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Introduction

INTRODUC TION

L, PURPOSE

This document contains a detailed description of the progran
organization and structure, Its primary purpose is to aid the programmer
in developing an understanding of how the model described in volumes 1

and II was implemented into a computer program,

2, SCOPE

The section on program structure presents a complete picture
of the organization starting with the overlay diagram and procedingthrough
a discussion of the characteristics of each subroutine. Because of the
importance of labeled common in the communication of parameters

between modules it is discussed in detail.

The scction on program modification gives some indication, !
by means of practical examples, of the difficulties one might encounter

in attempting to change the program.

Tue storage map produced on the JPL direct couple system
is essentially an overlay diagram with storage requirement information

and thus acts as a supplement to figure 1.

The source program listing and appendix A are self explanatory.
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Scction 1

GENERAL DISCUSSION

The program consists of 49 subroutines arranged into an
overlay structurc comprising a main link (link 0) and 8 dependent links,
This structure is schematically illustrated in Figure 1 where vertical
lines represent the links into which the program is divided, and horizontal
lines (from which the vertical lines proceed) represent the logical origins
of the Jinks, Included in the diagram are the deck names of the sub-

routincs assigned to each of the program links,

The functional responsibilities of each link are discussed in

section 3 whicl includes a detailed description (with flow charts) of each

subroutine.
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Section 2

LABELE" COMMON

The program employs several labeled common blocks for
communicating information between modules. Two types of labeled

common can be identified:

a) Inter link common contains information which is
pertinent to at least two parallel links and must
therefore be preserved during the overlay process.

b) Intra link common contains information which is
pertinent only within a link or chain of links and need
not be preserved during overlay.

2.1 INTERLINK COMMON

The 6 different interlink labeled common blocks are listed
(by name) in Figure 2 which is a two entry table: the first entry being
the labeled common name and the second entry being a list of deck

names of those subroutines which require the block in question.
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COMMON BLOCK DECKS

» DATA FOLDP, PRMSZZ, PRTCZ 7,
RAYTRZ, OPUNCZ, RE \DSZ,
STAR1Z,STAR9Z, ARI'TSZ,

‘ CELAIZ, CLOSSZ, CPLOTZ,
, CROSSZ, ENDPT?, PFILEZ,
RANGEZ, ZYCUTZ, LATTZZ,
MERIDZ, SMPOPZ, TWNR4Z,
TWNR5Z, BNDCHZ, CYCLEZ,
DPRNTZ, GETRHZ, INCRMZ,
JURYZ, MEVCTZ, MODDLX,
MWVCTZ,STAR2Z, PARAXZ,
STAR3Z,STAR77Z,STARSZ,

MTFPNZ
PERTB FOLDP, READSZ, STARIZ,
STARSZ
PLOTC FOLDP, READSZ, STARIZ,
PROFLZ, CPLOTZ, PFILEZ
( SYMBLS FOLDP, REAT/SZ, STAR9Z,
STAR1Z
AZOBJ RAYTRZ, PFILEZ, TWNR4Z,

TWNR5Z, SMPOPZ MERIDZ,
GETRHZ, MEVCTZ, BNDCHZ,
PARAXZ,STAR3Z,STAR7Z,
STARSZ

PRNT PRTCZZ,READSZ, STAR9Z,
STAR1Z, PROFLZ, CELAIZ,
TWNR4Z, TWNR5Z, DPRNTZ,
STAR2Z, BNDCHZ, CYCLEZ,
STAR3Z,STAR7Z,STARSZ

Figure 2. Decks Requiring Interlink Common
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“he data items associated with each common block are prescnted

in the form of a table containing three entries:

a) Symbol - This is the symbol employed by the program
to represent the variable(s) listed under "Parameter''.
If the variable is a vector or matrix the dimensions are
included.

b) Typc - Each variable in the program is of a czrtain type
in the FORTRAN c:nse. The following abbreviations are
used:

I
R

Integer

Real

IV = Integer Vector
RV = Real Vector
IM = Integer Matrix
RM = Real Matrix

c) Parameter - This describes the physical data or
parametcr(s) associated with ""Symbol''.

2.1.1 DATA

Associated with DATA are all of the input parameters except

sensitivity and profile plot,

o . > [T RTINS
Rt tabin

COMMON/DATA/
Symbol Type. Paramecter
NCNTRL 1 No. of options
CONTRL(10) IV Input options
TITLE(12) RV Input title :g
DATE(3) v Month, Day, Year *’%
PUNCID R Punch identification

DATA(3486) RV Geometry, Design, etc. data
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The various NAMELIST input symbols are defined in the
input description section of volume II. Each namelist pararneter is
cquivalenced to some component of the real vector DATA, e.g.,

ODIST = DATA(31). The DATA position establishes a unique location

[or each parameter which is of paramount importance when processing
symbuol cards, The following table liste the equivalent DATA index for

cach NAMELIST parameter and includes a reference with the abbreviations:

G = GEOM

D = DESIGN

B = BNDRY

S = SUBSTIN

DATA Vector
§_}Lmbol Type DATA Index NAMELIST Ref.

LMODE I 1 G
NR AYS I 2 G
NSLCS I 3 G
NCLRS I 4 G
NJ AIL I 5 D
NSUBT I 6 S
NSUBP I 7 S
NIPLN I 8 G
IMODE I 9 G
NSPLN I 10 G
NOBJH I 11 G
NSURF I 12 G



Symbol

ITNPRT
DELY
FNUMB
FI.NGH
WFLGH
ZETA
HEXPP
DEXPP
WEXPP
DLPLN
OMGA2
. OMGAL
DELD
EPRAD
PSCAL
OMGAF
SPFEA
DUMIN
ODIST
HO
DELH
SYSMX
WXDIR
WYDIR
ROTAN

NDSGN(1)

—
wwwwwwmxwwwmxwwwwwmwwww;v'-'l;é
(4]

<

DATA Index

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

TR-67-700-10-
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Symbol “lype DATA Index NAMELIST Ref,
NDSGV(1) 1V 42 D
WOBJH(1) RV 53 D
WCLREH(]) RV 60 D
WIMHT(1) RV 67 D
EIMHT(1) RV 74 D ﬂ
CIMP? 1) RV 81 G
WCILRS(1) RV 88 D
LATTC(1,1) RM 94 G
SURFC(1,1) RM 182 G
DESGN(!L, 1) RM 2182 D
SUBST(1) RV 2682 S
BOUNDS(1, 1) RM 3182 B
NCOND I 3483 B
ATRGGR I 3484 D
GAUSS R 3485 D

2.1.2 PERTB

PERTB common contains the sensitivity input parameters

as described in volume 11,

COMMON/PERTR/
Symbol Type Parameter
PERTB(30, 4) RM Perturbation Matrix
NPERTB 1 Mp No. of Parameters

REFOCS 1 Refocus Option



’.mu*

TR-67-700-10-2
Page 111-2-7
Program Structure

2.1.,3 PLOTC

PLOTC common contains the profile plot input parameters

as described in volume II.

COMMON/PLOTC/
Symbol Type Parameter
YMAXX R y Maximum Aperture
max
DZMIN R AZ . Minimum Thickness
min
NPTS I No. of points per arc
2.1.4 SYMBLS

SYMBLS common contains the symbols from design,
substitution, and boundary condition symbol (input) cards. The symbols

are preserved for printout purposes only,

COMMON/SYMBLS/
Symbol Type Parameter
SDESN(12, 50) IM Design Symbols
SUBSYM(2, 250) IM Substitution Symbols
BDYSYM(2,100) IM Boundary Condition Symbols

2.1.5 AZOBJ

AZOBJ common contains the object azimuth and its sine and

cosine which are needed whenever a ray is to be traced.

COMMON/AZOBJ/

Symbol Type Parameter
THTR R

SNTHTR R Sin©
CSTHTR R Cos®©

© in radians (Azimuth)
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2. 1.6 PRNT

PRNT common contains the current page and line number s.

It is used in Connection with the Print contro] subroutine (PRTC TL) to
format the output,

COMMON/PRNT/
Symbol Type Parametf
LINE I ' Current Line No,
PAGE I Current Page No,
2,2 INTRALINK COMMON

COMMON BLOCK DECKS
HEADER FOLDP, PRTCZZ
TMTWIN TWNR4Z, TWNR5Z
TMPATT SMPOPZ, MEVC Tz, STAR3Z,
STAR7Z,STARSZ
TMDESN DOTPZ, DPRNTZ, yuR YZ,
MWVCTZ,STAR2 Z, MEV G TZ,

BNDCHZ, CYCLEZ

ELMAIR PROFLZ, CPLOTZ, PFILEZ,
ENDPTZ, RANGEZ, CROSSZ,
CLOSSZ, EIRGCZ, CEL ATz

CODRNG PROFLZ, zycyTyg, CPLOTZ,
PFILEZ, ENDPTZ, RANGEZ,

Figure 3, Decks Requiring Intralink Common

b R L
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The following subsections describe the intralink labeled

common blocks in detail.
2.2.1 HEADER

HEADER common communicates the current option and the

current substitution set number to the print control subroutine, PRTCTL.

COMMON/HEADER/
Symbol Type Parameter
JTEMP I Current Option No.
JSUBST I Current Substitution Set

2.2.2 TMTWIN

TMTWIN common consists of the single real vector TEMPS
(1200) which is used to store position and direction data at each surface for

a specified pair of rays.

2.2.3 TMPATT

TMPATT common contains all of the data associated with
tracing a ray pattern from a single object point (and a single color) to

an image plane,
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COMMON/TMPATT/
Symbol Type Parameter
NMISS NM No. of Misses
NRFLCT I NRF No. of Reflections
NVIGN I Nv No. of Vignets
NRAYSB I NR No. of Successes
XBAR R x Average x
YBAR R ; Average y
XSTAR R x%* RMS x
YSTAR R y* RMS y
RSTAR R R* Spot Size
SJISTAR R S* Image Plane Position
XCURL(201) RV X
YCURL(201) RV 71 Image Coordinates
MXBAR R m See volume I section 6
KXBAR R Ky See volume I section 6
MYBAR R my See volume I section 6
KYBAR R ky See volume I section 6
AX R Ax See volume I secticn 6
BX R Bx See volume I section 6
CX R Cx See volume I section 6
AY R A See volume I section 6
BY R By See volume I section 6
CY R Ci See volume I section 6
ACAP R A See volume I section 6
BCAP R B See volume I section 6
CCAP R C See volume I section 6
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TMDESN common is used as a repository for various design

Symbol

PERIOD
PCOUNT
NOFFND
JAIL(10, 10)
SENTN(10)
DIMVCT
CORD(6)
SIZE
DETERM
EOLNG
ESLNG
IMPRYV
VCTSTR(6000)
VINDX(11)
DJOLD(7)

——t .
parameters including the weight vector W and the error vector E,

——

COMMON/TMDESN/

Type Parameter

1 P Incrementation Period
1 Pc No., of Failures

I NOF No. of Offenders

IM H Jail Matrix

Iv G Sentence Vector

I M Dimension of E

IV 1i 1 <i<N¢ Color Order

R §K Scale Factor

R | 11 Determinant of I

R IE | o1a Length

0

R | E*' New Length

R € Relative Improvement
' — — -—

RV W, E, aE/aul,. . .,aE/aun
v i«. M+1 1<igll

RV Temporary storage for d;

J
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ELMAIR common contains the edited element and air spacc

matrices and the vertex coordinates relative to the entrance pupil.

2.2,

COMMON/ELMAIR/

Symbol Type Parameter
NELMT I NE No. of Elements
N AIRS I NA No. of Air Spaces
ELMMTX(2,100) IM E Element Matrix
AIRM TX(2,100) IM A Air Space Matrix
VTXCRD(100) RV 6i Vertex Coordinates
6 CODRNG
CODRNG common contains the range and code matrices,
COMMOI/CODRNG/
Symbol Type Parameter
D A
ZHAT(2,100) RM Z Range Matrix
A
YHAT(2,100) RM Y Range Matrix
A
CHAT(2,100) M C Code Matrix
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Section 3
LINK 0 THROUGH LINK 8

3.0 LINK O

Link 0 is the main or control link of the program. It consists
of the main program (FOLDP) and those subroutines which are required

by one or more lower level links starting at logical origin 1.
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3,0.1 FOLDP

FOLDP is thc main program which calls upon the input link

and sclected subroutines depending upon the options being executed,

Utility Routines and Corimon Refercnces

COMMON/DATA/ STAR3
COMMON/PERTB/ PRMSUB
COMMON/SYMBLS/ TWNRY4
COMMON/HEADER/ TWNRYS
COMMON/PLOTC/ OPUNCH
FPTRP" START
REREAD STARS
READS STAR9
ERROR STAR10
STAR2 PROFIL
EXIT MTF PN

“This is a system routine which processes floating point spills. It is
called by FOLDP to suppress message printing regarding spills.

B b G aen T ]
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= / FPTRP \ REREAD
( START J ’( Suppress spill — - :

List
Ve

messages

I=mut cards

Yes #
Initialize READS
CONTRL()=0 I=1 g— Read
2
’ Input Data
No

/ \ Initialize
Yes
éDNTRL(I)

=~ TEMP=CONTRL(I)
Valid JSUBST = 0
? J
No
ERROR STAR2
Invalid Design N
command computation
JSUBST=
c JSUBST +1
C

v’




No

STAR?

Print
Geometry Data

)

STARS

Sensitivity

computations

!

Yes
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Link O

STAR3

JTEMP 3

No

JTEMP=4
?

No

Spot Diagram
Statistics

(T

TWNRY4

Twinray

h max

JTEMP=5 >
2 /

No

OPUNCH

Punch
Octal Cards

ol

STAR7?7

Syot
Diagram Plots
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STAR9
Yes -
Print

JTEMP = 10
?

Geometry Data

’ PROFIL / STARI10
| Yes .
Profile i JTEMP = 11 Print
?
] plot all input
MTFPN
Punch
MTF cards
L -

p—
<]
{
A

I=1+1

| )\
Yes
l F No «”1.< NCNTRL
\?/

Z EXIT \

l e =/ \ { END )
/ \ Terminate /
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3.0.2 ERRORZ (ERROR, ERRORI], ERRORZ2, ERROR3, ERROR4)

ERRORZ is a general purpose message printer with 5 entry

points which handle a variety of message types and formats.

Calling Sequence

CALL ERROR (ETEXT)

CALL ERRORI (ETEXT, AVAR)
CALL ERROR2 (ETEXT, IVAR)
CALL ERROR3 (ETEXT, EVAR)
CALL ERROR4 (ETEXT)

where ETEXT is a 6 word (36 character) message to be printed along
with (AVAR) a BCD word, (IVAR) an integer word, or (EVAR) a real
word. The initial concept was the cause job termination for all except

ERROR4; however, the current mode is to always affect a normal return,

o

Utility Routines and Common References

COMMON - Nnne
Utility - None




SUBROUTINE\

Print /

ERROR

ENTRY
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ETEXT

Print /
ETEXT

ERRORI1

ENTRY

AVAR

ENTRY

Print /
ETEXT

ERROR3

ENTRY

EVAR‘/
Print /

ERROR4

N N N

)
\

)
)
)

\

)

N

)

ETEXT

O

O 0 0 O O
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3.0,3 GOOFZZ (GOOF)

GOOFZZ is a job terminator which does nothing except to

call the system subroutine EXIT.

Calling Sequence

CALL GOOF

Utility Routines and Common References

COMMON - None
EXIT

/ EXIT \

SUBROUTINE
GOCF Terminate RETURN
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3.0.4 PRMSZZ (PRMSUB)

PRMSZZ performs substitution and restoration of the Ns
substitution sets, If Ns = 0 it makes an immediate and normal return to
the calling program. If NS > 0 then the jth call in a sequence of Ng + 1
calls causes the jth set to be substituted and PRMSZZ takes the alternate
return, The last call (NS + 1) restores the nominal system and resets

PRMSUB so that the sequence can be restarted.

Calling Sequence

CALL PRMSUB($ALT)

where ALT is the statement number to which PRMSUB returns for each

new substitution set.

Utility Routines and Common References

COMMON/DATA/
Utility - None

r% S EERN

3

v
.-
i
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SUBROUTINE \

PRMSUB /

SORG -~ -
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Np (JSET - 1)

IORG
= NS N p

C RETURN1 )

NFLAG=1 |t
IX = IORG +1 JSET = JSET +1
= 11 = ISUBST (IX) NFLAG = 2
I2 = SORG + 1
Interchange
I=1+1 | DATA (11)
SUBST (12)
S
Yes JSET =0

( RETURN )
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PRTCZZ is a print control routine which causes page ejection

and main title generation including title, date, option, substitution set and

page number,

Calling Sequence

CALL PRTCTL

Utility Routincs and Common References

COMMON/DATA/
COMMON/PRNT/
COMMON/HEADER/
( Utility - Noue

SUBROUTINE PAGE = Print
S PRTCTL / = PAGE + 1 TITLE
etc.
( RETURN )’— LINE = 1
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3.0.6 RAYTRZ (RAYTR)

RAYTRZ traces a ray of color i from the object point (h, 6)
)

with unit radius entrance pupil coordinates (QO, QO) to a point (:\'N, VANTEQN

on o,,. Alternate returns are provided to handle misses, internal re-

N

flections and vignets. RAYTRZ will optionally preserve the position

(x,y,2z) and direction (Qx' Qy’ Qy) of the ray at each surface in the system.

Calling Sequence

CALL RAYTR(XOHAT, YOHAT, HEIGHT, COLOR, XVCT,
YVCT, SMISS, $NM, $NR, $NV, DFLAG, XMTRX,

QM TRX)

XOHAT: Qo x coordinate on unit radius entrance pupil

YOHAT: 90 y coordinate on unit radius entrance pupil

HEIGHT: h Object height -

COLOR: i  Color index

XVCT: Vector for storing (xN, YN’ zN)

QVCT: Vector for storing (QXN, QyN’ QZN)

SMISS: Set to surface number if miss, reflect, or vignet

$NM: Alternate return if ray misses

$NR: Alternate return if internal reflection

$NV: Alternate return if ray vignets ‘P

DFLAG: Input flag to control saving position and direction #
at each surface.

XMTRX: Matrix for storing (xi, Y. xi) 0<i<N

QMTRX:

» . < : <
Matrix for storing (Qxi’ Qyi' in) 0<ig<N
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The azimuth of the object (6} as well as 8in® and cos® must

be entered into AZOBJ common before calling RAYTR,

Utility Routines and Common References

COMMON/DATA/
COMMON/AZOBJ/
GOOF
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SUBROUTIM\ o SMiIss 0 o] Comn
RAYTR VIGFLG 0 Py Qo
S
Save No /\ .
-l rg— DFLAG"O i l
Pi-1 Qj-1 )
Yes
s
| !
Get Lom;‘putc
Ti; Ri’ bi, si —= Pi
(On Vertex P1.)

Plane
[ v ]' vF 01 [T

Comapute
& k-
(Revolution)
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Compute
- a 2Y
(Hor, CylL,)

| # !
Corgptf;e Compute
o -
(Vit. CyL) A=p +a¥

Compute
N P

4 v

Ray Missed

Compute
v;i ’[ v I SMISS = i

gma— "~

{ ' QBETURN 1 )
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L. <0

Get

C — !
X ,Y UV
T T

TI.TFLGC =1
Yes
= -2 —— :
@' = -2/Q,
(No tilt)
No
No Comwte TLTFLG =2
- - Compute
X
i w
Yes
vE = (U, V,W) |

(Tilted PL)

Compute o
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Z

Compute
VF

Yes

o | e~

Compute

¢ = P (x,y)

JCNT =

JCNT - 1

No

Yes

*
*
d

“
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Compute
K — 3G -v‘*Fi VIGFLC = 0?
:: ad
Compute Yes No
fatp—
( P
p
No 2 Yes
A <O0? P>A_ ? VIGFLG =i
1i / 1i
Yes No
R
2 Yes
P<A ? - VIGFLG =i

1i

No
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Compute

G

VIGFLG = i

VIGFLG =i

No

X=x .
T

=y +

Y=Yy YT

Compute Compute

v\ ~ | N
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Compute
t~ l M

CRETURN 2 } SMISS = i

-
Q, = Compute
i=i+l e e —— i pu "_—v
v?)’i eV o

XVCT =P 1
N DFL.AG =0?
VCT =0,
Q QN
b
v SMISS = N Save
 — ° VIGFLG = 0? -
VIGFLG P Q
N N

(“ Yes
CRETURN 3 ) C RETURN >
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3.0.7 SCALEK (SCALEK)

SCALEK is a standard JPL library subroutine whose purpose
apd usage are described in the attached writeup. A flow chart is not

included in this instance.
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SCALEK/PLOTTER SCALING ROUTINE

C. L. Lawson, Jet Propulsion Laboratory, 1965 July 13
Program language: FORTRAN IV for IBM 7094

Purpose To compute four numbers which define a "pleasant' grid for
plotting a variable for which upper and lower bounds are known.

Method The numbers C,D, KMAJOR and KMINJR are chosen to minimize
D-C subject to the following conditions:

l. CsA<D,C<BsD, C<D.
2. KMAJER = 3,4,5,6,7,8,9, or 10.
3. KMINZR = 2,5, or 10.

L. The major scale unit, u = (D-C)/KMAJPR, is to be of
the form KMIN@R # 10P for some integer p.

5. If zero lies in the closed interval between A and B,
then both C and D will be integer multiples of u so
that zero will lie on a major grid line. Otherwise,
C andpD may differ from a multiple of u by a multiple
of 10+,

O the algorithm proceeds as though A = =1,, B = 1,

If B =
If B # 0 the algorithm proceeds as though A = .99%A, B = 1.01%B

A
A
Usage CALL SCALEK(A,B,C,D,KMAJOR, KMINGR)

The numbers A and B are supplied by the user and represent
bounds on some variable, say x, which the user desires to

plot. Either A £ B or A 2 B is permissible. SCALEK will
compute numbers C,D,KMAJPR, and KMINZR with C < D such that

the interval C £ x < D subdivided into KMAJ@R major subintervals
each subdivided into KMINGR minor subintervals provides a
"pleasant" grid for the variable x.

