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AUPLOT iI is a set of Fortran callable subioutines ~~ 

designed to facilitate computer plotting in scientific and 

simlation applications. It is izql-ntaticn - .  of logical and 

stepby-step data collection and plotting proced-ares which are 

largely independent of specific computer and plotting devices. 

AUPLOT I1 may be used in either interactive or batch envircnments. 

It features deferred plotting from a data and instruction queue 

which is temporarily stored on a secondary file. Use of the : 

secondary file minimi~es space requirements for coiuputer graphics 

in the AUPMYT user's program. 
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The generation of a graph is a two phase process- 
One first obtains data ,  then maps it i n t o  an image space,: 
AUPLOT, a set of Fortran c a l l a b l e  subroutines f o r  computer 
preparatfon of graphs, i s  designed i n  accordance with these  
two phases. It is intended t o  f a c i l i t a t e  the use of computer 
driven p l o t t e r s  i n  scient i f ic :  and simulation programing. 

Phase 1 of AUPUYT ~:ons i s t s  of subroutine calls to 
be compiled i n t o  a user's program. These calls are summarized 
i n  Table 1. They provide f o r  systematic co l l ec t ion  of data ,  
a.s it is generated, from up t o  256 program variables,  and 
they a l s o  provide a log ica l  and step-by-step p l o t t i n g  instruc- 
t i o n  set. The ins t ruc t ion  set provides independent @routine . 

c a l l s  f o r  t h e  separate  aspects of a plot ,  that is, the data 
t o  be p lo t ted  and such i t e m s  a s  title, scales, backgkoufi 
grid,  and legend, 11 desired,  only the data  need be specified 
For a p lo t ;  the progrm w i l l  w e  appropriate select ions,  
through defaul t  options, for any i t e m s  omitted from t h e  c a l l i n g  
program, 

Phase 4. normally transnits the col lec ted  da ta  t o  a 
secondary storage f i l e .  The. p lo t t ing  ins t ruc t ion  calls are ' 

'keyed and a l s o  placed on the fiie so t h a t  ac tua l  p lo t t ing  is 
deferred. This organizationai fea ture  of AUPIdX r e l i eves  the 
system user  of the need f o r  estimating and providing space 
required f o r  h i s  graphical data;  It a l so  re l i eves  him of the 
task of allowiag fqr t h e  space required by p lo t t ing  subroutines. 

Phase 2 of AUPUYT arranges the col lected da ta  i n t o  
appropriate p l o t t i n g  order and, through a number of bu i l t - in -  
subroutines keyed t o  the-Phase 1 ins t ruc t ions ,  maps'the data 
i n t o  3-D o r  conventional X-Y-graphs via t h e  on-line print- 
-or t e l ep r in te r  (80-column p r i n t e r  or te letypewri ter)  o r  an 
off - l ine  p lo t t ing  unit. For of f - l ine  p lo t t ing ,  Phase 2 i n  
t h e  current  version of AUPLOT drives  the  SC4G20 m i c r c f i h  
recorder through its extensive soft.ware l ibrary .  
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Figure I pictorially represents the -overall relation- 
ship between the Phase 1 and Phase 2 routines of AUPU)T, the 
secondary starage file, and the hardware devices. In normal 
operation the secondary storage file IOPLT contains a sequence 
of data tables, plot recpests, and legend information recorded 
in accordance-with Phase 1 subroutine calls within a user's 
program. Upon user's program exir from the:colnputer, a separate 
execution of AUPLOlPhase 2 processes the Foftran fileIQPLT - 

- into-on-line printer graphs and the file P w  containing in- 
struction codes to drive the SC4020- 

AUPLO!P is available in a the-sharing made.  this^ 
mode features bypassing ae secondary file by linking of Phase 1 
subroutine calls directly to their Phase 2 counterparts. The 
linking i, achieved automatically by selection of a special 
AUYLO'$ -subfoutine at--user program Isad the, In this smde 
&rrPIMT permits inreractive pser progranz operation. - - 

AUPLOT coritains-built-in provisions for interfacing 
additional plot routines, and can therefore be used with other 
plotting devices. - 1t' consists- of 25 Fortran and t h  machine 
language saroutines and ~ e n t l y  runs on the rTNfVAC 1108 
time-sharing'coaaputer (References 2 and 3). A W P m  as presently 
implemented is an extension oC dn earlier version described in 
References 4 and 5. 

AUPLOT DATA COLLECTION AND STORAGE 

Five subrout.ines are pravided in AUPUrr Phase 1 for 
the collection and storage of up to 256 user pmgraa variables 
(or more upon system recompilation). -For identification pur- 
poses, both within the AI3PX.T systsm and in the preparation of 
plctting instructions, each variable is assigned an iaentifier. 
Each identifier (i in the following CAU statements) takes the 
form of a non-zero integer or character. When used in character 
form, the identifier is placed along appropriate data axes of 
the plotted results, 

For data collection there are five subroutiues: 

CALL COLECT ti, a) 

CALI, COLIST (i, a, n) 

CLLU COLIMP (i, a) 

CALL YLTOUT 

CALL CUM)UT (i) 



One data word per subroutine call may be set aside by use of 
the s:ibxoutine COLECT. Entire arrays { a+ , j = 1, 2, . . . , n) 
may be set aside by use of COLIST. ~oth~subroutines build an 
internal t_able of data identifiers and indices, and they-ini- 
tiate-data movement firom the user's program area to A U P m .  stor- 
age. Table building-and data movement may be performed sepa- 
rately under controi of the subroutines COGIEfP and PLTOUT, 
respectiv~~y. Choice of collection technique is open to the 
AUPLOT user. The internal data arrangement for plotting is 
identical among all three techniquz's. 

In each collection subroutine the 'data represented by 
the argument a takes the form of axeal variable or a constant. 
In a COLECT statement a may be a co~tant, a variabl*, a suk- 
scripted variable, or any other oEe word Fortran expression. 
In a COLIST statement the argument a should be a one dimensional 
array or equivalent. In a COLIMP statement a should be a vari- 
able or a subscripted variable with a constant subscript, 

The subroutine CUlBirr performs M e  inverse of data 
collec.tion. CmtOUT is used to felease data after plotting has 
been accomplished. Data identifiers associated with such re- 
leased-data are then available for reuse in the program, If 
i is not zero in the subroutine CALL, CUU)UT will release tke 
identifier i; if i is zerq all identifiers'are released. 

