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Chapter 1

Introd'uction

Tbi_s docum, en, t describes a n,um'ber of s_,brou_tin,es rh,at can, be u,s'e_ul in GKS

graphi, c ap,p_i,cati,o,_s programmed i,n FORTRAN-77. T h,e' algorithms described: here
i_n,cl_udie su,b,routi, nes to 60:the fo,1}o_'i:_g:

1. Draw text ch,a_acters i,n a more fie.×ibl'e ma:n;n;er th_a.n,i,s possi:bIe with b.a_ic
GKS.

2. Project, two-dime_si_onM an.d th.ree-di, m,ensiona]! space onto l;wo-dimensi.on_aJ:

space.¢
3. Draw smoo,th, c'_rves.

4. Draw Cwo-di,men, si'on,M p.rojection, s ,of compile× thr ee-dimensi_o,naJ objiects.

FORTRAN-77 i_s diescribed i,n American Na_'io.nM S_andard, Programmin# Lar__-

#ua#e, FORTRAN tANS78]!. GKS is descri::bed i,n American Na_ion,zI Standard for

Information Sy_eem_" Comput.er Grap,hica -. Graphical Kernel S!l,_.:em (GKS)' Furze.

_ionM De,_crip_,io.n IANS85a] and! the FORT RAN-77 interface is described in Am e>
iear _lV'c_fiona[S_andard for Informa_'ion Sy,_tem_' Corrzpu_er Grap.hica - Grap,Mca[

Kernel Symtem (GKS) FORTRAN Bmdin# l.kNSg5b.]:.
, AI1 of the su.brouti:r_e n_es and: additionM enumeration types that wi.i,l be

described in this docl_men[ begin with. the 1;etters "GZ." Sin,ce GKS itself does not

have _.y s-ubrouti,n,e nr_mes or enumeration types that begin with, these 1,eeters, no
confusion between the usuM GKS subroutines and the ones described here should

OCCUr,,

Many con, cepts witl, have to be defined in the fo.Uowing chapters. "vVhen a co.n_cep,t

i,s first encountered:, it will be given in. i_Mic,s. Th, e information around the itaIi, cized

word or phrase may be raS:en ,_ its definition.

1.1. The Availability of the Subroutines

The subroutines described in this document are available on the IBM[ mainframe

computer's ru, en:i.ng a_ the Stanford Linear Accelerator CenCer. These computers ru_,

under the VM/XA operating system, gxecutab]_e version, s of the subrouCin, es are
• contained in the file

GKSUTL TXTLIB U.

, They may therefore be used by a.uyon, e at this in.stalIation who supplies the proper
TXTLIB statement.

The source code is Mso avMlable for those people who have to use the subroutines

on another computer. The file
GKSUTLTX FDRTRAN U

1

,i, ,l'f ' "' PI' "



2 GKS UtilitiesforFORTRAN-77

contains the text drawing s_broutin, es described in Chapter 2. The file
GKSUTLTR F0iKT_,ANU

contains th,e tra.qsformati, o,n subroutines described in Chapter 3. The fie
GKS_LCV F0,RTRANU

cont_ns the curve drawing subroutinesdescribedin Chapter 4. The file
GKS_LSU F0'KTKAN U

contains the surface drawing subroutines described in Chapter ,5. FinMly, the fil+e
GKSI/TLL_ FDRTRAN'U

con.ta/ns a group of m.athemati, cM and error processing subroutines that a.re used

by the other subroutines described here.
Sin,ce *,he these su.broufin+es are written in something very close to strict

FORTRAN-77, the}' themselves should be transportabl:e to an:,' computer with a

FORTRAN-77 compiler and; a GKS system. The only non-stand_d constructi, on in
the source code is the use of INTEGEK*2 arrays to store the defi,niti,on of the charac-

ter sets. These declarations can easily be changed to INTEGEI_; the only requirement

i.s that 'the arrays can conta/.n integers of up to 32767.

One possible modi£cati, o.n is that of a control value, INFlg, that appears in a
number of subroutines.. Th, at value is used to check for things li.ke singulm matrices

and to guard again.s.t division, by zero.. It may have to be changed for computers w'i:th
differing word size or precision. In fact, it may be necessazy to change this value on

the host computer as more experience is accumulated v,-itlh these subroutines.