Example The following example illustrates the use of SCALEK along with
appropriate JPL plotting subroutines to produce a '"pleasant"
grid with labels on the major grid lines:

REAL BUF(290),XYGRID(4),SCGRID(L)
DATA SCGRID/110.,9k0.,1020.,30./,NBUF/290/
XMAX = ...
XMIN = ...
YMAX = ...
YMIN = ...
(over)




e

CALL
CALL
CALL

CALL

CALL
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SCALEK( XMIN,XMAX,XYGRID(1),XYGRID(3),KMAJX, KMINX)
SCALEK( YMIN,YMAX,XYGRID(2),XYGRID(4),KMAJY, KMINY)
SDINIT(BUF,NBUF,XYGRID,SCGRID,18)

BGRID( BUF,1000%KMAJX + KMINX*KMAJX,1000%KMAJY +
KMINY*KMAJY,1)

PLAB(BUF,KMAJX,6H(F9.4) ,KMAJY ,6H(F9.4))

Efficiency of Graph Space U e The fraction of available graph space

Subroutines Used

used is given by the ratio r = |B-A|/(D-C). 1In a sample of
twenty-five instances of the use of SCALEK in actual applications
this ratio was between .9 and 1. eleven times, between .8 and

.9 eleven times and between .7 and .8 three times. It is

conjectured the® the lowest possible value for r is .67 as
long as |B-A| > 10~T wmax (|A],|B]).

Storage

53lg = 3“510

AL@G10,EXP
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3.1 LINK 1

Link 1 is the input processor link and contains modules which
rcad and validate the numerical input and list all or a subset of the data
region. Link 1 is entered from FOLDP whenever a new case is to be

processed.
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3.1.1 OPUNCZ (OPUNCH)

CPUNCZ punches a scquenced deck of not more than 583 cards
containing the non-zero members of the DATA vector. The first two cards

contain identification information and should be discarded. The remaining

cards arc punched in a 6012 format. Octal card 580 is always punched,

and serves as an end of case card for the octal deck.

Calling Sequence

CAILL OPUNCH

Utility Routines and Common References

COMMON/DATA/
Utility -  None

s ’*"W?%‘k’ﬁ:’ﬁihw’- e e e
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SUBROUTINE. \ Punch Z Punch
- TITLE

DATE
OPUNCH
Card Card

ITENP - 6%(i=1)+ 1
&’
@__“ FPEMP - ITEMP + 5 e — i=1
[(1'}:.\49. i1
No

Punch Octal Card
for DATA())
] = ITEMP,
JTEMP

.o
DATA(K) =07 .

f

k=k+1

h = ITEMP

( RETURN Yes i>581? P =i+l

No
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3.1.2 READSZ (READS)

READSZ processes the input data cards for a single case.

The following functions are performed:

a)

b)
c)

d)

Calling Sequence

Reads any combination of NAMELIST data including
$INPUT, $GEOM, $DESIGN, $BNDRY, $SUBSTN, $SENST
and $CRPLOT,

Executes a limited numb. : of validity checks and issues
error messages,

Performs a number of type conversions from real to
integer.

Processcs symbol cards by calculating and preserving
the DATA index for each valid symbol which is read.

CALL READS

Utility Routines and Common References

COMMON/DATA/ VCNVRT
COMMON/SYMBLS/ FRROR
COMMON/PRNT/ ERRORI1 _
COMMON/PERTB/ ERROR2
COMMON/FLOTC/ ERROR3
PRTCTL ERROR4
MCNVRT
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SUBROUTINE

READS

Yes :
CLEAR =(? —@ i

|

Zero QOut

° No " CONTRL(1) =
17

Data Region

Yes

& Yes
Read /
Octal

Cards /

IFLAG(1) = 0?

N

S e e e T TR e

No
A
Cessvert Perform Read /
— -
Types Validity $GEOM 1
to Integer Checks
L l
Check Check

SURFZ: | LATTC
Matrix Matrix

s
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No Read
$DESIGN

IFLAG(2) = 0?

[

Read Perform ]
Symbol j=1 IFLAG(2) =2? Validity
card Checks
| |
Save - =1 - Compute Kij
Symbols Data Index
Put :L-Ki. into
i=i+ )

Design Matrix

g

j=j+1

]

]
<]
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-— N Read
[ F s IFLAG(6) = 07 e e
<

SBNDRY

Read —
Symbol Do Compute Nc No
Cards No. Cards

Yes

Compute and
Store Data =% ‘ j=1 B Ns = Nc Mod

Index

Y
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( i=i+ 1

i N Reud
o
H IFLAG(3) -0 $SURSTN
Y
Compute N Perform
i=1 c Validity
No, Cards Chee ks
- Compute Ns - j=1
No. Symbols
Y
Compute
j=i+1 and Store
Data Index
Yes




JE e

L

C te N
ompute N _

No. Cards

IFLAG(4) - 0?

No

Compute Ns

.No
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Read

$SENST

e

!

Perform
—1  Validity
Checks

No. Symbols

i=i+ t

=i+l |

Y

Compute

and Store
Data Index
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Read

$CRPLOT

Perform
Validity
Checks
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3.1.3 REREZZ (REREAD)

REREZZ reads card images from the system input file
, (logical 5) in an 80Al format until an ENI! OF CASE card is encountered,
Each car. (cxcept octal) which is read is listed on the system output file,
A count of the number of cards is kept so that REREZZ can reposition the
input file by executing the appropriate number of BACKSPACF commands,
If octal input is encountered, the octal cards are not listed, but the number
of cards in the octal deck is Lrinted. The purpose of REREZZ is to pro-

duce a card image list of the current casc deck.

Calling Sequence

( CALL REREAD

Utility Routiues and Common References

None
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r
SUBROUTINE \ Print / IBACKS == 1
v — -t
. O
Yes L
IBACKS £ 1? . Yes Road
No A = 1z Card
Yes CARD No
OFLAG =07
Octal? 7
Yes
Y
Print Skip Octal Cards OFLAG =1
"Octal Data," thru Card 580 - IBACKS =
and ICNT ICNT =1
IBACKS =
pr]-
IBACKS + 1
Print ] Backspace 5 ,
‘ end of »  BATLS ={  RETURN
cascf Recaords .
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: 3.1.4 STAR9Z (STAR9)

STAR9Z lists all of the geometry data with descriptive

headings and if NSUBT # 0 it also lists the substitution data by paramecter
and by set,

Calling Sequence

CALL STAR9

Utility Routines and Common References

COMMON/DATA/

COMMON/SYMBLS/
( COMMON/PRNT/

PRTCTL

ERROR2
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SUBROUTINE\ Print
g Geometry
STAR9
/ Data

No
Yes LINE < 557 i=1 — LINE = 60
/ PRTCTL \ LINE = Generate
Go to New \ . &= Output Heading
( i Page LINE + 11 For Surface i

\
Al i

\ Print
i=i+1 b Surface

Param.

Heading

{ =NSURF? > NSUBT = 0?

N

v
Yes

\:
z
S~

O—
A
u
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-
B Go to New ) B Initialize
Page

T !

Current \ Print Generate

\ Hesding Ft::at

7 Any

Purameters Yes .
Left?

No

( RETURN )
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3.1.5 STAR1Z (STARI0)

STARI1Z lists all of the design data with descrintive headings
as well as the boundary ccndition matrix (if NCOND > 0) sensitivity data

{it NPERTB > 0), and profile plot data (if NPTS > 0),

Calling Sequence

CALL STARIO

Utility Routines and Common References

COMMON/DATA/
COMMON/SYMBLS/
COMMON/PRNT/
COMMON/PERTB/
COMMON/PLOTC/
PRTCTL

2
£2
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SUBROUTINE Print
Desi
STAR 10 gn
Data
Print Print No /\

DESGN BOUNDS NCOND = 07?
Matrix Matrix
Yes
7 No
" Yes

\ Print
( RETURN )— Profile Plot
\ Data

Print
Sensitivity
Data
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3.1.6 MTFPNZ (MTF PN)

MTFPNZ punches a deck of cards in NAMELIST format
which, when input to optical system analysis program PAGOS, provides

data necessary for the Modulation Transfer Function (MTF) of that program.

Calling Sequence

CALL MTFPN

Utility Routines and Common References

COMMON/DATA/
ERROR2

s T LR

R TR




Compute

MTF Data

Subroutine

MTEPN

Check BETAP for
dimension (N) and if
BETAP (1-N) = 0.

Punch BETAP

Card(s)

TR-67-700-10-2

Page III-3-41,1
Program Structure
Link 1

Page Revised 10/1/68

Punch SINPUT
BETAQ, N,
NK, XLINV
Card

Perform

Validity Checks

——

Check TOK for
dimension (NK) &
if TOK (1-NK) = 0.

Punch TOK /

Card(s)

Check BETAS for Punch BETAS
dimension (N) and

if BETAS (1-N) =: 0.

Card(s)

Check DELMU for Punch DELMU
dimension (N) & if

Card
DELMU (1-N) =0. ard(s)

Check RHOS for
dimension (N) & if
RHOS (1-N) = 0.

Punch RHOS

Card(s)

Punch SKAPA Check SKAPA for
Card(s) dimension (N) & if
SKAPA (1-N) = 0.
!
Check TS for Punch TS
dimension (N - 1) & if .
Card(s)
TS (1-(N-1)) = 0.

Check XMUS for di- Punch XMUS

mension (N-1) & if
XMUS (1-(N-1)) =0,

Card(s)

Punch
IPROG = 3,

Punch
DFORM

Check DFORM for di-
mension (4*N) & if

M=0s$%
Card

C RETURN

Card(s) DFORM (1-N, 1-4) = 0.
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3.1.7 UNBCD. (UNPBCD)

UNBCD. uses the DECODE/ENCODE capability of Fortran to

unpack a 6 character word into 6 words of 1 character cach.

Calling Sequence

CALL UNPBCD (BCDWRD, BCD)

where BCDWRD contains the word to be unpacked and BCD is the first of

6 words for storing the 6 characters. The characters are right justified

with leading zeros,

Utility Routines and Common References

None



Subroutine ACD (1-6) =0
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Decode
BCDWRD into

UNPBCD / BCD (1-6) = 0

ACD (1 - 6)
(6A1)

Encode ACD into
BCD (1-6)

CR.ETURN >

(SHOO000A 1)

o e e T L T i
R T

[T
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3.1.8 VCNVR, (VCNVRT, MCNVRT)

VCNVR, is used by READS when processing symbol cards in
order to convert vector and matrix subscripts from BCD to integer so

that the corresponding DATA indes can be determined.

Calling Sequence

CALL VCNVRT (BCDWRD, ISUB, $ERR)

where BCDWRD contains a BCD vector subscript of the form X)bbbb.
XX)bbb, or XXX)bb and ISUB is the location where the integer subscript
is to be stored. If VCNVRT detects an error the alternate return $ERR

is invoked.
CALL MCNVRT (BCDWRD, ISUB, JSUB, $ERR)

where BCDWRD contains a BCD matrix subscript of the form X, Y)bb,
X,YY)b, XX, Y)b, o: XX, YY), ISUB is the location where the integer

row subscript is to be stored, and JSUB is the location where the integer
column subscript is to be stored. The alternate return $ERR is invoked

if an error is detected.

Utility Routines and Comxmon References

COMMON - None
UNPBCD
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/SUBROUTINE UNPBCD
p . L J=1
VCNVRT Unpack ™
/ BCDWRD INTEG =0
- [——‘
i=1+1 e No BCD()) = i=1
i-1?
( |
. . |
Yes i< 107 No BCD(J) = )? Yes —— |
/ J
No Yes ‘
e ’
A 1
/J
: ! |
T =
INTEG YVes o y
10+ INTEG RETURN 1 '
+i-1 — |

l | No
J=J+1 RETURN ) ‘

h

-~




e 4

MCNVRT

/
SUBROUTINE \

/ UNPBCD \

Unpack
BCDWRD

i=1+1 P

No

Yes i <107 No

INTEG =
INTEG- 1071
+1i-1

J=J+1

BCD(J) = i~17?

T
L
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INTEG =0

©

Yes No
i
Y

|

C RETURN 1

N Yer

-

L]

es
Jj24?
No
K=0

J=J+1

T

P L P
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No

| Yes
BCD()) = )? N

i=1i+1 al
No
J>é6?
Yes

< RETURN 1 ’

( RETURN ).J

BCD(J) = i-1?

Yes

JNTEG =

K
JNTEG* 10
+ f=1

|

K=K+1
J:=J+1
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3.2 LINK 2

Link 2 has the responsibility of producing a profile plot of
the lens system on the SC4020 plotter, By definition a profile plot is a
two dimensional picture which results when the system is "cut" by the
z - y plane. Each element is represented as a (scaled) closed curve making
it necessary to have the ability to find the point of intersection of two
plane curves. Becauseofthe problems entailed with translated, tilted,
and aspheric elements the capability is currently limited té standard

conics only,

All references to the plotter are contained in subroutine
CPLOT so that adaptation to a different plotting device {such as

CALCOMP) would involve a minimum of program alteration,
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3.2,1 ARPTSZ (ARPTS)

ARPTSZ generates a set of N points which lie on a glane

conic y = f(z) fo. N <z g Zn and are equally spaced in the z direction

by an amount z = (zB - zA)/(N - 1),

Calling Sequence

CALL

1S:

ARPTS (IS,ZA,YA,ZB,YB,N, ZLST, YLST)

The surface number of the conic

A

Yp = f(zA)

Z

B
yg = f(zB)

Number of points to insert in (zA, zB)
Vector for storing z, l1<isN
N

<
Vector for stor.ag A 1 i<

Utility Routines and Common References

COMMON/DATA/
Utility - None
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SUBROUTINE \ No Z -2

ARPTS
N-1

Yes

1; i_
4 =f(zi) - ’ -
i | z,+(i-1) AZ i=1

Yes

No
i=i+1 iSN? RETURN
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3.2.2 CELAIZ (CELAIR)

CELAIZ determines the vertex coordinate 6i of each surface
relative to the entrance pupil. It alsc determines the element matrix E
and the air space matrix A which are edited by a process which effectively

deletes any repeated element or air space.

Calling Sequence

CALL CELAIR($ALT)

The alternate return is invoked if CELAIR determines that

a profile plot cannot be produced.

( Utility Routines and Common References

COMMON/DATA/
COMMON/PRNT/
COMMON/ELMAIR/
PRTCTL
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SUBROUTINE \ Yes
opIsST =20, ? — $'=S -§ ——
CELAIR / 1
o
C RETURN 1 )r
Y es
Compute
No 4
Compute - 5 =5 4§ - $'> 07
i i-1 i
6*
1SisN

%

Print /
Vextex -

Cooxd.

Update E, A

Yes

Mirror — .

Airspace :
:

\I)

No
r W
Update
e E

Element
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hoas i=1
Yes No
n21,?
No
=N_ +1
NE E

E =i+t
2

- - N =N +1
N =N +1 A A

o E E - A =i
E =E_=i A =i+t
E1 2 2

+1

>

Yes

>4
>y

i
[

Il
[y

+

[
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Yes

Yes
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i=i+

Yes v
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r\t-_‘N =0
A
| 1
E=A=0
=E
l1 1i
I =F t=2
2 2i
Order
Ele!inent j=1
=)+ 1
Yes
N =1
JSN.? Ep E- N
E,N =I
2 E 2

No

i=i+

Yes v



TP.-67-700-10-2
Page III-3-55
Program Structure

L { Link 2
| ~ NA- 1
~ No
K N =0? - A =R S
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21 21
Yes

1 =4
1 ~li -
L=
Order : Jl=A1’
Alr Space - j=1 e J = A
{ 2 2

i=j+1 -

A, N =1 - i=1+1
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3.2.3 CLOSSZ (CIL.0SS)
Given curve | of the form y = { (z) for 2z ., < z<z
| 1, min l, max
and curve 2 of the form y = {_(z) for 2z , < z<ugz , CLCSSZ
2 2, min 2, max

determines if they intersect at some point. If there is a point of inter-

section, CLOSSZ dctermines P_: (zl : y]) lying on curve | and PZ:(zz. yl)

1
lying on curve 2 such that 2, -2 = Azmin'
1 2
} }
PLg - - - = N2
| i
| |
1 |
] ]
Az . | — Z
min
( Calling Sequence

CALL CLOSS (11, ZI MIN, ZIMAX, I2, Z2ZMIN, ZZMAX,
DZMIN, Z1CLOS, YICLOS, Z2CLOS, $ALT)

I1: Surface number of y = fl(z)
Z1MIN: z .
1, min ‘
Z1MAX: zl , max
12: Surface number of y = fz(z)
Z2MIN: 2‘2, min
Z2MAX: z_,
2' max
DZMIN; dz_.
Z1CLOS: zll Pl
YICLOS: Yl’
$ALT: Alternate return if no intersection 5.




Utility Routines and Common References

COMMON/DATA/
COMMON/ELMAIR/
CROSS
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3 SUBROUTINE \ 21 -yl =0, l - Yes
CLOSS - 2 20 172
= U,
j 2
No
No "{" Vertical Yes Check for
CyL? Intersect
Yes No l
g

i
(e ) <

p——

Yes
Is
Z =8 -AZ
12" Vertical No Yes - 1 min
Cyl.? Yl = il (Zl)
Z -'-'00 Co te
P Z =2 +2 mps
— - T P M =
z, =2 Y228
M 1 2. T “2' °T




TR-67-700-10-2

i Page III-3-59

| ( Program Structure
Link 2

No
l >0,?
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Yes
Compute

Z =7
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3.2.4 CPLOTZ (CIPLOT)

CPLOTZ employs the JPL FORTRAN IV compatible SPLOT"
package to generate a binary file (logical 18) containing data to be plotted
on the SC4020, in particular, it prcduces a scaled cross sectional picture

of the lens system.

Calling Sequence

CALL CPLOT (ZMIN, ZMAX)

where ZMIN is the minimum value of z relative to the entrance pupil and

ZMAX is the maximum value relative to the entrance pupil.

Utility Routines and Common References

COMMON/DATA/
COMMON/ELMAIR/
COMMON/CODRNG/
COMMON/PLOTC/  STERM
CAMERA™ SPRNTA”
SLABEL" SETPL"
SDINIT” RESPL”
SDNPUT" ADV"

e
See Appendix A
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Initialize

Labels

SDNPUT
Draw Optic

SDNPUT

Draw mnler

- Plotting

Compute
Ruler

(2) Axis

Parameters

Read 11
Y.

i=i+1

Yes No

i SNELMT?

1
i
1=j=N

Read and

Plot Image
Plane

Read and
-1 Plot Entrance

@.ﬁ

Read and

Plot Ray 2

Pupil

Read and

Plot Ray 1
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&

Generate

Information g

Frame

C RETURN )

Add Title

Link 2

/ ADV \

and Date

Position 11

to Ray 1 Data ==

Go to Next
Frame

Write
Plot Params

on Frame

(Record NE +2)
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3.2.5 CROSSZ (CROSS)

Given y = fl(z) for ze [ , x] relative to the vertex

z
1, ma

z .y Z
2, min’ 2, max]
of surface 2, CROSSZ determines the point of intersection (z

z ]
1) min

or surface 1l and y = fz (z) for ze [ relative to the vertex

I yI) where

zI is relative to the vertex of surface !.

Calling Sequence

CALL CROSS(I1, Z1MIN, Z1MAX, 12, Z2MIN, Z2MAX,
ZCROSS, YCROSS, $ALT)

I1: Surface number of y = fl(z)
Z1MIN: z .
1, min
ZIMAX: z
l, max
12: Surface number of y = fz( z)
Z2MIN: z .
2, min
Z2MAX: z
2, max
ZCROSS: Zy

YCROSS: Yq

$ALT: Alternate return if no intersection

Utility Routines and Comnion References

COMMON/DATA/
COMMON/ELMAIR/
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Yes

Link 2
, 0 No
= ThT™
Yes
CRETURN >
Compute Compute ’
. ) g ereeeeed
Z S = 6 - 6
2, min, 2, max I 12
Compute
= Z,2
A B
(Intersection)



[E 1 a,B,y
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No

Compute

Q
]

No

0?

Yes
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- A =(32 oY Yes H

%

No

Yes

@f zl -] - \MO?
No
CRETURNI )

|
|

=Max (Z ,2
z: ax(l, 2) o

Compute

Z andZ
1 9795

.@

]

zI = Min (2 e 22)
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3.2.6 ENDPTZ (ENDPTS)

ENDPTZ generates vector NARCS and the 3 dimensional
array ARCS. The Ith layer of ARCS contains the end points of the arcs

which constitute the upper half of element I as follows:

Z VA e . . Z
ARCS ( , ,I)= [ L2 N]
Yl Yzo . oyN

where NARCS(I) = N, Element I is composed of N - 1 arcs where

2 < N £ 5; the end points of the Kth arc being (zK ) and (z

'YK K+1'YK+1)

= YK+1)' a vertical line (zK= ZK+1

or a portion of a plane conic. If Il and I2 are the surface numbers of the

curves which form element I then all z values are referenced to the

),

Each arc is either a horizontal line (yK

vertex of I1 .

Calling Sequence

CALL ENDPTS (DZMIN, ARCS, NARCS)

where DZMIN is the minimum permissible air space thickness, ARCS is
the 2 x 5 x 100 array described above, and NARCS is a vector containing

the arc count for each element.

Utility Routines and Common References

COMMON/DATA
COMMON/ELMAIR/
COMMON/CODRNG/
ZYCUT

CLOSS

GOOF
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Zero

< SUBROUTINE \ Set ARCS

-
ENDPTS /’ NARCS to

A
121'911 Yer
RETURN A -
Axay =¥y
— N =2
1
A =2
=
A3y =S 121 °11 Yes
ot /\ putl):
N =3 A =y
1 221 V4

C RETURN )— [%M \ - b

Element [ TCUT \

Y
[----3 - { Limit curve -

Element ZYCcuT
( RETURN } {___ -4 - { Limit Curve
1
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Cet
A - {=1 -

L z
Yeos
No Doublet? No (o NE? Yes \
No \/
Compute /z\l - -zzc
1GO Yes - 91:‘” .ch
(
/_—ZYCUT \
"\ No Mirror? Yes
\

N



IGO = 2?

No

Yes

No
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Process
Type 4

2

MR SR
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Yes One Arc
L Mirror? > Ram
: \/ N

M
o No Two Arcs
N =13
i
Three Arcs Yes Three Arcs
( % B
E
Yes Yes
No //C\ =57
2i
No No
Y
Four Arcs Four Arcs

0
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F —t Four Aszs

| M — i=1+1
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3,2.7 E1RGCZ (E1IRGCD)

EIRGCZ employs subroutine CROSS to edit the range and

code matrices by subjecting each element to intersection constraints.