There are eight subro~tines for the assignment of 
additional data attributes. These attributes, which incluae 
lower and upper plotting limits, backwound deasity and 
logarithmic scale, are generally substituted fox-default attri- 
butes whenever the identified data is processed by any of the 
plotting routines built into AUPLOT. The subroutines include: 

CALL PLTICS (i, TI,- Tu) 

CALL PLTICH (i) 

CALL PLTICA (i, j) 

CALL PLWINH (i) 

C-ALL PLWfNA (i, j) 

CALL PLTDEN ti, d) 

CALL PLTLOG (i, n) 



Lower and upper plotting bounds are normally taken as 
the data minimum and maximum values, r.aspectively. The limits 
may be~assigned explicitly by the PLTDZ subroutines. PLTICS 
specifies the use of T1 and Tu, PLTICH specifies that the cur- 
rent limits be held from plot to plot, even if additional col- 
lecting takes place, arid PLTICA specifies that the limits asso- 
ciated with j be assigned to i. The 1-hits may be assigned 
implicitly as a window w or a variation about the data midpoint 
by the PLWIN subroutines. The window w.is given directly, held, 
or assigned from-j by PLWIND, PLTICH, or PLWINA, respectively, 
The special limits attributes may be revoked by a call to PLTICS 
with TI = Tu = 0, 

  he assignment of the grid density j s  made through 
the su.routire PLTDEN. Normally the grid lines are drawn at 
about 10 lines per inch for a standard value of d = Id; thus, 
a call to PLTD-EN with d = 50 to 100 gives a corresponding- 
spacing of app'ro-tely 1/2 to 1 inch. A call w i t h  d = 0 
causes the grid to be omitted, A logarithmic scale is indicated 
by tho PLTLOG subroutine with n = 1. Data to be logarithmically 
scaled should be-positive with positive exponent range up to 

10l0. A &ill to PLTLOG with n = 0 rek$s the attribute to 
linear scaling. 

PtlASE 1 PLOTTING INSTRUCTION SET 

The AUPLOT system contains four built-in plotting 
subroutines for the on-line printer, four for the time-sharing 
teleprinter, and four -for the off-line SC4G20 microfilm re- 
corder. For the on-line printer and the time-sharing tele- 
printer, oae to four dependent variables can be plotted in 
rectangular form against one independent variable. The sub- 
routines-are designed for a 51 row dependent variable range 
and a 121 or 61 column indepe~dent variable range for the 
printer or telepr~nter, respectively. Calling sequences follow 
for the printer, with each argument a data identifier f ron a 
Phase 1 data collection subroutine. For the teleprinter read 
TTX, TTZX, etc,- 

CALL PTX (it, ia) 

CALL PTZX (it, i,, ib) 

CALL PT3X (it, i,, ib, ic) 

CALL PT4X (it, ia, ib, ic, id) 



The above subroutines plat the dependent variables ia, ib, 

and ic, etc., as functions of the independent variable it. 

An appropriate numerical scale will be placed in the lower 
margin for it and in the left margin for ia. No scale will 

- 
appear for ib, ic, and id. They may be allowed to range free 

over the 51 rows, or they may be scaled to- the plotting limits 
of i via calls to PLTICA. 

3 

For the SC4020,three rectangular'plot routines are 
provided,along wi-th one 3-dimensionaE perspective routine:' 

CALL QTX it, ia) 

CALL QTSXY :(2t, ia, 

CALL irr!&Y2 it, ia, ib, id) 

QTX refers to a rectangular graph on microfilm with horizontal 
axis it and vertical axis ia. The axes will be matked with 

the characters represented by i andi , respectively, and an 
t = a 

appropriate grid pattern an& scales will be automatically 
seleted. A QTSXY graph consists of a rectangular graph oz 
it versus ia on the lower-half of the output page and of i+ 

versus ib on-the upper half. It may be thoucjht of as two W X  

graphs, each reduced in height and fitted onto a single page. 
A QTSXYZ graph consists of three -type graphs on the same 
page. The plot it versss i appears on the lnrrr third, i a t 
versus it, on the midc?le third, and it versus ic on the upper 

third. 

A perspective projection of 3-dimensional data into 
a 2-dimensional plot is obtained by the Q3DPER subroutine. The 
data to be plotted may represent a curve or a surface in 3-0 
space. QJDPER will &raw a curve if ia, ib, and ic identify 

equal amounts of data. On the other hand, if the number of ic 

entries is a multiple of the number of ia and ib entries, 

then a surface will be drawn. Data collection for a surface 
is illustrated by the f~llowirrg Fortran statements. 



CALL COLIST ( la1 , A, M) 

CALL COLIST -('B1, B, N) 

M ) 1 0 1 = 1 , M  

DO 10 J = I, N 

Figures 3 through 10 representative facsimiles of the plots 
produced by the built-in subroutines.- 

The AUPLOT system contains several additional plot- 
ting instxkction subroutines.- These subroutines assist the 
user by providing for control of the plot legend and built-in- 
plotting options. A title ap?ears across- the-top sf each graph 
as a resuit'of the statement;: 

CAUPLTITL (t) 

where t is a string of up to 48 characters of the formnH.,. 
or equivalent. A title so requested continues in use on sub- 
sequent graphs until another call to PLTITL is- made. 

Normally the printer and teleprinter graphs give a 
sequence of points marked with an asterisk, while the microfilm 

- graphs show curves formed by connecting unmarked points with 
short line segments. Both can be switched to marking points 
with an arbitrary character i by use of the statement: 

CALL PLCHAR (i) 

where i is of the form 1Hi or equivalent. The effect of PLCHAR 
can be revoked by a call with i = 0. 

SC4020 plots are normally composed as frames, one 
£raw of photosensitive paper or film per pldt instritction. 
In the AUPLOT built-in routines the frame Is advanced before 
the plot is drawn. To inhibit the frame advance one may use 
the statement 

with i 5 2. %lo advance the frame for the next plot instruction 
anC! inhibit thereafter, a call to PLTSIM with i = 1 is re- 
quire;. To restore to normal advancing for each plot a call 
should be made with i = 0 .  The subroutine PLTSIM provides 
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for the construction of multiple curve plots on the SC4020. 
Its use is applicable to each of the built-in microfilm plot 
routines. 

;,lultiple Gurves may be identified or tagged as they 
are drawn by use of the 

CALL PLTAGS (i) 

statement where i represents a string of six charactexs. The- 
string i will be placed near the first and last points of each 
rectangular plot to follow. Its effect may be revoked by a 
call with i = 0. PLTAGS is not applicable to-3-D plots. 

The perspective projection technique employed by 
Q3DPER is illustrated in Figure 2.* No background grid is 
provided. Instead, the three reference axes are .drawn with 
data identiiiers attached. Tlie axes origin is normally placed 
at the data minimum value, i.e., min(X, Y, 2). Any other 
origin may be specified by use of the 

CALL Q3DORG (0, i) 

statemsnt where o is a point in (X, Y, 2) space; i = 1 indi- 
cates that reference axes are to be drawn through the origin, 
and i = -1 indicates that the axes are to be omitted. The 
effect of Q3DORG may be revoked by a call with i set to 0. 

The observer of an Q3DPER graph is normally posi- 
tioned at 100 times the data maximum value. Repositioning 
may be specified by the 

CALL Q3DEYE (e, i) 

statenlent where e is a point in (X, Y, 2) space; i = 1 indi- 
cates that the Q3DPER graph is to be drawn as seen from the 
observer's position e, while i = 0 indicates a reversion to 
nolmab e selection, 

Sometimes the 3-D effect of a curve on surface can 
be enhanced by shading, i.e., dropping perpendicular lines 
from the curve to a reference plane perpendicular to one of 
the data axes. To achieve this effect one m y  use the 

*This technique is based on a vector algebraic projection 
calculation from Reference 6. Additional aids to understanding 
and perhaps extending the 3-D feature may be found in References 7 
through 11. 



statement where q positions the pLane along the ith axis, 
i = 1, 2, 3. Figure 10 illustrates an Q3DPER graph with - 

shading by Q3DSHA. A call with i set to 0 revokes this effect. 

