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8.2. 

CUT 

8.l.2J. This subroutine checks that the value 

held in accumulator lies between 0 and 102J, 

setting negative values to zero and values above 

102J 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 subioutine first gets the relative 

pointer to tho route, RUTPTR and then calls 

DESTRY to read the route destructively into BUFF. 

ZR OU TE 

For implemontntion on tho PDP.15 (nnd 905/928) 

ZHOIJTJ•; !ins been 11wd.i. l'_i_nd, mnd•) more modular, and, it 

is hoped, made faster. The program has been split 

1.nto 'J basic proGrnms called ZROUTl, ZROUT2 and ZROUTJ. 

Tho functions of these programs are:-

ZROUTl : Sets up the ZROUTE data structure and 

stores all pads in this data structure. Sorts 

the connections into increasing length order 

(length 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 ranting algorithms for each scan. 

ZROUTJ : Scans the routes array and marks any 

segments that wunld cross any other segments if 

the original segment's side were swapped. Then 

it scans the routes array again and places all 

1 froo 1 segmont8 on side 1 or' side 2 so that the 

number of P.T. holes for each individual route 

is minimized. 
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Tho ZROUTE Dn ta S Lru c l.uro 

Tho board is considered to be covered with a 50 

thou grid of imagin;1ry rou 1·.os : x on side 1 and y on 

side ') ·-. These rouLcs uro sLored in the form starting 

value, longt-h o.f segment. · ThtlS, when no obstacles are 

present each one of these virtual routes starts at ¢ 

and j_s 511 units long. Since the first segment in any 

particular route must always start at ¢ this information 

is not stored; instead tho space that would be used 

f'or it is used to store the number of segments in 

that virtual route. Thus a virtual route with an 

ol>::d,acle at 100 uni ts would be stored as:­
( o) 

2 1¢¢ 

1¢¢ 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 (ZROUTl) simply stores 

pads as obstacles in the arJ:'i-lYS 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 

create holes of 1 word in either the x or y (respect­

ively) virtual routes. 

June/72 

ZROUTE Coro Allocation und Organisation 

Phaso l 

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. 

used f'or this. 

ZROUTl is 

Tlw connoc Lion~> arrny is dumped to disc l 

(DAT + J) as a binary file ZDUMPA BIN using 

ZDUMP(l). 
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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 

the X cuts array in its final position, i.e. 

7.5K :frnrn the top.of COMPON and downwards. Any 

pads and copper rectangles are entered into the 

X and/or Y cuts arrays. 

these operations. 

ZROUTl carries out 

The data structure (except ROUTES) is 

dumped as ZDUMPB BIN using .ZDUMP(2). 

Phase J 

ZROUT2 is used to carry out the routing 

but it first moves the Y cuts array to a higher 

address (to tho top of COMPON) so that approx­

imately 15K is available for the routing phase. 

Phase 4 

ZDUMP(J) is used to recall the d.s. that 

was dumped to disc. ZROUTJ 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:-

f 
r-----u 

c. (x.~ '3'-l 

<.~1J 

A 8 

whore AB, CD, Eli' nro on side 1 

and BC, DE, are on side 2. 

In this description we will assume 

X2 - X1 > Y2 - Y1 • If this is not true swop 

the s.ides and for X read Y and vice versa. 

On each scan through the routes array 

the algorithm used is:-
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SCAN· 1: 

.AB= EF = ¢ 

VnriouR positions for CD are tried to 

soc l:f this 4 point route is satisfactory. First 

both single corner routes are tried and then all 

possible 'inside area' 2 point routes. The 

f'irst ones tried are f'or the opposite type o:f 

routo (CD vcrticnl, on side 2) and if all these 

fnil than all possible 1 in6ide aren' routes with 

CD horizontal ara tried. If all fail the program 

moves to the nexi: route. The first success is 

accepted by the program as the final route. 

For this success 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 possibl·3 'inside area 1 routes 

subject to the condition that CD must .extend 

from Xl + A to X?. - A, where A = X2 ~ Xl. If 
4 

all fails it trios all possible topposite type' 

routes (subjnct to tho snma c~nditions). 

SCAN J :. 

Tries all pos~lhl9 ~otites subject to the 

con:i i ti.on as for SCAN 2. However, EF and AB are 

allowed to lie outside this area. Similarly, if 

these fail, it t.ries al.l possible 1 opposite type' 

routes. The limits imp<'.1sed on these •outside 

areat scans is the allowable routing area of the 

board. 

These scans aru illustraied below. 
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Copper Shari£tl 

To .s..-ivo av;i_LlnbJ·~ rout.ing space it is essential 

Lll;i t; olec tr lea Lly cormnon :r.ou t os F,Oing to the 

.s;urw pad and lying c.lost• to oach other should, 

whnrc possible, be com111on. In ZHOUTE this 

olnctricnl nquivnlenco is achieved in the 

f'oJlowing way. 

Segments of the form ~~,_J2,,E,: 

I.f virtual copp<:;r has boen deleted from the 

ZROUTE D,S, on either sidEl of' a pad any other 

route going to t~at pad will use that same 

virtual copper. 

Segments of the .form BC, DE: 

If virtual copper either starts or finishes at 

B (for example) and A~ has also been deleted 

from the virtual copper array the program will 

re-use the copper along BC. 