Calling Sequence

CALL EIRGCD

Utility Routines and Common References

COMMON/ELMAIR/
COMMON/CODRNG/
CROSS

GOOF

VLI I i T R e R e e T R e ) A
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SUBROUTINE \ =k
. I=1 A 12 =E(2,])
EA{RGCD /
CROSS
No Yes
VALID? Intersect B
?
Yes No
g——
Modify Y
Yes
A ANA
Z, ¥, ¢ — I=1+1 A
No

C RETURN )

GOOF

Terminate
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3.2.8 PFILEZ (PFILE)

PFILEZ creates a binary file (logical 11) containing NE +4

logical records each one of which is 601 words long where NE is the

number of elements (N_ 2 1). Each record consists of N, z (1<i<300), and
i

E
A (1£i<£300) where 1 <N<300 is the number of points distributed along
h f(y20. > i . .
the upper half (y 2 0.) of the ith element for 2 in <zg 2 ax

The first N_ records describe the N_ elements and:

E E
Record NE +1: Image Plane
Record NE +2: Entrance Pupil
Record NE + 3 Ray 1
Record NE + 4: Ray 2

Calling Sequence

CALL PFILE (ARCS, NARCS, ZMIN, ZMAX)

ARCS: Three dimensional array determined by ENDPTS
NARCS: Vector determined by ENDPTS
ZMIN: Minimum z relative to entrance pupil.

ZMAX: Maximum z relative to entrance pupil

Utility Routines and Common References

COMMON/DATA/
COMMON/ELMAIR/

COMMON/CODRNG/
COMMON/PLOTC/
COMMON/AZOBJ/
ARPTS

RAYTR
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- Initialize M I=1
PFILE /
:H
G =Yy =0
Yes
1 ARC?
Plane? 1< j =300
Yes No
Y
JCNT = 2 Ll
JONT = No 2 ARCS?
Two Points -
NPTS
Yes
G
1
JCNT =1 v Get
es
Y . 21 = 727 21, Y1, Z2, Y2
1= Y1 = 23, Y3
No -
ARPTS
X JCNT =
ARPTS -1




TR-67-700-10-2
Page III-3-77
Program Structure

1 Link 2
JCNT = JCNT + 2
Yes
-
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ARPTS Translate
Surt ” Z Values
urface - JCNT =
is Curved JCNT + NPTS
Get
Yes 21, Y1, 22, Y2
( | c 3 ARCS? - 23, Y3, 24, Y4
No
Yes 21=122?
No
ARPTS

22=2723 Y2=Y3

23=74 Y3=Y4
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21' Yl,oo’.
z5, Y5
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No

Yes

12mZ4 Y2=Y4

Z3=25 Y3-Y5

JCNT =2
Z =21 Y =YU

22-22 Y2=Y2

No

)

ARPTS

Translate
Z too

. j o

1Sj< JONT

JCNT = NPTS

I=1+1

Update
and

min
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\ v JCNT =0
$
‘ I ¢ - Z=y =0
1<5§5S300
Generate
Image Plane
Translate RAYTR
. ot
Z values Ray 1
|
Write 11 RAYTR Translate
Ray 1 SR -
ay Ray 2 Z values

End File X Write 11
RETURN -
Rewind 11 Ray 2
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3.2.9 PROFLZ (PROFIL)

PROFLZ is the main or control routine of the profile plot
link. It is called by the main program (FOLDP) whenever a profile plot

is to be generated.

Calling Sequence

CALL PROFIL

Utility Routines and Common References

COMMON/ELMAIR/
COMMON/CODRNG/
COMMON/PLOTC/
COMMON/PRNT/
(. CELAIR
RANGE
EIRGCD
ENDPTS
PRTCTL
PFILE
CPLOT
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SUBROUTINE ___CELAIR | RANGE
PROFIL "1 Element and 1 Apply Max.
Aflr Spaces Apartire
PRTCTL | SNDPTS ___ERGCD
- e~
New Page Get Arcs Check
Matyix Intersections
/ Print / PFILE
Arcs - Generate
( Matrix Point File
CPLOT

o
Plot
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3.2.10 RANGEZ (RANGE)

RANGEZ determines the unconstrained rangc matrices 2 and
Q and the code matrix é Range is computed for each curve as if no other
curves were present, The only constraints are the presence of a peak
(circle or ellipse) and the maximum aperture y = Yrnax' The elements
of Q (z coordinates) are always referenced to the vertex of the curve in

question,

Calling Sequence

CALL RANGE (YMAXIM)

YMAXIM:  y

Utility Routines and Common References

COMMON/DATA/
COMMON/ELMAIR/
COMMON/CODRNG/
Utility - None



Ny
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-
SUBROUTINE
— Im1

3 A A A
\ RANGE / ZeY=C=u0, i )

Set

>

Z = =0,
Cet Z1 = 2 )’1
ey - J=1
2 max
No
No
R=0,? b=0,?
Yes Yes

Yes

l—— e 2R?
ZZ.YZER yrmv.x

No
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Z =
Yes T
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y /2R
max
No
Yes
T
No
Compute
Z
al a, - zl “er
ellipse
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A -
- Vi~ 72
[ z - 2 =1
ji
A
i 1
'———- A =12 - J=J+1
STRN
C Yes ISN
G E
?
No

Yes

No

I=1+1
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3.2.11 ZYCUTZ (Z2YCUT)

ZYCUTZ determines the point of intersection of the line

<
]

a or the line z = ¢ with a curve of the form {(z, y) = 0 or, equivalently,

g(z).

<
]

Calling Sequence

CALL ZYCUT(VHCODE, ALFA,IS, BETA, *, ELNO, SURNO)

VHCODE: l1 Line is y =a (Horizontal)

2 Line is z =@ (Vertical)

ALFA: a

IS: Surface number of curve f(z,y) = 0.

BETA: Point of intersection of the form z = if
VHCODE =1 and y =B if VHCODE = 2,

*s Alternate return if no intersection.

ELNO: Element number of surface in question,

SURNO: 1 Left surface of ELNO

2 Righit surface of ELNO

The parameters ELNO and SURNO are used to obtain bounds

A . e
from matrices 2 and Y which describe the interval of definition of

= i <z< <y < h
f(z,y) = 0, i.e., 2 ipS$2Sz . and0<ys<y . where
y _ {g (zmax) “min - 0
max
<0
g (z1nin) %min

If @ is outside the interval of definition, ZYCUT invokes the

alternate return, If ¢ is in the interval of definition then ZYCUT computes p.
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suakomma\ B=0.

ZYCUT —*1  Get: TYPE,
R,b

(o)

7N

!

No ~ VHCODE = 2

‘ RETURN 1 )

Compute

1=

Yes
VHCODE =1

?

No

GETURN 1 )
C RETURN ) o *

Get z |
min
z from?Z
max
Yes
Compute
y =B
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3.3 LINK 3

Link 3 is called upon when the program is executing options

4 and 5 in order to perform twinray diagnostic computations,

4
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3.3.1 TWNR4Z (TWNRY4)

TWNR4Z is called upon by the main program to trace 2 rays

from the object point (h, 8) = (h , 0.) where hmax = ho + (NH - 1) Ah.

max
Ray 1 is traced through (:/20, fr‘o) = (0., - 1) on the unit radius entrance

pupil and ray 2 through (Qo, fro) = (0.,1.). If the rays are denoted by R1
and R2 then TWNR4Z employs RAYTR to compute and save the position

and direction of the rays at each element in the system, that is,

{(1'5‘;, 3';);05151\1 k=1,2

k!

where P represents position and 3 direction. If there is a ray failure
(miss or reflect) then N} < N and a message is printed. The position
and direction data are used to compute thickness, )\li(, aperture radius,
A_ ., and aperture location, A

Ri
fcrm.,

Li’ these quantities being listed in tabular

Calling Sequence

CALL TWNRY4

Utility Routines and Common References

COMMON/DATA/
COMMON/AZOBJ/
COMMON/PRNT/
COMMON/TMTWIN/
PRTCTL

RAYTR



L

SUBROUTINE \

PRTCTL

TWNRY4 /

XMTRX2(1,j) O.
OMTRXZ(I, J) = 0.

Print title

on new page
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1-1,3] 1,100

XMTRXI1(1,]) = 0.
OMTRXI(L,])) = 0.
I=1,3;)=1,100

—a{ + FLOAT (NOBJH-1)

HMAX HO

* DELH

7

\

Print tv;inray

THTR - 0.
SNTHTR = 0.
CSTHTR = 1.

Print ray RAY
missed surface

RAY =1
N1 = NSURF

N2 = NSURF
N = NSURF + 1

heading
HMAX

RAYTR

SMISS

Print ray RAY
reflected on

N1 = SMISS - |

(0. y = 10), mAx

Trace ray

Yes

surface
SMISS

N1 = SMISS - 1

\N?

Yes /

R

Ray missed

o

ay reflected
?



N2 = SMISS = 1 |um

Yes

Yes

Ray vignetted

/.

Ray reflected

N2 =SMISS -1 |-
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Print ray RAY
vignetted

on surface
SMISS

Ray missed
?

No

?

o RAY -2

|
RAYTR

e

Trace ray
(0., 1.) HMAX

G}

M=
MINO(N1, N2)

<




!

e

c

TAUl = TAUI

+ XMTRX1(3,]) + 1)
+ SURFC(4, J) if

I < NSURF
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TAU!L = TAU 1
if SURFC(S,)) < 0.

Link 3
1-})-1
J - | - AR = -1,
TAUL = 0.
TAU2 =0,
TAUL =  —
- XMTRX1(3,)) >N
?
Yes
I>N2 No TAUZ =
- XMTRX2(3, )
Yes

TAU2 .-TAU2 |

if SURFC(5,]) <O.

TAU2 = TAU2
+ XMTRX2(3,] + 1)
+ SURFC(4, J) if

I < NSURF

M1 = QMTRX1(2, J)
/QMTRX1(3, J)
M2 = QMTRX2(2, J)
/QMTRX2(3, J)

MSUM =
M1 + M2
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Print aperture
loc, and

AL and AR

Compute ‘

Print
2,1, XMTRX2,

Print
1,1, XMTRX1,

OMTRX2,
TAU2

QMTRXI,
TAUI

J=J+1
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3.3.2 TWNRS5Z (TWNRY5)

TWNRS5Z is called upon by the main program to trace 2 rays
from ~bject point (h, 8) = (0.,0.). Ray l is traced through (9:0,90) =

(0., 2.y on the entrarce pupil and ray 2 is traced through (Qo, 90) =(0.,1.).

2
RAYTR is used to compute and save the position and direction of the rays

at each element in the system, that is,

{@, osisn ' k=12

i i k
where P is the position and 3 is the direction, If a ray misses or reflects
then Nj < N and a message is printed. If a ray vignets a message is

printed, but N, = N.

The data for position is stored in arrays XMTRXI and
XMTRX2. The direction data is contained in arraye QMTRXI1 and
QMTRX2. The thickness is also computed and printed in tabular form
along with the position and direction values for each of the two rays at
each surface., TWNR5Z must be calied additional times if there are

substitution sets,

Calling Sequence

CALL TWNRYS5

Utility Routines and Common References

COMMON/DATA/
COMMON/AZOBJ/
COMMON/PRNT/
COMMOii/ TMTWIN/
RAYTR

PRTCTL
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TWNRYS /

THTR = 0.

Print
Twinray

Print title
on new page

SNTHTR = 0.
CSTHTR = 1.

RAY =1
N1 = NSURF

XMTRX2(I, J) = 0.
OMTRX2(I, J) = 0.
I =1,3]=1,100

heading /

XMTRX1(1,)) - 0.
OMTRX1(1,J) - O.
I =1,3)=1,100

RAYTR

N2 = NSURF
N = NSURF + 1

Trace ray
(0. ,OMGAZ2),0.

Nl =SMISS§ -1 |=

A |
Print ray RAY
missed surface

Y /k N
i Ray missed\ 2
\?/

Y

Print ray RAY
reflected on
surface

No

N\

Ray reflected
?

Yes

|

N1 = SMISS - 1
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WW
\ vigietted on

surface
SMISS

Ray vignetted Yes

?

*{ RAY =2

S
/
RAYTR

Trace ray
0.,1.), 0.

Yes

Ray missed
?

N2 = SMISS = 1 |ett—

Yes

/ No
N2 =SMISS - 1 [= W I-@
?

Txint, / 7
@ Tasnray [ - J=1
\ ugreng
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RPRCT PRE R TN SR )
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Yes °

No

S —

TAUL =
- XMTRX1(3,))

1=J-1
e — =
Kc/ TAUI = 0.
TAU2 = 0.
TAUL = TAUL
TAUL =TAU1 if + XMTRX1(3, ] + 1)
SURFC(S, J) < 0. + SURFC(4,)) if
I < NSURF
No TAUZ =
I >:“2 *1 - XMTRX2(3, ))
Yes

Print
2,1, XMTRX2,

\ Print
i,1, XMTRXI,

OMTRX 2,
TAU2

( RETURN )

OMTRX1,
TAU1

TAU2 = TAUZ

+ XMTRX2(3,] + 1)
+ SURFC(4,)) if
I < NSURF

I

TAU2 = - TAU2
if SURFC(5, J) <O.
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3.4 LINK 4

Link 4 is essentially and interface link between the several
lower level links and the ray trace subroutine (RAYTR)., By appropriate
communication with subroutine SMPOP the complete pattern of rays is
traced and a variety of statistical information returned to the calling
program including such things as spot size, rms x, rins y etc. This

link is employed by options 2,3, 7, and 8.



TR-67-700-10-2
Page III-3-100
Program Structure
Link 4

3.4.1 LATTZZ (LATT)

LATTZZ is used to generate the ray nettern by producing 1
ray for each entry. The coordinates are stored in (xo. yo). MRAYS,
which must be set to zero by the calling program prior to the first entry
to LATTZZ, is incremented by | for each entry and contains the current
count of the number of rays which have been generated. To generate the
entire pattern LATTZZ must be entered NRAYS times. It is assumed

that Yo does not changs between calls,

Calling Sequence

CALL LATT (XOHAT, YOHAT, MRAYS)

XOHAT: Storage for X .

YOHAT: Storage for Yo

MRAYS: Ray number being generated.
SLICE: Current slice number.

NSLR: Ray number within current slice.

Utility Routines and Common References

COMMON/DATA/



P

SUBROUTINE
LATT /
/
SLICE =

SLICE + 1

Yes

Yes
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NSLR 2
ILATTC(3, SLICE)

XOHAT =
LATTC(!, SLICE)

YOHAT =
FLOTA(NSLR)*
DELY + LATTC(2, SLICE)

- SLICE =1

Q}___..

v

NSLR = 0
XOHAT = LATTC(1, SLICE)
YOHAT = LATTC(2, SLICE)

v

NSLR = NSLR + 1

! MRAYS = MRAYS + 1

) G
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3.4.2 MERIDZ (MERID)

MERIDZ traces a ray from the objzct point (0., 0.) through

(xl,yl.zl) on o . with

(xo, yo) = (0., Ql) on the entrance pupil to P1 : N
and Q , MERIDZ computes

. . * - [3
direction Ql = (Qxl' le‘, Qzl)' Using Pl |

BF and f/. If MERIDZ returns a value of zero for either BF and f/ this

should be interpreted as BF =o or f/ =o ., The runis terminated if

the ra, misses or reflects,

Calling Sequence

CALL MERID(COLOR, BFOCUS, FSNUMB)

COLOR: Color number currently used.

BFOCUS: Storage for back focus, BF'

FSNUMB: Storage for f/number, f/,.

THTR: 0. (o)

SNTHTR: 0. (Sin 6) must be set by calling program
CSTHTR: 1. (Ces 0)

Utility Routines and Common References

COMMON/DATA/
COMMON/AZOBJ/
RAYTR

GOOF
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MERID /

GOOF

Link 4
RAYTR
BFOCUS = 0.
FSNUMSB = 0. - Trace ray
(0., OMGA1)

\ Print
ray missed Yes

Ray missed

Terminate
run

GOOF

?

comment

Print
ray missed

Ray reflected

Terminate

run

BFOCUS = ALPHA™

comment

XVCT(2) + XVCT(3)

FSNUMB = . 5*ABS

ALPHA = - QVCT(3)/ |,
QVCT(2)

(ALPHA*OMGA1)

\

—( RETURN W
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3.4.3 SMPOPZ (SMPFOP)

For a specified combination of object point (hj, 0) and color i,
SMPOPZ traces the entirc pattern of rays and returas the information lis’‘ed

below, the various parameters being delined in Volume I, Section 6.

s¥ Image Piane Position
NM Number of misses
NRF Number of reflections
Ny  Number of vignets

ﬁR Number of successes

A vignetted ray is considered to be a failure in all instances except the
design option (CMFLAG =2 or 5). The remaining outputs from SMPOP
depend upon the value assigned to the input trigger, CMFLAG, as follows:

1) CMFLAG =1

A 1 B f 2 ’ B, C
X X
r’ﬁx (XCURL) 1<i sﬁR
m ., (XCURL) " "
Yl
k . (TEMPS) 2 "
X1
Eyi (TEMPS (200)) "
2) CMFLAG = 2
X (8%, y(s¥
( J) y ( J)
X, (sj") (XCURL) 1si .<.NR

Y;(sf) (YCURL) v "



3)

4)

5)

- S,.:( , -— St:g

% (s;‘) (XCURL)

1

A (s;‘) (YCURL)

0.
TEMPS (i) = ;
3.
CMFLAG = 4

- * —,
S, )., S,
X(J) Y(J)

x*(S;‘) v (s;‘) , R* (s;‘)

’:zi (s;‘ )  (XCURL)

Vi (s;‘ ) (YCURL)

CMFLAG = 5
m,k,m,k
x' x' Ty 'y
m . (XCURL)
X1
k . (YCURL)
X1
m ., (TEMPS)
Yl

~
~<l
e

(TEMPS (200))

Ray
Ray
Ray
Ray
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lﬁiSNR

iis ok.

iis missed,

i is reflected.
i is vignetted.
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Calling Sequence

CALL SMPOP (COLOR, HNUMB, HEIGHT, BF |, CMFLAG, TEMPS

’ COLOR : Color index i
HNUMB : Object point index j
HEIGHT : Object height hj
BF1 : Back focus color 1
CMFLAG : Computation flag
TEMPS : Used if CMFLAG=1,3, or 5

The remaining variables are transmitted through TMPATT COMMON as
scen on page 1I1-2-10,

Utility Routines and Common References

COMMON/DATA/
COMMON/AZOBJ/
COMMON/TMPAT T/
RAYTR

LATT
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SUBROUTINE\ SISTAR -
TLINK(I) = 0,
~ — k(M DELD +
SMPOP / I=1, 425 CIMPL{HNUMB)
Set SJSTAR= Set MR = MR + MRAYS =0
SJSTAR + BFl |- . ‘ RCNT =0
if IMODE=0 MR if LMCUDE =0 MR = NRAYS
RYCNT =0
. B Yes
? 1=1, 200
No J
Set RCNT =1 LATT
1 =1 — ) Compute ray
if LMODE =0 coordinates
(XOHAT, YOHAT)

Ray reflected

. /\
° Ray missed

!

RAYTR

Trace ray




oy,

g
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Set TEMPS

NMISS = NMISS + 1 » (RYCNT + 1) = 1,
if CMFLAG =3

Set TEMPS

NRFLCT = NRFLCT + 1 » (RYCNT + 1)=2,
if CMFLAG =3

QVCT(3) = 0.

Y

NRAYSB = NRAYSB +1

Ray vignetted Yes ——
’ NVIGN = NVIGN + 1
v l Set TEMPS
es
CMFLAG =2 B (RYCNT +1)=3,
YCMFLAG =5 ‘ .
? if CMFLAG =3

No

XCURL (NRAYSB) =

QVCT(1)/QVCT(3)
CMFLAG >1 No
& CMFLAG <5 ™ YCURL(NRAYSB) =
? QVCT(2)/QVCT(3)




e

NRAYSB =0?

1
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Compute

TEMPS (NRAYSB)

TEMP (NRAYSB + 200)

L

X

Compute SL, Set
CURL (NRAYSB), f——————p={ RYCNT = RYCNT +1
YCURL (NRAYSB) if CMFLAG = 3

RCNT =0 No
XOHAT = - XOHAT

RCNT =0?

Yes

Yes

No

I>NRAYS ?

XNR = NRAYSB

MYBAR = MYBAR
+YCURL(})
KYBAR = KYBAR
+ TEMPS(j + 200)
forJ=1, NRAYSB

CMFLAC >1
&§ CMFLAG<S
?




p ‘

1
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YCURI(K) =
= | MYBAR = MYBAR/XNR . Y;;':;(Ki - ’;’;Yo BAR
KYBAR = KYBAR/XNR K + 200)=
TEMPS(K + 200) - KYBAR
K =1, NRAYSB
MXBAR =
KXBAR = KXBAR/XNR MXBAR + XCURL(L) No
= KXBAR = i LMODE = 1?
MXBAR = MXBAR/XNR
KXBAR + TEMPS(L)
L =1, NRAYSB
Yes
i
XCURL(I) =
XCURL(I) - MXBAR /
Compute
TEMPY(1) = =< CMFLAG=5? J=1 AX, BX, CX
TEMPS(I) - KXBAR
I=1, NRAYSB and AY, BY, CY
AX = AX/XNR [
Yes
BX =BY/XNR |s J> NRAYSB ? J=J+1
CX = CX/XNR \
i
AY = AY/XNR ACAP = AX + AY
BY = BY/XNR . BCAP ='Bx.+ BY

R
: 5
[
4
;

s
i




\)

XCURL(J) =

XCURL(J) - XBAR
for ] = 1, NRAYSB

YBAR = YBAR
+ YCURL(K)

A
forK =1, NRAYSB

YBAR =YBAR/ XNR

i
)

et~

XBAR = XBAR
+ XCURIL])
for1 =1, NRAYSB

XBAR = XBAR / XNR
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YCURIYL) =
YCURL(L) - YBAR
forL =1, NRAYSB

| \ .
CMFLAG <4? o

AN
Yes

[
RETURN
)

\J

XSTAR = XSTAR
+ XCURL (K)

* XCURL (K)
for K =1, NRAYSB

YSTAR = YSTAR
+ YCURL (K)

YSTAR = SQRT

(YSTAR/XNR)

—

* YCURL (K)
for K =1, NRAYSB

[
. XSTAR =SQRT

|

RSTAR = SQRT
(XSTAR * XSTAR+
YSTAR * YSTAR)

(XSTAR/XNR)
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3.5 LINK 5

Link 5 is responsible for performing design computations and

is entered whenever option 2 is specified. The downward communication

. is directly from FOLDP to STAR2 which is the design control subroutine,.
Link 5 communicates back up to subroutine RAYTR by going through
link 4, Control is returned to FOLDP upon completion of the design

process or abandonment due to unexpected failure.
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3.5.1 BNDCHZ (BNDCHK)

BNDCHZ checks the '"improved'' lens system for boundary
violations using the parameters of the current design variable. The
checking includes those constraints defined by the boundary condition
matrix, BOTNDS, provided NCOND > 0. The lens length is checked if

SYSMX is non zero, and the system is checked for feathering,

When a boundary violation has cccured an appropriate message
is printed, and BNDCHK executes the alternate return signifying the
detection of an error condition. The error message print out can be

supressed by setting IFLAG to a non-zero value when calling BNDCHK,

Calling Sequence
CALL BNDCHK (*, IFLAG)
* Return executed on detection of a boundary violation,
IFLAG: Flag set to non-zero if supression of error message

printout is desired.