Once all plot requests are inserted, this fact is 
indicated through 3- call to the subroutine PLTEND. No argu- 
ments ars required. 

AUPLOT debugging aids include a niuaber of-diagnostic 
printouts, .which are explained in Table 5. Additional printout 
is available via the subroutine PLTDMP. P ~ D M P ,  which is 
called without arguments, t~bulates both Phase 1 and Phase 2 
storage areas as they appear at the point of call. Table 4 
is intended as'an aid to interpreting PLLTDMMP printouts. 
This table defines each AUPLOT symbol and shows those sub- 
routines in which the symbol is used or modified. 

ADDITIONAL PHASE 1 SUBROUTINES 

Some additional subrcwtines have been provided in 
Phase 1 for linking the AUPLOT user to the SC4020 frame advance 
and printing subroutines. The first-provides for a frame 
advance without plotting and is indicated by the statement 

CALL AUFRAM (3 ) 

Printed information may be placed at selected points 
on the plotting surface through a call to either AUPRIN or 
AURITE. AUPRIN is an interface with the SC4020 library routine 
APRNTV which uses the charatron tube to print "elrtrudedn charac- 
ters of fixed size. The margin information in Q3DPER graphs is 
printed by APRNTV. The calling sequence for AUPRIN is given by 

CALL AUPRIN (kx, ky, mx, my, m, c) 

where (kx, ky) is the starting point, center of first character, 
in the printed message. The pair (kx, ky) may be given as 
integers, 0 c kx, ky c 1024, in reference to SC4020 raster units 
or as floating point in referesce to units of the data being 
plotted. Use of AUPRIN with kx and ky in data units should 
follow calls for QTX or similar graphs. 

The pair (a, my) represents X and Y increments be- 
tween successive characters. Raster units are required. A 
message to be printed in the horizontal positive X direction 
may have (mx, my) = (8, 0). For the vertical direction one 
may use (0, 12). 

The integer m gives the number of characters to be 
printed, while c gives the Hollerith arraqv containing the 



characters .  AURITE i s  an i n t e r f a c e  with t h e  SC4020 l i b r a r y  
rou t ine  RITE2V, which uses the vector f ea tu re  of t h e  SC4020 
t o  draw charac te rs  of var ious  s i ze s .  It is c a l l e d  by t h e  
statement 

CALL AURITE (kx, ky, r, i, a, c) 

where r is a raster pos i t i on  a t  which-a carriage r e t u t n  i s  t o  
be simulated, 0 < r < 1024. On such a re tu_m,-pr in t ing  resumes 
on a new l i n e  under t he  f i r s t  character .  The argument i indi-  
cates t h e  d i r e c t i o ~  of p r i n t i n g  successive characters ;  0 
ind ica tes  t op  t o  bottom, 90 l e f t  t o  r i g h t ,  180 bottom t o  top,  
and 270 r i g h t  to  l e f t  (upside down). 

The o the r  arguments are a s  given i n  AUPRIN. The 
SC4020 l i b r a r y  provides f o r  changing t h e  s i z e  of.RITE2V charac- 
ters through t h e  l i b r a r y  rou t ine  CHSIZV. A l i n k  t o  CHSIZV i s  
proviCed by t h e  

CALL AURSIZ 

stakement where Cx and C are width and he igh t  keys, respec-- 
Y 

t i ve ly .  Normally each is assigned a value  of 3 for charac te rs  
of t h e  s i z e  given by the PLTITL s ta tement .  Other width and 
height  keys may be se lec ted  from t h e  ranges 1 through 15 and 
1 through 9 ,  respect ively .  AURSIZ a l s o  l i n k s  t h e  AUPLOT user 
to  the SC4020 l i b r a r y  rou t ine  RITSTV. This rou t ine  selects an 
alphabet  o r  t a b l e  of SC4020 charac te rs  and def ines  t h e  f i e l d  
wi thin  which t h e  charac te rs  are drawn. P ie ld  dimensions 
(Cx and C fo r  width and height,  respect ively)  are given i n  

Y 
SC4020 raster uni t s .  The in t ege r  kt, 1 - < kt - < 3, i s  used as 

an index f o r  s e l e c t i n g  one of t he  SC4020 t a b l e s  Tk3L1V, 
TABLZV, and TABL3V. 

AUPLOT - INTERNAL DATA COLLECTION AND STORACE PKEEDURES 

The  PLOT da ta  co l l ec t ion  piocess c o n s i s t s  of  , 

severa l  s t eps  taken t o  move da t a  f r o i ~  t h e  user's program area 
t o  a set of s to rage  blocks f o r  e f f i c i e n t  li*ing to  t h e  b u i l t -  
i n  p l o t t i n g  subroutines. Each s t e p  cen te rs  about one  ox more 
of t he  following tab les :  XPLMAP, PL'LpAT, ITAPE, IDLINK, and 
IDATA . 

f . .  purpose of t h e  t a b l e  IPLMAP, or  p l o t  map, is 
t o  provide v ~ e r a i l  con t ro l  of d a t a  movement wi thin  t h e  AUPLOT 
system. It has t h e  following. format f o r  each of k = 1, 2 ,  ..., 
up to 256 four  word entries: 



IPUUPl k Array s ize  from COLI=, 0 i f  the data 
identif ier  was taken from a (30LECT o r  
CoLI#P all- 

IP-2, I; 
bta identifier.  

IPLWllP 
3 ,k 

In terna l  index Zor- data from COLTST or 
COLIKP. 0 i f  data is f r o m  COLE¶!, 

- 

IP-4 ,k Collectioa code i den t i e ing  data source: 
COLECP, COLf!w* or CmLIm. 

~onstructioa of the plot ~ a p  ta~a pis= llpder OE the 
subroutines COLET, COLISP, COLIHP, and m. CUI#UT sets 
c p e  or all entries to 0 ,  vhile the other subroutines supply 
+w infornation indicated. 

The-prrpose of the plot  nap in-1 index i s - to  
permit -t of &ta for noa-zero plot mp entr ies  frop~ 
scattered p r o g r a ~  variables into a subscriptsd buffer, or 
table ITAPE, for eff ic ient  forvarding to  Phase 2. .rJommlly 
IT&PE is written as a data record on the secondary file, and 
has the L~lLowing for~lat ,  

ITAPE1 Size of carrent plot map plus 4 

th 
ITAPE4+k Currcnt data value corresponding to k- plot  

sap entry. Uhenever tbe subroutine COLISP is 
used, it may be necessary t o  indicate that a 
current data value has already-been supplied 
for this entry- A special f lap  of 1 is ased 
to indicate th is-  

ITAPb is forward& co Phase 2 by the sub-tine PL-. 
Hovement of data into ITAPE is in accordtnce with collection 
subroutine vsage, Whenever PLTOUT is cal. ~ 3 ,  either directly 
by the AUPUYT user, as  irr conjunctior w i t '  COLIXF, or from 
within various Phas* 1 subroutines, the current  value of each 
program variable ideitified by tOL3[E;iJ is rmoved into ITAPE, 
PL%IPF alsn mves Successive values of data identified by COLIST 
into ITAPE and thence to Phase 2, unt i l  the specifiei number of 



elements have be= collected. The subroutine COLEZT, on the  
other  hand, moves t h e  data  of its c a l l i n g  sequence i n t o  an 
i n t e d a t e  buffer  PLTDAT. The subroutine P L T O ~  then loads 
COLECT d a t a - i n t o  I.FAPE from t h i s  buffer. PLTDAT has t h e  
followinq format, where k = 1, 2, .,., up t o  256 a s  i n  t h e  p l o t  
map: 

PLTDATk Current dat-a value corresponding t o  each k- t h  
p l o t  map entry established by COLf#=T. A f l a g  
l a p p e a r s  i f  t he  current  value has already 
bc*n forwarded to Phase 2. 

