥Modified forms of Lee's Algorithm are being used by Fridén, San
Leandro, and by Norden Division of United Alircraft.

At the present time the only motion allowed is orthogonal, i.e.,
along grid lines, At a future time diagonals will be incorporated
allowing eight possible direction choices rather than four.
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" himgelf into an impossible situation, he is put at the beginningvagainf'“
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The rat may move in' only a horizontal or a vertical direction, and as b‘ '
he completes each new path, it is blocked to prevent his reuse of it.

The rat must be assumed to have tunnel visibn; that 1s, he can see only

in the direction he is moving. When he runs into a wall, he backs Away

from it and turns 90 degrees and starts in that direction. He then moves . .

e

until he hits another wall, then rotates again, and so on until he reaches' - .

his destination. He has been trained sufficiently that if he is blocked,  i;:‘

when he changes direction, he goes back to his original direction, backs ,;;Q'f.

RIS

up one mofe space,‘and again tries to turn. One additional trick has
been installed in the rat's maze. That is,hié maze is a two-level N
maze, with all vertical paths in one level and all horizontel paths inv?;
the -second level. (In the real situation these two levels correéﬁénd B
to the ﬁwo sides of a board.) Therefore, in order to change directionlif
the rét must change 1évels. It is when this lefel change 1is impossibléfi
that the rat must move backwards. §

The rat has been given a bit of a helping hand, .When he works

and given a new starting direction. He is given a total of four tries;;:
to start out. If the fourth try fails, his destination and starting
point are reversed and he is given four more tries.

The sophistication necessary in the routing techniques will vary

with the individual needs of an electronic production organization. The._' "

greatest 'advantages seem to be gained, however, by keeping the logie

for the machine simple and employing some form of man-machine interaction .

to:achieve the more sophisticated logic.
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l2.4 IMPLEMENTATION OF PUZZLE

The problem of computerizing various phases of prinﬁed circuit card}iJioﬂ

development has been handled in several different ways.[l’2’3’h’5’6’7q

Some of these methods involve highly sophisticated algorithms and con-
sequently require several hours of machine time. These are the prograﬁs:"”
based on the terrain methods or involved maze-solving techniques dis-
cussed in the previous section. Other systems depend on some_type'of

man-machine interaction and hence allot the user more control over the . .

finished board.[l’hfs’éfﬂ These systems have the added advantage of '1; 1”

minimizing the costly computer time necessary for the completion of -

a circuit card. Such a system is used at Lawrence Radiation Laboratory.ffﬁj;,

The basis of LRL's system is a program caLlled-PUZZLE.[s’6"Zl
PUZZLE is currently running on é CDC 6600, using a core of approximately }

125000 (octal), and spending epproximately 10 to 15 seconds of execution . -

. time,.*

.12.4,1 Basic Assumptions

Before any actual coding can be done for a'systeﬁ, é working
framework must be established. The ground rules fdr PUZZLE'were
determined after considerable discussion and experimentation. These
rules centered around such things as component placement, board size
and dimensions, line spacing, and scaling factors for the graphic output;i

Most of the rules came from considerations outside the computer
itself. . For example, what‘size boards were actually needed? What -._é"

components were available and currently being used? If graphs were

*The current Software system at LRL is CDC's Chippewa. PUZZLE is
written entirely in Fortran IV and it would be reasonably convenient
to convert the progrem for use on other machines.
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'”provided for the tenepin can, . At a later dete the dual-in-line

to be drewn tWice‘scale, what effect would photographic reduction

have on pad size and line width? Wnat line width would be necessary RN

with current fabrication techniques to insure reliable circuitry?
In addition there are limitations imposed by both hardware and

software, These include the size of the plotting surface,* the grid

nature of the pen motion on the CalComp plotter, pen widths available :Gp il

with the plotter, and increments used in plotting. Choices were
also influenced by programming difficulty.

It nas decided that it would be convenient to use 0.l in.
spacing for 1ines.and pads, because component leads and pins are

usually fabricated for use on'O.l-in. centers. A double-sided»boardf;

would be produced with essentially all horizontels on one side and all - .

verticals on the o’cher.'t In addition, to simplify input, the working.
area is blocked into l-in. squares. The present version of PUZZLE
can handle up to fifty of these souares in a 5X10 array,'Fig. 12.3;
hence the working area maximum is 5X10 in. Any rectangle within
this array may be used. Also the circular configuration for eight-

and ten-pin micro-logic presented a problem. Therefore it was decided

‘that in order to fit the grid pattern, it would be convenient and
_ quite workable to use a square'configuration“fof‘the eight-pin and
" a rectangular configuration for. the ten-pin micro-logic, Fig. 12.2."

"'Then a centered posxtion was chosen for these packages with rotations

packages were incorporated, allowing two positions for each. The ‘

*¥LRL is using a 565 CalComp drum plotter.v The drum is 11 in. wide.

1This has been modified within the logic of the program, but all
plotting is begun witﬁ this assumption.

-12- . UCRL-18172
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o LY Connector edge 2
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Connector edge 4
XBL684-2598
Fig, 12,3, PUZZLE's orientation is based on 5 in, X 410 in, rectangle



 points within the grid area. This facility allows the user to use ~ '

_ and to shift the larger packages in other than the standard positibn;ﬁﬁ

. ?'L/f ‘
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o0

choice of standard positioning is a cohvenience for‘the user, notf_;l S

a restriction. F&ciiity is also providéd for specifying discrete
variable-length resistors, inductors, etc., to place transistors, -
These various restrictions were then used as the framework to build   ; g

a working system.

12.4.2 Data Transmission

A unique coordinate system was devised to facllitate easy ‘
definition of the points to be connected. Each point of the'board o
is specified by a combination of'three.codeéz ‘the type of cdmponent;.
the square the component falls in, and the pin being specified with
the component. The points that aré to be interconnected are listeq_ bi'
together on a single data card. Thélpfogrgm will accept two to .
eleven of these points per card. There may be as many of these cards
as are necessary to describe'thé circuit. There are two additional |
blocks of information which may be necessary to complete a board. The 
first of these is optional. It 15 a list of variables describihg
the board dimensions and location of connector tabs. The other is

an identifier which includes such information as the user's name, ‘

date, job number, and the scale to be used for the graphic output.

PUZZLEAhas been designed to recognize any such identifiers as the

beginning of a new data group. This allows the user to sequenﬁially'

run several boards through the computer in a single run. -
With some working experience we found that unnecessary failures

were occurring because data points were improperly coded. Consequently;

provisions have been added to PUZZLE to examine the data as thoroughly
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as possibie and delete any data that cannot be interpreted. A

§ L . message is then printed to indicate to the user what data has been

deleted. The remalnder of the data is processed normally.

