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1. XNTRODUCXION 

This memo b r i e f l y  d iscusses ,  p r io r  t o  and unbiased by t h i r d  par ty  
consu l t an t s ,  t h e  f a c t o r s  responsible  for the  delay of rout ine  c l i n i c a l  
use of PIPLAN, and considerat ions for t he  fu ture .  
t h a t  t h i r d  p a r t y  consul tan ts  will have some construct ive suggestions. 
Although we have received many support ive offers of increased s t a f f  and 
a CRTC computer, t h e s e  b a s i c a l l y  would not have helped. I n  f a c t ,  the  
de l ay ing  problems were l a rge ly  beyond e i t h e r  your o r  our control .  

It is s incere ly  hoped 

Given t h e  pa tu re  of pion s c a t t e r i n g  and capture ,  and the  character is-  
t i c s  of our b e e  channel, d i r e c t  3-D dose accumulation i n  3-D heterogenous 
volumes i s  a fundamental requirement for t h i s  p ro j ec t .  
t rea tment  planning has  ever attempted.this. High LET p ro jec t s  with small  
parallel  beams of heavy p a r t i c l e s  with neg l ig ib l e  s c a t t e r i n g  a r e  able 
to use simple dose modules t h a t  a r e  e a s i l y  implemented. In  some ways 
their  problems are easier t o  solve than those of conventional rad ia t ion .  

Dose c a l c u l a t i o n s  which combine accura te  physics with de t a i l ed  
anatomy have always been our main object ive.  
o b j e c t i v e s  have been achieved in response t o  c l i n i c a l  requirements. 
of our  c u r r e n t  c a p a b i l i t i e s  with CT da ta  and the  use of CT da ta  i n  PIPLAN 
are examples. 
be explored In t h e  fu ture .  

No other c l i n i c a l  

However, new and intermediate 
A l l  

Other intermediate  goals  could have been achieved and should 

11. PAST PROBLEMS, ASSOCIATED DELAYS 

A. CCP System Changeover 

The conversion of PIPLAN from CROS t o  LTSS was accomplished i n  
response t o  the changing computer operat ing system at t be  Central  Computing 
Fac i l i ty  (CCF). 
only through t h e  i n t e r f a c e  SLOPE-2 where a number of system l e v e l  problems 
occurred and caused delays. 
were  r e spons ib l e  for a t o t a l  of 6-8-1/2 weeks delay. 

The standard Fortran computer FTN, on LTSS could be accessed 

Problems occurred over a period of time, and 
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They Included: 

Replacement of a l i b r a r y  rout ine  by CCF i n  the l i b r a r y  FTN4ATI-I 
magnified the  t o t a l  ca l cu la t iona l  time with CT data  enormously. 
P e r s i s t e n t  de t ec t ive  work over a period of 1 112 weeks was 
requi red  t o  i d e n t i f y  the  subrout ine responsible  f o r  the l a rge  
time f a c t o r .  

A l i b r a r y  subrout ine doing a quick t r a n s f e r  of data  from 
large-core t o  small-core-memory had an e r r o r  and caused the 
program t o  abor t .  
l i s t i n g s ,  maps and output were required to  iden t i fy  the  problem. 
This effort absorbed apptoximately one week. 

During t h e  ccnverston process,  extensive use was made of 
"CGFTN", a debugging t o o l .  However, i t  was found tha t  a "bug" 
e x i s t e d  i n  t h i s  CCF package. Our cooperation with the appro- 
p r i a t e  C-Division consul tan ts  r e su l t ed  i n  a "fix" b u t  a delay for 
PIPLAN. The error-handling package on SLOPE-2 was incomplete 
a t  ,the time of the  conversion, and as a r e s u l t ,  a means of 
f i l t e r i n g  out  arguments out  of range f o r  rout ine  functions.  
such as exp (x) , had t o  be developed. These problems caused 
at  least a week's delay. 

Completely documented runs with appropriate  

A change t o  the  l i b r a r y  subroutine EFSC(x), which ca l cu la t e s  
the e r r o r  funct ion values .  brought about a subroutine c a l l  
t o  i t s e l f ,  r e su l t i ng  i n  an i n f i n i t e  loop condi t ion.  Numerous 
runs and debugging e f f o r t s  f i n a l l y  loca l ize6  aid ident i f  i s d  
the problem. 

The software t o  handle overlays on SLOPE-2 was imperfect and 
t h e  "Recall" parameter w a s  un re l i ab le  i n i t i a l l y .  T h i s  in- 
adequacy. i n  turn ,  propagated e r r o r s  through the  code t h a t  
even tua l ly  absorbed 2 weeks. 