' ' '"r'"'l'l' ,,, ,m 1111
Ill,, _I , ', IJ, ' ,, .... I,I' ,I ,,,,'I,' ,,' ,Jll111 '_P "II'P '"" ' +I' ''+ I; ...... ,II, Pl'' , ,,,. I,,,, '.,' ,',"lp ll,,l,rm ,,,,+ .... PPI'"' rPlqP'ill " l_q 'P "lllr' II "'IH" " "lip I'IPm'"I'IHIr' rl' I_ I ' 'rP_' 'li Ir?"'"l_ ' I' '"'_Irl ,,,,_, IP+'"'Ill' '"' " p_'llPJl!lSl



Chapter 2

An Alternate Text Generator

There are a number of problems with the GKS text drawing subroutine, GTX,

' especialb,' ms i_t retakes to scientific notation. The most basic problem is that the

, standards documents only specify a single font containing the ASCII character set.

' Such things as Greek letters will usuMly be supplied as extens:_ons to the basic GI(S

' in most implementations, but thei_r font nurnbers and other properties can be very

different among different implementations. Programs that use the Greek letters

supplied by a GKS system will therefore probably be implementation dependent.

Another problem is that the production of superscripts or subscripts is very di_cult.,,

t_ The mixing of Roman and Greek letters is a single iine of text is both di_cult and

!j implementationdependent.
,i The subroutines described in this chapter ace an attempt to alleviate the prob-

;' lems describedabove. These subroutinescan produce the upper and lower case

i, Roman, Greek, Cy.rillic, and Hebrew alphabets, and awi, de variety of special char-_}L .
;i acte.,,'s.. A versatile subscripti'ng and superscripting ability is Mso available and

_.I diacriticM marks can be applied to any letter. Fin.Ml)', the subroutines should be

' transportable to almost any computer.

In addition, the characters are available in three fonts. However, to fully under-

stand these fonts, it is necessary to describe how t,he subroutines work. The user

of these text drawing subroutines supplies two character strings of equal length.

'The first string is the primary character string, and ttq.e second is the _econdo.ry

string. T.he actual characters produced is determined bi)"examining corresponding

positions in the two strings. The first string gives an approximation to the desired

character while the second string gives a modifier character. As an exaxnple, sup-

pose the primary string is "AAh" and the secondary string is °" LC,." In this case,

" "k" (because. the first secondarythe first character drawn is a.n upper case Roman

character is a blank), the second character is a l'o:ver c_e Roman "_" (because

the second secondary character is an '%"), and the third charact.er is a ]ower cruse

Greek alpha (because the third secondary character is a "G:" ). The s_broutines pro.-
tess these characters and break them down into poly_ines o,r fill a:ea:s, and call the

, appropriate GI(S subroutine to send them '_.othe workstation. Two of these fonts,

the siralalez and duplez fonts, are drawn with polylmes while the third, the _olid

font, ir drawn with fill areas. The simplex fon_. minimizes the complexity of the,m

characters, while the duplex font has some of the properties of typeset characters.

The solid font. can be useful when large lettering is required. Examp!es of all: of the
e_,,-,..... incharacters and their corresponding primary and secondary character are _,,v ....

Section 2.5 of this chapter.

3



4 GKS Utilities for FORTRAN-77

The orga.nization of the subroutines described in this chapter is similar to the

GKS standards document. There is a single subroutine that is used to initialize

this alternate text generator. There are two subroutines that bre_ their primary

and secondary character strings down into polylines or fill areas. There rare four

subroutines that may be used to set the attributes of the characters. Finally, there

are four subroutines that caa_ be used to obtain the current setting of the attributes.

¢

2.1. Control Functions
i

This section describes a subroutine that must be called to initialize the "alternate

text generator. It may also be called at any time to reset the attributes to their
default v'a.lues.

2.1..1. Subroutine GZOPTX" Open the Alternate Text Generator

This subroutine ma',' be used to initialize the attributes for the alternate GI'_.S

te×t drawing subroutines. If this subroutine is not called before t}_e other alternate

text drawing subroutines, the results a:'e unpredictable.

The caIling sequence is:
CALL GZOPTX

¢

This subroutine does not have any parameters.

$

2.2. Output Functions

This section describes two subroutines that process the primary and secondary

character strings and produce either poly]ines or fill areas. The first subroutine,

GZTY,,sends the polylines or fill areas directly to the active workstations. The second

subroutine, GZTXS, sends the polylines or fill areas to a user supplied subroutine.

