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CUT

8,1.,23, This subroutine checks that the value
held. in accumulator lies between O and 1023,
setting negative values to zero and values above
1023 ‘to that figure.

UPDATE

8,1.,24, This subroutine updates the display file

following the deletion of a copper item,
GETRUT

.8.1.,25, This subroutine first gets the relative
pointer to the route, RUTPTR and then calls
DESTRY to read the route destructively into BUFF,

8.2,  ZROUTE

For implementation on the PDP.15 (and 905/928)
ZROUTE has been modiftiocd, made more modular, and, it
is hoped, made faster, The program has been split
into 3 basic programs called ZROUT1, ZROUT2 and ZROUT3,

The functions of these programs are:-

ZROUT1 : Sets up the ZROUTE data structure and
stores all pads in this data structure. Sorts
the connections into increasing length order
(1ength on, a basis of mod x + mod y) and stores

all these in the routes array as 5 point routes,

ZROUT2 : Attempts to route the routes in the
routes array. by scanning the array and using

more powerful routing algorithms for each scan,

ZROUTQ': Scans the routes array and marks any
segments that would cross any other segments if
the original segment's side were swopped. Then
it scans the roules array again and places all
I'ree!' segments on side 1 or side 2 so that the
number of P,T. holes for each individual route

is minimized,
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The ZROUTE Data Slructure

The board is considercd to be covered with a 50
thou grid of imaginary routes : x on side 1 and y on
side 2, These roules are stored in the form starting
valuo; length of segment. "Thuas, when no obstacles are
present each one of these virtual routes starts at ¢
and is 511 units long., Since the first segment in any
particular route must always start at @ this information
is not stored; instead the space that would be used
for it is used to store the number of segments in
that virtual route. Thus a virtual route with an

obstacle at 100 units would be stored as:-

(o
2 199
1903 411

In the data structure these are packed as two 9 bit
numbers per word, The next virtual route is

(similarly) stored consecutively in the array.

.The first part of ZROUTE (ZROUT1l) simply stores
pads as obstacles in the arrays representing the x
and 'y virtual routes. Maintenance routines for
accessing these arrays are FINDXY, used to find the
appropriate virtual route, and REPAKX and REPAKY which
creatc holes of 1 word in either the x or y (respect-

ively) virtual routes,

8.2.1, ZROUTE Core Allocation and Organisation

The routes array is set up with routes
sorted in order of length and seven words per
route, Pointers to the routes array are
inserted in the connections array. ZROUT1l is

used for this,

~ The conncctions array is dumped to disc 1
(PAT + 3) as a binary file ZDUMPA BIN using
ZDUMP(1).
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Phase 2

X and Y cuts arrays are set up : the Y
cuts array from the top of DFILE downwards and
fhe X cuts array in its final position, i.e,
7.5K from the top of COMPON and downwards, Any
pads and copper rectangles are entered into the
X and/or Y cuts arrays. ZROUT1 carries out

these operations,

The data structure (except ROUTES) is
dumped as ZDUMPB BIN using ZDUMP(2).

Phase 3

ZROUTZ 4is used to carry out the routing
but it first moves the Y cuts array to a higher
address (to,the tbp of COMPON) so that approx-

imately 15K is available for the routing phase,
Phase 4

ZDUMP(3) is used to recall the d.s. that
was dumped to disc., ZROUT3 is used to tidy up

"the routes array and effect p.t.h, reduction,

8.2.2, The Basic_Routing Algorithm

ZROUT2 tries to route each route as a 6

point route as shown:-

E_ ofF
c (xmﬂm)
(x,y b '
N 3

A

where AB, CD, EF are on side 1

and BC, DE, arc on side 2.