During the pas t  6 months, t h e  system l i b r a r i e s  have been expanded 
t w i c e ,  decreasing the  amount of space for the  user. Thus ,  
P I P W J ' s  bas i c  overlay s t r u c t u r e  has  had t o  undergo m o d i f  i ca t ion  
BO that it w i l l  f i t  i n t o  the  a l l o t t e d  user  core  (2-2 1/2 weeks). 

The delay was about 1 week. 

I n  add i t ion ,  t he  remote por t  a t  Biomed has suffered from line 
t ransmiss ion  qua l i t y  and, as a r e s u l t ,  has produced a s igni f -  
icant amount of "down-time" i n  terms of access ib i l i t y .  This 
I s  being a c t i v e l y  pursued by the  appropr ia te  personnel i n  
C- and E-Divisions. 
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The Biomcd computer 8-30 presented problems during t h i s  period. 
f ts  f r equen t  c ra shes ,  r e s u l t i n g  i n  l o s t  work, and r e s u l t i n g  "down-times'' 
to e f f e c t  quas i - repa i rs  were a11 f r u s t r a t i n g  and counter-productive. 
The de lay  caused by CCF problems, however, was i n  f a c t  t h e  deciding 
f a c t o r  in determining which c a p a b i l i t i e s  came on l i n e .  Thus, delays 
caused by t h e  Biomed computer have not  contr ibuted t o  the  overa l l  delay. 
Since t h e  two-week shutdown i n  January t o  solve t h e  Biomed computer 
problems, this computer has been q u i t e  r e l i a b l e .  

Fixes and upgrades t o  the  CT programs, CTBILD, CTVIEW, and CTEXAPI, 
have absorbed a d d i t i o n a l  time. 
In  o rde r  t o  be a b l e  to design bolus for p a t i e n t s  as e f f i c i e n t l y  and 
a c c u r a t e l y  as poss ib l e  wi th in  t h e  l i m i t s  of t h e  model. 

These upgrades were deemed necessary 

C. Programming 

As soon as a c e r t a i n  minimum capab i l i t y  of running with CT da ta  
a t  t h e  CCF was obtained,  a test  case f i l e  was set-up and numttous test 
r u n s  for s i n g l e  p o r t s  were made. 
ready for real da ta .  
w a s  a t tempted,  new problems developed: 

This produced a working version,  
However, when a case  f i l e  f o r  a r e a l  pa t i en t  

1) We had overlooked p a r t  of t he  l o g i c  required f o r  connecting 
anatomy sub-f i les  f o r  multi-port p lans  during the  course of  
the c a l c u l a t i o n .  The so lu t ion  was t o  backtrack and resulted 
i n  new coding changes in t he  RSX and LTSS vers ions .  
problem w a s  easy t o  iden t i fy ,  but  d i f f i c u l t  t o  fix. 

In order to achieve a run during prime-time on LTSS, w e  ca r r i ed  
out c a l c u l a t i o n s  using only one s l ice  of CT d a t a .  
served n o t  only CPU time but 110 t i m e  a s  w e l l .  
unforseen  l o g i c  problem arose  for multi-port ca lcu la t ions  
where t h e  program generates  a volume i n  t h e  c a s e  of a s ing le  
slice for t he  ca l cu la t ion .  Thls problem was very d i f f i c u l t  
t o  i d e n t i f y ,  but  had a simple so lu t ion .  

This 

2) 
This con- 

However, an 

D. Bugs 

The anatomy contours  f o r  t h e  case f i l e  43 had, by chance, ovnr- 
l app ing  edges. 
d e n s i t y  codes  wi th in  a given contour proved t o  be inadequate where 
a n  ambfquity ex is ted .  This problem was not only very d i f f i c u l t  t o  
i d e n t i f y ,  bu t  also extremely d i f f i c u l t  to  f i x .  A completely s a t i s -  
f a c t o r y  s o l u t i o n  that will handle a l l  t h e  poss ib le  cases  has s t i l l  
n o t  been implemented. 

The algori thm t h a t  PIPLAN has used for deternhh_r ,  f : e  
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Another "bug" was an  e r r o r  i n  a common block t h a t  r e su l t ed  i n  dose 
d i s t r i b u t i o n s  being displaced one step. Numerous causes  f o r  t h i s  problem 
vere inves t iga t ed  before  the  explanat ion became apparent.  