Since the data for the first subroutine is sent to the workstation by calting sub-

routines GPL or (3Ft., the user may control the display' attributes of the characters,

such as color, by setting the polyline or fill area attributes. It is the users respon-

sibility to assure that the polyline or fill area attributes are appropriate for the

characters being drawn; for example, the line type should be set to GLSOLI (solid)

when polylines are drawn

These subroutines always produce their output in the "stroke" preci,sion of C 'c

It is therefore also the users re.:ponsibility to assure that the aspect ratio of tI,e

window and viewport of the norm_ization transformation are the same when the

polylines or fill areas are sent to the workstation. If that is not the case, the

characters, like the stroke precision characters of GKS, will be distorted.

2.2.1. Subroutine GZTX" Alternate Text

This subroutine may be used to draw a string of characters. The characters

,,, ,......................... ,, ......... H,"H ,,_.... _lr'_ .... ,, ', "" ,'ll,l" , .... " '" " 'll;................ MI.... r,,,, _'r', '_I,1_,"llr"ll",_,''_r""lI!ll,"P_''1;"'"lit'iii"'_11''l,,r' ,,,'tlllpH,,_'I;_llll_' , ',, Illll'_,'II',:_H



An Alternate Text Generator 5

produced by this subroutine axe quite Varied and include the upper and lower case

Roman, Greek, Cyrillic, and Hebrew alphabets, and a wide variety of special charac-
ters. They may be drawn in a simplex, duplex, or solid font. A versatile subscripting

and superscripting ability is also available. This subroutine perforrns an operation

. very similar to the operation done by the GKS subroutine named GTX.

The calling sequence is:
' CALL GZTX(PX,PY,PCHS,SCHS)

The input parameters axe:

PX A real value that gives the z coordinate of the location point of the

character string in world coordinates.
PY A real value that gives the y coordinate of the location point of the

character string in world coordinates.
PCHS A character string containing the primary characters.

SCHS A character string containing the secondary characters.

2.2.2. Subroutine GZTXS: Alternate Text to User Supplied Subroutine

This subroutine may be used to process a string of characters in a manner

similar to the way subroutine GZTX does. However, instead of sending the data

directly to the workstation, this subroutine calls a user supplied subroutine with0

the data. The user supplied subroutine can do anything it wants with the data.

, The calling sequence is:
CALL GZTXS(SUBR,PX,PY,PCHS,SCHS)

The input paraxnetersare:
SUBR An external variable that specifies the subroutine to which the corn-

puted polylines or fill areas will be sent. The calling sequence of this
subroutine is the same as that of the GI(S subroutines GPL or GFA.

lax A real value that gives the x coordinate of the location point of the

character string in world coordinates.

PY A real value that gives the y coordinate of the location point of the

character string in world coordinates.

PCHS A character string containing the primary characters.

SCHS A character string containing the secondary characters.

2.3. Output Attributes

The subroutines in this section may be used to set the attributes for the alternate

' GKS text generator. The), are all similar to native GI{S subroutines and perform

operations similar to those native subroutines.

If one of these subroutines detects an error in the data supplied to it_ the

subroutine prints an error message and sets the attribute to its default value.

...................... r_, , ,r....._,,.,...................... ,...... fr ,,_.... ,r, 'rr.............. ,H,'_ r¢,,qf'.... ,'II_',.....,l_l,' ' ,' " _,',_...... _Ill¢','J," ",_'!l'II"r_'.ll,J,,_lJllll'J'T,j,,,Ill,, "lltl"'rl



6 GES Utilities for FORTRAN-77

2.3.1, Subroutine GZSTXF: Set Alternate Text Font and Spacing

This subroutine may be used to set the text font and spacing for the alternate

GKS text drawing subroutines. This subroutine performs an operation very similar

to the operation done by the GKS subroutine named GSTXFP.

The calling sequence is:
CALL GZSTXF(FONT ,SPAC) ,

The input parameters are:

FONT An integer that gives the font to be used:

GZSMPL (= 1) means the simplex font,

GZDUPL (= 2) means the duplex font, and

GZSOLD (= 3) means the solid font.

= SPAC An integer that gives the spacing to be used:

GZMONO(= 0) means mono-spacing, axed

GZPROP (= 1) means proportional spacing.

The default values are GZSMPL and GZPR0P, The mono-space option does not

work well when superscripts, subscripts, or ch,-tracter size or movement control is
- used.

!