In this description we will assume

- > -
X, Xy Y, Y, .
the sides and for X read Y and vice versa,

If this is not true swop

On each scan through the routes array

the algorithm used is:-
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SCAN 1:
.AB = EF = §

Various positions for CD aré tried'to.
sce if this 4 point rouie is satisfactory, First
both single cormer routes are tried and then all
possible 'inside area' 2 point routes, The
first ones tried are for the opposite type of
route (CD vertical, on side 2) and if all these
fail then all possible 'inside area' rdutes with
CD horizontal are tried., If all fail the program
moves to the next route, The first success is

accépted by the progfam as the final route,

For fhis éucoess the program deletes the
segments of route used from the virtual routes
array (using routines XSCRUB and YSCRUB) and
stores the final route in place of the route as

stored by the sorting program.,
SCAN 2:

Tries all possible 'inside area' routes
subject to the condition that CD must extend

from X1 + A to X2 - A, where A = X2 - X1, If

L
all fails it tries all possible ‘opposite type!

routes (subjoct to the same conditions),

SCAN 3:

Tries all possible routes subject to the
com ition as for SCAN 2, However, EF and AB are
allowed to lie outside this area., Similarly, if
these fail, it tries all possible 'opposite type!
routes, The limits impbsed on these 'outside
area' scans is the allowable routing area of the

board.

These scans are illustrated below,
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Copper Sharing

To save avallable routing space it is essential
that clectrically common routes going to the
snme_pad'und lying c¢losce to each other should,
where possible, be common, In ZROUTE this
eclectrical cquivalence is achieved in the

ffollowing way.

Scgments of the form AB, EF:

If virtual copper has been deleted from the

ZROUTE D.S. on either side of a pad any other
route'going to that pad will use that same

virtual copper.

Scegments of the form BC, DE:

If virtual copper either starts or finishes at
B (for example) and AB has also been deleted
from the virtual copper array the program will

re~use the copper along BC.

Segments of the form- CD:

No sharing is atlempted unless AB or EF (or both)
are zero. In this case sharing as for BC is

allowed,

Glossary of subroutines uscd in ZROUT2:

JOINZ checks to seo il copper has been used

oo

from a line to a pad.,

SETSWX, Y looks al ecach line and scts switches

for any special end conditions that
may exist, v

LUPSPY checks to sco if a virtual route is

.

usable from ZL to ZU. Takes account
of' switches as sot by SETSWX or SETSWY,.

LUPSPX checks to see it a virtual route is

clear from ZL + delta to ZU-delta
(where delta = (2ZU~ZL)/4). Takes
account of switches.

given the line CD and a pad (A say)

YLINES

' tries all segments of the type CB to -
see if any are suitable. Also used:
for trying the segments ED, When the

route is completed it stores the final
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solution in the routes array.,

XLINES
X, YSCRUB

as for YLINES,

data structare,

REPAKX,Y : as for ZROUT1.

FINDXY

Inside Routing Phase

SCAN1

as for ZROUT1.

¥
X
1,
)
2. »
i
»
- [ ———
- :
U - ———I
| -
< »
I‘______________-_____'_
' —
3 )
e »

L, J____;, fif.‘:«;lll_;_;i

Outside Routing Phase

SCAN2

!

LR R
I

5.
(x,¥,) |

x1 + DELTA

June /72

x2 -~ DELTA

deletes virtual copper from the ZROUTE




SCANJ

T
- A A
)
)_u A l
' i
l
vl B
LLTA y@i |
4 { P
| | ’ N
Iml i ntll.
;
DELTA xj
6
_ 9

If x cuts segment is
‘clear beyond X1 and X2
the routine tries to route

as shown,

8. Opposite type routes to 7.

8.2.3. Storage of Obstacles in the Zroute Data
Structurao

(n) Copper is stored as a series of cuts each of
the following form:-

1sl scguent - 2nd segment

[ \

An area of copper on side 1 is indicated by

two Y cuts and X cuts are shown below:
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(v)

If the cobper is on side 2 then the X and

Y cuts. are reversed,

Pads of 50 thou or less are stored as an X
and Y cut each of which has three segments

as shown belows:-
Zero length segment

] t/l

(100 thou)
(2 grid units)'

If the pad is larger than 50 thou the X and

Y cuts have the following form:-

i ,
é,,f—Zero length Segment
i

—
(lOO fhnn)
2 |

100

188,



SUBROUTINE ZROUT1 STRUCTURE

- ZROUT!
Y
le {, ‘ {
RIORT . PADSTO ZSETUP FuzuP
3|  ZUBNOD - SCRUBX - X SCRLUB o READRT
' Y Y
=1 SUBNOD WIND REPAK.X -4 SETEOZ
Y
| OTORE FINDXY - XSCRUB
> ScruayY > YScru8 > WIND
Y 4
WIND REPAKY o] REPAKX
- V
FINDXY 3] FINDXY
»— WuBNOD > YSCRLB
Y Y
STPAD svanod Lyt WIND