B o t h  of the tables IPLMAP and ITAPE -are normally : - 
placed on t h e  intermediate f i l e  IOPLT, They a r e  keyed i n  the'  
same manner as Phase 1 ins t ruc t ion  records f o r  appropriate 

= processing by Phase 2'. 

I n  order t o  achieve f a s t  p lo t t ing  s p e e d s , . i t i s  neces- 
saxy Wt the-data from t h e  use r ' s  program be arranged i n t o  
separate blocks-of core storage. F i r t h e m r e ,  i n  order t h a t  
the user  have f l e x i b i l i t y  in requesting p lo ts ,  it is necessary 
that t3e p lo t t ing  varilbles be co-resident i n  storage. To 
achieve these object ives ,  Phase 2 reads the data  associated 
with each p lo t  map i d e n t i f i e r  i n t o  sub-blocks of the  IDATA table.  

I n i t i a l  layout of t h e  ?DATA t a b l e  is  i n  accordance 
w i t h  the  current  number of var iables  as givw-by the p l o t  map. 
Tvo var iables  are each assigned one h a l f  o f t h e  space i n  IDATA, 
Three variables  a r e  each assigned one t h i r d , ~ a n d  sa for th ,  
Blocks released as a r e s u l t  r user  program CULOUT requests 
are made avai lable  f o r  reass~gnment, e i t h e r  t o  lrew var iables  
or possibly t o  exis t ing  block extensions. 

Assignment of blocks i n  the DATA table is -der 
control of the Phase 2 slsbroutine APPLOT and is ref lec ted  in 
the  t a b l e  IDLINK, IDLINK contains-one 5 word ent ry  f o r  each 
non-zero data  i d e n t i f i e r  i n  the p l o t  map. It has the  following 
format. 

IDLIhX th 
I f k  

Star t ing  subscript  of k- block assignment 
i n  IDATA. 

IDLMK2, k I ~ p u t  data  count, including a t t r ibutes .  

IDLINKJ ,)( Block s ize .  

IDLMK4 , Block overflow counter, 

I D L I N K S  , Input data  count a t  next block overflow. 



Block overflow as indicated by 13LINK4,k is a 

result of high data collections. 3 diagnostic printout is 
issued to alert the system user. Space is then made available 
for continuing storaae by truncating the overflowing b;i=X. 
Every other value of the stored data is released. Thereafter, 

for n = 1, 2, 3, ... , overflows, respectively, each 2" value 
of the overflowing-variable is accepted from the -secondary file 
or directly from the user'% program. As a- result of .-this scheme 
-e AUPLOT system user is relieved of date1 countl~g chores, and 
is assured of getting at least good estimates of all requested 
plots. 

OPERATING SYSTEM INSTRUCTIONS - - .  

There are three modes of use of the AUPUYT system: 
time-sharing, deferred plotting via subroutine call-band 
deferred plotting via sepaicte Phase 2 %ate. node selection 
is made by control card instructions to the ccaputer executive 
system. The following cards give typical instructions for the 
UNXVAC 1100 EXFC VIII. 

(a) Time-sharing with AUPLOT file J8 for up to 8 plotting 
variables. 

e RUN 
- 

@ ASG , TM PLOTFILE, T ,PLOT .OFF'-L&NB PMXL!!CER FILE 

4 FOR, IS %A 

. . . user's program . . . 
@ MAP,IS B ,B 

fN A 

IN PLTNOW/AUPLO'l? 

LIE AUPLOTtJ8 

@ XQT B 

... user's input ... 
@ PIN 



(b) Deferred plotting via user's program call to the Phase 2 
control subroutine APPLOT, This mode m y  be used to 
"stack' a sequence of plot runs. It  may require addi- 
tional E(AP instructions to establish program overlays, 

@ FOR, SI A,A 

... user's program ... 

LIB AUP-+JCI 

@ XQT B 

... user's input ,., 
@ P I N  

(=) Deferred plotting via separate execution of the Phase 2 
absolute PHASEZ. This is  the normal mode of AUPUMI 
operation and is iilustrated with the l w g e  capacity 
f i l e  AUPUYT+J256 for up to  256 plotting variables; 

@ RUN 

@ ASG , T 31 ,F4 

.,, user's program ... 



IN PLATERJAUPLOT 

LIB AUPLOT* J2 56 

@ XGT B 

... user's input ... 

A U P W  is a set ofcomputer programs &sign&-to 
_ fac i l i ta te  the use of plotting devices fpr displaying-data from 

scient-Sac applications and sinmlation -programs. In its plot 
la ter  mode AUPLOT ov@rco~~es core storage constraints and m i h i -  
laizes input and output swapping of large program overlays. 
AUP- acbieves its objectives through a data Bandling featare 
and system of'plotting instruc4SCons designed to ,hiterface w i t h  
-various plotting device library routines, . Scales, titles, 

-background grid, and legend information are specified tbrfiugh 
simple subroutin€ calls or as determined by built-in aefault 
options. Types of graphs proviOed by built-in routines include 
up to 4 rectangular x-y curves on the on-line printer or t i m e -  
shares teleprinter, and recta~gular x-y, s p l i t  screen x-y, 
and 3-D perspective m e s ,  z 1 1 w i t 3  or wifhout overlays, on 
the SC4020 microfilm recorder (Reference 1). - 

AUPIL)!L' was in i t ia l ly  -1-ted as an output feature 
of a trajectory simulation prograin deweloped i n  collaboration 
wi th  D. H, Novak (Reference 13)- Suggestions of n u m ~ ~ u s  users 
at Bellcomm have helped guide its further d e v e l a p a t  for 
general appXications, A l l  these suggestions are kindly 
appreciated. 