Utility Routines and Common References

COMMON/DATA/
COMMON/PRNT/
COMMON/AZOBJ/
COMMON/ TMDESN/
CORDER

DPRNT

PRMSUB

RAYTR



SUBROUTINE
BNDCHK

UMIN = BOUNDS(2,L) |

UMAX = BOUNDS(3, L)

NCOND = 0?

No

Y

NVARX = NDSGV(1)
I=1

RLA = IABS(RL)

Yes

——
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J1 = NDSGV{i+1)

| A NJA = IABS

(IDESGN(I, JI)
M =1

RL=IBNDS(1,L) |

Yes

Y

KMA = 1ABS

| (IDESGN (M+ 3, J1))

U=DATA(KMA)
L=1

Yes

Nj<O?

No



P

$

UMIN s USUMAX?

o
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KMA<RLA

OR.KMA >
(RLA + NC-1)?

{

CORDER

Determine order of
indices of refraction

N

OMIN set to mini-
mum of indices.
QMAX set to maxi -
mum of indices.

No

Yes

4

QMIN = DATA(RLA)
QMAX =QMIN
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Y —
@““@”\ T
No
OMAX >UMAY ? Yes
No
No

N

] ;)L———- M=M +1 4\M>NJA7
Yes

~

Yes

L =L+1

.

<’:;L > NCOND? >NVARX ? 1 =1+ 1
) ,
F?




S Print design
information
No |

/\Y DPRNT
IFLAG =0 ? he
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PRMSUB

‘ RETURN 1}

Restore nominal
subst, set

\ Print error 7
message :

Yes

7

DDIST(1)=SURFC(4, 1)
QMIN = DDIST(1)
QMAX = QMIN

IOMAX - OQMINI
SSYSMVA ¢

No

'

De“ermine

length limits
OMIN, OMAX




TR-67-700-10-2
Page III-3-117
Program Structure
Link 5

—

DPRNT Print error

M = Print design message
information

Set parameters

N for feather
checking

Yes
!
RAYTR
Ray missed? ——— KIND = 3
v € Trace special
rays .
; [}
No
No
No Compute
Ray reflects? —= T AU, separation TAU > SPFEA?
distance
Yes
PRMSUB
Yes
‘ RETURN )— Last subst. Perform substitution
set? operation




=
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" No
o — KIND =2 - IFLAG = 0? ‘®

Yes

#

DPRNT

Print missed
surface

KIND = 1?7 Print design l
\ information I
No

Print reflected
surface

Print
feathered

surfaces
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3.5,2 CORDEZ (CORDER)

CORDEZ is used to determine the relative ascending order

of a set of N indices of refraction ] < N< 6, An integer vector cor-

responding to the set of indices is calculated such that each element of the

vector is the ordered position of the corresponding index within the set.

Calling Sequence

CALL

N:

DVCT:
OVCT:

CORDER (N, DVCT, OVCT)

Number of colors (indices of refraction).
Vector containing the N indices of refraction.

Integer vector containing the relative positions
of the inaices in DVCT,

Utility Routines and Common References

None




SUBROUTINE \

CORDER

—g{ OVCT(I) = 0

1
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No

DVCT(I)

No

J=J+1 -

Yes

I >N?

G

Yes

!

OVCT(I) =
OVCT(I) + 1
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3.5.3 CYCLEZ (CYCLE)

CYCLEZ uses the current set of design variables, the
parameceter vector 170, and Eo = E(ffo) to attempt to compute U such
that I-E'*I <|f:'3°|. During this process failures may occur in the form
of a singularity in the solution matrix, ray failure, bouvadary violations

which are unrecoverable, and negative improvement,

In the case of too many successive failures CYCLEZ executes
the alternate return and the design is abandoned. When an improvement
has been made the normal return is used. If a negative improvement has
been made the parameters are restored so that the design may proceed

on the next step.

Calling Sequence

CALL CYCLE (%)

% Alternate return executed when too many
successive failures have occurred.

Utility Routines and Common References

COMMON/DATA/
COMMON/PRNT/
COMMON/TMDESN/
BNDCHK

DOTP

DPRNT (EPRNT)
GETRHO

GOOF

INCRM

JURY

MATINV

MFEVCTR
MODDL

PRMSUB

i
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SIZE = 0,
CYCLE ESLNG =0. IMAX = NDSGV(1)
IMPRV = 0.

1

INCRM Set DESGN(3, ))
to max of DUMIN
Increment 1= =1 = or DESGN(3,J)
NDSGV(I + 1) forJ = 1, JMAX
— e Ry
- enerate weighte
VINDX(I + 1) ™ error vector gy ND Restore |
VCTSTR (KZ1) Scv a +1)
Altemate 4
return
VCTSTR(KZI) = KZE = VINDX(1) + K~ 1
VCTSTR(KZI) ettt KI=K1l+K-1 [™ K=1
-VCTSTR(KZE)
No

\ Yes
K=K+1 K >DIMVCT? —@
t




\

I=1+1

_DPOTP

VCTSTR(DIMVCT + 1)

- VCTSTR(KZ1)
—= BMATRX(I)

VINDX(I + 1)

KZ] =
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I>IMAX?

|

BMATRX(I) =
-BMATRX(I)
=1+1

I >IMAX?

KZE = VINDX(I + 1)
KZI = VINDX(] + 1)

#

DOTP

VCTSTR(KZE)
. VCTSTR(KZI)
~AMATRX(I, J)

Yes

]>1?

Yes



.

] >IMAX?

Kzt = NDSGV(I + 1)
= DESGN(10, KZ1) =

AMATRX(I, I)

S

I >IMAX?

No
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IESERI o

Yes

AMATRX(I,)) =
AMATRX(J, )

DETRM =
AMATRX(1, 1)
BMATRX(1) =

BMATRX(1)/DFTRM

No

AMATRX(1,1) =0. 2

MATINV

Invert F"__"

AMATRX




DPRNT

@

Print design
abondoned

No

Print design
information
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Print singular

solution

PCOUNT<

C RETURN ! )

PERIOD?
Yes

&

matrix

PCOUNT =

JURY

Jail current
design variable

PCOUNT + 1

INCRM

- Restore

NDSGV(I + 1)

e Print design

{RETURN ’

DPRNT

information

Print foilurc
cemputing

derivative

i 2
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Set SIZE to
maximum of

Kk | o] SIZE - ZETA -
SIZE, | BMATRX(1)|
I 1, IMAX

!

0 2. % ZETA
SIZE - s IFLAG B SIZE =
SIZE /2. KEX 1
BMATRX(I) - SIZE* INCRM BNDCHK
BMATRX(I), | Increment NDSGV(I + l)‘r________ Check for
-1, IMAX by BMATRX(I), boundary violation
I -1, IMAX
IFLAG =1 INCRM v
- es
BMATRX(]) = . Restore Violation found?
BMATRX(I)/SIZE NDSGV(I + 1),
1-1, IMAX I=1, IMAX
No
1 i

KCX = Yes !
KCX >107? N
KCX + 1 /




ESLNG =
\JESLNG

1

IMPRV =
(EOLNG-ESLNG)
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EOLNC = ESLNG

PCOUNT =0 |o

K=1

—

4

KZE =
VINDX(1) + K~ 1

Link 5
MEVCTR
KZ1 = Generate error
.
VINDX(2) vector for
VCTSTR(KZ1)
DOTP
VCTSTR(KZ1) No
Altemate retum?
. VCTSTR(KZ1) emate retum?
—=ESLNG
Q
No
DPRNT
IMPRV >0. 7 25 w| Print design
information
EPRNT
Print v;llues - AFLAG =07
o
design parameters
Yes
No

KZI =
VINDX(2) + K - 1

St

VCTSTR(KZE) =
VCTSTR(K2I)
K=K+1




o

ey

MODDL

parameter
increments

Compute design
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DPRNT

Print design

inf.rmation

-C RETURN )

DPRNT

Print design

No

information

Print ray
failure in

computing
error vector

X Print nega-
»\tive improve-

No « ATRGGR = 0?

@ -

[_C.IMPL(J)=DJOLD (J)
] =1, NOBJH

N

Y

ment

INCRM

Restore 4_____}

GETRHO

Compute back

MEVCTR

Gencrate error
vector for

VCTSTR(DIMVCT + 1)

focus BF1 and
EPRAD

NDSGV (I + 1),
I=1, IMAX

TNo

Altemate

Yes

>\l‘et\ufy




l‘
: nperation

PRM3UB

Perfr:su
snbstitution
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Last

Print ray failure

while regen-
erating

EO

/

substitution
set?

MODDL

Compute design
parameter ———"@
increments

GOOF

Terminate run

‘ RETURN 1 )

i

nd

BT
&
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3.5.4 DOTPZ (DOTP)

DOTiZ is us 1 to calculate the inner product of \7’1 and VZ

where V; and \—/; are vectors of dimension M. The result is stored in

argument PROD,

Calling Sequence

CALL DOTP (VCT1,VCT2, PROD)

VCTI: Thre first of M cells containing the M-
dimensional vector Vl .

VCT2: The first of M cells containing the M-
dimensional vector V,.

PROD; Result of dot product Vl . VZ'

DIMVCT: M, dimension of vectors. (TMDESN common),

Utility Routines and Common Referr.aces

COMMON/TMDESN/



SUBROUTINE

DOTP /

PROD = 0.
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PROD = PROD
+ VCTI(I)
* VCT2(1)

1> DIMVCT?

C RETURN ’

I=1+1

N I N I



TR-67-700-10-2
Page III-3-131

Program Structure
Link 5

3.5.5 DPRN1Z (DPRNT)

DPRNTZ consists of two entry points, DPRNT and EPRNT,

and is used to print out the results of each design step.

In DPRNT the design variables, incremental factor, deter-
minant value, old and new error vector lengths and improvement are

printed on a single line.

In EPRNT the current values of all the design parameters
for the current design step are printed. Up to six parameters for each
design variable may be printed per line with one line for each design

variable.

Calling Sequence

CALL DPRNT
CALL EPRNT

Utility Routines and Common References

COMMON/DATA
COMMON/PRNT/
COMMON/ TMDESN/
PRTCTL



o
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SUBROUTINE \ v PRTCTL :
es :
DPRNT LINE >58? —] Print title
/ on new page
No

Print design

= step values,
ul;slxgi 1 N new
] length

Qmmn )

NVARX + 2

ENTRY
+ LINE >567

EPRNT

NVARX =
NDSGV(1)

N—

PRTCTL
Print title
on new page

\ Print
design

headings

@




No

LINE = LINE

&

JI = NDSGV(I + 1)
NJ = IABS(
IDESGN(, JI))

Store parameter

values in
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—— + NVARX + 2
NJMAX =0

\Print headings
in

Set NJMAX to
maximum no. of

design parameters

Print parameter
values in

VLST()), J=1, N}

VLST

I=I+1

FMT (5) =
FMTT(NJMAX)
I1=1
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3.5.6 GETRHZ (GETRHO)

GETRHZ performs two functions. The first is to compute
the back focus for color 1 using the initial value of Py (EPRAD). The

back focus is stored in BF1.

If the f number, f(R)/, in FNUMB is not zero then the GETRHZ

(3) (0) be the

replaces p_ with p which is computed as follows, Let p
o o

initial value of P and f(l)/ be the corresponding f/number. Then:

. . (i)
o o fpli-l) L fori=1,2,3

where f(l)/ is the f/number with Py po(1 ) l).

Subroutine MERID is utilized in calculating the f/number.

Calling Sequence
CALL GETRHO (BF1)
BF1l: Computed back focus for color 1.

EPRAD: Recomputed value for the radius of the entrance
pupil provided FNUMB is non-zero.

Utility Routines and Common References

COMMON/DATA/
COMMON/AZOBJ/
MERID

Sl TP RRRE SRR




SUBROUTINE \

.

GETRHO /

THTR =0,
SNTHTR = 0,
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MERID
+{ Compute BFl,

CSTHTR =1,

FNUMBC

No

EPRAD =
ABS(EPRAD*FNUMBC/
FNUMB)
No
I=3?
Yes

C RETURN )

| MERID |
Compute
FNUMBCI=1+1

w =0.7?
Yes

<
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3.5.7 INCRMZ (iNCRM)

INCRMZ is used to increment each of the parameters
associated with the design variable defined by the first argument of the
calling sequence, This argument, J, points to the Jth column of the
design matrix, \7J,. as shown below:

Nj

(R)
4;

.<!
i

KN;j

The second argument FACTOR, contains a multiplier )\
which is applied to AVj before incrementation. Thus each parameter in
Vj is incremented by \ AVj. Depending on the associated sign of a
parameter the increment is added or subtracted, Also if the parameters

are radii of curvature then the increment is applied to the reciprocal,

Calling Sequence

CALL INCRM (J, FACTOR)

J: Design variable number specifying the design
variable to be incremented.

FACTOR: The multiplier X which is applied to AV. before
incrementation, ’

Utility Routines and Common References
COMMON/DATA/
GOOF




A

SUBROUTINE

N]=

INCRM /

NJA=|N)|
I=1 ey~

IDESGN(1,))

No

)

NJ=0?

Yes
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GOOF

Terminate
run

DELTA=FACTOR
*DESGN(3, ))

..____J@

|

KiJ=
IDESGN(1 + 3,))

Yes

KIJA=|K1]|

DATA (KIJA) =

OAG?\

No
Yes

DATA (KIJA) [
- DELTA

Klj<o? >

No

DATA (KIJA) =

DATA (KIJA)
+ DELTA

Print incorrect
design
variable

definition
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l A DATA(KIJA) = 0?

TMP = 1./

DATA(KIJA) =
+ DELTA

men | ] v
1.
- DELTA / DELTA
B

DATA(KIJA) =
— } -1./ DELTA "'_——'

DATA(KIJA) = 0. , — I=1+1

i DATA(KIJA) = Yes

{1./TMP

No g



TR-67-700-10-2
Page III-3-139
Program Structure
Link 5

3.5.8 JURYZ (JURY)

JURYZ consists of two entry points, JURY and JUDGE, It
is used to handle the logic to restrict a combination of design variables
which has resulted in failure while designing from appearing in sub-

sequent design steps.

JURY is entered when a combination of design variables has
failed. If there is sufficient storage the combination is jailed (restricted

from appearing in a design siep until its sentence has been served).

JUDGE is used to test the current design variable combina-
tion to determirne if it is in jail. If the design variatle combination is
not in jail, JUDGE mades a normal return. Otherwise the sentence of
the combination is reduced by one. If the sentence is now zero thedesign
variable is released from jail and a normal return is made. JUDGE uses

the alternate return if the sentence is greater than zero.

Calling Sequence

CALL JURY

CALL JUDGE (*)

% Is the alternate return taken if the sentence of a
jailed design variable compination is greater
than zero.

Utility Routines and Common References

CCMMON/DATA/
COMMON/ TMDESN/




Yes
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NJAIL =0?

SUBROUTINE \
JURY

J

NOFFND =

No

Yes

.C RE’I;JRN )

NOFFND + 1 [
IMAX = NDSGV(1)

JAIL(1, NOFFND) =
NDSGV(I + 1)

W

SENTN(NOFFND)

forl =1, IMAX

ENTRY

_~

= NJAIL

NJAL = 0?

JUDGE j

Yes
—( RETURN )
~
|
Yes "
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Test design
variable against

IMAX =
A NDSGV(1)
j=1
No
J=1e1 [
Yes

JALL(L )
I=1, IMAX

No Variable

‘ RETURN 1 )

No

Delete Jth.

Yes

!

SENTN(J) =
SENTN()) - 1

Delete Jth.

SENTN

=

JAIL

NOFFND =

NOFFND - |
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X 3.5.9 MEVCTZ (MEVCTR)
MEVCTZ is used to compute the M-component weighted error
vector E. The vector is stored as follows:
EVCTOR(]) = e
' EVCTOR(2) = e
EVCTOR(M) = ey
The weight vector, w , which was generated by MWVCTR, is
utilized in the computations. If any of the rays required in the generation
of E miss or reflect, then MEVCTZ invokes the alternate return (%), If
the value of M does not agree with DIMVCT the run will be terminated by
calling GOOF,
(-
‘ Calling Sequerce
CALL MEVCTR (EVCTOR, *, KFLAGI, KFLAG3) .
EVCTOR: Vector containing the M-component
weighted error vector,
% Alternate return utilized in case of ray failure,
KFLAGIl: Curved image surface option flag.
| KFI.AG3: Gaussian weighting option flag.
Utility Routines and Common References
COMMON/DATA/
COMMON/AZOBJ/
COMMON/TMPATT/
SMPOP
RAYTR ®
( PRMSUB

GETRHO



SUBROUTINL
MEVCTR

o e s i #m

HEIGHT =
EPRAD*OMGA2
XOHAT =0.
YOHAT = OMGAZ2
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No LAMDA = 2.+

CAUSSH*2

CETRIIO

Y

Ecs

Compute

back focus BFF'1

THTR = 3. 1416

SNTHTR = 0.
CSTHTR = 1.

Compute
XOHAT
L=L+1

i

EVCTOR(i) =

VCTSTR(L)
* XOHAT

Y
RAYTR | Ray
failure or
Trace ray QVCT (3)=0.
THTR =0, No
oINTHTR =0. WEXPP =0.7? i
CSTHTR = 1.
Yes
C
\
HEIGHT = HEXPP RAYTR
XOHAT = 0. —
YOHAT = 0. Trace ray

'
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Ray failure
or QVCT(3)=0.?

No Compute
XOHAT
L=L+1

o

!

6 = ROTANX* =
o e EVCTOR(L) =
NRA 3.1416/180, e VCTSTR(L)
XNCLRS = NCLRS _
SNTHTR = SIN& *XOHAT
CSTHTR = COSO

No _
LMODE =0? - | ¥NCLRS = NCLRS =< IMODE = 0?
/ ‘ SSTAR = DELD \ _ N
Yes ‘
Y Y
MRAYS = 2¥MRAYS - J=1 et SSTAR = SSTAR + BF1

]

HEIGHT =

H = HO+(J-1) |
* DELH g




>

SMFPOP

Trace ray

pattern
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No
@-—— 1> NCLRS?

Yes

NRAYSB =MRAYS

—’{ Rewind file

KFLAGI = 07 \N°
Yes
I=1 |

MXSUM = MXSUM + MXBAR
KXSUM = KXSUM + KXBAR

MYSUM = MYSUM + MYBAR |

KYSUM = KYSUM + KYBAR

I=1+1 -

MXSUM =0,
KXSUM =0,
MYSUM =0,
KYSUM =0.

Yes

Y
1

End file
Rewind file

g__‘

MXSUM = MXSUM/XNCLRS
KXSUM = KXSUM/XNCLRS
MYSUM = MYSUM/XNCLRS
KYSUM = KYSUM/XNCLRS

co
\on file

/ Write ray

ordinate data

T

Compute
CIMPL (])

v
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SJSTAR = |
SSTAR + CIMPL (J)

XBAR = MXBAR* SJSTAR
X

+ KXBAR - Yes ¢ “NCLRs = 17

YBAR = MYBAR* SJSTAR A N\

+ KYBAR

>

Read ray
coordinate data
off file
|
XCURL(K) = MYCURL (K)*
SJSTAR + KXCURL (K) SMPOP
YCURL(K) = MYCURL (K)* Trace ray NRAYSB=MRAYS
SJSTAR + KYCURL (K) pattern
K =1, NRAYSB
Yes
-
y
KFLAG3 =0? K=1 ey ALFA = 1.
BETA = WXDIR *% 2 L=L+1

* XCURL (K)** 2 '
| ) R (-BETA/LAMDA) || EVCTOR(L) = |
+ WYDIR* * 2 ALFA=e VCTSTR (L)X CURL(K)

* YCURL (K) * # 2 * ALFA




-

L=L+1
S EVCTOR(L) =
VCTSTR(L)* YCURL(K)

* ALFA

b K=K +1

I >NCLRS?
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g v

Yes

XIBAR(l) = XBAR

I=141 jus

YBAR =0,

L=L+1
EVCTOR (L) = VCTSTR(L)*
(XIBAR(I) - XBAR)
1=1,NCLRS

L

YIBAR(I) - YBAR

@.

YBAR = YBAR + YIBAR(I) L=1+1
I=1,NCLRS | | EVCTOR(L) = VCTSTR(L)*
YBAR = YBAR/XNCLRS (YIBAR(I) - YBAR)
I=1, NCLRS l
Y
XBAR = XBAR N
[o]
+ XIBAR(D), e LMODE = 17
I =1, NCLRS
XBAR = XBAR/XNCLRS
Yes
EVCTOR(L) = Compute :
VCTSTR(L)* |- XOHAT .
(XOHAT - EIMHT(})) L=L+1 -
i



e,

i J=J+1

No Yes
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PRMSUB
Perform

YN?

substitution
operation

Yes

C RETURN }

GOOQOF
Terminate run

L = DIMVCT?

No

Print, no. of error
vector

components

incorrect

PRMSUB

Last set?

No

—a={ Restore nominal

subst. set

G
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3,5.10 MODDLZ (MODDL)

MODDLZ is used to compute the increments which are
applied to the design parameters of each design variable of a design
step. For the set J = “l'jZ' .+ + J}» representing the design vari-
ables presnet, if A(f). i,e, (DESIGN{10,1)). is 0, then AVji(DESGN(3.I))
is unchanged. Otherwise:

(R)\ /2

(Aj ) (R)
v, ‘\ 24— h i N(2,
A i Aji(c) where Aji is DESIGN(Z,I)

AV.
Ji

Here | £ 1 < NDSGV(l), the number of design variables per design step.

Calling Sequence

( CALL MODDL

Utility Routines and Common References

COMMON/DATA/
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SUBROUTINE | MAX = NDsGv(1)
MODDL | 1=1 — 12 = NDSGV(E + 1) )
DESGN(3, IZ) =

ABS(DESGHM(3, IZ)*
SORT(DESGN(2, 1Z) /
DESGN(10, 12)))

DESGN(10,12) = 0, ?