E. CCF P r i o r i t i e s  

. During all t h e  vork with the  CCP operat lng system, we have en- 
countered from time t o  t i m e  a handicap i n  dealing v i t h  the CCF a l loca t ion  of 
computer resource.  
that are used up wi th  computer usage a t  a slower o r  f a s t e r  r a t e ,  depending 
on t h e  user ' s  p r i o r i t y .  
more than one ca l cu la t iona l  run per  day. Attempts t o  al ter t h i s  a l loca t ion  
scheme so t h a t  we had a l a r g e r  share of t h e  day-time poin ts  were very s t rongly  
discouraged a t  every leve l .  
vork  dur ing  evening, early-morning and weekend hours when the  user load was 
l i g h t  and the  bank accounts large.  However, the  CCF pol icy  of making t h i s  
"production" time, with an in to l e rab le  long t ime-sl ice  f o r  i n t e rac t ive  work, 
made i t  very d i f f i c u l t  f o r  t h e  user  t o  work e f f ec t ive ly  i n  any way other  
than  a "batch" submit. 
as e f f e c t i v e l y  as poss ib l e  and were s t i l l  unable t o  m e e t  our goals. For 
t h i s  reason,  we asked €or the  separa te  bank account of 50 poin ts  i n  t h e  memo 
of A p r i l  10, 1978. This was approved, changing t o  25 poin ts  on May 1 5 ,  1978. 
This measure, we  hope, w i l l  he lp  us i n  achieving the necessary turn-around 
f o r  t h e  coming deadlines.  

This  is accomplished through a bank account of points  

The bank account f o r  MP-Division was inadequate f o r  

We made every e f f o r t  t o  accomplirh the  required 

W e  f e l t  t h a t  we had t r i e d  t o  cope with the  s y s t e m  

F. New Bolus and Collimators 

A new model € o r  ca l cu la t ing  bolus and co l l imator  has been designed 
b u t  not  debugged. 
above t h e  p a t i e n t  and not  necessar i ly  on the  surface.  This was i n  response 
t o  c l inical  requirements. It had been o r i g i n a l l y  scheduled t o  be ready f o r  
t h e  coming cycle.  It has  been moved back i n  p r i o r i t y ,  however, so t h a t  the  
improved physics  can be incorporated i n t o  the current  vers ion i n  t i m e  for 
t h e  next  cycle. 

It w i l l  allow placing the  col l imator  some spec i f ied  d is tance  

111. PRESENT PIPLAN CAPABILITIES 

The cu r ren t  vers ion  of PIPLAN has the  capab i l i t y  of ca lcu la t ing  three- 
dimensional t o t a l  dose d i s t r i b u t i o n s  using CT data.  
between PIPLAN-calculated depth-dose d i s t r i b u t i o n s  and measured depth-dose 
curves. We be l i eve  t h a t  these discrepancies  are due t o  inaccuracies  i n  the  
phys ics  model and ve are cur ren t ly  addressing these problems. We hope t o  
have new c a l c u l a t i o n s  t o  compare with measurements i n  t h e  next few weeks. 
PIPLAN g ives  t h e  r e l a t i v e  high, low, and medium-LET components of the  dose 
a long  t h e  central axis .  These dose d i s t r i b u t i o n s  a r e  a l l  generated a t  t h e  
CCF and output  t o  microfiche. 
microfiche.  

There a r e  discrepancies  

Hard-copy p l o t s  can then be made from t h e  
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The f i r s t  s t e p  i n  carrying a u t  a ca lcu la t ion  is t o  generate t h e  
p a t i e n t  case f i l e  wi th  the  Biomed vers ion of PIPLAN and export It t o  
magnet5c tape.  This  involves  a number of steps: 

Loading t h e  Biomed d i s k  with the  pa t i en t ' s  CT data  through 
CTBILD. 

Generating t h e  sub-f i l e  containing anatomy contours, including 
s u r f a c e  and treatment volume contours,  as wel l  as anatomical 
landmarks. 

Crea t ing  a "plans and beams" f i l e ,  which determines how a 
c a l c u l a t i o n  w i l l  proceed. 
need the appropr ia te  re ference  number8 t o  link the  cor rec t  
CT sub-f i le  t o  t he  matching anatomy eub-file. 

All r o t a t i o n s  and t ransformations of t he  da ta  should a l s o  be 
included i n  the  case f i l e  so t h a t  once the  magnetic tape is 
c a r r i e d  t o  t h e  CCF, t h e  ca l cu la t ion  wi l l  proceed smoothly and 
without  modif ica t ians .  

For example, multi-port ca lcu la t ions  

The clinical  l i m i t a t i o n s  of t h e  cur ren t  vers ion have t o  do v l t h  range- 
s h i f t e r  func t ions  and beam tunes. It is now poss ib le  t o  do a ca lcu la t ion  
w i t h  only  one range-shif ter  or one beam tune per  plan. Thus, an AP-PA 
opposed p o r t  ca l cu la t ion  t o  y i e l d  a t o t a l  summed dose d i s t r i b u t i o n  would 
r e q u i r e  t h a t  bo th  p o r t s  have t h e  same range-shif ter  and the same tune. 
W e  have designed a echeme whereby PIPLkW w i l l  access range-shifter funct ions 
8nd beam tunes  from l i b r a r i e s  through a f i l e  d i rec tory .  
implemented as soon as p r i o r i t i e s  permit. Additionally,  t he  present auto- 
ma t i c  co l l imator  model is l imi ted  t o  the  surface.  A new collimator model 
h a s  been designed, bu t  not  debugged. This new model necessar l ly  a f f e c t s  the 
bolus  c a l c u l a t i o n  and therefore ,  bolus  cannot now be designed by PIPLAN. 
Dose d i s t r i b u t i o n s  on microfiche output do not come out l i fe -s ize .  I n  sp i te  
of these l i m i t a t i o n s ,  however, w e  want t o  emphasize t h a t  PIPLAN is a un ique  
product:  

T h i s  will be 

1) 

2) 

It is accessing CT da ta  f o r  i ts dose calculat ions.  