[ R B 12.4.3 Board Outline _
) }»_ffj; f':ﬂﬂ" Earlier versions of PUZZLE yieided_graphic output which calledig;:izlg?“;f
R for some manual tape lajing. That is, the user ﬁas‘responsiﬁlé for ;:JEii°
adjusting the layout which PUZZLE produced within an appropriate
board outline and then using a tape overlay to bring connections

to the connector tabs. However, the current version of PUZZLE allowsAf':' l‘“f”.

s

the user to code his board dimensions (with variable spaéing on the
connectof tabs).: Hénce PUZZLE now yields a complete repfesentation ;_; :  o
of the.finished 5oard. Any or all edges may have connector tabé on
them, and within.the ph&sical limits any number of éonﬂectors may‘
appear on the tab, It is also possible to produce a.board-with no
connector tabs.

If the specifications for the board oufline are omitted or found .

faulty or incomplete, the outline will be omitted and the program will

revert to the previously used method. That is, & scan is made of" the
date to determine the maximum and minimum in each diiection. A
working area is then described which includes the necessary maxima

end minima. The area will be x by .y inches, where x and y are integers.
Hence during the data scan it is necessary to check for the square
inch a bomponent is located in, n&t the actﬁal physical coordinates

~~ of the point.

12.4.4 Sequencing

Very little effort has been made in the routing logic to optimize
path length. It is evident that in general by decreasing path length,

the remaining working area is increased, and hence more inter-
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connections may be completed. Therefore two levels of data sequencing":‘

have been introduced to indirectly reduce path length.

The first step is to order the individual date strings. These . ™ ,

are often not 1listed in the most convenient order. 4Therefore a
procedure is used to obtain the shortest total path lengfh'for the
string. The string is broken into pairs and no, restriction is made
in their configuration other than opfimizing'length. That is if‘

points A, B, C, and D are to be cdnnected they might'all be in a

string A to B, B to €, and C to D, but if the total path length would .

be shorter they could be paired in such a way that B, C, and D are
each connected to A.

A system of matrix operations is used to perform the necessary
ordering. ‘One matrix, QM, is ﬁsed to hold the path length for any |
possible pair. {Because path length does not depend on direction,

only the trianguiax mat?ix is necessary.) A second mafrix, BM, is
| used to record what connections are.yielded as choices dre made among.l,
the possible pairs. This Boolean matrix is initialized with a truth _
value of false. _ o

The first step is to fill the first matr:}x, OM, with the ih-
dicated path lengths, Because of the grid restrictions that routing -;
move elther horizontally of vertically rather fhan diagonally, path
length is.based on the rectilinear length and ény obstacles'are .
ignored. The matrix is then scanned for the éhorest path length., The
appropriate data pair is chosen as the first leg of thé branch, and
its path length is set at & maximum so it will not be éelected again,

The appropriate location in the second matrix 1s assigned a truth valué

.

w

T .
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of true. A second pair of points is then chosen and the appropriate

. value is set in BM. To obtain the full extent of the connectio;s now'rf;

- ylelded, it is necessary to square M. (Using the Boolean "and" |

,: T i} :f?. opera£or is equivalent to algébraic multiplication.) For example,'.'5¥' l€¢f?i*;

if AB were the first choice and AC the second, squaring BM fills
[aVA V) e [aVa ¥

the location corresponding to BC. The choosing process continues IR
1. ’!wz*:ﬂ73 <f_"Auntil E%'has a full truth value of true. At each step BM receives f#ff'ff“:"‘?
- one new value of true and is operated on until the new value of
BM=(BM)N3 where N is the number of choices that have been made.
The second level of sequencing concerns the entire data block{;f;f o
It is based on the premise that by routing a long and involved path"ift
prior to short one, unnecessary obstacles may completely block the o !

simpler path. In order to prevent this problem, after the data hasf7?fjfﬂ” :

been broken into connecting pairs, the data is scanned and ordered gf;;ﬂf';fkj”
so that the shortest paths will be routed first.

12.4.5 Routing in PUZZLE

{ - The routing procedure in PUZZLE depends on successful in-

terrelation between severél sqmewhat simple phases. The basic‘:

mapping is an implementation of the rét-in-the-maze technique

described in Section 12.3.2. Initiaily'a positive vertical and - :;1;  : 
\vpositive horizontal di;ection are chosen.‘ These are fhe ofienﬁations

.necessary to yield the most direct path to the end point. Hence if

< ' A is going to B, and A is to the left and above B, right and down

o o o e e harme e e e e 3w
s

are the positive directions. The path is then begun using increments
in the positive vertical direction. This path continues either
until it reaches an obstacle, such as a predefined path or a pad

necessary for the placement of a component, or until it reaches the

vertical coordinate of the endpoint. This basic pattern is followed

o e s
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will be completed by the direct stepping process. Therefore there ot
. starting a line, or causing the line to clear a component. Arbitrary ::
vertical direction, thq'next in the positive horizontal, the third jf?

. in the negative vertical, and the fourth in a negative horizontal = .~

‘direction. The next fbur tries parallel these, except that the} 

~ segments cause a line to avoid moving into the center of a cohponentfi

 If it is possible, the line segments are redetermined in’order to

- -obstacles block the path ADC, ADC wculd'eliminate at least oneiéﬁéﬁmfwMMHNWAJ

[ R
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until & connection is completed. Of course only the simpler routes . =~

are various provisions for baéking up on a 1;ne, extending a line

beyond the endpoint-and.dropping back into the destination, re-

limits have'been'sef to prevent a line from bgcking up too far (such‘i
as beyond the origin), or . extending the line too far beyond the
end point, A line may be restarted in several ways, A total of eightf

tries is possible. The first try calls for starting in the positive;j:'i

'origin and the destination are reversed. Because of the greater

difficulty encountered when a path passes through a componeng“varicﬁéf

and being blocked. As a path is being traced it may deveiop un-

necessary kinks or bends; hence a smoothing process has been built' 1j
into the routing algorithm. Each time the program causes the path -7f“-;;'-ij o

to change direction, the tWwo previous line segments are examined.

~.remove a bend. 1In FigPre,l2°hl.if ABC comprise“thé-two.completgduw.i“ff-3“f

45”1iné'§egments and a direction change is desired at C, _hen if no

possibly two bends in the overall path, (If Q'or c is a terminal, qu h “f;v.

no bend would appear at that-point,- therefore the smoothing process

- would eliminate only one bend.) At first glance this smoothing
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Fig. 12.4, There are two possible inputs to the smoothing procedure,
i, e., at the initiation of a vertical line segment or at the origin
of a horizontal line segment, In both cases ADC yields a smooth-
er final path than does ABC. T
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. searches for other connections to correctly complete the circuit.";‘

i'with the mapping of a composite picture;of- both- sides of the board.,5
'“This graph is sufficlent for debugging purposes and becomes a convenient

“Féference for board loading. The composite graph will always be drawn.