No

I=1+1 I>IMAX?
—_—

Yes

( RETURN )
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3.5.11 MWVCTZ (MWVCTR)

MWVCTR is used to generate the M-component weight vector
W which is stored in VCTSTR(l) through VCTSTR(M), where M = DIMVCT.
All of the weights used to calculate VCTSTR are taken from DATA common,
If the number of components in VCTSTR is unequal to DIMVCT the run is
terminated by a call to GOOF,

Calling Sequence

CALL MWVCTR

WFLGH:  Focal length deviation weight,

WEXPP:  Exit pupil porition weight,

WXDIR: X coordinate weight,

WYDIR: Y coordinate wieght.

WOBJH: Vector of cbject height weights,

WCLRS: Vector of color weights,

WCLRH:  Vector of lateral chromatic aberration weights.

WIMHT: Vector of image height deviation weights,

Utility Routines and Common References

COMMON/DATA/
COMMON/ TMDESN/
PRMSUB

GOOF




SUBROUTINE \

MW /CTR /

L=L+1
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O

—e={ MRAYS = NRAYS

Yes

N
VCTSTR(L) = fem=s S WFLGH=0,?
WFLGH
—n
4
No L=L+1
WEXPP = 0. ? —e VCTSTR(L) =
WEXPP
Yes
ASQRT =
SORT(MRAYS) MRAYS =
bt e
BSQRT = MRAYS + MRAYS
SORT(NCLRS)
IMAX = NCLRS LMODE = 1?
Yes

%E =0?
No |
|
IMAX =
e
IMAX + IMAX




o

TXX - WCLRS(I)
*TX
TYY -~ WCLRS(I)
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TX = WOBJH())
*WXDIR/ASQRT

)

*TY

TY = WOBJH(J)
*WYDIR/ASQRT

e

L=L+1
VCTSTR(L) = TXX

L=L+1
VCTSTR(L) = TYY

No
Yes
I=1+1 = K >MRAYS?
TXX =
I >NCLRS? =1 WCLRH(J)/BSQRT
No

K=K+1




SERR

PRMSUB

Perform substi~-
tution operation
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L=L1L+1
VCTSTR(L) =
WIMHT(J)

L=L+1
| VCTSTR(L) = TXX
I=1+1
Yes
No I >IMAX?
No
Yes J > NOBJH?

Alternate
retum?

No

J=J)+1

C RETURN )

Print error in no.
of components
in weight
vector

GOOF

Terminate run
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3.5.12 STAR2Z (STAR2)

STARZ2Z is the control routine for the design logic of the
program. Several tests are made to determine if the design specifications
are valid., If the design problem is too large for the available computer
storage, the run must be terminated, After NDSGV(4) successful itera-

tions have been made the program makes a normal return,

Calling Sequence

CALL STAR2

Utility Routines and Commaon References

COMMON/DATA/
COMMON/PRNT/
COMMON/ TMDESN/
CORDER

CYCLE

DOTP

GOOF

JUDGE

MEVCTR
MWYVCTR
PRMSUB
PRTCTL
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SUBROUTINE No
STARZ2 / NDSGCN(4) >0? RETURN
Yes
B
Print bad desi . DIMVCT =0
Yes first time only

No

data
NDSGV(1) > 02
input N @) | MDIM - 0
MRAYS - NRAYS

E Yes
Terminate run MRAYS = 2* MRAYS[=— LMODE = 0?
No
o

!

N MDIM = 2*
MDIM = ‘-— ° LMODE - 1? MRAYS*NCLRS
+ NCLRS + 1

MDIM + NCLRS
Yes

! -
MDIM = No MDIM =
MDIM*NOBJH [ ' WFLGH = 0. ? 7 MDIM - 1




Yes

No

IMAX = NDSGV(1)

MDIM = IMAX + 2 [
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MDIM =
MDIM + 1

PRMSUB

Perform substi-
tutior operation

4

DIMVCT -
DIMVCT

VINDX(I) =

VINDX(I - 1)

+ DIMVCT,
1=2, 11

+ MDIM

Print problem
exceeds

VINDX(1) =
DIMVCT + 1

]

PERIOD = 2
*(NDSGN(3)
- NDSGN(2) + 1)

PCOUNT =0

™1 NOFFND =0

storage

GOOF

Terminate run

,@
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SENTN(I) = 0 MWVTR
JAIL(I,)) =0
c T 1=1, 10 ™ Generate
J=1, 10 weight vector

MEVCTR

Generate error

No Altemate

return? vector for

VCTSTR(DIMVCT + 1)

Yes Yeas

Print ray /
GOOF
DJOLD (11) = CIMPL (1) failure com-
1 Terminate
I1 = 1, NOBJH puting EO run
DOPT
VCTSTR (DIMVCT + 1) EOLNG= A/ EOLNG No
L——>  — | F
* VCTSTR(DIMVCT + 1) .
— EOLNG Ii=
Yes
No
CORDER
Order colois in Yes
— JI=J]+1
SURFC(5,))
into CORD
PRTCTL

\ Print title for
Print title -

design
on n.w page




JUDGE

‘ RETURN

Test current
design combination

Altemate return?

NDSGN (4) =

NDSGN (4) - 1
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No

CYCLE

Compute revised

parameter vector

NDSGN(4) > 07

NDSGV(I + 1)
< NDSGN(3)?

No

|

NDSGV(I + 1) =
NDSGN(2)

I=1+1

NDSGV(I + 1) =

Yes

NDSGV(I + 1) + 1 Y

=1+1




TR-67-700-10
Page 1II-3-158
Program Structure
Link 5

3.5.13 MATINV (MATINV)

MATINYV is a standard JPL library subroutine whose purpose

and usage are described in the attached writeup. A flow chart has not

been included in this instance.
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IDENTIFICATION

MATINVMatrix Inversion vith Accompanying Solution of Linear Equations

PURPOSE

FORTRAN IV Subroutine solves the matrix equation AX = B, vhere A
hlc square crefficient matrix and B is & matrix of constant vectors.
A" 48 also obtained; indeed, inversi>n may be the sole aim in a
particular usage. Finally, the determinate of A is available; other
possibly useful information i{s availablie to the user in the arrays
'S1' and 'S2°',

METHOD

Jordan's method is used to reduce & matrix A to the identity matrix I
through & succession of elewentary transformations; tp tp.)escet] Aw I,
If these transformations are simultaneoysly applied to I and to & matrix

B of constant vectors, the result is A "and X vhere AX = B.
USACE
Entrance is made via the FORTRAN statement in the calling program:
CALL  MATINV (NDIM,A,N,B,M,DETERM,S1,S2)

vhere 1. NDIM is the dimension f the arrays A,B. That is, the dimension

specifications for th se arrays are assumed to be: A(NDIM,N'),
B(NDIM,M'); N'®N, M'EM.

2. N 18 the order of A}N@®1.

3. M is the nwmber of column vectors {m B.

. DETERM is the location in which the determinant is to be placed.

5. S1 must be dimensioned atleast 3N, and S2 must be dimensioned
Gtleast as large as N,

6. A,B,DETERM,S1,82 are REAL names; NDIM,N,M are INTEGER names.

Suitable varisble names may replace the dummy variables listed above
at the users' discretion.

Notice that since the dimension information is provided by the calling

subprogrem, reassembly of MATINV is not required for different matrix
siges.

At the return to the calling program, Al if stored in A and X is stored
in B.

Entering M = 0 or negative signals that the routine iz to be used solely
for inversion; note, however, that in the CALL statement an entry
corresponding to B must still be present.



CODING INFORMATION

1. MATINV is the entry point name for deck MWRT1.
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2. Starage required: (720)3 = (U64) , locations plus user supplied

arrays Sl and S2.

3. Running time is approximately equal to llzololbé milliseconds.

The foilowing times were obtained for inversion of 4ill-condi-

tioned metrices:

RIZR(N)  ACTUAL TDE  No-ue6
r-.— T
3

«33ms
2.93 3
5 11.33 11
6 17.33 13
7 5.5 27
3 37.33 3
10 67.%0 66

b. Array 'SL' is ordered as follovs:

8. 81(1) to S1(N) is an array to prevent duplicate pivotings

on any single rowv.

b. S1(R+l) to Sl 3N) is & 2-coiumn array vhich records connecutive

rov interchanges.

5. Array 'S2' 1is the array of pivot elements used in the inversion.



f"\
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) LINK 6

L.nk 6 is called upon whenever option 3 is to be executead,
the communication being froin FOLDP to STAR3., STAR3 employs sub-
routine SMPOP (Link 4) to produce average x, average y, rms X, rms vy,

image height, and spot size on the prinipal image plane and a specified

set of alternate planes.

hF




;«‘9%‘\
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3.6.1 PARAXZ (PARAX)

PARAXZ traces a ray from the object point (po Q, ™)

through (.4:'0, 90) = (0. ,QZ) on the entrance pupil to P, = (x,, 2z, Zl) on o

1 1’71 N
: : : 3 = ai o . P
with direction Ql (Qxl’ le, Qzl). Using Pl and Ql' ARAXZ computes

}Land FP.

If the values for FL and FP are 0,, this indicates a value of

infinity for each. If the ray misses or reflects, the run is terminated.

Calling Sequence

CALL PARAX (COLOR, FOCALL, FOCALP)

COLOR: The color number currently used.
FOCALL: Computed focal length, FL'
FOCALP: Computed focal point, FP.
THTR: m (e)
SNTHTR: 0. (Sine@) ) Must be set by calling program

CSTHTR: -1. (Cos 6)

Utility Routines and Common References

COMMON/DATA/
COMMON/AZOBJ/
RAYTR

GOOF




SUBROUTINE
PARAX

GOOF

Terminate run

GOOF

Terminate run

H = EPRAD*OMGA2
FOCALL = 0.
FOCALP =0,

Print ray
missed

%" Trace paraxial ray
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RAYTR

(0., OMGA2)

Yes

Ray missed?

comment

®rint ray
reflected

Yes

FOCALL =
ALPHA*XVCT,2),
+ XVCT(3)
FOCALP = H*ALPHA

rc———- - QVCT(3)/ |t

SURFC(COLOR + 4
NSURF =+ 1) >0, ?

comment

ALPHA =

(. Ray reflected”

No

QVCT2) = 0. ?

QVCT(2)

FICALL =

- FOCALL

-( RETURN )
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3.6.2 STAR3Z (5TAR3)

STAR3Z is the controlling subroutine for option 3 which causes
optics diagnostic calculations, A table of focal length. focal poiut, back
focus, and f number for each color is produced, A table of exit pupil
positions for every combination of color and non-zero object height is
output., For every specified color-object point combination the ray
statistics are computed. Also for each combination the aveiage x,
average y, and spot size are calculated for all specified planes and three
special planes chosen to minimize rms x, rms y, and spot size., Inter-
mediate information is also output for assistance in further statistical
» N

computations, The values of M NV, and -1\_1Rare included in

R’ NM RF’
the ray statistics for each color-object point combination,

Calling Sequence

CALL STARS3

Utility Routines and Common References

COMMON/DATA/
COMMON/TMPATT/
COMMON/AZOBJ/
COMMON/PRNT/
RAYTR

SMPOP

MERID

PARAX

PRTCTL




TR-67-700-10-2
Page III-3-165
Program Structure

Link 6
/ sumwmwl PRTCTL Print
STAR3 — Print titlc heading
/ on ncw page
PARAX l
3 =3, 5 R =0,
Compute FOCALL hage—— Th:: 'ﬂ: Mll ? ———— SNTHTRI 0
and FOCALP CSTHTR = -1, I-
(Q)
MERID
I - 0, -

THTR —m= Compute BFOCUS e BH.f IBF:OICUS
CSTHTR - 1, and FSNUMB s
Generate proper ] Replace any Generate list
format FMT, to OLIST = 0. with — OLIST containing

print OLIST expression FOCALL, FOCALP,

"INFINITY" BFOCUS, FSNUMB
A
’ No i
Print OLIST
, LINE = LINE + 1
using /
=I+1
FMT
Yes
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B 7] HO + FLOAT(J- 1) THTR O,
e ————————
*DELH SNTHTR - 0,
J =1, NOBJH CSTHTR =1,

!

No

\ Print
headiag

=1 - HEITS(J) = 0. ?
Yes
1
RAYTR Yes
Ray failure? o EXITP =0,
Trace ray
3
E
Print HEITS(J) I g’\‘/‘g:(:)* Print r:ixn?( i}
EXITP XVCT(2)/QVCT(3) infinity
_/ + XVCT(3)
@
! Ne

Yes




Ly

@

SMPOP

Yes

No

Trace ray i
pattern (I, ])

!

Print l1r~.~..ing/
I ObJCCt ht. »
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THTR - ROTAN*
3.14159/180.
SNTHTR - SIN(THTR)
CSTHTR = COS(THTR)

!
MRAYS - NRAY'S
if LMODE =0

Print ray 7
trace

J color

[

LAMDAO =: SJSTAR +
FLOAT(NSPLN)

MRAYS - 2¥NRAYS

Print
ray

information

LAMDAX = - BX/AX

LAMDAY = - BY/AY =

LAMDAR = - BCAP/ACAP

* DLPLN

LAMDA(K) = LAMDAO +
FLOAT(K-1)*DLPLN,

\ statistic;s /

1

\Print plane loc.

heading

LAMDAT = LAMDAX

K =1, NIPLN

KTEMP =1

!
I

NS

L




-

Compute
«] XBAR, YBAR,

\

HIMAGE

-
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Compute

KTEMP =2
LAMDAT =
LAMDAY

KTEMP = 3
LAMDAT =
LAMDAR

—™1 XSTAR, YSTAR,
RSTAR

Yes
KTEMP = 1?

\ Pxint minimu
rms Y

Compute
XBAR, Y3AR,
HIMAGE

plane
data

No

Yes
KTEMP = 27

}

Compute
XSTAR, YSTAR,
RSTAR

No

|

Print minimum

spot size

X Print data for
Kth. plane

st. loc.
LAMDA(K)

[

plane
data

/

1 K=K+1
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— No )
K K> NIPLN? ,.{ L l
Yes
I-1+1
1-1 y,s)\ No

/7 No

Q mmj
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3.7 LINK 7

Link 7 is responsible for producing scaled spot diagram
points plots on the printer-one plot for each object point-color combination.
Subroutine STAR7 which is the control routine is entered directly from
FOLDP whenever option 7 is to be executed, Subroutine SMPOP (Link 4)
is employed to produce image coordinates on the Principal plane which

are traniformed to printer coordinates by subroutine GETLC,
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3, 7.1 GETLCZ (GETLC)

GETLCZ is used to compute the character and line position

of a given point. The point is then output according to its character and

line position on the spot diagram point plcts,

Calling Sequence

CALL

X:

Y:
SMIN:
DELL:
DELC:
NCHAR:
NLINE:

GETLC (X, Y,SMIN, DELL, DELC, NCHAR, NLINE)

The X coordinate of the point.

The Y coordinate of the point,

Value assigned to lower left corner of grid.
Increment in the Y direction (line).
Increment in the X direction (character).
Character position of point on grid,

Line position of point on grid.




;ﬂﬂ\
. ]

NCHAR =

QX = (X - SMIN)
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NCHAR + 1

QY - (Y-SMIN)
/DELL

/DELC
NCHAR TX
NLINE=TY [
QX-TX >.57?

Yes

QY-TY >,5?

TX = IFIX(QX)
TY = IFIX(QY)

NLINE =
NLINE + 1

Qmm }

NLINE =
61-NLINE

é
e
k~!
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‘;mu“

%

3.7.2 STAR7Z (START)

STAR7TZ is used to produce the spot diagram point plots
required for an option 7. The coordinates of the specified ray pattern
on the unit radius entrance pupil are printed along with the line-character
coordinates, and the plot character for each ray. A scaled point plot of
the entrance pupil pattern is then produced on the printer. If there are 35
or fewer rays, each ray is assigred a unique plot character. Otherwise

x's are used if the ray number exceeds 35,

For each combination of object peint and color the ray
pattern traced to the image plane. A tabular listing of each ray of a
given object point and color i- printed followed by its spot diagram point
( plot. The plot scale is the same for all point plots and is printed on each

plot.

If any ray has failed (missed, reflected, or vignetted) an

appropriate comment is printed in the tabular listing and the respective

point is deleted from the plot.

Calling Sequence

CALL STARTY

Utility Routines and Common References

COMMON/DATA/ MERID
COMMON/TMPATT/ SMPOP
COMMON/PRNT/ GETLC
COMMON/AZOBJ/ SCALEK

LATT PRTCTL
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SUBROUTINE \ MR = NRAYS
e =
STAR7 MRAYS =0
RYCNT =0
!
Yes _
LMODE = 0? - MR =
MR + MR
No
—
LATT
Generate ray fet— RYCNT = g — I=1
coordinates RYCNT + 1
XCURL, YCURI.
b
No
No :
LMODE = 0? =l =1+1 _;
* Yes
XCURLRYCNT + 1) = DELL = 2. /6.
-XCURL(RYCNT) RYCNT = DELC = 2. /102. '
[r———————
YCURL(RYCNT + 1) = RYCNT + 1 LINE = 80
YCURL(RYCNT)




N

CHAR =
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PLTCHR(I)

e

\ Print I, XCURL(I),
YCURL(I),

NX(D), NY(),
CHAR /

Print point plot
heading

TITLE

Print entrance /
pupil - [=1
header
GETLC
CHAR =
———— Get NX(I), NY(I)
PLTCHR(33)
for point
XCURL(I), YCURL(I)
)
No 3
MR > 35?
\
Yes
No
—gt I=1I+1 I>MR?
Yes
GETLC KBAR = MR + 1
Get NX(KBAR), | #~—————J PAGE =PAGE +1
NY(KBAR) for LINE=0
origin 0,0,




o

PRTL(K) = PLTCHR(38)
K=3, 101, 2

G< LINE<61?

!

Set PRTL
with proper
chars. for Ith line

Print
PRTL

No

LINE = NY(KBAR)?

LINE =

Yes
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PRTL(1) = PLTCHR(38)
PRTL(103) = PLTCHR(38)

#

PRTL(K) = PLTCHR(36)

K =2, 102

KL = NX(KBAR) + 1
PRTL(KL) = PLTCHR(37)

No

LINE = 61°?

Yes

\

Print SMIN =
-lo ’

LINE + 1

PRTL

LINE = 0?




“
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T

—— No
RC/ — = 1 =]+1 1>62?
Yes
NRBAR(I) =0 NSPOTS - 0
e LINE = 60
I=1, 42 REWIND 11
THTR = 0. v
es
SNTHTR =0. 14 IMODE = 0?
CSTHTR = 1. N )
No
p
MERID THTR = ROTAN *7/180,
Compute back | g SNTHTR = SIN(THTR) — =1
focus BF1 CSTHTR = COS(THTR)
1 £
SMPOP HEIGHT = HO +
Trace ray ot I=1 pog-— FLOAT(J-1)*DELH
pattemn
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N NSPOTS =
NRAYSB = 07? i — NSPOTS + 1
E B NRBAR(NSPOTS)
= NRAYSB
Yes
1
Set XTMIN to min. / XTMIN = XCURL(1)
No -
XCURL(K), set XTMAX| NRAYSB = 17 XTMAX = XCURL(1)
to max. ¥CURL(K) \ YTMIN = YCURL(1)
K=2, ~" .YSB YTMAX = YCURL(1)
Yes
i |
Set YTMIN to min. Y XMIN = XTMIN
es
YCURL(K), set YTMAX g XMAX = XTMAX
to max. YCURL(K) SPOTS = 17 - YMIN = YTMIN
K =2, NRAYSR YMAX = YTMAX
No
Write (11) J, I, XBA
XMIN = AMIN1 YMIN = AMIN1 YBAR, NRAYSB,
(XMIN, XTMIN) | (YMIN, YTMIN) XTMIN, XTMAX,
XMAX = AMAX1 YMAX = AMAX1 YTMIN, YTMA
(XMAX, XTMAX) (YMAX, YTMAX) XCURL, YCURL,
TEMPS
No
Y
Yes ¢ 1 >NCLRs? I=1+1

J=J+1 |=




SCALEK
Compute scale
PLX, PLY

Y

SMIN = PLX
SMAX = PLY

GETLC

{Get NXORG and
NYORG for origin

Yes

J >NOBJH?

No

SMIN = PSCAL*
AMIN(XMIN, YMIN)
SMAX = PSCAL*
AMAX1(XMAX, YMAX)

e ————

SMIN 20 or
SMAX = 07

e
REWIND 11
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Yes

No

!
END FILE 11

SMAX = AMAX!
(ABS(SMIN), SMAX)
SMIN = -SMAX

|

DELL = LENGTH/61.

LDELC = LENGTH/102.

LENGTH = SMAX - SMI
REWIND 12

Read (11) HNUMB,
COLOR, XBAR,
»{ KBAR = NRBAR(I) YBAR, XCURL,

X\rcm, TEMPS




No

)
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INDRAY = 1?

Yes

!

RYCNT = RYCNT + 1
XS = PSCAL
**CURL(RYCNT)
YS = PSCAL
*YCURL(RYCNT)

~

Y
INDRAY =27 Sros

Yes

Link 7
Print
HNUMB, COLOR, RYCNT =0
XBAR, “'BAR . K =1
KBAR
!
\ Print
INDRAY = ray tabular
TEMPS(K) + 1 heading
GETLC Print ray position,
Get NX and NY NX, NY,
of XS and YS plot char,
!
Print ] —
ray I o K=K+1 [*——— M
missed
Print
ray K >MR? AL

INDRAY =3

reflected
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Print 7
L ray M
vignetted /

Write (12) HNUMB, f

N COLOR, NX, NY, I=1+1
CHPSPT /

END FiLE " Yes
Ne
KBAR = NRB AR (I) |- REWIND 12 et : I > NSPOTS?
I=1
!
Read(12) HNUMB, Print TITLE,
COLOR, NX, NY, HNUMB, COLOR, - J=1
\ CHRSPT / PAGE [
Construct
J=)+1 |- Jth plot
line in PRTL




TR-67-700-10-2
Page I1I-3-182
Program Structure
link 7

I > NSPOTS?