S~gments of' tho form-CD: 

No sharing is attempted unless AB or EF (or both) 

are zero, In this case sharing as for BC is 

a1 lowed, 

Glossary of subr·,)utine~ 2::!..:3_od in ZROUT2: 

JOINZ 

st.;TSWX, Y 

LU PS PY 

LU PS PX 

YLINES 

checks to soo ii' copper has been used 

from a lino to n pnd, 

looks al each llno and sots switches 

for any special end conditions that 

may exist, 

chock~~ to sou if a virtual route is 

usable from ZL to zu. Takes account 

or switchos ;1.s .snt hy SETSWX or SETSWY. 

checks to soe if a virtual route is 

clenr f'rom ZL + delta to ZU-delta 

(where delta= (zu-ZL)/4). Takes 

account of' switches. 

given the line CD and a pad (A say) 

Lr.ins all socmonts of' the type CB to 

Sl~O i ·•' any are suitable. Also used 

f'or trying the segments ED. When the 

route is completed it stores the final 
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XL INES 

X,YSCRUB 

HEPAKX,Y 

FINDXY 

solution Sn tho routes array. 

as .for YLINES. 

delet3s virtual copper from the ZROUTE 

data struct~xr.e. 

as f'or ZROUTl. 

as for ZROUTl. 

Inside Routing Phase 

SCANJ. 

1. 

'> ·- . 

J. 

4. 

,._____J 
I-· -

'-· 

1--;--;iT-•TT I 

' I I . I I I ' 

Outside Routine Phase 

SCAN2 

J Ull•' /7?. 

5 ., x y ) 
\ 1 1 

xl + UELTA x2 - DELTA 

6. 
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SCANJ 

7. 

6 

• 
LELTA xi 

I I 
I 
; 

! 

I 
I 
I 

--l.1ELTA Yt 
' ; 1- ····- ... ·----··--- --·· . ·--·-

; I I 

" i 
I 
I 
I 

i 

}ih-1 I 
\ i l I 

.. .i.1 l I 

j ! 

-~u ---or----... -.. --
l.J.E:LTA X! 

l 
6 

---... --- , 
x 1 

I£ x cuts segment is 

clear beyond Xl and X2 

tho routine tries to route 

as shown. 

8. Oppos i t.o Ly po rou Los to 7. 

187. 

8 2 J Slorago o.r Obstacl.Gs in the Zroute Data . . . -· 
Structur•J 

( n) Copp0r is s to rod as n snr ie s 0£ cuts each 0£ 

tho rollowing £orm:-

lHL sogn1ont 2nd segment 
I I \ 

0 
copper Sii 

An area of' copper on side 1 is indicated by 

tw6 y cuts and x cuts are shown below: 
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Jun~/72 

If' the copper is on side 2 thert the X and 

Y cuts are reversed. 

(b) ~ of' 50 thou or less are stored as an X 

and Y cut each or which has three segments 

as shown belows:-

~ 
I 

Zero length segment 

(100 tho'4) 

{2 grid unit~)· 

If' the pnd is larger than 50 thou the X and 

Y cuts have the following form:-

~Zero length Segment 
t 

~ .. 
(100 thou) 

1.. I . 
• ioo 

. 188, 



sunnoUTINE ZROUTl STRUCTURE ----·-----·-----

Z.ROUTI 

_ _t 

I i 1 
. PA.OSTO Zl.:>E.TUP r=uzoP 

... 

SNDD ~ SCRUSX XSCRUB ~1 Re~=] ~ 

J . j_ .l 

··B BNoo WIND Re.PAK.){ ~$~!FU% J 
.. 

oRS: I ~INDXV ~ X SC'-! IJ B 

l-+-1 .$C.Ruey -, YSCRuS I+- WIND 

J 
_.t_ _tc 

WIND Rf:PA.K'/ ....... ~PAK..')( 

. 
' . 

F=iNDXY 4-- RNbX'i 

~ WOBNoD L+'"1 YSCRoS 

..!. ..1 

SIPA.D &.>BNot> ~ WlNb 

l-+--1 FINDX'f t-+ REP~K'{ 

r'- REPAKX. 4--1 F!NDX'/ 

189. · June/72 
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SUDROUTINE ZROUTl FLOWCHART PART 1. OF 2 

Conne.ct";on 
s.orr 

RSoRT 

Sor- t-~ ctmMCfioris 
ioh~ ~1.1h:?S orro.y 
G\S 7wo~ S 
i=int' with '3 
redonc:font poin~ 

Delete mesSl\ge 

EXIT 

June/72 

Ssf- Uf? Gaf'SlJmGr\l-S 

~ .... Sue.Nob 
ool\~ 

No 

S0.k- ui::::. 

ob3.t"o.cles 

R.e.s f'ore 'NI a th 
fn-;,m Plr~f" poiss 

SQJ- vC\liclif-'{ 1-o 

valid . 

.Z6!iTUP 

.Init'1aliee Xcof-s 

ancl y cuts army 

PA.D~TO 

Store po.ct 6 ll'I 
X cut's al\d'( wt3 
Cl.rrc.'{ 

Go To 
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SUBROUTINE ZROUTl FLOWCHART PART 2 OF 2 

191. 

l=UZUP 

Stbre cor.ipet"· 
reeh:~ngles i" X or 
Y c:uh o.rra"{ 

~l-ore pocnt"ers t"o 
'il.tart" o P. x Qnd 
y cut\ 1u·ro.y 

SeJ- \JOAidit"''f inva.liol (=¢) iP. 
SPACE ~ 2 + WIDEST IRl\CK ) O"o THOU 

or ·,p Oln'( plal-ed thl'o hole diQin.)50 
T\-\otl. 