Attachments 
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QI4AsE I 

(USER SUBROUTINE CALLS) 

AUOPEN 
AUCLOS 
AUPRl N 
AURITE 
AURSIZ 
AUFRAM 
AUFLAQ 
AULONG 
COLECT 
COLlMP 
COLlST 
CULOUT 
P~CHAR 
PLTAGS 
PLTDEM 
PLTDMP 
PLTEND 
PLTICA 
PLVICH ' 

PLTlCS 
PLTlTL 

PL'f LOG 
PLTOUT 
PLTREW 
PLWINA 
PLWlND 
PLWINH 
PTX 
PTZX 
PT3X 
W4X ' 

OTX 
OTSXY 
OTSXTZ 
03DPER 
QSDEYE 
Q3DORO 
Q3DSHA 
mx 
TT2X 
n 3 x  
TT4X 

PHASE !I 

AUPLOT PHASE 2 ELEUENTS 

PHASE Ill 

, (OFF LlNE PROCESSOR) 

AUPLOT FILE 
ON LlNE PRINTER 

APLINK PLOTIC 
APLONO PLOTQS 
APMAIN PLTBOU 
APPLOT PLTPMD 
APPR~N PLTRND 
APT1 TC PLTXYP 
PER 3 0 0  PLTXYQ 

TIME-SHARING TELEPRINTER 

APRNTV NXV 
BIGV NYV 
CAMRAV POlNTV 
CHSlZV dl TEZV 
DXDYV RITSTV 
EOFTV SETMIV 
F RAMEV SMALLV 
GRlOlV SMXYV 
HOLDIV T m L l V  
LlNEV TABLZL 
NOFRV TABtaV 

SC 4020 MICROFILM 

RECORDER 

FIOURE 1 GRAPH PREPARATION VIA AUPLOT 
1 ,  
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FIGURE 2 - PROJECTION GEOMETRY EMPLOYED IN THE Q3DPER PLOTTING 
ROUTIME- 
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FIGURE 5 - A Ti3X EXAMPLE. THIS EXAMPLE IS ALSO GIVEN WITH AN ADDITIONAL CURVE AS A 
PT4X GRAPH IN FIGURE 6 
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FIGURE 6 - A PT4X EXAMPLE 
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FiGURE 8 - A QTSXIS, EXAMPLE 



F!GURE S - A QTSXYZ EXAMPLE 



, FIGURE 10. A Q3DPER EXAMPLE. CONSTRUCTED BY CALL8 TO mDOVE, WDORO, 03D8HA, 
AND QSIDPER 



BELLCOMM. INC. 

TABLE I. 

User Proaram Calls to Sibroutines in AUPUX 

PLWIND (i, w! 

PLTICH (i) 

PLWINEI (i) 

PLTICA (if j) 

PLWIU~ (if j) 

PLTLOG (i, m) 

&serve storage as necessary for the 
identifier i. Insert the current 
value of a. 

Reserve storage as nezessary for M e  
identifier i. Iasert the current 
array values al, a*, ..., am. 
Reser~e storage fcr the identifier i. 

Hove to storage the c-arrent value of 
all variables whose space was reserved 
by CaLIYIP, 

Release storage reserved for the 
identifier i, If i = 0 ,  release all 
reserved storage. 

For the data identifier i, set lower 
and upper plotting limits Tl and Tuf 
respec t-ively . 
For the identifier i, set as plotting 
limits an int.?rval of length w abcut 
the data midpoint, 

Hold current data bounds of i as 
plotting limits. 

Eold distance between current data 
Sounds of i as plotting window. 

Assign to i the plotting limits of j. 

A s s i g n  to i t h e  plotting window of j. 

Assign to i the logarithmic plotticg 
attribute m, m = I. If m = 0 ,  the 
attribute is reset to linear, 



Table 1 (Contd.) 

PLTDEH (i , d) Assign to i the density attribute d. 
For d = lo., SO., loo,, the back- 
ground grid will. be spaced at 
approximately -1, - 5 ,  and 1.0 inches 
apart, respectively. For d = 0, 
no grid will be drawn, 

PTX (it, ix) plot t versus x on the online printer, 

TTX (it, ix) Plot t versus x on the time-sharing 
teleprinter, 

W X  (it, ix) Plot t versus x on the off-line 
plotter (SC4020). 

PT2X tit, iX, iy) Plat overlay of t versus x and t 
versus y on tjle online printer, 

Plot overlay of t versus x and t versus 
y on the teleprinter. 

QTSXY (it, ix, i ) 
Y 

Plot t versus x on the lower half and 
t versus y on the upper half frame of 
the off-line plotter. 

PT3X (it, i,, iy, i,) Plot overlay of t versus x, t versns 
y ,  and t versus z on the on-line 
printer, 

TT3X (it. ix, iy, iz) plot overlay 05 t versus x, t versus 
y, and t versus z on the teleprinter, 

aTSXYZ (it, ix, iy, iZ) Plot t versus x on the lower third, 
t versus y on the middle third, and 
t versus z on the upper third frame 
of the off-line plotter. 

i id) Plot overlay of t versus a, t versus PT4X (it, in, ib, =. 
b, t versus c, and t versus d on the 
on-line printer. 

TT4X (it, ia, ib, ic, id) Plot overlay of t versus a. t versus 
b, t versus c, and t versus d on the 
teleprinter. 



Table 1 (Contd. 1 

Q3DPER (ix, i iZ) 
Y' 

Plot  2-dimensional perspective pro- 
ject ion of t h e  3-dimensional da ta  
( ( x ,  y ,  2 ) )  v i a  the of f - l ine  p lo t t e r .  

Q3DEYE (e, m) 

PLTITL (t) 

PLTSIM (i) 

AUFLAG (i, f )  

AUFRAM (3) 

AUPRIN 

For Q3DPER p l o t s , s e t  the  observer's 
posi t ion a t  e = (ex, e eZ) ,  m =  1. 

Y' 
If  m = Q, l e t  p lo t t ing  subrirutine 
choose observer's posit ion.  

For Q3DPER p lo t s ,  s e t  the  reference 
axes o r ig in  a t  o = (ox, o oZ) m = 1. 

Y' 
I f  m = -1, omit t h e  axes. I f  m =  0, 
l e t  the  p lo t t ing  subroutine choose 
f o r  the  o r ig in  o = min (x, y,  E )  . - 

For Q3DPER p lo t s ,  draw shading l i n e s  
between the data  representation and 
the plane x = p, y = p, o r  z = p f o r  
rn = 1, 2,  o r  3, respectively. For 
m = 0 discontinue shading, 

I n i t i a t e  graph t i t l i n g  w i t h  t of up 
t o  48  characters.  

For i = 2,  i n h i b i t  of f - l ine  p l o t t e r  
frame advancc incorporated as first 
s t e p  of each p l o t  instruct ion.  For 
i = 1, inh ib i t  a f t e r  next plot .  The 
i - 1 option is bes t  su i ted  t o  con- 
s t ruc t ing  off- l ine p l o t t e r  overlays. 
For i = 0 ,  r e s to re  the  normal frame 
advance i n  each p lo t  instruct ion.  

Place f l a g  f i n  Phase 2 COMMON array,  
IEXTRA (i! , 

Advance one frame on the  of f - l ine  
p lo t t e r .  

(kx' ky8 mx, my, Using t h e  of f - l ine  p l o t t e r  character 
generator, place the s t r i n g  c of m 

m, C )  characters on the  current  p lo t  frame 
beginning a t  coordinates (kx, ky). 

For each character a f t e r  the f i k s t ,  
increment the  coordinates by (mx, m ). 

Y 



Table 1 (Contd. ) 

AUOPEN 

AUCLOS 

AURITE (kx, k mr, m, C)  
Y O  

AURSIZ (cX, c fX,  fy ,  kt) Y' 

PLTDMP 

PLTEND 

PLTEMP 

APPLQT 

Open t h e  of f - l ine  p l o t  f i l e .  