2.3,2. Subroutine GZSCHH' Set Alternate Character Height

This subroutine may be used to set the character height for the alternate GI,:S

text drawing subroutines. This subroutine performs an operation very similar to

-2 the operation done by the Gt{S subroutine named GSCHH.

The calling sequence is:
CALL GZSCHH (CHH)

The input parameter is'
CHH A real value that gives the character height.

2.

The default value is 0.01.

: 2.3.3. Subroutine GZSCHU: Set Alternate Character Up Vector_-_.:

This subroutine may be used to set the character up vector for the alternate

GKS text drawing subroutines. This subroutine performs an operation very similar

to the operation done by the GKS subroutine named GSCHUP.

J

The calling sequence is:
CALL GZSCHU (CHUX ,CHUY)

The input parameters are:
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CHUX A real value that gives the x component of the up vector in world
coordinates.

CHUY A real value that gives the y component of the up vector in world
coordinates.

Q

Tt_e default values are 0.0 and 1.0.

I,
'_ 2.3.4. Subroutine GZSTXL: Set Alternate Text Alignment
ii

i This subroutine may be used to set the text alignment for the alternate GKS
text drawing subroutines. This subroutine performs an operation very similar to

-i the operation done by the GKS subroutine named GSTXAL.

J

} The calling sequence is'
,, CALL GZSTXL (TXAH,TXAV)

,,

The input parameters are'i

:i TXAH An integer that gives the horizontal alignment to be used'
II

:I, GALEFT (= 1) means left,
j,'

,,' GACENT (= 2) means center, and

i GARITE (= 3) means right.)

!i ' TXAV An integer that gives the vertical alignment to be used'
:i GACAP (= 2) means top of text,
q
'_ GAHALF(= 3) means center of text, and

]'ii!)i ' GABASE (= 4)mea.ns bottom of text.

The default values are GALEFT and GABASE.

r

)i 2.4. Inquiry Functions

The subroutines in this section may be used to obtain the attributes for the

alternate GKS text generator. They are all similar to native GKS subroutines and
perform operations similar to those native subroutines.

2.4.1. Subroutine GZQTXF: Inquire Alternate Text Font and Spacing

This subroutine may be used to obtain the text font and spacing for the alternate

GKS text drawing subroutines. This subroutine performs an operation very similar

• to the operation done by the GKS subroutine named GQTXFP.

. The calling sequence is:
CALL GZQTXF(FONT, SPAC)

The output parameters are:

FONT An integer that gives the font being used'
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6ZSMPL (= 1)_mea_s_ the' sim,pl_ex fon_,,

gZDgPg (= 2)mess t/he d_plex fon.t, azld!

RZSOED (: 3:):means die solid' fon,t.

SP_t,C An, in,egcr _h_t gives _he spacing bei,ng used:

GZMON0_(:= 0). me'a_s mono-spacing, ,a_d .,
GZPI_0P' (= 1,) means proportional _spacing.

2.4:.2. Su,brc_,_tine GZQCH,}t:I.nq_li_e Alit_ernate CAmac, tar _ei,gh_

This '._ibrJu,_ine may be used: t,o, ob_n. the character height for the al;_erma_e

G:KS: text drawing su,brou,gines. This, su,brou_gine perfoems a_: operation very similar
to _he operation done by fl:_e GKS subrou,tine n,_,medi GQCHH.

The cMling sequence is:
CALL GZQCH_(CltH)

Tt_e out, pu_, p_,'_neter is:

CHH A rem vMue that gives the char,_cter height,..

2.4.3. Subroutine GZQCHU:Inquire Alternat, e Ch_u'act, er Up Vector

This subrou{ine may be used' to obtain the d_acte," up vector for tthe _ternate

GI,:S text, dra_ving mlbroutines. This subroutine performs an operat, ion very similar
to the operation dome by the GKS subroutine n,_ned GQCHUP,

The tailing sequence is:
CALL GZQCHU(CttUX , CHUY)

The outiput p_ameters _e:

CHUX, .A rea;/ value that gives the a: component of t,he up vector in world
coordinates.

CHUY A real! value that gives the .V component of the up vect.or in world
coordinates.

These values are always returned a; a unit, vector.

2o4..4, Subrou_,ine GzQ'rxL: Inquire Alternate Text, Alignment,

This sebrou*,ine may be used t,o ob_n the text alignment for the al:tar hate GEIS

text drawing subroutines. This subroutine perfbrms an operation very similar to

the operation done by the GKS subroutine named GQ'rXAL.