EXIT 
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SUBROUTINE RSORT FLOWCHART PART l OF J 

June/72 

Set- minimum 
conned-ion lent!th 

= l0,000 

q~n connect-ions 

o.rray 

Unpack rio. o~ conn~. 
1-o componenl" al'\d 
reJal-i"e pointer 
1-o COMpe.nU\t. 

Unpl\c.k n>ot"cs 
pc>1nt"e.r. 

No 

• 

Updo~e eurrenf­
width t"o huck 
w&dth. 

192_. 



SUBROUTINE RSORT FLOWCHART PART_2 OF 3 

193. 

Gi~ piV'\ numbe.r 

OY'I thi~ componCW\t" 

Gie-4- poi ... rer h~ 
other cow.pol')~ 

(PTR2) 

Gt-et pC\d nllrnber 
.on other 
Com~one-'l'I t-

ZUf3NOD• 
Get xo.noy 
cootd:S. o ~ both 

F>ad3. 

~laces shorU>sr 
lengt'h with le"gl"h 
o P cu rre nl­
conned-ion 

No 

S lt:x-e co-or'CA 6. of? ends 
o f. co l"re111" c.om'l. a'f\Ot 
i:>l-r~. hi poAs and PTR 
hi 'b.F. C.\ elol t'eS5 0 fl 
CCl\ned-ioJ'\ 

~OTO 5 

l:ncreAY1et'\ ~ p;1nl-et 
1-o .:C>"r.'lec.t"io\'\S. 

o.rra.y 

~OTO 5 

GOTOS 

'~-<: G!OTO 5 ) 
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SUBROUTINE RSORT FLOWCHART PART J OF J 

No 

June/'72 

SToR& · 

Stbre pt"r. ·to roules 
arro.'f ir\ ~\nee oP 
o. F. adcl~s t'n 
Cot\nWiotl. 

Find the other · 
Cotnpol"le..nr th 
the COt\ riecJ-iol'\ 
liet": 

5can CO'lt\ection 
Pt>r- b .r=. t\\)t'Y\ber 

~ToRe 

st-ore t:>t"r. t"o rou~s 
array 1n place of! 
o.1=.01ddresa '"' 
eonned"ion<t> list-

Wri~ rouruinto rool'es 
O.N'O.'/ cu. a 5 poil'\t" 
roure vJi th 8 
redundant pointa 
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SUBROUTINES PADSTO AND WUBNOD FLOWCH4Jrt 

195. 

r--
1 
l 

No e.x.tT To 
MA.tNLtNE. 

zRouTr 

&et point-er- h> librQry 
Clnd no. oP ~S 
Pof' ne;cf- CO~net\~ 

~&~Ot) 

Gel-x a.n" v 
Co·ord. oP ~aol 

e.er aicle I r:ad 
diameter From 

~o.ds Qrt'fJy 

sc+<:usx 
&lrul::> len~tt, of! 
line acl'bi.~ pad 
diameter 

'le Se.I- "oJid.it-y Plog 
1nvoJid. 

-, 
I 

--- ..;. - - .-· - __ ...... 
~code In 

dot-ted llh!"...S Por Y. 
f>ros ~ Qnol vcu-rs ) 
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SUBROUTINE STPAD FLOWCHART PAHT l OF 2 

set- e.\-o.rf1ng 
c..o-ord . ro ¢ 

Juno/72 

€tel- p01n~er- to cu\'"s 
o.rro.y anol co-orcls. 
oP pa.d. 

~INDXY 

Get pointer 1-o 
line on which 
pixol lie~. 

&el" length of! seg. 
(XI-EN) 

Rt!.~K)( 

aeoJe ~pv.ce 
cu"d oad new 
cot-

&oTO 3 

No 

Vnpo.ck ~Qr hng 
co-ord oP r-ouf-e 

ErOTO 3 

Increroenr ~e.s· 
prr. e.010 e 
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SUBROUTINE STPAD FLOWCHART PART 2 OF 2 

197. 

I:rtcn>ATien~ i:xtd 
e.ooo;il iM he 

€.retro I 
hi. \::.lock oPP 
hex+· r-oo l-a. 

Set- r;>a.d coe1rt.~iMha 
anol po.a cei:>r·d inahz 
·-'2 
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SUBROUTINE TUZUP FLOWCHART 

Sc.rub lines aa 
shown to Pill 
Copper ehG.pe 

June/72 

No 

RRACIRT 

Reaol co~r­
~hQpe 1'nt-o 

r=UZ6UF 

Unpack a ~~me.nt­

(X 1, YI)+ (X2Ne) 

~&.TFuZ 
Se.tuj:> 'X~l,XPo$.21 · 

YPo$11 VPoS'2, Per 
X&cRu6 and 'i$C(?IJ8 
in two t.>eans 

&OTO I 

} 
2 X line.s 
acrubbecl 

(SIDE l) 

' .. I 

No 
Y line.~ acr..,bbed 

(SIDE: 2) 

. &lrcJb lin~ CllS 

~hown \'"o Pill 
eopper ahape. 
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SUBROUTINE XSCRUB FLOWCHART PART 1 OF 2 

YPo$1-t--~~~~~~~ 

199. 

.. I 
ZLow 

Find upt>er and 
. lowe~ >e \/o.lue · 
ZL.ow and '%UPP 

F=INl:>)(Y 

Searc.h x 
af'ro.'/ Por line! 

WIND 

~el- O~menf­

St-Qr~ing. i:>o"int 
X61i..GL. 