’ graphing ‘the Individual sides of the board, and it is a waste of both

¥

TS
Ll

20- - UCRL-1817Z
seems'unnecessary‘due”to the stepping procedﬁres;..nirection changes?
usually result when an obstacle is encountered and hence the |
smoothing process would achieve nothing. Hoﬁerer; the facilities
for retracing a 1ine, for moving around e unit of obstacles, for
going beyond the end point, etc., make the smoothing necessary. "ﬁ{

Each of these principles has been usedvto increase’thevnumberff"
of completed paths., However, there may be some connections that'resist

all efforts to be routed. Should such problems occur the program -

That is,-if A, B, and C are to be connected and in that order and '
B cannot be connected to C; the program attempts to connect A to C ff
in order to complete the circuit.

12.4.6 Graphing Procedure

uThe'graphing procedure,whicn‘consistsﬂof'tno'portions, begins R

The second phase'of the grqphing is optional, as it cons1sts of

" computer and plotter time to plot these grqphs on a run whlch does not

.-~ -complete ‘all paths. Hence, when a graph is incomplete due to either .

bad data or missing connections, FUZZLE branches around this section.*
It is at the beginning of this stage that the various line segmentg

are assigned to a particular side of the board. A complete path

*There is an exception to this rule, Provisions have been added
to PUZZLE to force the graphing if the user so chooses. :



is examined and any 1ine segment that crosses a line perpendicular

' first drawing and all horizontals to the second - Any remalning

segments are then assigned in such a way as to avoid unnecessary :

‘ will appear on the second greph The second graph is a mirror 1mage,'

~thus allow1ng the user to place the two’ graphs back to back to-

to it is assigned first, all vertical lines being assigned to the

holes through the board.  Should an entire path.be. unrestricted, it

duplicate the composite.

Figures '12.5 through 12.8 show the composite graph, graphs of
each side of the board, the artwork with tape overlay to the connector ifsﬁ
(the border;outline option was not used), and the finished board. A"i{”

o

simplified flow chart of PUZZLE is shown in Figure 12.9. e
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Fig. 12,5. The first graph drawn by PUZZLE is a composite picture
of both sides of the board as viewed from the parts side,
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Fig. 12.6. The second and third graphs are pictures of the parts and
wiring sides.
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Fig, 12.7. When no border outline is specified, it is necessary to

place the graphs produced by the CalComp into a board outline
and lay tape to the connector,
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Elec. 4238

Fig, 12.8. The finished board.
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... - 12,5 LIMITATIONS'AND EXTENSIONS OF PUZZLE
T PUZZLE has been designed to provide g,solution rather than™ o
the optimum solution to the printed circuit card design probiem..
As a result there are several limitations and inefficiencies‘ina  ‘.
"PUZZLE'B solutions: |
1. The path lengthé are not minimiied. The routing logic
tends to produce short paths but no effort is méde to
- assure that they are the shortest péihs available.
2.f Tﬁbugh holes are'notlminimized. The smoothing routine :;4;&
" . tends to reduce the number of holes cafrying lines 5ackt.f
~ and forth through the surface of the boards but the | .
" algorithm does not minimize them. o -

< T“;.fﬂ,}‘_,; .- 3, Solutions to portions-of the-topological routing may be

-incomplete, requiring"unnecessary Jumpers or touchéﬁp
of the artwork. |

" Lot

~ In line with the basic philosophy of ‘the design of PUZZLE, .

'5“., - projected improvements in its performance are predicated upon éffottsékff ¥ ii;:ii‘
to improve its solutions rather than to try to oﬁtimize‘them. Some '. | _

of the modifications that will possibiy be incorporated in tﬁe'near  i;_l};fEi  1.5'

future are: | T

1. Enable.the program to.utilize the'hS-degree diagonal pﬁths. f

h Geomeﬁrical and topological considerations indicate that |
" "this procedure will insure adequate line separation while
'f\ _ inereasing the number of available path routings by about L0%.

2. Require that the program test all available route solutions




" of limited value in the production of the high quality graphic out§u£ ;

- needed in the production of printed circuit artwork. The pen and
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and use. the shortest one. The present logic stops

seeking paths as soon a&s & trial completes the path,

”3. "Relocate the lines which block a path when all attempﬁé._.'

tb complete a given path have met with failure: The

offending lines could be eradicated to permit completion_,jf;”f

of the blocked path and then the eradicated line could . ' -

‘be retried to find an alternative path,

*  The CalComp pen ahd ink plotters have proven themselves to be45ﬂ

ink drdwings may be used to produce prototype boards by direct
reproduction,but if the high quality needed for a production run L

is to be produced en optical plotting sjétem is indicated.*

~

..
S

*The Lawrence Radiation Laboratory, Livermore, is using a
Gerber optical plotting system to plot PUZZLE output. It produces: -
very high quality film positives directly. <
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APPENDIX 1

PUZZLE IV Input Procedure

PUZZLE's input has been designed to give the user as much flex-
ibility as possible, The data deck may have enbugh information to do
'éeveral boards or only enéugh for one. The number of interconnections
to be completed may vary from 1 to 550, 1_ And the number of inter-
connected points in a single branch may vary from two to eieven. The
user may consider the information necessary t;) yield one board a data
block. The deck which contains all data blocks for a given run will be
referred to as the run deck.

The data blocks will be comprised of three types of cards.

1. The first card of the data block may be considered the label card,

(2) Columns 1 through 60 must contain 60 characters to be used as
an identifier on both printed and graphic output. It will appear as a
single line in the printed output and as three 20-character lines on the
graphic output. (See Appendix >3.) This label may include such infor-
mation as user's name, 3U nurhber, a date, or the particular applica-
tion, At least one nonnumeric character must be included in the label.

(b) Column 61 must contain the scaling factor for the graphic output.
At present actual-size or twice-scale drawings are the only sizes per-
mitted, The program then expects a 1 or 2 in.column 61. If any other
character appears, actual-size drawings will be produced and the print-

out will flag the defective data.

111: is possible to increase the number of allowablé interconnections
by a very minor program modification,
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' R
(c) Column 62 is used to control the graphing of the individual sides

of the board. A zero or bla}ik will allow the program to control the
graphing. That is, if t_lfxére are any bad data or any missing connections
only the composite will be graphed. If the graph is complete, however,
all three gf'aphs’ will be produced. If column 62 contains a 1 all three
gfaphs will be prodﬁced rega';rdle'ss of the comple.teness of the mapping.