It %e car ry ing  out  a three-dimensional ca lcu la t ion  and ac- 
cumulating dose over a volume. 

3) It is an i n t e r a c t i v e  program designed f o r  t he  unsophisticated 
computer user. with the  emphasis towards c l i n i c a l  use. 

4) Its s t r u c t u r e  is highly modular w i t h  user - l ib rar ies ,  standard 
FORTRAN and e f f i c i e n t  coding. 
h igh  e f f i c i e n c y  of personnel and machine resources.  

These c h a r a c t e r i s t i c s  support 
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IV. CONSIDERATIONS FOR THE FUTURE 

We see t h r e e  areas t h a t  should be Considered: manpower, computers, 
and p r i o r i t i e s .  

A. Manpower 

Addi t iona l  personnel,  inexperienced with PIPLAN, would have been 
a hindrance the pas t  f e w  months r a the r  than a help. 
un t i l  r e c e n t l y  has  been l imi t ed  by computer problems. 
people  working simultaneously on the  same code des t ruc t ive ly  i n t e r f e r e  
and t h e  s t r u c t u r e  of PIPLAN general ly  makes impract ical  developaent 
of upgrade-modules independent of the  program. 

PIPLlLU development, 
Moreover, two 

Nevertheless  we do see where add i t iona l  he lp  could be well used 
as fol lows.  

During t h e  next month: 
magnetic tape  format conversion. 
Wright, OWL, t o  run tes t  cases with PION-1 which we recent ly  
i n s t a l l e d  a t  LASL. 

During t h e  Next 3 Months: This period is covered by Robert Nance 
for the Burner. 
tunes ,  range-sh i f te r  funct ions,  and a n a l y t i c a l  dose d i s t r ibu t ion .  
Complete t h e  debugging of RSX output  module. 
of i n t e r s e c t i n g  con tou r s  . 

One man-week f o r  implementation of ASLE CT 
One man-week t o  work with Harvi l le  

Complete the  development of l i b r a r i e s  of beam 

Complete the solution 

During t h e  Next 6-9 Months: Specify,  I n s t a l l ,  program, and in te r -  
f a c e  d i agnos t i c  terminal  with PIPUW. D r .  I r i f u n e  from Japan - 
has expressed an i n t e r e s t  i n  treatment planning and h i s  involvement 
during t h e  next  year should be considered. 

B. Computers 

1) Short  Term: E: Change a f t e r  next cyc le  t o  LTSS stand- 
a lone  compiler. 
and al lows f u l l  case f i l e  c a p a b i l i t i e s .  E: Standardize 
backup c a p a b i l i t i e s  t o  f o r e s t a l l  unexpected delays.  

This provides improved responsefcost r a t i o  

2) Lanp; Term: E: None. Operating system should be s t a b l e  
f o r  3-5 years, hopefully much longer than w e  w i l l  need it. 
7 BSX: 
ca lcu la t ion .  

Continue t o  push t o  get  on-si te  treatment planning 

C. P r i o r i t i e s  

Last fall we presented t o  you, and a l l  others on t h i s  pro jec t ,  
When a p r i o r i t i z e d  schedule of t a sks  t h a t  w e  were going t o  pursue. 

full CT c a p a b i l i t i e s  were f i n a l l y  achieved c l t  t h e  beginning of March, 
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a n@w schedule  was draf ted and explained i n  d e t a i l  t o  J i m  Bradbury, 
Chuck Kelrty and A 1  Smith. 
for changes were offered .  
But perhaps more feedback would be useful .  
made both minor and major changes i n  d i r ec t ion  as cons t r a in t s  have changed 
This  has ,  as explained above, delayed ce r t a in  c a p a b i l i t i e s .  but o thers  
have been achieved e a r l i e r  than o r ig ina l ly  expected. 
our  op t ions  may not be so constrained.  A t  such t i m e s  addi t iona l  input 
from i n t e r e s t e d  p a r t i e s  will he lp  us. 

I n  both instances no s ign i f i can t  suggestions 
This vote of confidence is appreciated.  

I n  f a c t ,  we have of ten  

In  the fu ture  

P A B / ~ O  

CC: Chuck Relsey ,  CRTC 
Al Smith, CRTC 
ISD-5, (2 )  
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