UpdQl'"e hi.Imber 

o~ segmenJ-s 

EXIT 

GoTo,S 

. I 

ZUPP 
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SUBROUTINE XSCRUB FLOWCHART PART 2 OF 2 

June/72 

Segm~~nl- le.ngt-h 
= "¢ 

SI-ore new se.g. 
len9th ir'I x~ 

RiiPA.KX 
c~rn o spa.c12 
in X c.urs arra.y 

Wrire net.J segrnsnr 
in arr<>.y 

new aegs 

GtoTo I 
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SUBROUTINE F'INDXY FLOWCHART 

201. 

Calcofat-e (line no . 
...: 1) Proro A.C. 

Sc.Qri cu1"6 tAf't'O.'/ 

ro llina &h:u·r 
oP fine 

XYPT O\nd ){'/t\PoT 

point- lo ~rt 
oP. line 

On °'*'t"rv :-

A .C. conl-ain.s p"d coor<fa10.h:> . 

M ~ corih::41f,.'l. ~inl-er ro 'X or'/ 

cut-& c.rray. 
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ZS ET UP --
This routine initialises the X and Y cuts arrays 

by setting the first 512 locations in each to 1777, 
i.e. 1 seement 511 units long. Pointers to the start 

01' each array are LOCX arid LOCY. 
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SUBROUTINE ZROUT2 STRUCTURE 

ZROUT2. 

' 
l J 1 · l J: 

O'XbY SWAPUIVI SPI.NX e,e:Tewx FINb'l<Y 

- ~Nb'i<'( ....,.. 

~~ 
~ 

6 
i l I· l 1 

LU PS PY YLINES L.UP~X 'Xt..INe~ SG:."T&W"/ 

I 
WINO wINb 

~ J=INbXY ~ FINb")(.)' ~1 l=lNb.X'y' I 
l+-1 WI Nb ~ WlNb L>1 .J'OlN'Z. 

t . 
WINI> 

~ L.OPSP'{ ...... L..UP&PV 

f 1 
WlNb Wt Nb 

I+- XSCRCJ.B ...,.. XSCRUS 

~ YSCRue I.,_. Y&c..RUS 
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SUBROUTINE ZROUT2 FLOWCHART PART 1 OF 9 

Get"eoorol'S. oP. 

June/72 

rooring C\tGQ and 
addresses. o P x Qnd 
ycuto o.rrc.ys 

Copy Y c.ut-s t"o t-op 
or. eompanent-s 
arro.y (coM~N) 

Set STOPI iridioot"or 
1-o DZM ZCNT S:Or 
ct> vertical 

Set- dut"o increnienl­
reqish~rs 15 and 17 
1-o shlr r o ~ routes 
o.rroy 

bx by 
Geel- coord~. o~ end oP 
n>ute and){ QW\dy 
l~grhs oProc.>~(Xl/t'I, 
X2,Y2,'l>EL"Oli}(,'))ELT~'t') 

Sef- indiCQ~ Por 
ordinoiry or 
oppo~~ . type nwres 
1-o 95 

GcoTO '3 

ELXIT 
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SUBROUTINE ZROUT2 FLOWCHART PART 2 

GOTO II 

No 

&WAPUM • 

Order Xl and X'2. 
wif-h X2 )XI 

81(.JTTA:'f2-)'I 
ZKNT= -(A"'/-1) 
ZZIC.NTt= ¢ 
LINY• VI 

. L..INZ. = VI 

ZL• ')(I 
z.u = )(2 

GOTO 7 

No 

set-a1ko ir.crement' 
- . "~~lrJl~rs t.S and 

\ 7 to neJcr rnut"e 

No 

GioTO 11 00TO' 

GOTO I\ 

---------~ X2,Y Cb Hori%of\t"al · 4 
aY<AX g 

Cl> Vert-"icaJ 
AX<A'/ 

---------· X,YI C'*s 6:Gnne.d irt 
order 1,2,a,4,5. 

----""'£(x2,v2) 
-----e. 
----~ _____ , 
----i ,.._ ____ I 

-------1l ______ __...,. I 

-----l 
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SUBROUTINE ZROUT2 FLOWCHART 

• t\ 

I 

. I 

I 

June/72 

5PiNX 

.Set SPrflil)0""'¢ iF' 
I-IN"{ i~ lunif 
dif:!i?ere.-.f- llrom '12 
.Set SPlNbL = ¢ 
if UNY iS limit-. 
oli~l!itrent- flrom VI 
De Pao II- ,'Qfues are 
SPINbU =-1 1 
SPlN[)L= I 

SiiTSW')( 

Set awl~$ incA1c­
at-lrig whet-her 
Copper ca~ be 
s hllred Pl't>m &..IN'/ 
J-o YI or ye 

FlNDX'f 

Gte.1-· poin~r 1-o 
LIN"i in X cu~ 

GoTo9 

PA]!!, .J OF 2 
.I 

I 
I 
I 

I 
I 

. I 

I 

L ___ -

GioTo 10 

&OTO <O 

~ UNY anal 

LJNZ. f!c.f\ n~t 
Y line. 

~OTO CO 

- .., 
I 
I 
I 
t 

t 
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SUBROUTINE ZRO{JT;:! F'LOWCIIAHT PART l.1 OJI' 2 

GOTO 4-

GiOTo 4 

r 
: (GoTo I\ ) 
L __________ _ 

- - --1 

207. 

6oTo4 

L ______ _ 

Repeat- code above 

il"'I dotted line~ ~" Y 
cuts e.obsht"uhn9 
@ fur Ci]) 

GIOTO 8 

ee>Toe 

I 

__J 

(ZL,LU'N) 

l. 
(X1 1Y1) 

·June/72 

.(xz,Y2.) 
>< 

(>C'2,Va) 

r 



SUBROUTINE ZHOUT2 F'LOWCHART PART 5 OF 9 

Outaide ac-eQ rouVin9 

phae.e. st-art& here 

Yes 

Set ~ToP5 = (NoP 
SToP4 = (SPA. 