(d) Two additional arguments are nécéssary if andv only if the user
chooses to use PUZZLE's ovption‘ of i)laciﬁg the interconnecting compo-
nents 1n an’va'l.)propria.vte outline which will include connector tabs, Com-
pbnénts are .placed within a 5 X 10;inch rectangle., (See section on seven-
digit codes.) Columns 64 through 70 should contain thé horizontal dis-
tance in inches frpm the left-hand lower corner of the board to point
(. i, 1), the first usable point in the recténgle. Columns 71 through 77
should contain the vertical distance. If the board is located inside the
5 X 10-.i,n¢h i‘ectangle these distances will be negative. Figure 10 shows
picto-ria_l repre sentatiohs' ofv both the positive and the negativé condition,

2. The second data card is optional, If used it should carry the

parameters necessary to describe the board outline, If any value was
placed in columns 64 through 77 the program will expect this second
card to exist, |

(a) Columns 1 thrpugh 7 should contain the width of the board 1n
inches., The number may be placed anywhere in the seven columns,
but a decimal poiﬁt is required to convey magnitude, Examples of
acceptable value are 3.5, 5.0, 7., or .96,

(b) Columns 8 through 14 should contain the height of the board in
inches. The acceptable forms of the number are the same as for the

width.,
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(a)

(b)

Fig. 10,

XBL687-2996

a. The distances necessary to locate the board with respect to the

5% 10-in, grid are negative,

b. The distances are positive here,
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(c) Coiur’nﬁs 15 fhrough 21 should _sp.ec‘ify the number of c.on'nectors
for edgé 1 (ﬂse'e'Fig. 2).. ’fhe number must be ribght-adjtisted within the
seven columns,

(d) Columns 22 through 28 should specify the vertical distance from
the lower left-hand c‘ornver. | In Fig. 411 this is the value represented by
A1. The number ‘shoﬁld.be' in inches and the for:ma_t is the same as"tlvlat

used for the height and width,

(e) Colﬁmns 29 through 35 should contain the number of connectors
on edge 2,

" (f) Columns 36 through 42 should specify the horizontal distance in
inches from the upper left-hand corner to the edge of the connector tab
on edge 2.'

(g) Columns 43 through 49 should specify the number of connectors
on edge 3. | |

(h) Columns 5:0 through 56 should specify the vertical distance in
inches from the lower r:ight-hand corner to the connector on edge 3,

(i) Columns 57 through 63 should specify the nurﬁber'of c;)nnectors
on edge 4.

| (i) Columns 64 through 70 should specify the horizontal distance in
inches from the lower righf—hand corner to the connector on edge 4.

(k) Columns 71 through 77 should contain a number to convey the
spacing on the connector tabs, This number should be in inches and of
the same format as the wid‘th, height, and distance measures,

3. The remainder of the data deck constitutes the wirihg list., Each
individual card will coﬁtain a string of interconnected points. The pro-

gram will continue to look for these cards until it encounters either a
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14. Seven of the eleven parameters needed to specify the board

outline are shown here.
parameter's position on the data card.

The number in parenthesis shows each
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ﬂew label card or a biahk'cafd[ Each card ma;yrcontain up to eleven
ﬁbints, each ‘pdint being repféseﬁted by a éeven-digif code. The com-
position of these seven-digit codes is as follows: Ommnnpp.
(a‘) The first; digit is always zero or blank, o
(b) mm is determined in the following manner:
(1) If the unit is anbeight-pin micr'oflogic can,
mm = 00 (or twé blanks),
the can will be centered in thé 1-inch s'ciuare (see Fig., 3).
C(ii) If tﬁe unit is a ten-pin micro-logic can,
mm = 01 {or a blank and a 1)
centers the can in the séluaré (seé'Fig. 3).;
mm = 02
shifts the can 0.1 in. to the right of center (see Fig. 3);
| | | mm = 03
shifts the can 0.1 in, to the left of center;
mm = 04
_ ‘sets the can in the vertical position with pins 4 and 40 on the vertical
center; | |
mm = 05
places the can in the vertical position with pins 5 and 9 on the vertical °
center; |
mm = 06 | *
places a fourtéen pin dual-in-line with the left row 0.1 in. left of center;
mm = 07
places a sixteen pin dual-in-line with the left row 0.1 in. left of center;
mm = 08

places a fourteen pin dual-in-line 'with the left row 0.2 in. left of center;



-
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mm = 09
places a sixteen pin dual-in-line with the left row 0.2 in. left of center.
(1ii) If the unit is a discrete component we have
mm = 1x
where x specifies the distance in tenths of an inch from the center of the
square (see Flg 3).
(iv) If the point is being used for forced routing and a pad is not
desired at this point,
mm = 2X%,
where again x is the distance in tenths of an inch from the center,
(v) If the point being specified is on the connector edge,
mm = 3x
where x is the edge referred to.

(c) The next two digits (nn) refer to the square in which the unit is
placed,. Figui‘e 2 shows a 5 X 10-in, rectangle, The user may choose
to use any portion of this by assigning nn appropriately.

(d) The last two digits are the pin number. Figure 3 shows the
locatién of the pins of the assigned components. For example, to
specify the upper left-hand corner of an eight-pin can, pp = 07, For
‘the discrete components pp is the point in the ring (see Fig. 3). If the
point is on the connector edge pp equals the connector number. The
connectors are numbered from right to left if the connector is facing
down (see Fig. 11).

For e#amples of data construction see Appendix 3.
~The actual construction of the run deck includes a control deck

and the data blocks necessary for the given run (see Fig. 12). The

control deck consists of the following cards, all starting in column 1:
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(" 6-7-8-9 card
Blank bord

Se'con'd _<_10'rc block

Firsf data block

7-8-9 card

Control cards

-

XBL687-2998

Fig, 12, Run deck construction.
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PUZZLE, 7, 100, 125000. 363201, D. WILBER
REQUEST TAPES. LIBRARY TAPE 194
REWIND (TAPES)
COPYBF (TAPES, MAIN)
UNLOAD (TAPES)
RETURN (TAPES)
REWIND ( MAIN)
REQUEST TAPE99., CALCOMP PLOT TAPE
MAIN,
7-8-9

The first of these cards has several variables, The first seven
columns are for the job name. It may be 2 to 7 characters long with a
comma immediately following, The second field is priority. This is
fixed, The third field is the time limit, With experience the user can
‘readily adjust this, In general 100 octal sec'onds'1 is sufficient for
about two and a half average-density boards., The fourth field, field
length, is fixed. The first field to the right of the period is the user's
account number; this is followed by his name and any appropriate com-
ments, The 7-8-9 card is a card with a 7, 8, and 9 punch in column
one,

Following the 7-8-9 card are the data blocks, Following the data
blocks is a blank card, t_heri a b-7-8-9 card. The 6-7-8-9 cards are

available in the computer ready room. (They have fluorescent edges

to aid the computer operators,)

‘)‘100 octal = 64 decimal.
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APPENDIX 2

Interpretation of Output

There are two forms of output produced by PUZZLE, graphic and

printed. Each serves a valuable function,

Printed Output

There are several parts to the printed output. The data will be
listed twice, once at the beginning and once at the end of the listing.
The firgt listing is produced as soon as the data are read; it will there-
fore list any bad data. The final listing will be the list of data actually
ope_rated on, | |