I=i+1
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3.8 LINK 8

I.ink 8 performs a specified sensitivity analysis on the lens
system under the control of option 8. One of the primary purposes of
this type of analysis is to study the tolerance (sensitivity) of the design
with respect to geometric fabrication parameters such as curvature and
element spacing, Subroutine STAR8 employs SMPOP (Link 4) to evaluate
the nominal and perturbed systems in order to produce sensitivity

coefficients,
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3.8.1 STAR8Z (STARS)

STARBZ performs the computations for the sensitivity
andalysis which is used to determine the effect of perturbing certain
parametcrs., Statistical data for each object point and color for the
nominal system is calculated and saved. Then each parameter specified
by PERTB(I, 2) is perturbed by the percentage given in PERTB(I, 1) and
the system is recalculated for each object point and color. If there were
no ray failures the values for average x, average y, rms x, rms y, and
spot size are printed for each object point ana color combination, If
the refocus option, REFOCS, has been set non-zero, values are also
printed for the minimum rms x, rms y, or spot size plane location for
all colors taken together, When all combinations of color and object
point have been completed the perturbed parameter is restcred, and the
process is repeated using the next parameter in PERTB uatil all NPERTB

parameters have been perturbed.

Calling Sequence

CALL STARS
NPERTB: Number of parameters tc be perturbed, Mp.
PERTB: Perturbation ‘matrix each row of which con-

tains the perturbation percent, index of
parameter, and parameter symbol (2 words
of 6 characters each).

REFOCS: Flag which is set according to the type of
lens refocusing desired.




oy

Utility Routines and Common References

COMMON/DATA/
COMMON/TMPATT/
COMMON/PERTB/
COMMON/AZOBJ/
COMMON/PRNT/
SMPOP

MERID

PRTCTL
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SUBROU mz\ )
UBROUT — -t I=1 — T1 (l)
STARS / f .01 %PER'TB (I, 1)
THTR =0, INDX =
SNTHTR =0, | Yes I>NPERTB? N0 ) IPERTB(I, 2)
CSTHTR =1, TMP =
DATA(INDX)
MERID DELTAT(I) =
Ti(I) - TMP Yes
Compute BFN M To1+ l‘ TMP =0?
back focus - f \
No %
THTR = ROTAN 1
*m/ 180, T1(l) = TMP
h
SNTHTR = SIN(THTR) ‘(L + TL)
CSTHTR = COS(THTR)
' HEIGHT =
J=1 —| HO+(]-1) - I=1
* DELH “‘




CL3(K) =0,
K=1, 425

il Trace ray
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SMPOP !

pattern

ISTATN(I, K, J) =
NRAYSB, NMISS,

STATN(], 1,]) = XBAR
STATN(I, 2,)) = YBAR
STATN(I, 3,]) = XSTAR
STATN(I, 4,]) = YSTAR
STATN(I, 5,]) = RSTAR

No

1 > NOBJH?

Yes

1

MR = NRAYS

I=T+1 1= NRFLCT. NVIGN
forK=6,9
SIN()) =
[ >NCLRS? D=t o]  SSTAR
J=J+1
No
Yes
MR = MR + MR fee— LMODE = 0?
No
—
PRTCTL
KNDX =
o

3*REFOCS + 2

Print header
on new page

Print ray
statistics

heading




o

TMP =
DATA(INDX)

DATA (INDX) = T1 (K)

Print ISTATN(I, K, J)
I =1,NCLRS
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J =1, NOBJH
K =6’ 9

SYMB! =
IPERTB(K, 3)

!

THTR =0,
SNTHTR =0,
CSTHTR =1,

-=| Compute back

CL3(LK3) =0,
LK3 = 1,425

|

PERCNT =
PERTB(K, 1)

SYMB2 =
IPERTB(K, 4)

MERID

INDX =
IPERTB(K, 2)

focus BF1

THTR = ROTAN * /180,

SNTHTR = SIN(THTR)

CSTHTR = COS(THTR)
LINE = 60

HEICGHT =
HO + FLOAT (J-1)* DELH
I=1

SMPOP

Trace ray
pattern

GMX (I, LK3 - 412)
= CL3(LK3)
LK3 = 413, 425

IGMX(1, 14) = NRAYSB
IGMX(I, 15) = NMISS
IGMX(1,16) = NRFLCT
IGMX(1,17) = NVIGN




N

SUMA = SUMA +
GMX(I, KNDX)

GMX(I, KNDX + 1)
for] - 1.NCLRS

( !

) FLAMDA =

I=1+1

SUMB = SUMB +  [at——edl

No

-SUMB/SUMA

Print substi-
ution paramet
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No

I > NCLRS?

REFOCS =0?

SUMA = 0.
SUMB = 0. ~
i I=1
____PRTCTL

Print header

heading

on new page

ISTATN(, 6, ]J) = 0?

LINE >48?

et

'

[ Print I, ]
STATN(L,KT, J) for
KT = 1,5,
{' ISTATN (I, 6,))

IGMX(I, 14) = 0?

Print
IGMX(I, KT)
for KT =14, 17




YBAR = GMX(l, 3)
*ELAMDA e

Q;___—
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XOBAR = STATN(L,1,))
ELAMDA = SJSTAR

XOSTAR : STATN(I, 3, ))
YOSTAR = STATN(1,4,))
ROSTAR = STATN(L, 5, ))

XBAR = GMX(I, 1)

Y

Assign 10200

*ELAMDA e

+ GMX(I, 4)

1

XSTAR = SQRT(GMX(1, 5)
*ELAMDA *ELAMDA + 2.
*GMX(I, 6) *ELAMDA

+ GMX(1,2)

to IGO

YSTAR = SQRT(GMX(, 8)
*ELAMDA *ELAMDA + 2.
*GMX(I, 9) *ELA MDA
+ GMX(1, 10))

RSTAR = SQRT(GMX(I, 11)
*ELAMDA *ELAMDA + 2.
*GMX(I, 12) *ELAMDA
+ GMX(I, 13))

'

DXSTAR = XSTAR - XOSTAR
e et

DYSTAR = YSTAR - YOSTAR

DRSTAR = RSTAR - ROSTAR

GAMMA(1) =

DXBAR = YBAR - XOBAR
DYBAR = YBAR - YOBAR

+ GMX(1, 7))
GAMMA(L) = 0.
-
L=1,5
No
XOBAR =0.?

Yes

= 100, * DXBAR
( /SconA’liB )

o
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CAMMA(2) =
| No
G YOBAR = 0, ? —a] (100. *DYBAR)
/YOBAR
GAMMA(4) = No v
(100. *DYSTAR) |ue YOSTAR =0. 7 AR~
/YOSTAR f
Yes No
—
/ \ o GAMMA(S) = CAMMA(S) =
ROSTAR =0.? o] (100. *DRSTAR) (100, *DXSTAR)
/ROSTAR /XOSTAR
Yes ]
—
Print XBAR, YBAR Print DXBAR, DYBAR,
3000 " XnSTAR ‘;STAR ’Z DXSTAR, DYSTAR
o RSTA'R xcmx’ DRSTAR,
' GAMMA
Yes
B |
LINE = LINE + 3

NREFC = 1? NREFC = REFOCS + 1




i

-

"

Print FLAMDA,
min. spot

Yes
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Print FLAMDA,
min. RMS

Yes

X plane

Print FLAMDA,
min. RMS

size
plane

—

ELAMDA = FLAMDA
assign 13000 to I1GO

4(,9

)
\ Print XBAR, YBAR,
XSTAR, YSTAR,

v

Y plane

RSTAR
IGMX /

No

Yes

I >NCLRS?

Print DXBAR, DYBAR,
DXSTAR, DYSTAR,
DRSTAR,

GAMMA

\L)_-_.

=1+1
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No :
| N - -]+ J > NOBJH? ‘@
Yes
[
1
No DATA(INDX) =
/K > NPERTB? | TMP
\ K=K+1
Yes

( !
C RETURN )
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PROGRAM MODIFICATION

Program modification ranges from the simple task of altering
a single source program statement to the complicated problem of imple-
menting a new capability. Conversion of the program to some computing
system other than the IBM 7094 involves, in general, a number of hard-
ware dependent difficulties related to such considerations as word size
and character size. The programming language (FORTRAN 1V), the
modularity concept (48 subroutines), and the program structure (overlay
links) vwere selected and developed not only to simplify implementation

and checkout but also to make m-dification less complicated.

Section 1
ADDING CAPABILITY

Consider first, the problem of adding some new capability
to the program anc assume for the moment that no new input paraineters

or symbols are involved.

An examination of figure 1 (Overlay Structure) reveals that
there are two levels (origins) in the overlay arrangement. Those links
(namely 5, 6, 7, and 8) which require the specified entrance pupil pat-
tern to be traced must interface with subroutine SMPOP and hence start

at origin 2. All other links start at origin 1,



Eda N
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Tf the capability to be added is a modification of, or an addition
to, an existent capability the new subroutine(s) should be added to the
appropriate link and interfaced as required, As an example, suppose
that a new definition for the merit function has been devised basedupon
some criteria other than rms spot size. The error vector E.being de-
fined differently is evaluated by a new subroutine, say ME2CTR, This
subroutine would be included in link 5 and appropriate alterations made
to deck CYCLEZ in order to optionaily call ME2CTR instead of MEVCTR.
Deck ME2CTR would contain any of the common blocks needed such as

DATA and TMDESN,

Suppose then that the alteration represents a completely new
capability to be included as a separate link (link 9) into the structure.
If this link requires the entrance pupil paitern to be traced it must be
started at origin 2 (parallel to 5,6 etc.) and there must be oe or more
calls to subroutine SMPOP (link 4). If the entrance pupil pattern is not
required then link 9 should start at origin 1, which gives it access to the

print control routine, PRTCTL, and the ray trace routine, RAYTR.

Whenever it is necessary to change one of the labeled co'n-
mon blocks, in particular a change affecting size, all decks containing
the labeled common in question must be altered in the same manner,.

Figures 2 and 3 of section 2, (PROGRAM STRUCTURE) will aid one in
doing this,
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Section 2 °
ADDING NEW INPUT

Each statement in the program is uniquely identified by its
sequence number which appears in the right hand margin of the compila-
tion listing and is punched in columns 73 through 80 of the corresponding

source card, For example, statement RD401340 of READS is "L =1 + 1",

Suppose there is a requirement to input the parameter Y whose
FORTRAN name (symbol) is GAMMA, All input processing is handled
by link 1, in particular, subroutine READS is responsible for reading
and performing validity checks on all input parameters. It may be pos-
sible to include GAMMA in one of the existent NANELIST statements
such as GEOM, (RD007000, RD007100, and RD007200), in which case

the modification is almost trivial.

e

If none of the existent NAMELIST statements are adequate
a new one, such as NAMELIST/NEW/GAMMA, should be inserted into
READS, as well as the appropriate read statement, READ (5, NEW),
Since the presence of "NEW' data might be optional it may be necessary
to introduce a sixth IFLAG into the INPUT NAMELIST data (see
RD006500 through RD006510).

The normal method of communicating the value of GAMMA

from READS to other program modules is by means of labeied common,
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for example, inserting the statement, COMMON/NDATA/GAMMA, into
READS,STAR10, FOLDP and all other modules which reference GAMMA

is sufficient to effect the communication, *

A more complicated situation results when GAMMA is to be
included in the DATA vector (see DT001100), In general, this occurs

when either (or both) of the following circumstances prevail:

a) GAMMA is tc be included in the octal input/output,
that is, included in the octal punch of the data region.

b) GAMMA is to be an input symbol.

Assume that both conditions are to be satisfied and, further,
that GAMMA is a real vector with dimension 20, The following modifica-
tions should be made to READS and all other decks containing
COMMON/DATA/:

a) Change the dimension of DATA from 3483 to 3503
(DT061100).

b) Add the statements '""DIMENSION GAMMA(20)'" and
"EQUIVALENCE (DATA(3484), GAMMA(1))".

In addition, READS must be altered as follows:

a) Change the dimension of SYMBIJ 4 to (2, 8). (RD002000),
b) Change the value of NSYMB4 to 8, (RD002500).

c) Add the statement '""DATA SYMBL4 (1, 8), SYMBL4(2, 8)
/6HGAMMA( , 3484/'".

% It must appear in FOLDP in order not to be destroyed during overlay.

This is true of all interlink common variables.




TR-67-700-10-2
Page III-2-3
Program Modification

d) Add GAMMA to an existent or new NAMELIST statement,

e) Change the upper limit of the DO statement, RD102600,
from 3483 to 3503,

f) Change the upper limit of the DO statement, RD1051090,
from 581 to 584,

g) If necessary, add statements to read and check the
validity of GAMMA,

It should be noted that any parameter vector or matrix which
is to be included as a new input symbol must consist of exactly 5 char-

acters be it integer or real.

The inclusion of GAMMA in the input DATA vector also makes

it necessary to modify several other subroutines of link 1, in particular,

a) In subroutine OPUNCH change the upper limit of the
DO statement, OP005200, from 581 to 584,

b) In subroutine REREAD change the upper limit of the
DO statement, RR103600, from 580 to 583,

c) Include a statement or statements in subroutine STAR9Y
or subroutine STAR10 to list GAMMA with appropriate
headings using a format which is compatible with the
current output scheme,




o
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Section 3
CHANGING THE DIMENSION OF l_':’

One of the primary reasons for employing overlay is t=
maximize the amount of scratch storage available to the design link in
order to permit the dimension of the error vector E to be as large as
possible, In the interests of speed and reliability the program is organized
to perform all design computations in core which imposes a limitation on

the ''size' of the problem which can be handled.

Although M, the dimension of E, can theoretically be as
large as 16, 893%, in practice it is restricted to being considerably less

than this in order for the program ito be operable on a 32K 7094.

If n represents the number of design variables where
1 £<ng<10, thenthe n + 2 vectors W, -}::.., -I.l’ 32, . -'.l'n, each of
dimension M, must be simultaneously available in core storage, re-
quiring M(n + 2) locations. These vectors are stored one behind the
other starting in VCTSTR(1) which is located in TMDESN common. If
NDIM is the dimension assigned to VCTSTR (currently 6000) then M

must be such that:

NDIM
n+2°

M < (1)

* See volume I section 8 pages I-8-6 and I-8-7,
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At the outset of a design computation option FOLDP calculates
M and checks the inequality expressed by equation (1) using NDIM = 6000,
If M is too large the run is aborted with an appropriate comment at which
time the user can decrease M by selectively decreasing such things as

the number of rays, the number of object points or the number of colors,

It is clear from equation (1) that M can take on larger values
when n is small the maximum value occuring when n = 1 so that
M < (NDIM/3). Although vectors W and E must be preserved

. . . - —-) b
during a complete design cycle, the derivative vectors Il’IZ’ . e ,In
are not needed following the generation of matrix I. The program utilizes
this fact by permitting subroutine BNDCHK to employ the last 619 locations
of VCTSTR as scratch storage, the assumption being that NDIM is large
-

enough so that the final 619 locations will not overlap vectors W or E.

This will be the case provided M > 619 or
NDIM 2 1857, (2)

which is lower bound on acceptable values for NDIM within the frame-
work of the program. The upper bound on NDIM is determined by the

amount of storage available when links 0, 4, and 5 have been loaded.

Suppose that it is desirable to change the value of NDIM
from 6000 to some other legitimate value and call it NDIM. The following

modifications are necessary:

a) Change the dimension of VCTSTR from 6000 to NDIM
in TMDESN labeled common. {(L7002000)

b) Change 6000 to NDIM in the IF statement S2005600 of
subroutine STAR2Z2.
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c) Change EQUIVALENCE statement items in subroutine
BNDCHK from the form (A, VCTSTR (6000 - j)) where
0 < j < 618 to the form (A, VCTSTR(NDIM - j)).

It should be noted that a re-design of the design link utilizing
utility storage (disk or tape) would make it possible to consider more
complex systems as (presumably) it would not be necessary to hold all of

the M-dimensional vectors in storage at the same time.

Vs
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Section 4
CONVERSION PROBLEMS

Conversion is used here in a general sense to include nct only
re-writing the program for a different computing system, but also the
adaptation of the program to a 7094 whose monitor or peripheral hard-
ware differs from the JPL 7044/7094 direct couple syestem. An example
would be the re-design of subroutine CPLOT to generate plots on some de-

vice other than the SC4020.
4,1 INPUT/OUTPUT

There zre a variety of problems which arise in connection
with the input/output activity of the program. As an example, the octal
format (6012) employed by subroutines OPUNCH and READS to punch
and read ''re-start' data cards is not defined on a hexadecimal computing

system such as IBM 360. Some sort of hexadecimal format is required.

Subroutine REREAD which produces a card image list of the
current case deck backspaces the input file which is not valid on some
systems, e.g., when the input file resides in 2 card reader. A possible
solution would be to have REREAD copy the card images onto a new file

as they are read and make all subsequent input references to the new

file.

The spot diagram point plotting which is handled by link 7
(STAR7 and GETLC) produces printer plots scaled to certain size
(11" x 15'") paper in such a manner that a grid of 62 lines and 102
characters is essentially square. This logic would have to be altered

for a different paper size.
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A major difficulty in going to another computer is the
dependency of symbol manipulation logic on the 7094 word and character
size. On the 7094 each word accomodates six 6 bit characters whereas
(for example) on the 360 each word accomodates four 8 bit characters;
consequently, a 6 character symbol requires one word on the 7094 and

two words on the 360,

Subroutines VCNVRT and UNPBCD are employed in the
conversion of vector and matrix subscripts from BCD to integer and
they would be completely inadequate on a 360 and probably any other
system, UNPBCD uses integer arithmetic to unpack a word of six
characters into 6 words of 1 character each and thus depends upon word

size, character size and the characteristics of integer arithmetic.

4,2 SIGNIFICANCE

There are two known areas of the program in which
numerical results are rather sensitive to the basic accuracy of the

computer.

- 5k
The computation of vector Ij involves differencing the com-

ponents of two vectors which are nearly the same, that is,
—

T =E(T +aU,)-E(T)
j o} ] 0

where |AUj' is small in order to have an accurate approximation of the

partial derivative., On the 7094 with a basic accuracy of 8 decimal digits

g See volume I section 8. 2. 2.
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-
only the first several digits of Ij are meaningful,the remainder being

round off noise, As a consequence, on a different computer or computing

.fj.in a different manner the results may only agree (with FOLDP) to 2

or 3 significant digits, In some cases involving 4 or more design vari-
ables per iteration the design step, although valid, may be totally different
from that produced by FOLDP, This situation was actually experienced
during the checkout of FOLDP when results were compared with the

original Lehman program.

During ray tracing and, in particular, when the program is
attempting to find the point of intersection of a ray with an aspheric sur-
face, the iteration algorithm involves the generation of a sequence of

values 61, 62. . e e GK where

with Z__ lying on the ray and ZK

K on the aspheric. *

Convergence occurs when K is such that | GKI < ¢ . Again,
because of round off noise in differencing two values which are nearly

the same, only the first few digits of 8 , are meaningful, The 6 sequence

K
i >

is assumed to be ordered, namely, l eKI I GK + ll for all K and a
violation of this monotonicity property constitutes a miss. The value
€ =107 is currently being used on the 7094, When ¢ = 10-8 was tried

the 6 sequence occasionally became non-ordered giving rise to a ''false"

ot
¢

* Sce volume I section 3. 1.3
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niiss: the reason being that with ¢ so sraall the 0 values were essentially

nothing but noise and hence not necessarily ordered,

In order to prevent false misses duce to round off noisc

choosc ¢ to be equal to or greater than 10”5 + | Where § is the nuriber

of significant decimal digits of accuracy of which the computer is capable,

¢.g., on the IBM 360 ¢ = 1076 is satisfactory.

A
£
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1
$103  INF,NDIONGT ,44903-0, 77387 ,AM 1C1,15,10006 FLANETT INF ORMATICS A DB"28°°38°** 16/01/68 +
$18208 UAP ,HI6O ’
S1BLOR FOLUF 09719 /868 FOLONOA0
S18LOR CRRORZ 09719768 ERROGOOG
$18LOR GOUF22 . 09719 /68 GOITLHON
/ SICLOR FRMS22 09719768 BRMSGOG5
h SIBLEK PRTCZZ 09719 /68 PRICODOS
$10LOR RAYTR2 09/19/¢8 RAYTOOGO
$ORIGIN LINtL ORGY (REANSZ ,STARIZ ,STARIZ,FERCZZ ,OPUNCH (MIFF 1)
$1BLCR OFUNCZ 09719768 OFUNOO%0
$18LOR READSZ 09719768 REASOOGO
$1BLOR RERE2Z 09719 /68 REREOOOS
$1BLOR STAKL2 09719768 S$TARGOGE
] $1BLDR STARSZ ' 09719768  SYARGOGO
$18L0R UNDCOD. 09/19/68 UNSCOOa0
{ ° $1BLDR VCNVR, 09719768 VENVOOLD
$1BLER MIFEN2 o 09/25 /768 WIFFOOGO
ORIGIN LINK2 ORGY (FROF1Z,CELAYZ \RANGEZ (ENDFTZ, PFILEZ,CFLOTD)
{ SINCLUSE JACF, (winx 2)
i SINCLUDE out, ALINX 2)
$INCLUDE GEYJD, (iR 2)
SINCLUDE 8DINT, (i o)
SINCLUCE SONP wine 23
J SINCLUGE SETBN (LINK 2)
SINZLJIDE SINTR, (LIN 2)
i $1NCLUDE SLABL. (wink 2)
( - SINCLUDE 8FRY. (wink 2)
» SINCLUDE STERM, (wiK 2)
] SINCLUDE STORE, twLIns 2)
SINCLUDE XXNOY, (LN 2y
$IBLDR ARPTS2 - 09720768 ARPTOOO0
3 $1B8LOR CELALZ . 09/25 /68 CELADOOG
$1BLOR CLOSSZ 09720768 cLOSOLLG
. SIDLER CFLOTZ - 09/20/68 CFLONGND
1 $1BLOR CROSS5Z 09/25/68 CROSHBON
. $1BLCR ENDPYTZ ‘ 09/70/68 ENDRGLOO
i $1BLBR E1RGS2 09/:0/68 EARGONGG
$I1BLOR PFILE2 09720768 . PFILGOOD
: $18LER FROFLZ 09/20768 EROFOGON
$IBLECR RANGEZ : 09725768 RANGHOOD
_ $IBLOR ZYCUTZ 09726 /768 2Yeunnno
3 SORIGIN LINKY ORGY (TWNRAZ , TWHRS2)
S1BLOR TWNR&Z 60/20 /768 TWNROOOD
$1ELER TWNRS2 09725 /768 TWNROOGO
$IRIGIN LINKA ORGY (SMFOFZ MERILZ,LATTZ2)
1 41BLOR LATTZZ 0y9/s20/68 LATTOOND
3 $1BLER MERISZ 09720768 MER1IOCNG
$I1BLCR SMIOFZ 09720 /68 SHMFOL G0
$ORIGIN LINKS ORC2 15 TAR22,CYCLEZ JEHNDCHZ , JURYZ , GETRHZ ,MWVCT 2, MEVCT2) |
$INCLUCE MAT INV . (LINK 8
$1BLECR CNDCHZ 09724 /768 BNSCH500
$1OLCR CORCEZ : 09/2¢ /768 CORDAGON : .
SIBLER CYCLEZ 09/24 760 cYeLnons :
$10LOR COTF2 C ' 09/724 /768 COTFGO05
$16LER DPRNT2 . 69/24 /66 CRRNTGON
i $10L3R GETRNZ . b9s2e/68 GETROOGD
p $IBLER INCRMZ 0c/22768 TNZROOOG
$1BLER JURYZ 09724 /68 JURYDODN

-

. - — . e ——
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INF ND10GGT,82953-5,77387,AH4 IC 18J05 LIOMKC 7094 A 10/91/68 Pace
v o ¢ ‘ . ‘ x
1908809 ,
$10LBR MEVCT2 09/24/68  MEVCOD0D
110LER MONOL2 . , T 09724768 MI2000090
$IOLER MWVCT2 09/24 /768 MWVCOG00
NMELCR STARZD 09724 /68 $TARDGGD
RLCIN LINKE ORG2 (STARIZ,FARAX2) ‘
$10LCR PARAXZ 09/24 /68 PARADOGS
$1BLER STARS?Z 09/24 /768 $TARD0GO
$XRICIN LINKT ORG2 (STARTZ,,CETLLYY .
$IDLCR GETLC2 _ ' 09/24/68  GETLOOOG
$1CLCR SVARTZ 09/24 /68 $TARDOGO
PXIILIN LINXE ORG2 (STARS2) )
S1BLCR STARSZ ~ 09/24/68  $TARDLNG
o
i
ey

i @
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$OAIGIN LINKY

PRIGIN LINN2

ORIGIN LINKD
PORIGIN LINKA

$ORIGIN LINKS

RICIN LINKG
SRIGIN LINKT

$OR1GIN LINKS

1BLOR

INF NDOI0S01,44053-5,77387,A4 1€

18J02 LI1GMXC 7094 A

OVERLAY ORIGIN CARDS AND ASSILNED LINX NUMDERS

OR0Y (RCADSZ . STARSZ,STIS LINK
ORGY (PROF12,CELATZ,RAIS LINK

INCLUDE JACF.