(f:!.1- scan, oi:>eo$iAa 
rype rou~) · 

Sef auro increme.nr 
regi&l"ec-s 16 and 17 
t-o start oil f?Ol.)h'tS 
o.M!Ay. Set rot.It-es 
poin~ l-o l .Set-COT2:¢ 

No 
~--___. Set CUTCNT =s' 

Yes 

G.OTO I~ 

No Update roof'e. point-er 
and AI.k'.1Sand 17 

No 

~OTO 14-

Set- SToP8"(SzA 
SToP4=(SMA 

Por 2nd 8Ml"I 
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SUBROUTINE ZROUT2 FLOWCHART PART. 6 OF' 9 

Set LINY-Yl 
LINZ= '1'2. 

~K.l.TTA. = '{2-'il 

ZKNT= -(.6.Y-I) 

No 

sw,..PuM l 
order 'XI and X2 

.Set LlN'I anal LlNZ: 

t"o mioli:>oint oP. 
'/I Olnot YZ. 

Se.J- l...tN'l / l-IN7- 1 

and eKITTA. P.or 
n~t line.. 

~OTO \6 

No 

No 

S"'-I:TT A. :::. I 
ZKNT =-(bELTA)' 

+ 2 D!a.TA~;-12) 

$~TSW'I. 
Ser swirche~ 1nd­
·1carln.g whethe'I"" 
coj:>per can be. 
shaNuil Pl'om 1-INY 
ro ·YI orY2 

Set- parameter"' 

fur Subrout"ine 

l-UP~PX 

~OTO \e 

<=.c>To 15 

No 

,-_ __.. 

GoTo 22 
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SUBROUTINE ZROUT2 

June/7~! 

FJNDX'f 

~e.t-poinl-er t"o ){ 
cul- at- coord 

LlNY 

set- ~rameters 

Por- .sobroul-ine 

Y LINSS 

7 0.F' 9 

~OTO \7 

(Re..t-urn~ with Q vi,..toal 
roul-e se9ment f-rom 

'ZI 1-o Z'2) 

NC> 
Replace z \ by 'i(M1N 

Set forwC1r-ol 
6CQn Por- YUN~ 
(xxx INC= 1) 

~PlNX 
Se..f- lndicarots 
SPIN DO etr\d SPJNbL 
Por X out- l unit" 
f?rom ~d 

GOTO 19 

210. 



t 

I 
I 

'/es 

I Ye:; 

I 

I SeJ- lim'1I- of! SCOln 

. I fl.or aobroul-ine 
YLIN~5 t"o X2-XI 

I 

I I 
I 

- - - ·- ......... - - - - ·-- -

Se.I- cvrre.nt V CAJ'r 
posit"ion t"o z I Po,­
Yl-INES . .se.t-' 
CUT~ ::. I 

Se.I- COT2:: ¢ 

No 

. 6et" limit- oP. scan 
ft>,. &ubroc.>t-ine. 
YLtNE& h> Z2-Xl 

SeJ- XXXlNC Pot" 
reAterse. ecan 
D&OL.T.a,.x, .. )<.l-('z.1+2) 

Se.I- c..,,,rre.nt- X 
po$i tion oF Yc.ul" t'bXI 

f?e~ bELTAXroX2-'X' 

I 

L-

GOTO ·2t GOTO '21· 

211. June/72 



SUBROUTINE ZROUT2 FLOWCHART PART 9 9.E.....2 

June/72 

Use..simi\ar coole ro 
H\at- h'\t:iotrecl lines 
above to route 
up1>e.r end 

YLINISS st-ores 
rout-e in Rolffi:~ 

array 

C.OTO 15 

R8.fteat- code •n 
olaahed-oloi-~d 
l inu cxbove with 
@subs~ih.1ted ~r@ 

GO\O 2.0 

I 

212. 



SUBROUTINE DXDY FLOWCHART 

? lJ. 

~eJ- c.oordinctt-et. 0 p. 
ends o ll roo \-e. O!n.d 
x Clnd y \engths of? 
route 

June/72 



SIJBHOUTINE SPINX J<'LOWCllAHT 

(x2 1'12.) 
>< 

l...lN'I_ 

No 'Yes 

SPlNDU =-I ~PINbU= ¢ 

No 

SPINOL.'"" \ SPINDL '= ¢ 

exi-r 

214. 



SUH~OUTINE SETSWX FLOWCHART 

· e.WIT2 = ~AbZO 

215. 

(X~,Y~) 
)( 

L.IN'( __,... ..--------­

! (x1, YI) 

i=JN D '){ "( 

Gte.t 1:>0°11'\hu- ro y 
eut c.ont-ain1n9 
pac! at- XI . 

FINbXY 
. <!let pointer ro 

Y c.ut- conh:i1ning 
t>ad ar v..a 

E.Xll 

No 

SWI.T \ :. ~KP 

No 

SWlT 2 =. SK.P 

June/72 



SUBROUTINE JOINZ FLOWCHART 

No 

.------~-· -----"!;. 
Ger length ofl 
prewlouc:. segment" 

Wt ND 
Set- .sh~rt-il'\g 
coorot. oP. 
se.g VT'le.t'll-

Get- llir\16hi113 

eoor-d oP sesmenr 

E.XIT 

Juno/72 

WINI:::> 

&et eh~rHn_q 
Co-of'd. o~ ne1't" 
segmen,. oP. X or 
y cur 

tncremenf­
poiY'lrer t-o 
~e.gment-

Ac 11: ¢ 

r-t I r-1 I r-i 

No 

t t 
l..lMZ. PADZ 

~et length ol! 
Ct.H'teY\t- segment- · 

WlN'b 
Get ~h:crJ-iY'lg 
C.oorol. eP 
segment-

E>Cl""f 

216. 