>— FINDXY - REPAKY

2 REPAK X -~ FINDX‘/»
189, “June /72
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SUBROUTINE ZROUTi FLOWCHART PART 1 OF 2

8el vp arguments
for SURNOD
callg

4

Connect ;on
sevl

Y

RSoRT
Sorts connections
e routes array
a8 7word 5
poin with 3
redvndant points

Y

Delele message

June/72

Y

4 Sel up
obstracles

Y

Reslere widhh
Frem Firsl pass

Y

vaelid .

Set validity to

Y

ZESKTUP
Initialise Xeuts
and ¥ culs armay

Y

PADSTD

Shee pads in
X cuts andy cls
array

Y
( aoTo | )
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2 Or 2

'SUBROUTINE ZROUT1 FLOWCHART _PART

191,

FozouP

Shore copper
red'amgles inXor
Y culs array

!

Store peinters Fe
sharl of x and
y culs  array

Y

Set volidily invalid (=¢) if

SPACE 3 2 + WIDEST TRACK > &0 THou
or if any plated thro hole diam.> 50

THoOU .

Y

Delete message

EXIT
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SUBROUTINE RSORT FLOWCHART PART 1 OF 3

Set width to

2efo

there ainy
connections

'V Yes

A 4

Sat minimum
connection lentth
= 10,000

Y

S,
Ca

Y

Scan conneclions
aray ’

-

Fo compenent and
relative poinrecr
to companent.

Unpack no. of conn's.

Y

June /72

.
o

\

Unpack Frack
width code

EXIT To
! MAINLINE
ZRoLT | _

Update eurrent
width ro hack
width .

Y

Unpack routes
pPot nFer.

Y
(em"o 4 )




SUBROUTINE RSORT FLOWCHART PART 2 OF 3

193.

Increment painter
to conneclions
arnay

s GoTo 5 )

Gel pin number
on this componenl

Y

Get Po;nf'&l' bo
other component
(PTR2)

Get pad number
on other
component

Y

ZUBNOD *

Gel xondy
coords. of beth
- pods.

< current P
Shortest

Replaces shortest
length with length

of current
connection

Y

Store co-orddb. of ends
of current conn. andt
phes. o posds and PIR
o DF address of
conneckion

. i} - :
(&o‘l‘o S) )

GoTo 5 )
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SUBROUTINE RSORT FLOWCHART PART 3 OF 3

June/72

End
afconnechon
on this compl’

Comn.length =

loogoe

&et DF number

Y

STORE -
Shore prr. Fo rovkes
array in place of |
D.F. address (n
connselion.

1

Find the other -
component In

the conneckion
ligt.

Y

-
>

\

Sean connection
Por D.F. number

No

STORK

Store pit fo revkes
arcay in place of
D.F.address in
connechions hist

Y

Write route into routes
afmey as a S point
reste with 8
redvndant pointz

-
( GoTo | )
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SUBROUTINES PADSTO AND WUBNOD FLOWCHART

.

[ Yeo
&t pointer to library
and no. off pads
Por next ccrponent

SusNoDd
Gelxandy
co-ord. op pﬂd

—_——— e — - U P I U ~

Set sizpab =g
(2
Getl sde | pad

diameler From
pads array

STZPAD = S1TZFAD+|

8et validity Plog
tnvelid.

J d : .

STEAD
Stere pads in ¥
cofs array aa
poinl” absivele

Y
JUBXK

Serub lesnth of
line across pad
diameler
195, Y June /72
Repeol ceslz In
dotted line3 For VY, ...;,{ Gove | )
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SUBROUTINE STPAD FLOWCHART PART 1 OF 2

Gel ponter to cobs
array and co-ords.
of pad.

Y

FINDXY

Gel pointer Fo
line on which
pod lies.