The calling sequence is:
CALL gZQTXL(TXaH, TX,_V)

The out, put parazneters are:







GI Lower case_i(_ern,_eRom,mn,G
I_ Lower ca_ed_.,_l'essRom,a_ I,
J_1 Lower case clb(fless.Rom,_, J,

L.I Lower casePelliis_h,s-a_pp,ressediL
" 0_/_ Lower case Sc_,d',i,navi,a_, 0 wi,_h,sliash_

21 Lower casePie,en,cb, ltiig_t,ureOE'.
5I .Lowe_ case Germ,_, dio_,b,}eS
T1 Lower c_se _cellam,diic Thorn_

The Upper C_se Greek Al:phabet"
A'F Upper case Greek Alip,h,a
BF Upper caseGreek Be'ti_
GF U!ppercauseG,_eekG_,m,z_
D,F U_p,percauseGreek, ',D'elt_
EF U_ppercruseGreel_Epsillon,
ZF Up,per case Greek Zet,a_
HF Upper cruse Gr_el.: E_a
_'F Upper causeGreek T1..aeta
IF Upper c;_seGr,.d,. Iot,a,
NF Upper ca_e Greek Kappa

., LF Upper case Greek Lam,bdla.
HF Upper case Greek Mta

1 6 'I_F Upper causeGr:ek N'u'
" XF Up:per case Greek Xi.

OF Upper case Greek Om,i<roa
PF Up,per case Greek Pi
RF Upper ca_-:eGreek Rho
SF Upper case Greek S;i,gm,a
TF Upper case Greek Tau.
UF Upper case Gr.eek lJpsi,lnn
FF Up,per ca_e Greek Phi
CF Up.per case Greek Chi
YF Upper case Greek Psi
WF Upper ca.se Greek Omega

The Lower Ca.';e Greek Atlphabe_:
aG Lower case Greek Alphe

" BG Lower caseGreek Bet,a.
GC_ Lower case Greek Gamma
DG Lower ca.se Gl,eek Deb,a

Ea Lower case Greek Epsi.l'on
ZG Lower case G'reek Zeta
HG Lower case Greek Eta

I_G Lower case Greek Thega

.......... [T, ,, , qCf,_........... ,, ......... _1 p .... ,#,_.... '!l' ..... " "III" 1_.......... ,l_llI,' 1"' _" ",r' .... "" " rl' ]'1'""li ' rlll,ll ....... ']' '""' "' ''_"l'"''''"511'JI)l''''' I,e,,,'"1',,ll,lI[]',m_l"'ll,,,','l,llrl!_l"Iri Illl'"r`'II[ II]]_!11llIl[ll]_11[1111 II II]1! ] I Illl _1_] _lllll III[ II rlfll[_[
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I_i Lower e_se GlreekIo,_a

KG: Lower case Greek Kappa
LG Lower c_e Greek Lam,bdl_

MG Lowe_ case Greek IVSa,

N,G Lower case Greek N'u -

XG Lower case Greek Xi,

0G: Lower case Gireek Omiierom,

P61 Lower case Greek Pi

RG Lower case' Greek Pda,o,

SG Lower case Greek S:iigm,a
TG Lower ¢_e Greek T_u,

UG Lower' case G:_eek U,psiil'on,
FG Lower case Gireek Ph,i,

CG Lower cruseG/ree_ Ch,i

YG: Lower case Greek Psil

W'G Lower case Greek Omega

_G' Lower case Greek Epsi;lon, (v'ariian,Q

2G Lower case' Greek Theta (v'ari,,ant)

3G Lower case Greek Pi, I v'_ri,azl,_)_

_G Lower ca_eGreek Rho (vari, an, t;)

aG Lower case Greek Sigma (v-ari,a.n,t);

6G Lower case Greek Pbi. (_-ari,an'_),

The Upper Case Cyri:l'}i_cAl_phabet:

AB Upper ca_e Cyri'bi, e Ah

BB Upper case Cyri._lli.c Beh

VB bpper caseCyri.l_I'.icVeh

GB Upper oa.soCyri,lqi,c G:eh

DB Upper case Cyri_liI!iicDeh

EB Upper case Cyri,lil!ic Yeh

XB Upper case Cyril.Iii'c Zheh.