The second portion of the _printed output is a listing of any appro-
priate error messages. These may warn of errors in the board outline,
in the scale factor, or in the interconnection.list. If the bad data
appear in ghe intercoirmection list, thaf one datum will be deleted and
the remainder of the deck will be processed normally, When this
occurs an additional line will be printed (item 7) giving the user an
approximate location of the bad datum within the data deck, The error
messages include:

1. BAD DATA-FIRST COLUMN OF SEVEN-DIGIT CODE NOT -
ZERO, S

2. BAD DATA-COMPONENT CODE IS NOT VALID,

3. BAD DATA-PIN CODE DOES NOT AGREE WITH COMPONENT
CODE.

4. BAD DATA-CONNECTION CALLED FROM NONEXISTENT
SQUARE. ‘

5. BAD DATA-CONNECTOR CANNOT BE MAPPED FOR THIS
BOARD.
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6. BAD DATA-THIS CONNECTOR NUMBER GREATER THAN
ALLOWED FOR THIS BOARD,

7. xxxxxxx WAS DELETED FROM THE DATA LIST, IT IS THE
xxxx PIECE OF DATA AND IS THE xxx ITEM ON THE CARD.

8. MISSING DATA-SIZE SPECIFICATION FOR GRAPHS 2 AND
3 IS MISSING OR IS INCORRECT. IT WAS SET TO ONE.

9. AN ERROR WAS FOUND IN YOUR BOARD SPECIFICATIONS -
OUTLINE CANNOT BE DRAWN.

10. AT LEAST ONE DATA POINT EXCEEDS THE BOARD
DIMENSIONS~BOARD DIMENSIONS WILL BE IGNORED.

The third portion of the printed output gives the user the results
of PUZZLE's processing. The majority of this will be a listing of
completed routing: PATH FOR PIN PAIR xxxXxXxxXX yyyyyyy WAS COM-
PLETED. At the end of this listing will be a message, PATHS COULD
NOT BE FOUND FOR THE FOLLOWING INTERCONNECTIONS, followed

by the codes for any missing connections,

Graphical Output

The most ifnportant part of the output produced by PUZZLE is
the representations of the board produced by the CalComp plotter.
- There are three graphs produced when the routing is completely success-
ful. If there are any incomplete paths, only the first or composite pic-
ture will be mapped. The first grdph pictures the board from the parts
side but shows both sides. This composite picture is very useful for
chécking for bad placement of components or for bad data unobserved
by the program!'s error check, and for the general density of the board
or of given segments of the board, and as a guide to the actual builder
of the board as to placement of components, If the program determines

that for any reason this board is incomplete, that is, if there are any
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incomplete paths or rejected data, this composite picture is the only
oﬁe produced, and may be used to adjust the input data to correct the
ingufficiencies.

The second graph shows all lines which are to appear on the
"parts side' of the board, These will be predom'ibnan_tly vertical lines,
The third graph shows the 'wiring side' of the board, and will be
essentially all of the horizontal lines.

Experimentation was done to determine the best materials to use
for this graphical output. The standard CalComp paper is thin and not
so stable as is desired for best results, Therefore the final graphs
are plotted on vellum, which is produced by the makers of the CalComp.
This is much more stable than the paper, and the lines are sharper. |
In addition, a pen tip wider than that normally used on the plotter is
~used to produce lines wide enough for direct production of the board
from the CalComp graphs. These should be requested by the user |

when the job is submitted.
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APPENDIX 3

Figures 13 through 18 show results of con'iplete and correct input
data, Figures 13 through 15 show an example using the board outline
on connector edge 4. (Note that the connectors are staggered.) The
label has been adjusted to br.eak conveniently into three 20~character
lines. Figures 16 through 18 show the same board without the board
outline., Note that the wiring is very similar, differing only for those
connections involving the connector,

Table I shows'_a listing of the punched input deck for a board with
board outline.. Table IV shows the data for the same board without the
connector edge, Note the difference in data coding in the second, ninth,
tenth, eieventh, and twelfth cards.

Tables II, III, V, and VI show the various parts of the printout
produced when the graphs are made. The data which the machine reads
is listed, a summary of routing success is given, and a list of the

actual processed data is included.
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Fig. 13. Example of PUZZLE output, a composite showing board
outline and project label, .
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XBL 686-1139

Fig, 14. A graph of the parts side (connector 1 is on the right). Note
that most of the wires are vertical,
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Fig, 15. A graph of the wiring side. Note that most of the wires are
horizontal.
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EXAMPLE OF PUZZLE
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Fig. 16. This shows a composite graph of the same board shown in
the previous figures without a board outline,
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XBL 686-1142

Fig. 17. The parts side without board outline.
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Fig. 18. The wiring side without board outline.
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Table I. Data list for successful run on board with board outline.

EXAMPLE UF PJ2ZLE TU SHOW INPJT AAD  OJTPJIT  MARCH 1968 ¢ ol ol
2e3 2ed . T T e T J UeJ [e At v i 22T T e
151230 141225
340020 120101 T
140116 141103 111192 141131
TET1I07 151108 140247 110202
110236 111224 141215
111202 1%1257 T41507
111206 141219 111104
141111 145231 141118
340022 150131 159127 130lu4 1301ue 141124
1412237141115 13J114 141127 120113 343009
340421 142131 :
141203 111106 141727 13I8 140223 TG TZ Ty 7 wmrmmmmrmmm m rnemrmmn mm mm mmmm mmn e
340513 140119 .
BLL005 115204 140219 140216
140210 369303




Table II.

ol action by PUZZLE.

T XAMPMUE OF PUZILF TO SHOW INPUT AND  CUTPUT

INPUT TO PYZZI -~

1
3
1
1
1
|
1
1
3
1
3
1
3
3
1

S1230)  14l?228

40020 120101

4010Lh 141103 111102 141131

41107 151108 140227 110202

102us 111204 141215

11202 141207 141201

11706 141219 111104

41111 140231 141118

40022 150131 150127 130104 130106 141124
41223 141115 130114 141127 120113 340009
40021 14u131

41203 111106 140127 130116 140223 141211
40013 14011C

40005 110204 140219 140216

40210 340003

BOARC DIMENSIONS ARE--HNRIZONTAL LENGTH 2.300 VERTICAL kK

THERE ARE

0 CONNECTORS ON EDGE ONE, STARTING O. INC

O CONNECTORS ON EDGE THREE, STARTING O. INCHES UP,
SPACING FOR ALL CONNECTORS IS « 100

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH

FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FDR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR
FOR