&et length of seq.
CXLEN)

\

Y

Set sharting Unpack atarking
co-ord . Fo & ) co-ord of foul‘e

Y
A

R —

Is
obstacle
T be rn:sﬁrf‘ed
In correntseg.

ptr. @oTo 2

Insert new seg.
length

KepPAKrX
Creale spoce

and odd new
cub

Y
( GoTo 3j

June /72
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SUBROUTINE STPAD FLOWCHART - PART 2 OF 2

Faa™N

~only enc.

verfical paml”
cen bloodsd

s

FERET

Increment pad Set pad covrdinate
coordinate . and pad ceord inake
. : -2 ‘
— 7
v
GroTo |
s klock oftp

nextk rovlte
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SUBROUTINE TUZUP FLOWCHART

Scan copper army

Y

READRT

Readl copper
‘ﬁhmmwa
FUZBOF

&oTo | )

Unpack o eegment
(xt,y1) = (x2,v2)

» Y

SETFLZ
Sel up XPost,XPos2, |
YPos1, YPos2, for
X8cru8 and YLLzU8
in fwo &cons

2 X lines
scrubbed
(e10: 1)
[ @ v _J
" Y lines scrubbed
(sipE 2)
\( y
Scrub lines as - &orub lines as
shown o Rill ahown o Fill
Copper ®hape copper shape
{ o y
Y.
(exo'rc: | )
198,
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SUBROUTINE XSCRUB FLOWCHART PART 1 OF 2

YPoS! o fe — ]

 Zlow ZUEP

Find upper and
. lower X vaolue-
ZLow and Z0OPP

Y
. FINDXY
Search X
array for line

Y
@' Y

WIND
Gel cegment

starting point
XSEGL

GoTo 3 )

Update number
of-.- segmen?‘s
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SUBROUTINE XSCRUB

FLOWCHART PART

2
“~

or 2

June /72

Is™

Uppgsr end

of seg.(xsE&L)

>ZLow
/)

Nexi- segment

"P'C(;ecﬂ‘o { )

Segmczng- IOAQH',

-
—3

Y

oy
-

y

Shre new seq.
length in Xecuts

YY@&

Number new segs

L}( GioTto 2 )

REPAK X
Create o gpace
in X cots array

Y

in array

Wrike new segment

Y

I new segment”

Y _
( GoTo 2 )

&oTo | )
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SUBROUTINE FINDXY FLOWCHART

f

Caleulate (line no. On entry - o
-1) from A.C. A.C. contains pad coondinabe
M@ contains peinter te XorY
_ Y culs array.
Secan cubs armay
lo F‘-ind slarl
of line .
Y
XYPT dnd XY8PT
1 point ks skart
1 of line

Y

( exaT )
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ZSETUP

This routine initialises the X and Y cuts arrays
by setting the first 512 locations in each to 1777,
i.e, 1 segment 511 units long. Pointers to the start

ol' each array are LOCX and LOCY,
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SUBROUTINE ZROUT2 STRUCTURE

ZRouT 2
Y
1 Y Y ¥ Y
DXDY SWAPUM SPINX SETSWY EINDXY
) . FIbXY
. Jornz
Y
WIND
LUPSPY YLINES LUPSPX X LINES SETSWY
WIND WIND
EINDXY FINDXY L] FINDXY
WIND WIND L Toinz
LUPSPY LUPSPY WIND
WIND WIND
XSCRUB XSCRUB
YecrLB YOcRUB
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SUBROUTINE ZROUT2 FLOWCHART PART 1 OF 9

Get coord's. of
rouhing area and
addresges of x and
Yculs arrays

reules in coslug

> Number routed
cam WARNR p.

Y
Copy Yauts to hop
of companen"s
| array (comPon)

Y

Sel SToP! indicator
. Fo BDZM ZSNT For
cp vertical

Y
i o

Set auto increment
registers 15and 17

to start of routes
array :

O—3

DXBY

Gel coords. of end of
route and¥ and
lengths of rovke (X1,Y1,
X2,Y2 DELTAX, DELTAY)

Y
Set indicator For

ordinory or
opposite hype roules
to &

¥
| ( GoTo 3 )
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SUBROUTINE ZROUTZ2 FLOWCHART PART 2 OF g

S&?".ae;!‘o ncrement
reginlers 1§ and
17 Fo next roule

oppasite hyr: No
rouhe hoen fried Seei= 5
. P P v

Sel svoe | .
indicalar to SKP
for oppasite hype
roote (2nd gean)