ZB Upper case Cyri}iiic Zeh

IB U'pper case Cyri:lil!i,cEe

:_B Upper case Cyri,H;ic Ee S Kra_,koy

KB Upper case Cyri,l!l_i,cKa_

LB Upper case Cyri, lil.icE}

M,B:Upper case Cyri,l:llic Em

NB Upper case Cyri,l!l_i.cEn

OB Upper case Cyril'l$c Oh

PB Upper case Cyr}liiic Peh

RB Upper case Cyril, l:i.cEFr

SB Upper case Cyri, l:l'icEss

TB Upper case Cyrit;lic Teh

U',B Dpper case Cyril,;ic Ooh



!
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WC Lower case Cyriililli,c Yoo

.TC Lowe:r case CyrfI!iJi,c Yah

The Hebrew Altpbabet:
AI{'. Hebrew Al'eph,
B:E+ He'brew Beth,

GH: Hebrew Giimel_
D,H_Hebrew Dalieth

tI_t_'mHebrew He

VH _eb,rew Var

ZH_ Hebrew Zayi,n_
CH_ H,ebrew Ch'e_h ,

0+H Heb,rew Te[h,

YH: Hebrew god,

K_; He,brew Kap,h,
Lii H:ebrew Lamed

M,H;_ebrew Mem

N!E:Hebrew N'u+n

S:H' He'brew S;mmeth,

XH. Hebrew .Ayin
P'tt Hebr ew P e

EH; _ebrew S,adeh_e

Q!H+ H_ebrew Kop.h
RE Hebrew Resh

WE Hebrew Si n/Sh, i,n
T_I:Hebrew Tar

iii H,ebrew Kaph (end of word:)'

2ii Heb._ew Men: (end of word)

3E Hebrew Nu,n (end of word):

4H Hebrew Pe (en,d=of word),

Sri }{ebrew S_dl.be (end of word)i

The NumerMs:

0,,, Nume:rM 0

:l.u, NumerM 1
2., NumerM 2
3u Nu.merM 3

4u Num'erM, 4=

5u Nume:ral5

6u N:u,merM 6,

7u Num.erM' 7

8u Numeral' 8

9u Numeral'9

Common Special Sym.bolls:

II ......... '1,.... "........ _i,,"If I'"i................ ,' ',,"' _'1.......... i!I' '1.....i,, '"lP'"iI,"'"""Ilillii..... '1,"'",,':,""'" I1,,"",,I,',11[_',,,' '11'11I'll,,i,ill,ll,II'I'II""1111'111'ini ','II'IllIfp..... f[I[ilrfff_, ,[{'r,ff,fl+(l'_
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uu B:lla_k

+u_ Plus si,ga

-u, Min,_s s_ign,
*u As,_eri,sk

• /u, Slas:k mark

=u Eq,u,_ s;i_g_,

, •u_ Peri, o.d:
u Comma

(u, Lef_ pa_en,_h,esi,s

)u Ri,gh.t paren, t.h,esi,s

Speci, M Symbols. for P_n,c_.ua_i, on:
. P Co}o,n

,P Semi,-coI'o,n,
EP Exctlam, ati:on_ mark

UP Ques,ti_o,nm,azk

IP In._.erro,b,a.ng
FP Inver_,edexclla.mation

VP In.verLed; q.u,es_i,on

AP Apos._roph,e

. Qp Quotati, on, ma_ks

0.p Single l'e[t quo._e

ip Si,ng}e ri,gh,_:q,uiOte

' 2P Dou, bl'e, lef_ quo._e

3,P Do._b:l!e right q,uo.te
SP New section,

PP New paragraph o.r, Pi.lcrow si,g_

DP Dagger

RP Doublle dagger

.Ad,diti,o,naI' S;peciM Symbo,[.s.:

DS Dolqlar sign

CS Cent sign.

SS Bri._i.sh S:ter}ing

'/'S Japa_..ese "Fen
qS, Ir,,tern, ati,onM curren,cy symbol

+S Ampersand

" PS Pound sign,

AS At. sign

0S Copyright

GS Regi_s_;ered

0S PerceaL si.ga

IS Per t.housa_d sign
VS Ver_i,cal 1;i,ne

..........,.................. ,,' ' f, ,, ',','" ,,,,',....._,',"r_¢,........,_,,,t,_..........._'III,'".............,,"IIl,_tIJ','ll,'"",.....,,,,',,r',,,,,,,,',Ir,,lll,,'rll",'l"",r'_rll[iy",r_'"'"""'",,,'
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IS: Broken, verti'cal line
WS: Double vertical line