FIN
PIN
FIN
PIN
PIN
FIN
PIN
PIN
FIN
PIN
FIN
FIN
PIN
FIN

PIN

PIN
FIN
PIN
FIN
PIN
PIN
FIN
PIN
PIN
FIN
PIN
PIN
FIN
PIN
FIN
FIN
PIN
FIN
PIN
PIN
FIN
PIN

PAIR 1512730 141225 WAS COMPLEVEC.
PAIR 141107 151108 WAS COMPLETED.
PAIR 130104 130106 WAS COMPLETED.
PAIR 141203 140223 WAS COMPLETED.
PAIR 340012 (4U110 WAS COMPLETED.
PAIR 140210 34U003 WAS COMPLETED.
PAIR 340020 120101 wAS COMPLETED.
PAIR 340021 140131 WAS COMPLETED.
PATR 140219 140216 WAS COMPLETED,
PAIR 141103 141131 WAS COMPLETFED.
PAIR 150131 150127 WAS COMPLETED.
PAIR 141103 111102 WAS COMPLETED.
PAIR 111204 141215 WAS COMPLETED.
PAIR 111202 141207 wWAS COMPLETED.
PAIR 111206 141219 WAS COMPLETFD.
PAIR 130114 120113 wWAS COMPLETED.
PAIR 140127 130116 WAS COMPLETED.
PAIR 110204 140219 WAS COMPLETYED.
PAIR 141207 141201 WAS COMPLETED.
PAIR 340022 130104 WAS COMPLETEC.
PAIR 141223 141115 WAS COMPLETED.
PAIR 340005 110204 WAS COMPLETED.
PAIR 151108 140227 WAS COMPLETED.
PAIR 140227 110202 WAS COMPLETED.
PAIR 141111 141118 WAS COMPLETED.
PAIR 141115 141127 WAS COMPLETED.
PAIR 141203 141211 WAS COMPLETED.
PATR 111106 130116 WAS COMPLETED.
PAIR 140116 141103 WAS COMPLETED.
PAIR 340022 150131 WAS COMPLETED.
PATR 130116 140223 WAS COMPLETEC.
PAIR 110206 111204 WAS COMPLETED.
PAIR 111206 111104 WAS COMPLETEC.
PAIR 150131 141124 WAS COMPLETED.
PAIR 141115 130114 WAS COMPLETED.
PAIR 141111 140231 WAS COMPLETED.
PAIR 340009 130114 WAS COMPLETED.

PATHS CCOULD NOT HE FOUNC FOR THE FOLLOWING INTERCONNECTIO

> >

MARCH 1963

EIGHTH 2.200

HES UP, O COINNECTORS ON £OGE TWO, STARTING

22 CONNECTORS ON EDGE FOUR,

NS .

STARTING C.

Computer printout of PUZZLE -interpreted data and summary

0. INCHES OVER,
INCHES OVER .,

- (Sf’_

2L181-T8DN



-50- -

UCRL‘-—'18 172

Table III, A listing by PUZZLE of the data which it processed.

INFUT PROCESSED BY
151230
150103
140116
141107
110206
111202
111206
141111
150101
141223
140101
141203
150110
150208
140210

PUZZLE--
141225
120101
141103
151108
111204
141207
141219
140231
150131
141115
140131
111106
140110
110204
150210

111102
140227
141215
141201
111104
141118
150127

130114

140127

140219

141131
110202

130104

141127

130116

140216

130106
120113

140223

141124
150204

141211



-51-

UCRL-18172

Table IV, Listing of successful data deck for board without board outline,

EXAMPLE OF PUZZLE TO SHOW

151230 141225

INPJT "AND "OUTPUT ~™MARCH

1968 £

150103 120101
140116 141103

111102 141131

141107 151198
110206 111204

1430227 110202

141215

111202 141207
111206 141219

141201
111104

141111 140231
150101 150131

141118
150127 130104

13J1u6 141124

141223 141115
140101 140131

130114 1417127

120113 150204

141203 111106
150110 14011V

140127 130116

T4J223 141211

150208 110204
140210 15021y

140219 140710



INPUT TO PU

FOR P1I
FOR PI
FOR PI
FOR PI
FOR FI
FOR PI
FOR FI
FOR PI
FOR PI
FOR FI
FOR PI
FOR PI
FOR PI
FOR Pl
FOR FI
FOR PI
FOR PI
FOR FI
FOR PI
FOR PI
FOR Pl
FOR PI
FOR FI
FOR PI
FOR PI
FOR FI
FOR PI
FOR PI
FOR F1
FOR PI
FOR PI
FOR PI
FOR PI
FOR FI
FOR FI
FOR PI
FOR FI

PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
PATH
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Table V, Listing of input and action by PUZZLE,

EXAMPLE OF PUZZLE TO SHOW INPUT AND OUTPUT MARCH

120 E--
151230
150103
140116
141107
110206
111202
111206
141111
150101
141223
140101
141203
150110
150208
140210
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR
N PAIR

141225

120101

141103

151108
111204
141207
141219
140231
150131
141115
140131
111106
140110

110204

111102
140227
141215
141201
111104
141118
150127
130114

140127

140219

150210

151230
141107
130104
140101
141203
150110
140210
140219
150103
141103
150131
141103
111204
111202
111206
130114
140127
110204
141207
141223
150208
151108
140227
141111
150101
141115
141203
111106
140116
150127
130116
110206
111206
150131
141115
141111
130114

PATHS COULD NOT BE FOUND

141211

WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS
WAS

141225
151108
130106
140131
140223
140110
150210
140216
120101
141131
150127
111102
141215
141207
141219
120113
130116
140219
141201
141115
110204
140227
110202
141118
130104
141127

130116
141103
130104
140223
111204
111104
141124
130114
140231
150204

141131
110202

130104
141127

130116
140216

COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED,.
COMPLETED.
COMPLETED.
COMPLETEDN.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED.
COMPLETED,

13010¢
120113

140223

141124
150204

141211

UCRL-18172

1968

FOR THE FOLLOWING INTERCONNECT IONS

>

>



Table VI,

INPUT PROCESSED 8Y
151230
340020
140116
141107
110206
111202
111206
141111
340022
141223
340021
141203
340013
340005
140210

-5

Listing of processed input,

PUZZLE~--
141225
120101
141103
1511¢C8
111204
141207
141219
140231
150131
141115

140131

111106
140110
110204
340003

3~

111102
140227
141215
141201
111104
141118
150127
130114

140127

140219

141131
110202

130104
141127

130116

140216

UCRL-18172

130106 141124
1201132 340006

140223 141211
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APPENDIX 4

Figures 19 and 20 show the graphic results obtained when various
input errors occur. Figure 19 shows a size 1 drawing (actual size)
which was rendered thus because there was a faulty size specification
on the relevant data card (1968 overlaps this field on the data card
listed in Table VII, and Tab'le vVIII shows the error message produced
by the program).  This figure is supposed to be of the same board as
shown in Appendix 3, but close examination shows that some pads are
missing, There are two causes of missing pads and connections. First,
there were excess data on the label card (.3 over the right, Table VII).
Hence the program expected the second card to be board outline param-
eters, and did not list the first pinbpai_r among the data,. Table VIII,
Secondly, two data points were faulty. Tablve VIII lists these. The first
error is a simple case of trying to use a connector code though none
exists. The second error was probably a key-punch error, as‘ 62 is
not one of the allowable 'square codes." Table IX shows the list of
data actually accepted by PUZZLE, Under normal conditioné this set
of data would produce only one graph, .the‘ composite., However, the
user employed the force option to get all his graphs. (The additional
graphs do not appear in this report.) Table X shows the final list of
data processed by PUZZLE. Note that the final card listed in "Input
to PU ZZLE" is not in the processed list; 340020 was not accepted, Oﬁ
the other hand note that although 146215 was not accepted (third card,
third item), the additional connection specified on that card was éccepted.