Is
DELTAY

> DELTAX + |

' Y
( GoTo | )

> -Ce‘o-ro " )

S~

|
|
|
|
|
! SWAPUM -
| Order XI and X2
| i X2 x2,Y
| with x22>Xl CD Horizontal - -4 *2,
| AY<AX 2
| Y I * 1
| Sel SNﬁszi-'*St X,y Cubs &anned in
| oAl ' order ,2,3,4,5-

LINY= VI | 2
' LINZ = VI | . -4 ()(2,72)

7 c) Vertical g
| ' I Ax<aY 7
| Set zZL=%I | g
zu= X2 »* ]
l l X191
' Y
Cc—:lm'o 7 )

l or AY"‘ & » X
|
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SUBROUTINE ZROUT2 FLOWCHART

PART 3 OF 9

'
N
[
[
|
[
I
I
|
(

SEINX
Set sPibL=EF
LINY ig tonilk
different PromV¥2
Sel” SPINDL = ¢
ifF LINY islimil.
oli Plzrent Brom Y
Defasltvalues are
SPINDU =~ | '
SPINDL= |

Y

SETSWYX

Set gwilches indie-

ating whether
copper can be
shared Prom LINY

Fo Y1 or Y2

y

FINDXY
Geb pointer Fo
LINY in X cobs

Canvirlval
roure in Xeulhs be
used o reubke from
ZL oz P

June /72

DELTAY =&

?

GoTOo 10 )

GOTO & )

Resel LINY and

D)

yi-':.".’.. LINZ Ffor nexl
Y line .
Yes " Finished
?
No

(.G‘!OTO (= )

—_———



SUBROUTINE ZROUTZ2 FLOWCHART PART 4 OF 9

Sbposite
FYpe route been
Fried P

YLINES

1s virtval rovte
tn Yeuts clear Prom
X1, Y1 to (zL ,LINY)

GoTo 8 )

“Ls virtval routes
\n Yeuls clear

from (Zu,LY) Fo
(%2,v2) P

Repedl code above
indoHed lines For Y
cots  subshituling

B Ffr D

‘(Xz IYZ)
(ZL,LINY) _
(X ! I‘Y‘ )
( XQ,Y:.)

1

. X
(X“\/l)

"June/72
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SUBROUTINE ZROUT2 FLOWCHART PART 5 OF 9

Cutside area rovking
phase sglarts here

Sel $ToP3 = (Nof

SToP4 = (SPA

(1sF scan, opposite
Hpe route)

Set avlo increment”
regislers 16 and 17
o shart of Routes
arrsy . Sel routes
pointer ol SefCuT2:¢

' ¥
@ ~ ; ‘, !
. § DXDY ’ v

Gel coonrds. of
ends of rovte and
x and Y lengths of
rooke (X1,Y1 %2,Y2,
I DELTAX , DELTAY)

Sel CUTCNT =g

Updatle rouke pointer
ond AIR.1Sand 17

Y
CG!OTO 14 )

Set sToP2(SZA
STor4=(SMA
Por 27 gean

) ) L ‘ Y
 [Stop display - , a
( and EXIT ) ( Goro 19 )
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SUBROUTINE ZROUT2 FLOWCHART PART 6 oF 9

Yes

x (X2,Y2)

I

Set LINY = Yi
LINZ = Y2
SKITTA = Y2-YI

ZKNT = =(AY~-1)

X

SwapPum
order Xl ond X2
Y %
Sek LINY and LINZ e, Y)
Fo midpoint of
Yi dna Y2
-;si'
No
) Scan S
o |
SKITTA = |

ZKNT =-(DELTAY
“+ 2 DELTAY +12)

Y

Is
LINY oulsia¥
YMmin - YMAX

¥ Yes

Y

209.

Y

Seb LINY, LINZ,
and 9kITTA fPor
next line

SETBWYX
Set switehes nd-
icafing whether
co can be
shé’l‘fd’m& LINY|
o Yi orvY2

Y

Set paminel'ers
- for Subroutine
LUPSPX




SUBROUTINE ZROUTZ2 FLOWCHART PART 7 OF 9

FINDXY
Gelt pointer o X

cut at coord
| LINY

P N

Comn virtoal
route in X culs be
uSed Fo route Prom

ZE+DhELTA to Zyu -~ DELTA
where DELTA =
ZU-ZL.