INCLUBE out,

INCLUDE CETIB,

INCLUBE SOINI.

INCLUDE SONPY

INCLUDE SETBN

INCLUDE SINTR.

INCLUDE SLABL.

INCLUCE $PRY.

INCLUDE STERM,

INCLUDE STORE.

INCLUDE XXNGT.
ORG1 (TWNREZ, TWNRSZ) 1S LINK
ORe4 (SMFOFZ ,MERIDZ,LATS LINK
ORG2 (STAR22,CYCLEZ,BNIS LINK

INCLUDE - MATINV
ORG2 (STARDZ,FARAXZ) 18 LINK
OR G2 cstnvz,osthz) 1S LINK
ore2 (STARE2) 15 LINK

1y PARENT LINK 18

2, FARENTY LINK 1S

(LINR
(LINS
(LINK
(LINK
CLINK
(LINR
LINK
(LINR
(LINK
(LINR
(LINK
(LINK

3, PARENTY
4, PARENT

$, PARENT

(LINS

6, PARENY
T, PARENT

8, PARENT

2)
)
2)
)
2)
2
2)
)
Q)
2
2)
2

%)

LINR
LINK

LINK

LINK

LINK

LINK

1S
18

1$

18
18

15

o

0
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1BLER INF NOID50Y,84933-0,77387,AN 1€ 1BJOS LIGMKC 7594 A 10/01/68 ° PAGE ¢

& HEMORY MAP ¢

grsEm 00009 THRU 02717
FILE BLACR ORIGIN 027290
14144} | UNIT0%
2. UNITOS !
. UN1Y0?
4, UNITSS
9. UHITL2
®. UN1IT0
$1.C LIST ORIGIN 03030
£2C-CRLCUTION INITIALIZATION 03044
CALL OM ©DIECY FROGRAM 03103 .
B ICCY FROSRAM 03110 THRU 72023
LIN CECn  ORIGIN CONTROL SECTIONS (/NAME/:=NON O LENGTH, (LOC):=DELETED, $:=NDT REFERENCED)
© FOLSE 03110 I/DATA 7 03142 EVEN 03111 /PERTB 7/ 12004 EVEN 12003 ISYMELS/ 12176
/HEADERZ 146722 IFLOTC 7 34624 EVEN 14627 eesees 315116 #
CRRORT 15132 EveEn 1513 ERROR 18274 ERRORY 15304 ERROR2 15316 ERRORI 19330
' ERRCRA 15342 '
OOF22  1%3%2 EVEN 15353 GOOF 15366
PRMS22 15400 IOATA  7(033112) EVEN 15401 PRMSUD 15541
FRYC2Z 15566 ZCATA  /(r3112)  /FRNT 7 15570 EVEN 15567 /HEADER/ (14622) PRICTL 15662
RAYTRZ 15674 IA2I 7 156716 EVEN 15675 JCATA  7(03112) EVEN 15701 RAYTR 20050
L INR 20167 /7..0Y 7 20167 7 ARECT/Z 26200 7.ANVEC 7 20304
) LAXCON 20336 JALXSTR 20336 LXSTE 20343 AXOUT 20407 LXERR 20416 LXCAL 2042 &
LAXRIN 20423 IBEXIT 2042y % ,0BCLS 20604 £ LXARG 20762 L0 21005 &
«CLSE 2101) LFEL eile 8 +LUND 21015 LOFOQUT 21036
JIOCEF 21057 LEFIN 231057 JATTAC 21063 % LLOSE 21065 LOFEN 21067 +READ 21074
MRITE 21073 B8R 21103 .READR 21113 CRELES 21115 &  ,LAREA 21126
LAFBLK 21144 ATSX 27147 & RLMLD 21157 % ,AREAl 23162 LLUNBL 21370
" JENTRY 21174 +GOA 2123 ) 21239 +BERR 21251 «NDPXL 21252
JCOMXT 21054 X3¢ 21278 ,
JLOVRY 2130 LOVRY (21303) +LCT (20167 LRECT (20200) +LVEC (20304)
JAXSL 22010 JXSEL 220160 LXSLY 22014 AXTST 22014 & LXOVL 220854 & ,LXMOD 22116 %
JAXIND 22142 AXC1IS 22145 JAXFLG 22146 LTCH 22147
JFFPIRP 2215% JFFET, 22155 % JFWFL, 22331 % J#PQUYT 22342 FPARG 22350 /7 .COUNTZ 22352
OVFLOW 22417 % FFIRP e2422 R
JERAS, 224618 €.1 22461 €.2 22462 €.3 2246) €.4 224648
.XCC, 22465 €C.4 22465 €cC.2 22466 . €C.) 224067 €C.4 22470
Xy 2247y EXI1Y 2241718 LEXIT, 22478 '
FXEM 22472 JFXEM, 22472 FXEM (22472} HFXOUT 23041 FXARG 23027 7. 0FPTW,.7 23123
/.0FDS .7 23127 @ :
FOUY 23137 JFOUT., 23137 )
Feny 231712 JFCON, 2M72 JFCNV, 23215 LENDFS 23227 JCHVSW 23234 LJFOXY 23238
FOX2 23236 .tec 23240 L8010 23404 .0BC20  23e32 " .0DSW 23430 !
.LDOFIX 23&52 LFIXSW 23455 .L0BC 238522 LBRSY 237162 .CORS2 23764 4
D1 23767 .2 23711 FERR2 24056 ¢ LANPT 22112 ONFT 24127 3
JANTF 24215 JADUT 242664 LFLT 28302 JFLY 24436 JEXFON 28524 3
JLBEXFN 22526 FXB 248527 MHOUT 24702 JANTG 24752 AOUT 25100 =
0T 25117 JXCF 25150 ASTERN 25252 % EVEN 25368 JEST 28712 5
JROUNT 25732 LLIST 25738 LONE 28746 OUIBF 26012 LBUF 26042
Q870 26u4) MNICTH 26042 LGAIN 26049 «GAINY 26046 FBCBF 26056
EVEN 26067 «SOCFL 264103 JLLFLG 261054 MIT . 26111 FEX 26112

+FEXP 26113 L16 26114
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1BLOR INF ¢NDIGO01,42903-5,77387,A% 1C 18403 LIOMKC 1592 A 10/01/68 FAGE 8
ri03 2613 LF100, 2613¢ JFCNT 28237 JFELY, 26338 JFEDT, 26358 JFRLE. 26203
. JFRLR, (26201) JFULR, 26848 JFWLR. (2544%) JFCIBF 26558 JFRITE 26977
F108 266083 FI08, 26605 LFSEL. 26745 JFILR., 26751 LFRIB, 26760 JFRID.  2676%
CWJFILL. 26770 JFCLS 26772 % FOPN 26776 5  REOF 21502 8 L10UT, 27149
LREED 27153y ¢ .BIN 271%¢ 5 FCY 27155 SFCKSZ 27157
Fi1OM 27241 JFI0M1 27241 SFIM, 21211 JFFIL, 30654 LCOBE. 35575 JFRIN, 35152
FARD 30350 LENCD, 30300 LBECD, 3n3n2 : -
FMRD 3066€ JFWRD, 30666 4020, 30718
FWAB 30726 +#FWRB, 30726
FROC 31001 FROD. 3100%
FRCBS - 31027 LFRCB. 31027
FFUN 91083 JFPUN, 31053
FROU 31270 LFROV, 31270 )
FOUT 31346 SETPL 31346 RESPL 31350 FOT, 31351 OUT2, 31456 & ,0UTY, 3180y
FNOUT 31503 NMOUT 31505 & NMIN 31507 % NMSW. 31513 :
UNDS 31512 JUNDS, 31512 .
UND6 31513 JUNOG, 31513 JBUFSZ 31514 »
UND? 31537 JUNDT, 318517 .
UN3 31520 JUNIS, 31520
UN32 31521 WUN12., 31521
UNis 31822 JUN18. 31522
Fiov 31523 SFI0U., 33523 LTUIO 32235 LNMLST 32260 JNAME. 33716 JNTAR 33717
FLOG 34347 ALOGIO 34347 ALOS 34350 % .
FXFF 34553 EXP 34553
FSCN 34674 €os 34674 SIN ~34675
FSaR 35070 8QRY 35070
FXPY 35143 XPY, 35143
FXF2 35257 JXF2. 35257 .
festy 38378 FBST. 35378 “
FEFY 35612 JFEFT. 35612 '
FSLDT 36017 JFSLLI, 36535 JFSOI, 36043 %
FSLBY 36054 JFBLYI. 36072 JFB0I. 36100 # .o
FSLY 36112 .SLI. 36112 SLIY, 368417 .801. 36125 SD11., 36133
FSLEO 36146 LFSLO, 36164 JFSCO. 36172 % .
FSLBO 36203 JFOLO, 36221 JFB00. 36227 %
F5L0 362214 SLO., 36241 SLO2, 36247 SCO. 36254 85002, 36263
FRET 36275 JFRET, 36275
17 36376 TIC¢K 36376 & STOFW 36401 %  ALARM 36401 & CLOCK  364D4 Five 36546 ¢
SCALER 36564 SCALER (36564) EVEN 371225 . .
ERR113 37316 ERR113 (37316) : :
.10CS 37384 L(0) 37354 JMONSW  3737% LJTEOR 37440 LDEF1. 37520 JIOINX 37564 &
CLOS. 37603 JATTC, 37616 +SH1 40530 % ,8HY 45072 % JOFEN., 40133 i
OFe 4ni4y & LOF7 45172 & OF9 .2 40206 *  JRLSE. 4026h  JRER2. 40260 '
«READ. 40261 LRERY. eu3na MWRIT, 40306 MNTIA 46276 ¢ LEOFEX 40557 ¢ :
- JFEEIT 46627 LGTIOX  4n§5G LRW? 40766 *  JRET  e1431 & ENDTR 42082 b
* JSELSD &2054 &  ,BSR., 42473 JEOTOF 42620 LETOFY 242626 & .SWITC 426%% g
) +TCHEX 43162 BASIO 43165 % i
.10CSH 43170 ) ’
) o g
OFUNC2 43170 ICATA  7(03112) EVEN 43173 OFUNCH 43352 4
REACSZ 43372 JOATA  7(03112)  /SYMBLS/(12176)  /PRNT  /7(15570)  /PERTE /(12004)  /PLOIC /(14628) A
EVEN 43373 REACS 850818 » o
£LAl22 80542 EVEN 80843 REREAD 81176 b
STAR12 83214 ISATA  /(a3112)  /SYMBLS/(12176)  /PRNT  /(1557%)  /ZFERTD /(32004)  /FLOTC /(14622) *

EVEN $1248 STARID 53260
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$14R92 83303 JCATA  7003112)  /SYMIUS/(12176)  /FRNT  /(1557G)  STARS 85725
vees. 85741 UNABCE 56023 ‘
VCNVR. 86046 EVEN 56047 VCNVRT 86350 MCNVRY 86375
WIFFNZ 856416 /CATA  7(G3112)  EVEN 36417 MIFFN 62307
JACF ., 43170 EVEN 43178 ATV 432712 CAMERA 43275 FORM +3302 % EXIMG 43305 %
RCIMG 43310 %
[« T) SN 4331) out 43313 EVEN 43423
cEVIE.,  &34l32 GETIC 43432
SCINI. 43518 SDINIT 43515
SoNERY £3652 SONFUT 43604
sEteN  4%227 RESEN 45227
SINTR. 45230 SINTRF 45230  EVEN 45261 EVEN 45265
suaBL. 45272 SLABEL 45272 , '
SFRT. 45365 SERNTA 45365 SERINT 45372
STERM. 46167 STERM 46167
STORE. 46227 STOREP 46227 EVEN 46313
XXN2Y, 46321 XXNCT 46462
ARFTSZ 26556 JCATA  /(53112)  EVEN 46557 ARFTS 46756
CELAIZ 46750 JDATA  /7(G3112)  /FRNT  /(15570)  /ELMAIR/ 46752 EVEN 46751 CELAIR 52371
cLossz  s2¢2% JDATA /7(G3112)  /ELMAIR/(46752)  CLOSS 53006 : :
CFLOTZ 3114 /CATA /(03112)  /ELMAIR/(46752)  /CODRNG/ 53116 EVEN  $3115  /FLOTC /(14G24)
CRLOT 57432 ' :
CROSST 57472 /DATA  /(53112)  /ELMAIR/(46752)  EVEN 57473 CROSS 60252
ENFYIZ 60345 /DATA  7(G3112)  /ELMAIR/(£6752)  /CODRNG/(53116)  ENCFTS 62137
E1RCCZ 62321 JELMAIR/(46752)  /COORNG/(53116)  E1RGCD 62654
FFILEZ 62622 JOATA /(03112)  /ELMAIR/(46752)  /CODRNG/(53116)  /FLOTC /(14624)  /AZOB) /(15676)
EVEN 62623 FFILE 64043
FROFLZ 64134 JELMAIR/(46752)  /CODANG/ (53116)  /FLOTC /(14624)  /FRNT /(1557G) ° EVEN 64135
PROFIL 66521 ' . :
RANGEZ 66544 JCATA  7(03112) J7ELMAIR/(£46752) I7COBRNGZ(53116) EVEN 66545 RANGE 67329
2reUTz 67304 /OATA  7(53112)  /CODRNG/(53136)  EVEN 67365 ZrcuT 67617
TWNREZ 43170 JDATA 2(53112)  /ZA208) 7(15676)  /FRNT /(1557G)  /TMTWIN/ 43172 EVEN 43173
TWNRYZ 46433 _ :
TWNRSZ 46454 JDATA  2(03112)  ZAZO8) 7(15676)  /FRNT  /(15570)  /TMIWIN/(43172)  EVEN 46455
TWNRYS 47272 ‘
LATYZZ 43170 JCATA 7(G3112)  EVEN 43173 LATT 43267
MERIDZ 43315 /DATA  /(03132)  /AZOBJ /(15676)  MERID 43462
SMFOFZ €3504 /CATA /(G3112) /7A2083 7(15676) /TMEATYZ £3556 EVEN 43505 EVEN 44357
SMFOF 45274 _
MATINV  4536) MATINV (45363) EVEN 46257 i
BNSCHZ 46314 JBATA  /7(G3112)  /FRNT  /(18575)  /AZOBJ /(15676)  /TMDESN/ 46316 EVEN 46315 !
' . EVEN 62315 BNCCHK 63376 3
CORCEZ 63440 EVEN 6341 CORBER 63510 ' 3
CYCLEZ 63543 JBATA  7(53132)  /FRNT  /(15570)  /TMDESN/(46316)  CYCLE 65153 §
eotPz 65203 ZIMDESN/(46316)  COTP 65226 , 3
CFRNTZ 65256 JGATA /(03112)  /FRNT  /(15570)  /THDESN/(£6316)  EVEN 65257 DFRNT 65656 :
EFRNT 65663 : 4
CETRHZ 65664 /CATA  7(03112) J7A208) 7(15676) EVEN 65665 GETRHO . 65747
INCRMZ 65763 JDATA  /7(03112)  INCRM 66240
JURY2 6626) ICATA  7(033112) /THUSESN/ (46316) JURY 66475 JUCGE 66500
MEVCT2 655U JCATA 703332 JTIMPATTZ(435%6) 742083 7(15676) /TMCESN/(£6316) MEVCTR . 7006290
MO3CLZ 70672 /CATA  s(533112)  EVEN 70673 MIDOL  7675¢




vl e 1 z
$1as22

& FARAY2
STARD2

¥ CElLC2
STARTZ

e StTarel

$1/70 BUFFERS

UiJSED CORE

t1esys

19175
71322

4536
45567

45363
45535

£336d

1BLER

RETURNING TO IBSYS,

THF  NG1GGG1,44903-0,77387,AM IC

JCATA
JBATA

ICATA
IDATA

GETLC
ICATA

/DATA
STARS

292 LINES OUTFUT,

7(93112)
/7(53112)

/(63112
/7153112)

45476
7(03132)

/{03112
51104

JTIMTESN/(46316)
JERNY  /7(155710)

JAZOS) 7(1%576)
Z7TMEATT/Z(43506)
JIMPATT/ (43556)

JTMRATT/(43506)

72024 THRY 77772

Y7113 THRVY

mmn

18405 LIoMnC 7094 A

EvEN

157171
7TMRE SN/ (46316)
PARAX  4%5¢0

A28 ) 7(15676)

TERNT  7{15570)

JERNY  7€15579)
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MWVCTR 73301

EVEN 71323 STARZ 72003
JERNT  7(15570) STAR3  81¢D9D
IAZOB) 7(15676) STAR? 82562

JPERIB /7 (12008) 7A203) /7(15676)

st g

L T Bt
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INF NGIGGD1,42953-0,77387 A% 1C 1008 LioMKF  70dc 4B %g/‘g/r_,s / /6,. ,
T FORTRAN OFTICAL LENS CESION FROIGRAM
LINK ©  (MAIN FROGRAM) MNGO10G0

1187 V¢ FOLOF M9s XRY
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ﬂﬂﬂﬂﬂhﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂ

FORTRAN CPT37aL
FOLCF -

LENS CESICM FEOLRAY
£rn SUUSLE STATEMENTY -

IFHLS) -

5% CESCRIFTIZN ¢33
FOLCF FESTLSVS
ARI12EC “EaST SQVUARES FROCESUSE, THT MAIN PROGRAM 1S A CoNTIY
ROUTINE FL% FOTESSING A SINLLE CASE, WHICH THVOLVES KEASI S
INFUT CATA 250 EXECUTING ITHZ SET ¢F USER SFECIFIES OFTIONS,

THE FOLLIAIING OFTIONS ARE AVAILABLE ...