US: Underline

N'S Not sign
/S Backwards s!as:h

(S Left, bracket

)S Right, bracket
LS Left brace

RS Right brace

BS Left; angle bracket

ES Right angte bracket,
XS Accent mark

TS C_et mark

Mathematical Special Symbol_s:

•M Do,t',iproduct

XM Cross product

/M Division sign

PM Group plus

*M Group muI'tiply
+M Pl'us or minus

-M Minus or p}us

AM, And
VM Or

Therefore

WM Since

LM Less than

GM, Greater than

MM Less than or equal

HM Greater than or equal
3M Much less than

4M Much greater than

N'M Not equaJ

=M Iden_icMly equal

KM Approximately equal

CM Congruent to
SM Similar to

FM Approximate

KM Proportio:r_al to

TM PerpendicuIar _o
2M Surd

DM, Degrees

IM Integral sign

JM Line integra/
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YM Partial derivative

ZM Del

(M Left floor bracket

)M Pdght floor bra&et
• BM Left ceiling bracket

EM Right ceil.ing bracket

OH Infinityi

Set Theoretic Special Symbols'
ET Existential quantifier

AT Universal quantifier

MT Membership symbol

igt Membership negation
I'r Intersection

UT Union

LT Contained in

= GT Cont_dns ,

KT COntained in or equals

FT Contains or equals

. Physics Special Symbols'
IlK H-bar

: LK Lambda-bar
A

Astronomical Special Symbols"
HA Sun

: MA Mercury
: VA Venus

EA Earth

WA Mars

JA Jupiter
SA Saturn

UA Uranus

NA Neptune
PA Pluto

DA Moon

CA Comet

• *A Star

XA Ascending node
gA Descending node

KA Conjunction

QA Quadrature

TA Opposition
OA Aries
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1A Taurus
2A Gemini
3A Cancer
4A Leo

5A Virgo
6A Libra

TA Scorpius
8A Sagittarius
9A Capricornus
AA Aquarius
BA Pisces

Drawing Symbols, Arrows, and Pointers:
0W Underscore
1W Midscore
2W Overscore

UW Up arrow
DW Down arrow
LW Left arrow

RW Right arrow
BW Left/right arrow

Diacritical Marks:
GD Grave accent
AD Acute accent
HD Hat or circumflex

TD Tilde or squiggle
HD Macron or bar
BD Breve accent
DD Dot accent
UD Umlaut or dieresis

RD Ring or circle
VD Caron, hacek, or check
LD Long Hungarian umlaut

_- WD Over arrow
i I f''CD CeJllla accent

-D Under bar

i .D Under dot
,D Under dots

PD Prime
Horizontal and Vertical Movement Control:

uU Null
0U Backwards blank

' ,,11I,'1..... II"'I, r,..... II1,, , ilPl,,_,,, IIl,r ' ,,' Hll"_.... I,.......... II lit,mr,rll,' ''vl'l"lll""lr_'"l'IIS"'l'lrlll""'lX';llll'IIV'......!_llI1 I'r
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1U HMf blank
2U Half backwards blank
3U Third blank
4U Third backwards blank

i

. 5U Sixth blank
6U Sixth backwards blank

1V Half up movement
' 2V Half down movement

3V Third up movement
4V Third down movement

5V Sixth up movement
6V Sixth down movement

Subscript and Superscript Control:
OX Enter subscript mode
lX Leave subscript mode
2X Enter superscript mode
3X Leave superscript mode

Character Size Control:
OY Increase size by one-half

' 1Y Decrease size by one-third
2Y Increase size by one-third

, 3Y Decrease size by one.fourth
4Y Increase size by one-sixth
5Y Decre_e size by one-seventh

Posit ion Con t rol:
0Z Put current state in first save area
l Z Restore state from first save area
2Z Put current state in second save area
3Z Restore state from second save area
4Z Put current state in third save area
5Z Restore state from third save area
6Z Put current state in fourth save area
7Z Restore state from fourth save area

. In addition to the primary at ld secondary character pairs shown above, most
of the printable characters in the ASCII character set as described in American
National St_zndard for Informal, ion Swtems: Coded Character Sets, 7-bit American

' National Sfandard Code for Information Interchange (7-bit ASCII)[ANSS6] will be
produced with a secondary character of blank. Thus, if the primary character is a
lower case Roman letter and the secondary character is a blank, then the proper
character will be produced. The user, however, is encouraged to use the character