(Returns with a virtual
route segment From
Zl ks Z22)

. Sel paramelers
Por subroutine
Y LINES

Replace Z | by XMIN

{ Sel forward
scan Por YLINES
(xXxxme =1)

SPINX
Set ndicalors
SPINDOL and SPINDL
| fPor X ool tunit

from pad
Y

( GoTo 19 )
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SUBROUTINE ZROUTZ2 FLOWCHART PART 8 OF 9

: Is
Xeot shill

Shorelof pad if

cul s only luni

Y
&
»

No

Sel current Yeul
position to zt For
YLINES. Selt .
cuTe = |

Sel limiFof scan
Por subreutine
YLINES o X2-XI

\

\

A

Y

Set Iimit‘ of scan
for subrookine '
YLINES b Zz2-X|

Con the route
be completed ol
NJow end P

Sel XXXINC Por
revesrse scoan

DELTAX =X1-(Z1+2)

Set current X
posi l’io; of Yeut X1

B 4

o
>

\

—— o —n owe ww o omus  weonn et Gews s dmeve | amen  atewn  amre.  camre emmn  vee e e Gt e oo S

~June /72




SUBROUTINE ZROUT2 FLOWCHART PART 9 OF 9

Use. similar cade Fo
that in dotted lines
abeve o reule

| upper end ' l

Roule

Suecessfoully

ZROLTED
? .

GoTo 20 )

YLINES S8lores ‘ |
rovle in RouTES

Repeal code 1n
daghed-dlotted

lines above wi

@@ subskifuted fer £B)
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SUBROUTINE DXDY FLOWCHART

]

W

Gel coordinates of*

ends of route and
x andy lengths of
rouvle -

June/72



SUBROUTINE SPINX FLOWCHART

(x2v2)

June /72

®
LINY o
x _
¢x1 Y
No Yes -
SPINDU = -| SPINDU= ¢}
SPINDL = | SPINDL. = ¢&
Y )
( EXIT )
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SUBROUTINE SETSWX‘ FLOWCHART

Yes

(x2,Y2)
x }
LINY

(%1, Y1)

FINDYXY
Gel pointer Moy
cul containin
pad al Xl

CBWIT = SADZL

il

.
Can cepper be
Shared P—E:am Y
o l;elNY

No

SWITI = DKP

—

|&et pointer o

- FINDXY

Y el containing
pad al Yo

‘SWIT2 = SADZUL

SWIT 2 = SKP
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SUBROUTINE

JOINZ

FLOWCHART

——

v

Y

WIND

Get starking
co-ond. of next
segmenl of Xor
Y cub

Gel length of
previcoe Segmenlt

WIND
&et starting
coord. of

segment

1

Get Fimishing
coord of segment

June /72

Yes

No

EXIT

LI | 1|_l

LINZ PADZ

LINZ<PADZ

Y

cet length of
corrent segment

Increment
peinter o
segment
WIND
Get starking
Coordl. oP
8egment
Is
- \Lfs k2 LNz
Y
AC =g
— . ¥ No
\
EXIT
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SUBROUTINE LUPSPY FLOWCHART

PART 1 OF 5

%
2,y2
1 |
zL P43}
X
[¢3IR%))
WIND -
Gel starbing
coord. of segmen]
in Xcots drray

Can o
Coppes

shared from Y!

o LI?NY

corrent X
culs segment

shartalZL
»

Can b
. _~Copper be
shared from
L-INY?l‘o Y2

¥ No
v

Get F—im'ah'mg
co-ord. of X -

Increment X cuts

segment pointer.
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SUBROUTINE LUPSPY FLOWCHART

PART 2 OF 5

Increment X cols
Segment pointer

No
GoTo | )
I Yes
Reset X culs Shartof .
segment pointer seq. | uni
¥ Y
. LINY 3
Y Ak ¥ }\'
WIND ZLo seb _ ,
. ZHI sek
Get starting t?:fl'.f;‘ here. "‘E'
Coord of segmer.f' | 'r|Pm LINY is |
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