C l o s e  t h e  o f f - l i ne  p l o t  f i l e ,  

Using the  o f f - l i ne  p l o t t e r  
vec tor  capab i l i t y ,  plac9 t h e  
s t r i n g  c of m charac te rs  on t h e  
c a r r e n t  p l o t  frame beginning 
a t  coordinates (kx, kV) . Simu- 

late a typewxiter car;iage 
r e t u r n  a f t e r  passing each mr 

caster u n i t s ,  Orient  the 
s t r i n g  according t o  t h e  key moo 

For the subroutine AURITE, 
select charac te r  s i z e  (cX, c 1 ,  

Y 
charac te r  f i e l d  s i z e  (fx, 

f ~ )  
and charac te r  t a b l e  kt, 

l ( k t  - < 3. 

P r i n t  contents  of AUPLOT 
s torage  areas.  

Ind ica te  t o  t h e  Phase 2 pro- 
grams t h a t  p l o t t i n g  i s  
completed. 

Ind ica te  t o  t h e  Phase 2 pro- 
grams t h a t  p l o t t i n g  is  
temporari ly ha l ted .  

Perform t h e  AUPLOT Phase 2 
operat ion as a subrout ine  
c a l l  from t h e  u s e r ' s  program. 



T a b l e  2 

Instruction Hecord Formats for Phase 1 Subroutines 

PLMOUT 2 1 

PLTOUT NPLMAP+4 2 0 

PLTEND 2 1 4 0  

PLTEMP 2 1 4 2  

PLTDMP 3 1 4 4  'PLTPMD' 

PLTLOG (i, n) 6 1 5 5  'PLOTXC' 

PLTDEN (1, d) 6 156  'PLOTIC' 

PLWIND ( i ,  w) 6 16C 'PLOTIC' 

PLWINA C i, j j 6 162 'PLOTXC' 

PLWINH (i) 5 1 6 4  'PLOTIC' 

PLTICS (i, tl, tU) 7 1 7 0  'PLOTIC' 

PLTICA (i, j) G 1 7 2  'PLOTIC' 

PLTICH ( i )  5 1 7 4  'PLOTICt 

AULONG t i )  5 1 9 0  'APLONG' 

PLTSIM (i) 5 1 9 0  'APLONG' 

PLCHAR (i) 5 1 9 0  'APLONG' 

PLTAGS (i.1 5 1 9 0  'APLONG' 



Table 2 (continued) 

AUFLAG (i f )  

Q3DEYE (el n) 

Q3DSHA (p ,  n) 

Q3DORG (0, n) 

AUFRAM (i) 5 

AUPRIN (kxt kyt mxt 10 

m m, c )  
Y' . . 

AURITE (kXI ]G, Lr, lot 10 . , 
m, c) 

AURSIZ (cXtc fyt 
Y 

9 

kt-,) 

PTX (it, ix) 6 

TTX (it' ix) 6 

' APLONG ' 
' APPRJI ' 

' A F P 3 J 2 '  

' AE'PRJ3 ' 

' APOPEN ' 

' APCLOS ' 

' APTITL' 

' APFRAM' 

' APPRIN ' 

190 ' APRITE ' O kx 

190 'APRSIZ' O =x 

2 0 0  ' PLTXYP ' 0 it 

2 0 0  'PLTXYT' 0 it 



Table 2 (continued) 

QTX (itf ix) 

PT2X (it, ixf iy 1 

TTZX (it, ixf iy) 

QTSXY (it, ixf i ) 
Y 

Q3DPZR (i,, ibf ic) 

PT3X (itr iX, iy, iZ) 

TT3X (i ,i ,i ,iZ) 
t X Y  

QTSXYZ (it ,i ,i 

PT4X (it,ia. ib,icf id) 

TT4X (it,iafib,ic,id) 

'XYQ' 0 it 

' PLTXYP ' 0 it 

' PLTXYT ' 0 i.t 

' TSXYQ' 
I) it 

' APPROJ' 0 ia 

PLTXYP 0 it 

' PLTXYT ' 0 it 

'TSXYZQ' 
0 it 

'PLTXYP' O it 
'PLTXYT' 0 it 



T a b l e  3 

D e f i n i t i o n s  of AUPLOT COMMON Symbols 

S y m b o l  D e f i n i t i o n  P r o g r a m  A p p e a r a n c e s  - 
CAXIS O r i e ~ t a t i o n  vector for  PER3DQ 

determining "up" d i r e c t i o n  
i n  perspective plots  

DATA P h a s e  2 data storage table  APPLOT, COMMON PER3Da 
PLOTIC, PLTBCU, PLTPMD, 
PLTXYP , PLTXYQ 

EYE P o s i t i o n  of observer i n  PER3DQ, Q3DPER 
perspective p lo t s  

ICHAR S e t  of 3 characters fo r  gr id  PLTXYP, CO,XON, PLTPMI) 
l i n e s ,  background, and p o i n t  
plots .  res~ec t ive ly ,  i n  
p r i n t e r  p l o t s  

lCOMPO C o n t r o l  f l a g  fo r  composing PLOTQS, PLTXYQ, COMMON, 
QTSXY and QTSXYZ p l o t s  PLTPMD 

IDATA Integer e q u i v a l e ~ t  of table APPLr,p, PER3DQ, PLOTIC 
DATA PLTXYP, PLTXYQ, COMMON 

IDELTA T a b l e  of pcssible  block APPLOS' , COMMON 
a s s i g n m e n t s  i n  T a b l e  DATA 

IDLXNK T a b l e  of ac tua l  block APPLOT, PER3DQ, PLOTIC 
ass ignments  and data  ind ices  PLTBOU, PLTPMD, COMMON 
for  tab le  DATA 

IEXTRA T a b l e  of vacant storage AULONG, COMMON, APLONG 
locations for  use  i n  PLTPMD 
s y s t e m  P"+'- -A b c ~ i ~  iOnS ' 

IOPLT F o r t r a n  va lue  of the i n t e r -  APPLOT, AULONG, AUPINS, 
mediate f i l e  f o r  P h a s e  1 t o  COMMON, PLATER, PLMOUT 
P h a s e  2 t r a n s i t i o n  PLOTIC, PLTEMP, PLTPMD 

IPCHAR D a t a  p o i n t  p l o t t i n g  character APLONG, AULONG, COMMON 
PER3DQf PLTXYP, PLTXYQ 



Table 3 (Cont inued)  

Symbol D e f i ~ i t i o n  Program Appehrances 

IPLCOL D a t a  collection code COLECT, COMMOtf, PLTDMP 

IPLDAT D a t a  collection buffer tOHPQOZ4, PZTOirr 
{ i n t e g e r  form) 

IPLMAP P l o t  reap ADPLOT, COLECT, C3MW?N 
PER3DQ, PLMOUT, P m I C ,  
PLTDHP, PLTOUT, PLTPMD, 
PLTXYQ, P L Y 2  

TPLONG C o n t r o l  f l a g  for cc-psirg APwZG, AULQNG, CB#CION, 
l ~ n g  p l c t s  PLTPWD 