SURHOUTlNE LUPSPY li'LOWCHAHX __ PART l_QL.2_ 

217. 

)( 

(><2, Y2-) 
LIN'/.- ----------.1 

I 

%L 
)( 

zo 

....... ----'------. (>C1 1YI) 
WIN~ 

Gel" e.t"drhng 
eoor-d. oP.5e£1 
iri X c:.ut-s art"dy 

Geer ~ini$hiV'lg 
c.o-csrd. o~ X · 

c.utt>. ~ met'lr 

No 

GtoTO 2 

• 

Yes 

G:!OTO A-

'/es 

'le'b 

'Increment- ')( cut-6 
segtnenl- pointer. 

GoTol 

'/es 

G.toTo 7 

June/72 



SUBROUTINE LUPSPY FLOWCHART PART 2 OF 5 

Ve~ 

June/72 

lncremcnr x c.oi-s 
S e.g l'YI Utt- poi 11"1 t"e t"' 

Res.et X cu t-s 
se.g met'\ t- poi n t-ef' 

WINt:> 
Get sh:lrt-in_q 
Cool"d oP segmer.t" 
1·n X cot-& 

Se.I- z1-o anc4 z I-' I 

Ir.cremenr X-cor~ 
&egrnent- point-er 

'X c.ots. Segment" not" 
cJeQr froY1'\ ZL t'"o 7:0. 

(extT 1-o local-ion 
~ollO\l'/ing normc:.I 
re.J-vrn add re~!!. 

<::.010 I 

Stnr~oP 
Se.J!~ I onit-

LlN'/ J,__ ... _______ ...., 

~~r. [!) t fol~I 
'I I unit" P.rom 

'12 
ot-herwi 8e ZLO 

Set- here. 

'/es 

otherwis~ 
ZHI ae.t· 
here 

EXL1. 'I line lie$ 

c.omple.J-e.fy within 
><cut's ~menf-

218. 



SUBROUTINE LUPSPY FLOWCHART PART J OF ,.2, 

Increment- X cut-~ 
~e.qme.'\t- point-er 

'/es 

Get length o P 
c.ur,-enf- X cut-s 
~g,gm~n~ 

Ger Slul"t-ir;g coord. 
oP COf"'cenl- X cut-8 
Geqmerv\-

Get ~i"i'h'·"g 
coor-cJ. o~ ec.>rrent" 
X co~ · se_gW'len~ 

Get- Pini ~h,i\g 
coor-cl.. -1 or- -'2 if 
LIN'/ is I unit- ~rom 

Y2 (ZHI) 

G!OTO 5 

No 

exrr 

June/72 



SUBHOUTINB LUPSPY FLOWCHAHT PAHT 4 OF 5 

Juno/72 

Inc.-eme.n~ 'X cu~ 
segment- ~Inter 

WINl:> 
Gtets.hii-tln~ 
Coe.rd. of! seq. 
in x eurs arro'{ 

&~ \ength o~ 
ec>tren1- segment" 

<:toTo 3 

€JOTO 5 

(Pai luf'e.) 

220. 



SUBROUTJ.NE LUPSPY .F'LOWCH.AR~~ PART 5 OF 5 

221. 

Decremenr x c:ut-s 
segment- point-er 

No 

WlNb 
Get ·-.1-c:il't"in_g 
c..ord. oP 'IC cut-s 
Se9.ment-. 

A cJ d end. col'rGchons 
t-o ge.1- (z1-0Y 

~XlT 

GoTo 3 

(Failure) 

June/72 



Jun.'")/72 

Order PAt:.'/ anol 
LIN'{. U1=>1=>er value 
is sh:>red 1h zo . 
1-..oVJef" in ZL 

ANDXY 

Get addre~S oP 
X cut" ~t- pad 

Increment X cut­
eegmerir poin~r · 

€tel p01n~er ro 
po..d i Y\ x co rs 
o.r-ro.y 

eroTo '2. 

aOTO ~ 

GioTo 8 

Se.} ZCNT = ¢ 

aoTo4 

222. 



SUB~OIJTJNE YLINJ!:S J<'LOWCHARf PAHT 2 Oli' ,2 

x~xlNC ·,e. -+ve V.or 
$('C,a:S Prot'l'I le.fr h .. 
rlgn1-, -lie for SMnS 

Pre.w\ right" \-o \eP \-. 

Incrernerif- X c.ot";s 

3e:gmul- pointer 

Get x.c.o~s 
se.gme.¥\B \eng~ 
-2 

SI-ore l)ELTA.)£ 

in Z.CNT 

~OTO 3 

De.crert1~l- Xcol-s 
segment" ~oinret"' 

ee.t- Xc<.J~ se~. 

tet"t~l-h -e 

&bre x cut-s 

6e£\ment- letlgth 
-2 in :ZCNT 

WIND 
<:.et- ')(Cub. ~eg. 
sJnr~in_g co ·orcl . 

&eh:fista nt>~ 
l-o t>Qol -'2 

ZCMT ·,s llm.1t o9 Sc<in. 
Roc..ltin-e tries '/lines 
Qr x eo-orcls. ,00.h.ueel"\ 

XI and xe o(' enol oP 

xcot- throogh pad 
wh1e.heuer it:. s.horter. 