Figure 20 indicates the _resﬁlt of very faulty data. Notice the

partial label and missing connections,  Table XI shows the data. Some
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of the bad data are immediately apparent--for example, the card with
only the 4 punch, Table XII shows data not accepted by the computer,
From a glance at Table XIII one sees that occasionally bad data cannot
be conveniently deleted without causing other erroneous conditions. As
these are encountered attempts are made to modify the program, but it

is impossible to catch all types of errors,
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{3
NBUY
HRRxCH 18

BoThuY

EXRNPLE QF PU22
T DTH

XBL 686-1136

Fig., 19, A composite graph in size one, This is the same board
as Figs, 15 through 18, but note that three of the pads refer-
enced by bad data do not appear.

P
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EXAMPLE OF PUZZLE T
)] SHOW INPUT AND 0OUT

XBL 686-1137

Fig., 20. This is a composite graph of a partial board, . The data
construction was quite faulty, Notice that the routing has
changed significantly from the complete board,
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Table VII. Listing of data in improper form. The .3 on the first card

- was considered a board parameter, and hence the first card
(interconnection) was read as board outlines and consequently
was ignored because not in proper form,

TTEXAMPLE OF TPUZZLETTO TSHOW HSDTH INPUT AND OUTPUT MAR Cd 1393gl "3

151230

141225

340020
149116
141157
110206
111292
1112256

1251971
141103 1111902

151108 143227 11v242 7

111204 146213

141207 141201

141219 111104

(o vnr o A AT o T . (A1 RS At ARSI 1T AN S ReMRA R AT 1 L ety bty 0s B s b e e

141131

T4TT1T
159101
141223
141127
145101
141203

1Z923T 15170713
150131 150127

141115 134114

v a B T T T e T T )

130104 1301006 141124

120113 150294 ...

143131
111105 140127

159110
15b208
140210

T401TTT
110204 149219
150213 i

40216 .

130116 140223 141211

o S L T D —




Table VIII, A listing to show PUZZLE's interpretation of data listed in Table VII,

«

MISSING DATA-SIZE SPECIFICATION FOR GRAPHS 2 AND 3 IS MISSING OR IS INCORRECT. IT WAS SET TO ONE.
FXAMPLE OF PUZ7LE TO SHOW BOTH INPUT AND OUTPUT MAR CH 19
INPUT TO PUZ2LE--
340020 1201C1
140116 141103 111102 141131
141107 151108 140227 1106202
110206 111204 146215
111202 141207 141201
111206 141219 111104
141111 140231 141118
150101 150131 150127 130104 130106 141124
141223 141115 130114 141127
141127 120112 150204
140101 140131
141203 11110¢ 140127 130116 140223 141211
150110 140110
150208 110204 140219 140216
140210 150210 ’
BAL CATA-CONNECTOR CANNOT BE MAPPED FOR THIS BOARC.
. 240020 WAS DELETED FROM THE DATA LIST, IT IS THE 1 PIECE OF DATA AND IS THE LITEM ON THE CARD.
BAC CATA-CONNECT ION CALLELC FROM NON-EXISTANT SQUARE.
146215 WAS DELETED FRCM THE DATA LIST, IT IS THE 13 PIECE OF DATA AND IS THE 3ITEM ON THE CARD.
PATH FOR PIN PAIR 141107 151108 WAS COMPLETED.
PATH FOR PIN PAIR 130104 130106 WAS COMPLETVED.
PATH FOR PIN PAIR 140101 140131 WAS COMPLETED,
PATH FOR PIN PAIR 141203 140223 WAS COMPLETED.
PATH FOR FIN PAIR 150110 140110 WAS COMPLETED.
PATH FOR PIN PAJIR 140210 150210 WAS COMPLETED.
PATH FOR PIN PAIR 140219 140216 WAS COMPLETED.
PATH FDR FIN PAIR 141103 141131 WAS COMPLETED.
PATH FOR- PIN PAIR 150131 150127 WAS COMPLETED.
PATH FOR FIN PAIR 141103 111102 WAS COMPLETED.
PATH FOR FIN PAIR 111202 141207 WAS COMPLETEC.
PATH FOR PIN PAIR 111206 141219 WAS COMPLETED.
PATH FOR FIN PAIR 140127 130116 WAS COMPLETED.
PATH FOR FIN PAIR 110204 140219 WAS COMPLETED.
PATH FOR PIN PAIR 141207 141201 WAS COMPLETED.
PATH FOR PIN PAIR 141223 141115 WAS COMPLETED,
PATH FOR PIN PAIR 150208 110204 WAS COMPLETED.
PATH FOR PIN PAIR 151108 140227 WAS COMPLETED,
PATH FOR PIN PAIR 140227 110202 WAS COMPLETED.
PATH FOR PIN PAIR 141111 141118 WAS COMPLETED.
PATH FOR FIN PAIR 150101 130104 WAS COMPLETED.
PATH FOR PIN 'PAIR 141115 141127 WAS COMPLETFD,
PATH -FOR PIN PAIR 141203 141211 WAS COMPLETED.
PATH FOR FIN PAIR 111106 130116 WAS COMPLETED.
PATH FOR FPIN PATR 140116 141103 WAS COMPLETED,.
PATH FOR FIN PAIR 150127 130104 WAS COMPLETED.
PATH FOR PIN PAIR 130116 140223 WAS COMPLETED.
PATH FOR PIN PAIR 110206 111204 WAS COMPLETED.
PATH FOR FIN PAIR 111206 111104 WAS COMPLETED,
PATH FOR FIN PAIR 150131 141124 WAS COMPLETED.
PATH FOR PIN PA{R 141115 130114 WAS COMPLETED,
PATH FOR FIN PAIR 141111 140231 WAS COMPLETED.
PATH FOR PIN PAIR 141127 120113 WAS COMPLETED.
PATH FOR PIN PAIRX 120113 150204 WAS COMPLETED.
PATHS COULD NOT HE FOUND FOR THE FOLLOWING INTERCONNECT IONS
> >

- 69—
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Table IX. Listing of data accepted and consequently processed by PUZZLE.

INPUT PROCESSED 8Y
140116
141107
110206
111202

111206
141111
150101
141223
141127
140101
141203
150110
150208
140210

PUZZLE--

141103
151108
111204
141207
141219
140231

150131

141115

120113

140131
111106
140110
110204
150210

140227

141201
111104
141118
150127
130114
150204

140127

140219

111102

141131 .