IPLTAG Six c h a r a c t e r  tag for AP-G, AWLf3NG; COX?SUN, 
identifying s u c c e s s i v e  PLTPXD, PLTXTQ 
~ w v e s  of ZZI overlay 

TSUPIH C ~ ~ t r o l  f l a g  far composing APLQNG, APPUYT, AVLONS, 
overiay~ COWON, PER3DO, PLTWJ,, 

PLTXYQ, PLQTGS 
- 

Table of block s t a r t i n g  AP?LOT, C o r n ,  PP.%~%- 
posnts i n  t h e  table DATA PLTPEE, PL?!,WP, PL1XYQ, _ 
for  variables to be piotted PLOXS 

S t o r a g e  table for interme- APLONG, WPrX)T, APPRIN 
d i a i c  f i 'ce rec~rds  ( in teger  APTITL, AUmEG ,. AUPIN?, 
f o m ?  AUP-SIN, WMNON,  PER^^ 

PLATER, -PLI!UT, PLOTIC , 
PLTDMP, PLTICS, ELTI%, 
PS%C-UT, 2 ,  Q3DPE#, 
PLOTQS 

Table of 48  characters  to  bFPXi22", .sPI'I'GL, CGWON, 
appear as a t i t le  fcr each PER%,!, PLTITL, PLTPFiP, 
built .-in p l o t  PSTXYF, PLTXYQ, 

Table 3f ozot map entries for AFPLm, APPRIN, c<~w%?N, 
var iab les  to  be p l o t t e d  PLTPMD 

Table of o v e r f l o w  c ~ m t e r s  APPIDl?, COMMON,- P E R ~ D Q ,  
for variables t o  be p l o t t e d  PLTPHD 

T a b l e  .-f subscripi- step s i z e s  A P V T - T .  CC,UZ?~$,  I E Z 3 X ,  
f o r  v a r i a b l e s  to be slotted PLTr.FE, PLTAW, PLTXYQ, 

3XTQS 

'Logical i nd i ca t i on  that  the APpXT-,.. AFTIZIX, C9MMON, 
S040i0 PXT f i le i s  open PL?PMD - 
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Table 3 (Continaeci) 

LOGOUT 

Defini t ion Program Appearances 

Logical ind ica t ion  t h a t  the QLEC?, COMMON, PLMOUT, 
p l o t  map has overflowed PLTPMD 

Logical ind ica t ion  t h a t  a  APPLOT, PSPRIN, COMMON, 
subroutine walkback has been PER3DQ, APMAIB, PLOTIC, 
i n i t i a t e d  PLTDMP, PLTNOW, PLTXYQ, 

PUrrQS 

Logical i nd i ca t ion  of a p l o t  E m ,  .20K+!ON, PLHOW 
nzp clange and that i t  shculi! PLTDMP, PLTOUT 
be forwarded to Phase 2 p r i o r  
t o  the  next  co l l ec t ion  bu f f e r  

Logical i nd i ca t ion  that the APPL@T, C O m N ,  PLMOUT, 
AtWUIT m o d e  is time-sharing PLTDMP, PLTNCW 

#axi.-;lum s i z e  of the table APPLOT, COMMON 
DATA 

Waxin~m s i z e  of the table APPLOT, COMMON 
IDELTA, t he  number of 
assignable blocks i n  DATA 

F5aximlun nulcber of components APPLOT, COMMON, PLTPKE 
of each en t ry  ic the table 
IDLiYK 

Maximum n-amber of va r i ab l e s  APPLOT, COMEON, PLTXYP 
t o  be plo t ted  i n  a s ing le  
p l o t  subroutine c a l l  

X?ximum number of data APPLOT, COLECT, COMMON, 
i d e n t i f i e r s  which may PLMOUT 
appear i n  the p l ~ t  map 

Maximum number of data APPLOT, COMhvN, PER3DQ. 
a t t r i b u t e s  allowed i n  each PLTFOU, PLTPMD, PLTXYP, 
block of t h e  table IDATA PLTXYQ 

Maxilnum word count of the APPLOT, APTITL, COMMON, 
t a b l e  ITITLE. PLTDMP, PLTITL, PLTPMD 



Table 3 (Continued) 

Symbol D e f i n i t i o n  Program Appearances  

NDELTA Index to s m a l l e s t  b l o c k  of APPL@T, COMHOh', PLTPKD 
the table IDELTA currently 
i n  use 

NOSIER Overlay i n d i c a t o r  for the C O N ,  PLTP-XI, PLTXYQ 
SC4020 program G R I D N  PwTQs 

NPLPAY Number of vzriables being APPU)T, COMMON, PLTXYP 
p l o t t e d  by PLTXYP 

hTLHAP W&er of data identifiers fiPPWT, COMMOB, 
i n  current p l o t  map PQ4OUT, PLOTIC, Pr,TDHP; 

PIdlOUT, PLrnMD - 

NPTS Nunrbc?r of pai -?ts  i n  curent  APPLQT, COIWON, PLTPHi), 
p l o t  PLTXIIP, PLTXYQ, PLO!l?(Is 

NTAPE Word count cf irztermediate APPWT. APP-, COxMON, 
file record PLATER, PLTDII?, PLTPMO 

PLTDAT Dara co l l ec t ion  buffer COLECT, C C I m - ,  PLTDMP, 
(real form) PLTOCT 

TAPE Intermediate f i le  r e c o r e  APPIXrrr, COMMON, PER3DQ, 
( r e a l  fcm) PafOUT, PI#PIC, PLT-, 

PLTICS, PLTOUT, Q3DPER 



Table 4 

AUPIMT References to SC4020 Library Subroutines 

Subroutine - 
APRNTV 

Purpose Program Appsarances 

Print with t h e  SC402O 
CHARACTRON f e a t u r e  

APPRIN, AUPRIN 
PER3DQ, PLTXYQ 

Set cathode ray p i c t u r e  
area to b i g  s i z e  

Se l ec t  c&xa and 
i n i e a l i z e  SC4020 out- 
put  

APFRIN 

CHSIZV S e t  s i z e  of vec tor  
drawn charac te rs  

AP3FtIE3 ,  AUPRIN 

Calculate-  GRIDIV 
parameters 

PER3DQ, PLTXYQ 

C l o s e  SC4020 ou tpu t  APPRIN 

PER3DQ, PLTXYQ Determine d a t a  u n i t s  
t o  raster u n i t s  s c a l i n g  
a d  draw background 
g r i d  

Advznce camera film 

Hold p l o t t i n g  margins 

Draw l i n e  segment be- 
tween two poinys 

NOFW 

NXV 

Give SC4020 frame count 

Convert a number i n  X 
d i r e c t i o n  to raster 
U F . ~  t 

APPF.INt PEEULQt 
PLTXYQ - 

Convert a r ider  i n  Y 
d i r e c t i o n  to  r a ~ t e r  
u n i t  

APFRIN , PER3DQ, 
PLTXYQ 



Table 4 Kontd. ) 

P l o t  data poknt 

Write with vector 
drawn characters 

Select RITEZV charac- 
ter table 

Set plotting area 
-gins 

S e t  camera f i e l d  of 
view to sm11 
(standard) s i z e  

Set logarithmic 
scaling indicators 

RITEZV character 
tables, i = 1, 2, 3. 
TABLSV is standard 

PLTXYQ 

APPRIN, AUPRIN 
PER3DQ, PLTXYQ 

APPRIN, AUPRIN 

PER3L)Q, PLTXYQ 



AUPLOT Errors and Diagnostic Printouts 

Table 5 

COLECT ** * IDENTIFIER OVERFLOW 

This message indicates an overfl~w of the plot map 
data identiiier list, which allows 64 entries in the sta-~dard 
system. A dump is initiated to show the plot map contents. 
User remedies include switching to larger capacity AUPmT 
file dnd use of the CULOUT feature to discard identifiers 
no lcnger needed. 