No 

June/72 



SUBROUTINE YLINES FLOWCHART PART .J OF 2 

Increment- ZCNT 

Se~ special 
count-ins 01hc:Ai~t"or 

to -.::ero 

Juno/72 

FJND-XY 

Get- t=>oinrer ro Y 
position ZX 

Set~' che~ PorLoPSPY 
t"o inolicG\te tt--At"ccp~r 
can be $hared 
SWITI "" S"-t:>ZL 
SWIT 2. : SAt:>Z.cJ 

Increment- $~al 
cou.-.tin~ inolioo~or 

CIOTO CO 

~ 
I · 'l'zx 

No 
Z'i?>PoT 

~er 

:zcNT = ZCNT -

I Z.SPoT- 'Z >'I 

No 

Se.J- Spec:A'c~ l 
countiVl~ 1no4 ieel~or 

-=2 

GtoTo 7 

224. 



SUBHOUTINE YLINES I1'LOWCHAl3_'J.'_J~.AE.1....!LQE.-2. 

SPINDU = -I 

No 

SPINDL... = I 

")")t: 
.• ·- :J. 

"/es 

SPIN[:)U : ¢ 

:!>PINOL = ~ 

'les 

C::.oTo 9 

No 

SPlNDL = l 

SP!NDO =-I 

Incremet\~ curref'\t 
Yo..h poSition by 
)(}()(!NC (= \ t?or 
POl'\l.)a rol ~can , - I Ptlf 
reverse )Decrement 
ZCNT b'{ I 

SeJ-- ROTIN D = ¢ 
(failure) 

EXIT 

June/72 

5 



. SUBHOUTJNE YLINES F'LOWCHART PART 5 OF 5 

Ser 
RoTJND = \ 

. XSCRoS YSCRoB 

Sfbre ro0~e 0

1 ll 

roo~es arra'( Qnol 

delere Prom 
xc&.Jt'S Qflol ycu~s 

CNTR.')(")(. 

Inc.reroenr number 

rou~ol. °"' olis~ay 

EXIT 

GOTO I 

No Sh>re ~i rst" 1-wo 
segmen I- oP rotl~e 

226. 



SUBROUTINE LUPSPX FLOWCHAHT PART l QL..2. 

WJND. 

Gel- sl-arh'l'\9 
eo-orol . .seg. 
in ')(cuts o.rroy 

Gel- F inishin! 
co-orolt~Q..\-e oP 
X c:.ul-.s 3e£jrnet\r 

.Inc re rY)eA'\ t- x c.tJ rs 
se_grne~ J;loirit-er 

~To '2. 

Yes Yes 

'/es 

'les 

GoTo 4 

GoTo~ 

Incrernet"\f Xcut-s 
se~me.f\~ poir"lt'er 

~OTO 4 

.June/72 



SUBROUTINE LUPSPX FLOWCHART PART 2 OF 5 

Incr'2.ment- x cvto 
segment" poin~r 

June/72 

Yes 

Reset- X cu l'-.'S 
s~mer\I- ~nrer 
1-o t>l't\l"t- oP cul-

.. 
WIN!) 

Qd- Grtal"'t"ingeo.o:di 
oP se9menr in 
"X:curs 

'/es 

SeJ ZI ro 1()1.a)er­
e.n~ of. .SE-9.menr 
an cl z -2 .f-o u p;:ier 
en·d 

Virh.1e1l roul-e ii'\ X 
cur.s is t'lat-av"'i I able 
f.or rouri 1'1,9 • EXIT 
1-o loCQHon G\Pk?r 
horma-.1 exi r .. 

GoTo l 

eXIT 

228. 



SVBHOUTJNI~ LUPSPX PAHT '3 .. _0F 5 

SI-ore poin~ r-. J-o 
c.urrenl-· x curo 
sesrnenf-

E..ef- Pinishin,g 
eo-orol oP cufrent 
X cot"~ segment" 

e>t-ore P.ini:.hing 
c:o-ord. oPcorrent­
X wrs segment" 
in :z 2 

WINO 
Get- ~tnrrm_g 
Co-ord. oF- next" 
x curs segment-

'/e.s 

No 

fncremenl- x cuts 
.segrnenl- poil'll-e,-

GOTO 5 

GoTo6 

&OTO 8 

Yes 

GOTO 5 

GoTo8 

Junc/72 



SlTllHOl ITJ.NE LU PSPX Ji' LO WC HA RL._E_AHT 1-l Q!:...2 

· Junn/72 

Se.I- curreri~ X cut's 
inc.rement- poinl-l?r 
f-o segment- bef'ore 
l'har s~oreol al-@ 

'!es Decrement" xcurs 

WtNO 

Giel- sh:\rf-ing 
co-ord. oP seg. 
c.nol st-ore in Z I 

GtoTo 3 

I:>ecrement- ')( c.ors 
segment- tx-inter 

WIND 
&er sh:~rhng 
co-oral oP )(Cot" 
segment- (z 1) 

~OTO II 

se.3ment- point-er 

EXIT 

_...,.... ... 

2JO. 



SUBROUTINE LUPSPX FLOWCHAH'f_____!:A~'f 5 .QLl.. 

2Jl. 

Incre.rne" l- X cu)-5 

Se..9.menl- poit"ll'-er 

WIND 
Gier Pini~hin,g 
co-or-d. 0F­
corret1 r ')( co r 
s mer\t"' 

Store in z 2 

~XIT 

~OTO O 

June/72 



SUBHOUTINE ZHOUT'~ STHU.CTUHI!~ 

ZROL>T3 

~ ~E:.TT I 

M XOYE.R 

t-+-1 MINIM 

: 

~ RE.ADI _,,, READ RT 

f-"- REA.D 2 _,. Re.A.CRT ,. 