110202

130104

141127

130116

140216

/

130106 141124

140223 141211
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Table X, Listing of very faulty data. Note card with lone 4,

EXAMPLE OF PUZZLE TO SHOW

151230141225

INPUT AND QUTPU 4

150103
140116

120101
441103 111192

141131

141107
110206

151108 140227
111204 141215

110222

110216
111296

141207 14129¢1
141219111104

141111
150101

145231 141118
150131 150127

130104

130106 141124

141253
4

141115 130114

141127

120113 153204

140101
141203

140131
111106 140127

130116

140223 141211

15611
150208

14011y .
110204 1402157

140216

140210

150210

.
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Table X1, A 11st1ng of interpreted data as well as summary of action on
data listed in Table X,

EXAMPLE OF PUZILE TO SHOW INPUT AND OUTRU
” INPUT TO FUZZLE--
: : 151230 1412250
150103, 120101
140116 441103 111102 141131
3 - : ’ 141107 151108 140227 110222
- “ - 110206 111204 . 141215 :
i 110216 141207 . 141201
- 111206 141219 1111040 o
! 141111 145231 141118 - .
150101 150131 150127 130104 130106 141124
141253 141115 130114 141127 120113 150204
400000 N
© 140101 140131 o
141203 111106 140127 130116 140223 141211
156110 140110 .
150208 110204 140219 140216
140210 150210
BAD CATA-FIRST COLUMN OF SEVEN DIG!T CODE ‘NOT ZERQ.
1412250 WAS DELETED FROM THE DATA.LIST, IT IS THE 2 PLECE OF DATA AND IS THE 2ITEM ON THE CaRZ,
BAD DATA-CONNECTOR CANNOT BE MAPPED FOR THIS BOARC,
.'441103 WAS DELETED FROM THE DATA L1ST, IT IS THE 6 PIECE OF DATA AND 1S THE 2ITEM ON THE CARD.
BAD CATA-PIN. CODE DJES NOT AGREE WITH COMPONENT CODE. ) )
) 110222 WAS DELETED FROM - THE DATA LISY, IT IS THE 12 PIECE OF DATA AND (S THE 4ITEM ON THE CARD.
BAL CATA-PIN CODE DOES NOT AGREE WITH COMPONENT CODE. :
110216 WAS DELETED FROM THE DATA LIST, IT IS THE 16 PIECE OF DATA AND [S THE 1ITEM ON THE CARD.
BAC CATA-FIRST COLUMN OF SEVEN DIGIT CODE NOT ZERG. : :
© 1111040 WAS DELETED FROM THE DATA LIST, [T IS THE 21 PIECE OF DATA AND IS THE 31TEM ON THE CARD.
BAD CATA~CONNECTION CALLED FROM NON-EX ISTANT “SQUARE, ‘ ‘
145231 WAS DELETED FRNM THE DATA LISTy [T IS THE 23 PIECE OF DATA ANC IS THE 2ITEM ON THE CARD.
BAD CATA-PIN CONE DOES NOT' AGREE WITH COMPONENT CODE, Co
141253 WAS DELETED FROM THE DATA LIST, [T.IS THE 31 PIECE OF DATA AND [S THE 11TEM ON THE CARD.
BAD CATA-CONNECTOR CANNODT RE MAPPED FOR THIS BOARD.
. 400000 WAS DELETED FROM THE DATA LIST, IT IS THE 37 PIECE OF DATA AND IS THE 1ITEM ON THE CARC.
BAD CATA-CONNECTION CALLED FROM NON-EXISTANT SQUARE. )
15611C WAS DELETED FROM THE DATA LISY, IT IS THE 46 PIECE OF DATA AND IS THE 1ITEM ON'THE CARD.
PATH FOR PIN PAIR 141107 151108 WAS COMPLETED. C i
PATH FOR PIN PAIR 130104 130106 WAS COMPLETED.
PATH FOR PIN. PAIR 140101 140131 WAS COMPLETED.
PATH FOR PIN PAIR 141203 140223 WAS COMPLETED.
PATH FOR PIN PAIR 140210 150210 WAS COMPLETED.
PATH FOR PIN PAJR 141124 141127 WAS COMPLETEC.
- PATH FOR PIN PAIR 140219 140216 WAS COMPLETED.
PATH FOR PIN PAIR 150103 120101 WAS COMPLETED. ) :
PATH FOR FIN PAIR 150131 150127 WAS COMPLETED.
PATH FOR PIN PAIR 150127 120113 WAS COMPLETED.
PATH FOR FIN PAIR 111102 141131 WAS COMPLETED.
PATH FOR PIN PAIR 111204 141215 WAS COMPLETED.
PATH FOR PIN PAIR 111204 141207 WAS COMPLETED.
PATH FOR FIN PAIR 111206 141219 WAS COMPLETED.
PATH FOR PIN PAIR 150127 130114 WAS COMPLETED.
PATH FOR PIN PAIR 140127 130116 WAS COMPLETED.
PATH FOR PIN PAIR 110204 140219 WAS COMPLETEL.
PATH FOR PIN PAIR 141207 141201 WAS COMPLETED.
PATH FOR FIN PAIR 130106 130114 WAS COMPLETED.
PATH FOR PIN PAIR 150208 110204 WAS COMPLETED,
PATH FOR PIN PAIR 151108 140227 WAS COMPLETED,
PATH FOR FIN PAIR 110206 141207 WAS COMPLETED.
PATH FOR PIN PAIR 141111 141118 WAS COMPLETED.
PATH FOR PIN PAIR 150101 130104 WAS COMPLETED.
PATH FOR PIN PAIR 150131 141127 WAS COMPLETED.

PATH FOR PIN PATR 13010€ 150204 WAS COMPLETED.

PATH FOR FIN PAIR 141115 141127 WAS COMPLETED.

PATH  FOR FIN PAIR 141203 141211 WAS COMPLETED.

PATH FOR PIN PAIR 111106 130116 WAS COMPLETED.

PATH FOR FIN PAIR 130116 140223 WAS COMPLETED.

PATH FOR PIN PAIR 140116 111102 WAS COMPLETED.

PATH FOR FIN PAIR 130116 140110 WAS COMPLETED.

PATHS COULD NOY BE FOUND FOR THE FOLLOWING INTERCONNECT IONS

> >
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Table XII.

INFUT PROCESSED BY
150103
140116
141107
110206
111206
141111
150101
140101
141203
150208
140210

PUZZLE-~
120101
111102
151108
111204
141219
141118
150131
140131
111106
110204
150210

-63- UCRL-18172

Data actually processed by PUZZLE,

141131
140227
141215

150127

140127
140219

141207

130104

130116
140216

ALL READABLE DATA HAS BEEN PROCESSED.

141201

130106 141124 141115 130114 141127 120113 150204
140223 141211 140110
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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