FPPLOT *** CALLS TO BUILT-IN PLOT SUBROUTINES 

This message is iriitiated in Phase 2 in response 
to a Phase 1 PLTEMP or PLTB;fr in: Sruction. It uives number 
of calls which have been made to r-ke bui-It-in subroutines. 

APPLOT *** DATA OVERFLOW m i 

This message indicates Inability to assign Phase 2 
storage to the data identifier i. User remedies include switch- 
ing to a larger ciipacity PUPLO"! file and use of the CULOUT 
feature to release storage for idqntifiers no longer needed. 

APPLOT *** DATA TRUNCATION IN i 

This message ~ndicates overflow of the Fhase 2 
storage block assigned "-o i. Data truncation is initiated 
to enable coatinued processinu and plotting, Data truncation 

results ic plot preparaticn fron each 2" value of the original 
data associated with if where n is the number of Phase 2 over- 
flows in i. The user may request itltl5mediate plots contain- 
ing i, or he may use the PLTDVP feature LO determine whether 
any ill effects are introduze3. 

s *** NO AUPLOT ELEMENT 

A Phase 1 instruction subroutine has initiated a 
Phase 2 call to an undefined subroutine s. Check ITAPE3 in 

each user coded instrection subroutine; make sure this name 
is edited into table ICALL of APLINK. Otherwise set ITAPE3 

to one of the unused ICALL entries, APPLT1, APPLTZ, . . ,, 



Table 5 (Contd. ) 

APPLT6, PLOTU , 

APPLOT *** NO COLLECTIONS FOR i 

A p l o t  r eques t  cannot be honored i n  Phase 2 due 
t o  i n a b i l i t y  t o - f i n d  t h e  d a t a  i d e n t i f i e r  i n  the p l ~ t  map. 
Check p l o t t i n g  i n s t r u c t i o n s  f o r  misspe l l ed  d a t a  i d e n t i f i e r s .  
Check a l s o  f o r  APPLO!C d a t a  overf low message. 

APRITE *** RITEZV ERROR ON c 

An o f f - s c a l e  cond i t ion  or ~ther RITE2V error has  
occurred i n  Phase 2 whj-le p r i n t i n g  t h e  c h a r a c t e r  s t r i n g  c. 
The s u b r ~ u t i n e  AURITE may use  f l a a t i n g  p o i n t  coord ina tes  only  
after a p l o t t i n g  i n s t r u c t i o n  c a l l .  Coordinates  i n d i c a t e  t h e  
f i rs t  c h a r a c t e r  midpoint. Placement o f  t h e  midpoint such 
that +he c h a r a c t e r  over~flows the p l o t  margin causes  a RITE2V 
error. 

AFRSIZ *** TABLE INDEX OUT OF RANGE 

This  message is i n i t i a t e d  whenever o t h e r  than  
SC4020 v e c t o r  c h a r a c t e r  tables TABLlV, TABLZV, or TABL3V 
a r e  s e l e c t e d .  I n d i c e s  1, 2,  or 3 are v a l i d ,  

APCLOS *** SC4020 FRAME COUNT i k 

T 3 i s  message is i n i t i a t e d  by t h e  Phase 1 i n s t r u c -  
t i o n s  ATJt-,OS and PLTEND t o  show t h e  SC4020 frame count  as 
maintai  .. -d by t h e  SC4020 subrou t ine  NOFRV, 

APPRGT *** IMPOSSIBLF GRID 

This  message i n d i c a t e s  an  SC4020 subrou t ine  G R I D l V  
error r e t u r n  i n  the 3-dimensional p l o t t i n g  subrout ine .  A 
Phase 2 dump may be i n i t i a t e d  to  show d a t a  a t t r i b u t e s .  Check 
p l o t t i n g  limits f o r  each 3-D v a r i a b l e .  

PMTIC *** ATTRIBUTE ASSIGNED FROM DATA NOT COLLECTED 

The second argument of a PLTICh D r  a PLWINA i n s t r u c -  
t i o n  is missing from t h e  p l o t  map, Dati: a t t r i b u t e s  may be 
assLgned oqly a f t e r  c o l l e c t i o n  o f  t h e  d a t a  has  been i n i t i a t e d .  



T a b l e  5 (Contd. ) 

PLOTZC *** ATTRIBUTE ASSIGNFC Tc! D?iTA NOT COLLECTED 

The first argument of oce of the data attribute 
subroutines is missing from the plct map. Data attributes 
may be assigned only after collecJ~ion of the data has been 
initiated. 

PLTXYQ *** IMPOSSIRLB G R I D  

This message indicates an S C 4 0 2 3  subroutine GRIDlV 
error return in the basic rectangular plotting subroutine. 
a. Fi~ase 2 dump may be initiated to show data attributes. 
Check plotting limits for variables being plotted. 



T a b l e  6 

AUYLCT Program S t o r a g e  Requirements 

Element 1108 S t o r a g e  Word Requirements 

Code - Data - CPLT - CAUP - CVAR T o t a l  -- 
COMMON8* 61 8357 1 

AULONG 77 19 J 

AUPRIN 137 3 0 4 

COZECT 218 2 4 J 

INDRSS 4 

PLTDMP 123 73 4 

YLT iTL 34 1 3  1 

PLTOUT 90 16 4 

PLATER 25 10 4 

T o t a l s * *  

P h a s e  l8 1305 253 ' 61 

P h a s e  ls4 1305 253 421 

Phase 1256 1305 253 1549 



Table 6 (Contd.) 

APMAIN 14 6 J 

APPLOT 581 119 4 

APLISK 15 53 

A?=IONG 39 6 4 

APPRIN 213 3 5 4 

ABTITI, 43 14 4 

PLTPMD 142 178 J 

PLTRND 176 11 

PLTXYP 318 201 4 

PLTXYQ 484 5 1 

Totals** 

Phase 2* 3428 891 6 1  8357 

Phase 264 3428 891 421 25625 

Phase 2256  3428 891 1543 36189 

*The s u b s c r i p t s  8,  64, and 256 refer to  AUPLOT f i l e s  58,  
564 ,  and J256, respec t ive ly .  

**For s e p a r a t e  execut ion  sf  Phase 2. When Phase 2 is  ac?.i-  
vated  through u s e r ' s  program subrou t ine  cal l  o r  i s  merged with 
Phase 1 f o r  i n t e r a c t i v e  o p e r a t i o n ,  t h e  s t o r a g e  requirement 
becomes approximately Phase 1 and Phase 2 t o t a l s  combined. 