~ 
WRLTS. WRITRT 

Junn/7;~ 



_s_u_B_R_O_U_T_I_N_E_Z_R_O_U_T_J_F_L_O_W_C_H .... A_R_l_' _P_A.._R_T _l_OF l-i. 

etGl-OP 

2JJ. 

Se.~ 1st- t"oUt-e 

point-er l-o 1 ond 
non· ole~rruci"i"cz 
tndioof-or Por 
~EAORT. Se.1-
QC'CjOmef\rS Per 
!ZEAORT and WRIT RT 

Se.t- number oP 
~Qilure~ t-o zero 

PTHOLe. 

MlNlMtSA.TION 

RE.AP l 

Re.aol a roo~e 

Set- 2 11d rout-e 
~in~r ro 
Polbwin_g roo~e 

GroTo 2. 

EXI.T 

GoTo RTlO'( 

June/72 



SUBROUTINE ZROUTJ FLOWCHART PART 2 OF 4 

June/72 

~TTI 

Set- indicaf-ots 
t-o mark any 
t-r'1viQI length 
5egrnenl-& oP 
route 

REAI:> 2 
. Read ~n<i 

rout-e 

XOVliii.R 

Mark any c;n,so;in.g 
~m~ts on 
roure I and 2 

Updal:-e. 2nol 
rout-e point-er 

Yes Upda~e I !... rout-a 
t=>ointe.r 

GOTO 

2J4. 



SUBROUTINE ZROUTJ FLOWCHART PART 3 OF lr 

RTlt>'{ 

C&-OP 

LOPC 

235. 

Set ole~ruc.h;,e 
read indicQf-or in 
RE/'\'bRT cal I~ 

RooTe TIDY 

~e.t- J:>oir'l~e r f-o 
connect-ions 

o.rro..y 

Gel- nomber ell 
c.onneo.1- ien~ and 
floir:ih;.r t" o I t.r 
Comp. 

&et po"ml-er ro 
2~ comp .. 

Re.A.t:> \ 
Re.ad rout-e 
d~h·ueti~y 

GoToE> 

!noreW\eN\t" poin.-er 
ro ne-,cr 
eonned- i or\ 

June/72 



SUBROUTINE ZROUTJ FLOWCHAHT PART It OF 4 

Juno/72 

MINIM 

Reduce pJQ~ed 

thro~h holes. 

WRITE 

Writ-e rout'e 

inro rouh;~ arr<!l'/ 

Di&play number 

of failure& 

~XIT 

'/es Incre.tnenr 
number oP. 
~iluree. 

No 
e.c>To 6 

No 
C.OTO 4 

236. 



SUBROUTINE SETTl FLOWCHART 

Se.I- indic.al-or- f-o l 

217. 

Ger sl-qrt-i~ co-orols 
o~ I st s~m~ \-
of roure. 

Se.I- loC)p c:.ounhir­
to -5 

Ger end co-orals 
o~ corre.+'\J­
segment-

Updal-e ~~arring 
co-ord~. oP 
cegmenl-: 

S.XIT 

June/72 



SUBROUTINE ZROUTJ FLOWCHART PART 1 OF J 

No 

Updat"e. ~t-art"1ng 
. Co-Q('d $ . 0 p roure 

2 segment-. 

June/72 

Ger C~Qrtir\g co-oruls 
o~ 2 "~ roote · 

Set- loo~ 
Counter- t-o - 6 

Giet- ef\OI co-orols. o~ 

curre-nt roul-e 
~rnel'I~ (Rou~e. 2) 

No 

G.e.t s~rl-in5 
co-Ot'd$. o~ l•I" 
ro'1t"e 

I 
( &OTO ) 
---___.... 

2J8. 



ST.JBHOllT I NE XOVEH l"LOWClli\HT PA UT '' l~J. 

:!)9. 

QeJ end co-oms oP 
1 s.t- rout-e segment-. 

&oTo4 

OS."'!D 

GoTo 5 

&oTo 2 

Updat-e 61-arl-i~g 
c.o-orol5 oP. I<!>':'" 

f'oul-e t!>ttgrnenr 

June/72 



Sli IHWFTI NE xov1•:H ft'LOWCllAHT PAHT _l_Ql:::.__:t 

Mark roul-e b'{ 

seH-ir\!l bit"" I of word 
CQnl-Qining cc>C'rent­
segme.nl-s in rou\-e~ 
arro.y, i~ th1~ bit- i.S 

ser it- means that- the 
se9me.rtt caMol- be 
Swoppeo( when min -

imising P. T. hole~. 

GOTO 2 

No 

No 

GoTo 2 

GOTO 2. 

240. 



SUBHOUTINI<~ MINIM FLOWCHART 

No 

SI-ore c..urre nl" 

side in MODE 

Updat-e poinrers 

~o next- segment-

'.! ·11 I • 

Se.t- (>ointer. ro 
"1JCF=>Qndeol rool"e 
onol l<:1op count-er 
ro -5 

l\lo 

No 

l?e:»ef- MODE to 
rha~ of! CtJff'e,n r 
sesme.<\r 

Swop sicle oP. seg. 
bet-ween l='irsr .seg. · 
thar can be S'wopi:ied 
ar\Cl n~f- Piiced 
&~roenl-. 

ExlT 

Junc/72 
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