TESKINATE FROCESSING

I'WFUT BATA O OZTAL CARDS

SESIG. COMPUTATIONS

SOT BIAGRAM COMFUTATIONS

TREURAY CTAGCKDSTIC FRIM MAXIMUM OBJECT HEIGHTY
THIURAY CIAGHDISTIC FROM ZERD OBJECT MHEIGHT
FULCH OCTAL CAEDS
FLOT SFOT CIAGSAMS
STUASITIVITY COUFUTATIONS
FRINT GEOMETRY CATA
FZINT ALL INFUT DATA
113 FROFILE FLOY
12 FUNUCH CARCS FOR FAGOS MTF

T

VONAOAVLAWUNEQO

"
(5]

COMMON 7 CATA /7 HNCHTRL, CONTRLC1G), TITLE(12), DAT:(S). FUWCl
4 BATA(32835)

DIMENSION WO Iut7) s WCLRHI7) ¢ WIVHTLT), EIMHT(7), CIMFLIT) ,
3 WCLRS(6 , MSECWCa), NOSGVIL1) s LATTCL3,26, BOUNSS(D,106),
2 SURFC(20,105:, DESGNIIN,50) , SUBST(Scn), ILATTC(3,26),
3 ISURFC(25.205. ¢ ISESOGN(1O,5G3, ISUBST(SOn), 1ENDS(3,100)

EQUIVALENCT € DATAC1), LMIZE 3, ( CATA(2), NRAYS Yo C CATALCSY,
3 NSLCS )y € T2TAL2)3, NCLRS )y € CATAC(S), NJIAIL Yo ¢ DATACE) »

2 NSURY ), € SaT4(7), NSUSF ), ¢ DATA(R), NIFLN Yo ( CATALS) ,

3 IMOBE )s € S27n030), NSFLM 3, ¢ DATA(11}, NOBJH ), ( DATACIZY,
€ NSURF ), € SaTAL13), AFLAG 3, ( DATACLIZ2), DELY ), ( CATACL S5y,

S FNUMB ), € T272036) FLNGH 3, € DATACI7), WFLGH ), CATACL G,
6 ZETA ), € S2T2039) s MEXFF 3, ¢ DATAL2M), CEXFF ¥, ¢ DATAC2::
T WEXFF ) € Z2TA(223, CLFLN 14 € DATAL2Y), OMGAZ )y ¢ BATAC 22,
& OMGAL Vs € 22720253 CELD 3+ € DATA(ZS), EFRAD )y ( CATAL2}:
9 PSCAL ) € 327262814 OMGAF 14 C( DATA(2D), SFFEA Yy ( BATAL3G,
A CUMIN 3, € SAT2CZ2), ODIST 34 € CATAL(32}, WD Yo ¢ CATACINY,
€ CELH ) € SaTalley, SYSMX 3, € DATA(35), WXDIR ), ( CATAL3S: ,
€ WYCIR )y € SATAL3I7), ROTAN 1, € DATA(38), NDSGHCS) 3, CATAL:2
B NOSGV(3) o € SATALS3), WIS IHLL) ), (SATALS0D), WCLRH(1) ),

€ ¢ CATA(GT: » =IVHT(3) ), (DATA(TZ2), EIMMT(Y) ), ¢ CATA(RY) ¢

F CIMFLCY) 1, € SaTalap), WCLERS(Y) ),

6 ( CATAC92: s LATTCO43)y ILASTTZ(L,1) 34 € CATAtIg2), SURFCC 242,
M ISURFCC2,2: e € CATA(21820 s SISONCY,30, IDESGMI1,1) ), °

1 ¢ CATAt2522., SUSSTH1), ISUSST(1) 1, € DATA(3182), BOUNDSLE,.0,
d IENCS(1,1: - € SATAL3ILR3), SIOND )

EOQUIVALENSE € SATAC2284), ATESSR 1, ( CATA(3265), GAUSS )
INTEGER C7iTRi, AFLAG, BATE, ATRGGR

REAL LATIC

OUMMON THNTAINS FESTUREATION VALUES

THIS SLIn OF
s/ € "EFY... REFOCS

r €
COUMOIN 2 FE=TT RTS(3n,2:

AUTOMATIC SESIONING OF OFTICAL SYSIgMs By LINEY o.-‘,-d,.
» “"\""3“\ )

\
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va/19/58 FaGE

V\ssxaxu
W\ 15205

AR TTRIT Y
BRI ITY
Rl PYY 109
SNOMIGaG
RNOMDIH90
WNEOL Y00
"MAM1G
WNOM126
WNGGLYIG
WNONLY2Y
VNG90
NON1160
"RIGY1YG
RNOG1180
WINA1160
WNE01200
RRO01216
NG01215
WNG01220
SYoMGan
SB1100
STate2nnn
STua2an0
STuoR200
-TG‘:QSUD
STnng
STIniing
N:mzuu
STi0Yon
SNIneng
SNInsoa
*31 GO0
V1N
SX1oaneg
SYInsnG
2§ T
ST10100

DYnz2G0

YNNG
102200
STnesnn
STnesnn
b3 $ TiR3 2.0
STIt2a0G

A T LY

TVndnGn
S¥an00

SNacanan

230si000

ERGINGG

e Wt




~n N

1000

1500

FORTRAN OFTVICAL LENS BESION FROCRAM

FOLCF - EFu SOURCE STATEMENY

COVIVALENCE ¢ FERTIB(3,1), IPERYC(L,1) )
CIMENSION JFERTIB(30D,4)
INTEGER REFOCS

THIS BLOCK OF COMMON CONTAINS THME SYMBOLS USES IN BESION

IFHLS)

AND SUBSTITUTION = UTILIZEDS FOR PRIRT QUT

COMMON 2 SYMELS /7 SCESH(12.50G), SUSSYM(2,250), BDYSYML2,100)

INTEGER BDESN, SUBSYM, BDYSYM
COMMON /7 MEADER 7 JTEME, JSUBSY
COMMOUN 7 BLOTC 7  YMAXX, D2ZMIN, NPTS
CALL FPIRP(O,O)
CALL REREAD
CALL READS
PROCESS FROGRAM CONTROL COMMANDS

00 “20000 1 = §, NCHNIRL
IF ¢ CONTRL(Y) ,EQ. O ) 6O YO 32000

TESY FOR LEGAL PROGRAM CONTROL COMMAND

12 )

CALL ERROR2( 36H ILLEGAL FROGRAM CONTROL COMMANS

¢O 70 206000
JTEMP = COHTRL(I)
JSUBEY = O

O 1O ¢ 2G0u0, 2000, 3000, 4060, 5000, 6000, 7000,

1 10065, 13000, 32600 ).  JTEMP

<
C
2600

IGLD

(4
C
4000

(4
<
SN

C
<

6uun

DESIGN CALCULATION
CALL STAR2
JSUDST & JSUDST ¢ ¢
WO Y0 20000

OFT1CS DIAGNISTIC CALCULATION
catL  STARY .
JSUBSY = JSUDSY <
CALL PRMSUD( &3000 )
6O T 24u00
TWIN-RAY BIAGNDISTIC CALCULATION
CALL TWNRYS
JSUEST = JSUDST ¢ 3
CALL PRMSUC( §$/20n0n )
O IO 2unun

TWIN-RAY CIAGHISTIC CALCULATION
CALL TWNRYS ‘
JSUBST = JSUDST o 3§
CALL FRMSUD( 85600 )
¢O 1O 200440

FUNCH DCTAL C€r5ES
CALL CFUNCH
6o 10 204uG

8

O 10 1500
v CONTRL(T)

.

TR-67-700-10-2

Page 111-0-1
Program Listing
Link O

Page Reviscd 10/1/68

09/19/08 Pact

FEOLINNG
FEO0L000
PEUGSHO0

SYanynno
$Y0%2000
$YOD3N00
37604000

MN§GNS500
PCODINGNG
MN10G700
MN1OI0O6O
MN10110GO

MN1031200
HMN3102000

MUNgG22L0°

MN103600
MN1G3200

YHNIGISGO

MN1G3600
MN104000
MN1G4 100
MN1G42G0
MN3G4A GO

MN3G5000
MN305200
MN105300
MN1GS400

MN1OE0O0
MN1GG200
MN1GE300
MNIOG4 D0
MN306600

MN1G7090
MN1G7200
MN1G?300
MH1G7400
MN1G7600

MiRiGanGn
MN3Ge4 00
UN16R56S
MN1GEG O
MN159600

MN261600
MN203200
MN261400

AN

21

20

3

35

39

42

6

49

93

?
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Program Listing
Link O
Pagc Revisced 10/1/68
FORTAAN OFTVICAL LENS CESIGN PROUGRAM 09/18/¢¢  ¥114
FOLLP e EFN  SOURCE STATEMENY <«  IFNLS) -
3
(4 SFOY DIAGRAM PLOY , Mh2a2009
7000 CALL  STAR? ) Mu202200 86
JSUBSY & JSUBST ¢ ¢ HN202300
, CALL FRMSUBL 87000 ) WN2624 00 %9
¢O 10 26600 MN262600
[ 4
< PERTURDATION CALCULATION MN2G3IO00
8000 CALL  STaARS Mh263200 63
JSUESTY & JBUBST o § ‘ MN203300
CALL PRMSUB( Saron ) HN2034 60 ©6
¢0 10 20600 ) ~ MN20360O
4
(4 PRINY LENS PRESCRIFTION : Mi264000
9000 CALL S8YAR9 : ¥N204 200 147
60 10 206060 MN204400
( .
(4 " PRINT DESICN INFORMATION MN2050G00
10000 CALL  BYARD MN205100 73
CcALL  STAR1O MN205200 7%
O YO 20060 HWN2054 66
¢ .
< CROSS SCCTION PLOT . MN2G6000
23000 CALL  FROFIL ~ MN206200 78
JSUBSY = JSUBSY ¢ § * MN26SACD
CALL FRMSUB( S33000 ) MN206600 (3] )
¢O YO 20000 HH206800
c MN206850
c PUNCH MTF CARDS MN2G6 900
32000 CALL MTFPN MN206920 85
20000 CONT INUE . Tt MNAGRODD
< . ' “
< RETURN 1O REACS SUBROUTINE T FROCESS NEXT DATA SET MNS G000
O YO 1au0 MN5 62600
s2un0 CALL  EX1IY MNS Q3OO0 91
SI0OP . MNSGA GO0

END . MN565000




FORTRAN OFTICAL LENS CESIGH FROGRAM

FOLDF
COMMON BLOCK
SYMEOL LOCATION TYFE
MNTRL on0nn 1
CATE onn27 1
WMOBE 00033 1
NCLES 00036 1
NSUEP oon4Y 1
NSPELN 06044 1
FLAG 06047 1
FLNGH 0cuS2 R
EXFF 00655 R
BLELN oOn6n R
pELD 05063 R
QUG WF on06C R
157 oonTy R
SYSMX oOsT4 R
OTAN annT? R
WOO JH an117 R
EIMHT no14e R
LATTC o470 R
1SURFC 60320 1
SUBsST 65224 R
1BNC S 06210 1
LAUSS 06667 R
COMMON BLOCK
rERTB Oo000 R
FERTD GOo00 1.
COMMON BLOCK
SCESN . OOn00 ]
COMMON BLOCK
SYEMP on00n §
COMMON BLOCK
CYMAXX T ] R
SYMCOL LOCATION  YYPE
11515 1

SECTION

BAlA

SYMBOL
CONTRL
FUNCID
NRAYS
NIAIL
NIFLN
NOB JH
OELY
WFLGH
OEXFF
OMG A2
EFRAD
SFFEA
w
WXB 1R
NDSGN
WCLRH
CIMFL
ILATTC
CESGN
1SUBST
NCOND

FERTS
NFERTE

SYMBLS
SUBSYM

HEACER
JSUBST

FLOTC
CZMIN

COMMOY

STORAGE  MAF

MATH PROGRAM
VARIABLE S

ORIGIN

LOCATION
0an01
00032
00034
06037
onn4e
00045
GO65%
0ans53
00056
ann61
60064
On067
OnnTe
004575
GO100
‘60126
00153
On176G
‘04240
05224
06665

ORI1GIN
00170

ORIGIN
01135

ORIGIN
GannY

ORIGIN

aaaun1

OO601

TYFE

ot ot ot N Ve VDDV NI et et et oe T e

06672

a7064
1

11510
1

11512
R

TR-67-700-10-2
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09719768

LENGTH

SYMBOL
TITLE
CATA
NSLCS
NSUBY
TMONF.
NSUky
FNUMD
ZETA
WEXFF
OMG AY
FSCaL
CUMIN
DELH
WYBIR
NDSGV
WIMHT
WCLRS
SURFC
1DESGN
BOUNDS
ATRGOR

LENGTH
REFOCS

LENGTH
BDYSYM

LENGTH

LENGTH
NFTS

UNC IMENSTONEDS PROGR AM VARIABLES

SYMpoL

LOCAT IO

ENTRY POINTS

SYMBOL

66671

LICATION
05013
oo033
006035
on040
00043
00046
06051
00054
05057
00062
Go065
06675
o673
Gnn76
00104
606135
00162
00326
04240
66210
66666

00172
£0171

02424
G2114

60062

OOn03
Onan2

LOCATION

FAGE

1

[

YFE

“ e DD N e DD D DD ee et et DD

o,




&N
1000
1500
4000
7000
10000

FORTRAN OFTICAL LENS DESION FROGRAM
FOLOF

FPIRE
ERROR2
PRMSVD
OFUNCH
STAR9
MIFEN
FUEM,

TIFN

3A

23A
38A
$SA
T2A

SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION

14
17
290
23
26
29
-1

LOCATION

1152414
11663
11651
11763
11735

STORAGE MAP

REREAC
$TAR2
TWHRYS
STAR?
STARYG
EXIY
$YSLOC
EFN

EFN
20000
2050
1ol
8uas
11009

THE FIRST LOCATION NOT USEDC BY THIS PROGRAM 1S 12017,

SUBROUTINES CALLED

1FN

IFN
8EA
274
45A
62A
T7A

SECTION
SECTION
SECTION
SECTION
SECTION
SECTION
SECTION

1%
18
21
24
e?
30
33

CORRE SFONDENCE

LOCATION

11762
11627
11664
11716
11744

TR-67-70v0-10-2
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EFN

32009
3660
6000
k- Lelele
12650

REATS
STARY
TWHRY
STARS
FROF IL

EX1T,

1FN
90A
31A
S2a
69A
84A

()

SECTION

GE §

SECTION

SECTION
SECTION
SECTION
SECTION

LOCAT"

1176¢
1163¢
1167
1173
11755

Ry




INF ,NO10001t .440600-0,.77307,AM IC

STITLE CRAOK MESSAGCE PRINTER
LINK O (ERROR,.ERRORE,....ERROR¢) ERDO1000

SIBFTC ERRORT M4 . XA?

TR-67-700-10-2
Page I11-0-8
Program Listing
Link 0

18,08 VIINJO 7094 A 10738 /87

PaAGE 3




b
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CRAOR MESSASE PAINTER 10731 Y rAGE
({1 1} - EFPN  SOURCE STATENENT -~ [IFN(S) - ,
i
SUBROUTINE CERAON( ETEXT ) €R001100
OINENSION ETEXT(S) €R00200
c
¢ THIS SUBROUTINE 13 USED TO PRINT OUT AN ERROR MESSAGEZ AND ERDOZODO
(4 PRINT ONE VA.JE UNDER SEVERAL FORMAT TYPES ) €R002100
(4 CRAOR - TEXT ONLY ErO0R200
< CRAORE -~ TEXT AND BCD Er00E300
(< CRAORE ~ TEXNT AND INTEGER . EROOR400
¢ CRRORS - TEXT AND ATAL ER002500
4 CRAORS - TEXT WITH RETURN ER002600
¢
WAITEC¢ 6,32100 ) ETEXY ER102000 s
32100 FORNAT( tHND, GAS ) En102100
6O TO 3JR00D ER-TEWPS
¢ CALL coor ERI0R200
ENTRY ERRORSI( ETEXT, AVAR ) ER103000
WRITE( 6,32110 ) ETEXT, AVAR ER103100 4
32110 FORMAT( 1MO, GAS, BX, A8 ) ER103200
cOo TO 3000 ER-TENPE
4 CALL GOOF ER103300
ENTRY ERRORR( ETEXT, IVAR ) ER104000
WRITE( 6,32120 ) ETEXT, IVAR ER104100 14
32120 FORMAT( IND, GAS, 2X, 16 ) ER104200
6O TO 32000 ER-TENPY
(4 CALL G&OOF ER104300
ENTRY ERROR3I( ETEXT, EVAR ) ER103000
WRITEC( 8,32130 ) ETEXT. EVAR ER103100 10
3130 FORMAT( 1NO, GAS, BX, E14.6 ) ER103200
¢ CALL Gcoor . ER103300
cOo TO 3e000 ER-TENPG
ENTRY ERROR4( ETEXT ) ER108000
WRITE( 6,32100 ) ER108100° 13
3P000 RETURN ERe01000

P




CAROR MESBASE PRINTER

CRIONT

CRROR SECTION 3

CRAOR SECTION L

JFWRD . SECTION ]

FPIL. STCTION 11
N IFN LOCATION
100 FORMAT 00018
®180 FORMAT 00017

THE FPIRST LOCATION NOT USED BY THIS ¢

STORAST MaAP

SUBROUTINE ERROR
ENTRY POINTS

CRRORY SECTION ]
CRAORS SECTION ?
SUBROUTINES CALLED
F8LO, SECTION ]
FCNV, SECTION 12
EFN  IFN  CORRESPONDENCE
EFN IFN LOCATION
32000 14A 00123
32130 FORMAT onoes

"IGRAM 18 00217,

TR-67-700-10-2
Page III-0-10
Program Listing

Link O
1073187 raSC @
ERROR? SECTION s
JUNDS, SECTION 10
8Y8LOC SECTION 13
erN FN LOCATION
s2110 PORMAT 00013




o
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R

INF ,NO10001.44800-0,77397,4M IC 180J08 VI3INJO ?084 A 10731 Y Pasc 10
»
sTITLE ABNOARMAL JOB TERMINATION ROUTINE
JIBF TC GOOF 2T MO4 , XRY LINK O (6Q0P) &F 001000




e

-

Nnn

ABNORMAL JOB 'ERMINATION ROUTING

GO0F 22 - PN

supRoUTINE  SOOF

008 THIS 18 A DUMMY
CALL Ex3Y
RETURN
v

SOURCE STATEMENT - IPN(S) -

SUBROUTINE USED TO EXIT FROM A RUN sses

TR-67-700-10-2
Page 111-0-12
Program Listing

Link 0
10731 Y
67002000
7003000
GFo0s000 ¢
£ 008000
¢ 008000

PaACC




TR-67-.00-10-
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ABNORMAL JOB TERNINATION ROUTINE 10731 Y Pact @
“O0F 32 STORASE NAP
BROUTINEG  SO0F i

' CNTRY POINTS :

soor SECTION 3

SUBROUTINES CALLED

(453 sECTION 4 SYSLOC SECTION s

€PN IFN  CORRE SPONDENCE
FN I’N LOCATION N IFN LOCATION N IFN LOCATION

THE FIRST LOCATION NOT USED BY THIS PROSRAM 18 0O0RS.
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I ,NO10001.44000-0,77387 AN IC 18508 VIINJO 7004 A 10/31 47 ast o
»
sTITLE SUBROUTINE TO PEAFORM PARAMZTER SUBSTITUTIONS
MIAPIC PRMSTZ  MB4 XA LINK O (PRNSUS) $3001000



TR-67-700-10-2
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SUBROUTINE TO PCAFORN PARAME TER SUBSTITVTIONS 10731 A7
[ d L 1Y% - rm SOURCE STATEMENT - [IFN(S) -
SUBROUTINE PARNSUBI( ¢ ) 88001200
[4
€ e [INPUTSE eee 88001000
C NOUDY NUMBER OF SUBSTITUTION LTS (DATA COMMON) 88001004
Cc NOR*" NUMBER OF SUBSTITUTION PARAMETERS PuR L7 (DATA COMMON) 88001008
C sUBsT SUBSTITUTION VECTOR (DATA COMMON) 8S80010Ce
4 88001010
4 see CUTPUTS eoe 8001012
(4 THE OUTPUT 8 A MODIF IED DATA VECTOR CONTAINING THE SUBSTITUTAP B001014
c I.E VALUES. «B8001016
Ce #LTEANATE RETURN USED UNTIL THERE ARTE NO MORE LTS8 s8001010
4 $8001020
4 eee DESCRIPTION ese 88001022
C PRMSUD 18 DESIGMNED TO CYCLE THROUGH THE NS SUBSTITUTION SETS. 88001024
[4 TO THIS END [T MUST BE CALLED NS¢ TIMES IN SUCCESSION. AT THESSO001028
4 JTH CALL SET J IS SUBSTITUTED INTD THE DATA REGION AND THE s8001020
4 ALTERNATE RETURAN I8 USED. ON "+ NS+1 ENTRY THE NOMINAL SYSTEMSSON1030
c I8 RESTORED FOLLOMED BY A NORMAL RETURN. [IF CALLED AGAIN THE S8O001032
[ SCQUENCE 8 EESTARTED. S8001034
4 S80L1036
COMMON /DATA/DUMNY (27) ,DATA (348)) 800140
CQUIVALENCE (NSUBT,.DATA(S)) , (NSUBP ,DATA(7)) , (SUBST (1) ,ISUBST(1), SB8001600
1DATA (DG BR)) $8001000
DATA JsEY 7 0 7/ S8002000
INTEGER SORS $8002100
DIMENSION SUBST (S00) ,15 38T (300) S8002200
[ 5 START OF PRMSUB SUBROUTINE S8003000
4
[ IS PARAMETER SUBSTITUTION DESIRED $8003200
IF ( NSUBT .LE. 0O ) RETURN S8003300
JORG = NSUBT ¢ NSUBDP S8003400
4
c FIRST TIME CALLED FOR SUBSTITUTJON PROCESS 88003500
IF( JSET .67, 0O ) GO TO 3000 $80036 00
€
c INCREMENT SUBSTITUTION SET INDEX AND SET FLAG FOR S8004 000
c REPLACEMENT OF NOMIAL SET BY CURRENT SUBST. SET 38004100
2000 JSET = JSET ¢ $8004200
NFLAG = 2 $8004300
6O TO 4000 S8004500
3000 NFLAG = | $8005000
4000 SORG = ( JSET - 1 ) & NSUDP $800%200
c
C THIS LOOP REPLACES NOMIAL SET WITH SUWJ. IF NFLAG = 2 AND SBO0O0SS00
c RESTORES THE NOMIAL SET WWMEN NFLAG = 1 88005600
S000 DO 6000 I = 1, NSUBP $8008700
IX = JORG ¢ | $8003800
¢ COMPUTE INDEX TO POINTER TO POSITION OF PARAMETER IN DATA SB8008000
11 = 1ABS. ISUBST( I¥ ) ) $8008 100
c COMPUTE INDEX TO SUBSTITUTION VALUE [N SUBST VECTOR 8008500
12 = SORG ¢ | $80086 00
STEMP = DAYAC 1) $8008700
DATA( 1 ) = SUBST( I2 ) $8008 800
6NN0 SVUBST( 12 ) = STEWP $8007000

PaGC
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SUBROUTINE TO PCAFORM PARAME TER SUBSTITUTIONS 10731 87 raGC 2
ransz? - CFN  SOURCT STATDMENT - [FN(S) -
WCTURN I SUBSTITUTION SET MAS REPLACED TME MOMIAL 8LT 8007200
I7( WLAG .Ce. 2 ) RETURM | 58007300
MAVE ALL THE SUBSTITUTION SETS BUTN USED $8007300
I7( JSET .LT. MSUBT ) 6O TO 2000 8007800
SUBSTITUTION PROCESS COMPLETE, RESET SCT [NDEX 58008000
JET = O 88000100
T TURN $8009000



SUBROUTING TO PCARFORY PARAMC TER SUBSTITUTIONS

COMMON BLOCK

SYMBOL LOCATION TYPg
OUMM Y 720000 ° L]
- 00041 !
SYMBOL LOCATION TYeg
[ e ] 086687 !

W LAG nsere !

n osers !
PRMSUS SECT ION L ]
8YSLOC SECT ION [ ]

oN "N LOCATION

3000 11A osrse

$0C ) 1354 08741

DATA

STORAGE W@
SUBROUTINE PANLD
COMMON  VARIABLES
ORIGIN 00001
S YMBOL LOCATION 1844
DATA 00033 R
sUBsST 03224 R
UND [MENS IONEQO PROGRAM VARIABLES
SYMBOL LOCAT ION TYeg
1o 08670 !
! 0osers !
12 0sere !
ENTPY POINTS
SUBROUTINES CALLED
EFN IFN  CORRESA™ ENCE
e I”N -ATION
200r: 8A 8724
6000 24A aroon

THE FIRST LOCATION NOT USED RY THIS PROGRAM /S O7083.

TPR-67-700-10-2
Page I11-0-17
Program