,, , ,'11 lP''_llil'q'tlrliilrlrlIl'lq' "' _' .... ,_Ir_l ,r_.... _,lp,,, ,_r_.,,irI, Iii
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ABCDEFGHIJ KLHNOPORSTUV_/XYZ

abcdeF ghi ]k I mnopqns t uvwx yz

£DL_EEh a_Sff'_RF_mg_.jioer_
ABFLkEZHeIKAHN-OJTPETT¢X_F_

1

(XB_8¢o*r/e_KktJU_o_PG'fUCX_O_ S_9_0_ (o

ABB7/JE N:3k1RKtim H0 FIPCTY¢_XLI4LIJI.tlbblb9 I0fl

adBr _le, 3Z_K_MHonpcT7¢ XLIULLIELl_SlS3t091

N_q;_-],-]l]]]LJ']) q.]@_DXr-)q_J]] 9D19X
0123456789 +-*/=.,[)

:;[? '^
" ? [Jr]Xv®®-±TAV... -- _~,-" 8V _'• • ,,,<><>(())*=~ _O:-L 0

0

3V_nuc_c__ fl:x

Figure 2.1. The simplex font of the alternate character set

pairs given in the above tables. The use of these character pairs will enhance the
portability of the application program to non-ASCII computers.

The underscore, midscore, and overscore cha_-acters in the above table have some
special properties. The purpose of these characters is to allow the progra_m'ner to
draw lines under or over a line of text. Two consecutive underscore characters,

for example, will join together into a single line (this is not true oi" the underline
character). Thus the programmer, with some difficulty, can generate such things as
fractions. The overscore will Mso join properly with the surd character to form a

full radical sign.
The diacritical marks may be used immediately following any drawn character

or a full sized blank. When this is done, the mark will attach itself to the preceding
character and will be centered on that character, The prime mark is different than

the others. The prime is normally used as a superscript on another symbol. More
than one prime may be used in a superscript and the spacing will be appropriately
close. However, this may mean that a partial space will have to be inserted if

'' ' ..... ' ........ 1'111 ii ..... '1' 11 ..... I' 1' ...... I1'' rl ' _, '' II '1'1 ..... ili_ ' ',, 'lll!_llr 'l Illl'll' ' _1..... I_ ' ''IPII',I "' '"



something follows a prime.
After a character is drawn, it is always followed by a short blank space before

the next character is drawn. When the character is a full blank, it produces a
space representing the blank and then the blank space that follows all characters.
The fr_,ctionM blanks refer only to the space that represents the space itself. The
backwards blanks cause exactly enough movement; to eliminate the space represent-
ing the blank and its following space. Thus, a "third blank" followed by a "third
backwards blank" will exactly cancel each other.

• The alternate character generators usually produce characters of differing
widths; thus the upper case legter "M" is about twice as wide as the upper case
"I", and most lower case letters are about three-fourths as wide as most upper case
letters. This results in a more pleasing appearance, but also causes some problems.
If, for example, a letter is to carry both a superscript and subscript, something
equivalent, to a backspace would be necessary, but the amount backspaced would
depend on the characters in the superscript (or subscript). To overcome this prob-
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DOt ep [ 15,25]i: s =3i/s

" Dare r ( 152:5)" s- 3
BOrer (1525)1,' /r-31//s

PR[MARY. •. DUU:RER [:1'5.25.)i. P- 33:1 li640./4' l_48
SECOND_ARY... LI3%li,L P @ VY bV'Y U_YV

d_×2+y2 .£X2+y2 /-x2+Y2
PR[MARY .... 202222'.1.5X223 +Y22

SECO,qbA Y...P1ZWW'WW:EYX X X
d

Figure 2.4. gx'-arnpl'es of t,he simplex, d;u,plex,,and: solid fomts
J

in' the d':uplsx font is 22'..4:and! the m,.z.xim_m m._mber is 62 (the upper c_.se Cyril'lic

Zheh),. The aver_ge m,m_ber of :6]..1area verf,ex points psr character i:n the solid
font is 23.6 and_ thema.ximu,m, number is 94 (the ascendin.,g and descending node

symbols).
M'a.ny of the ch,ar_ctiers i.n t,he d'upl'ex fon,t 'were designed by A. V. Hershe7 and

are descri,bed by him i:n C_I'I_g'nLpl_/o_ Co'mt_'_t.e..7"_[!H,er67].
A large n_mber of interesting constructions _e possibl;e with these r,haract.er

generators. Some exam.pl'es are shown in Fi,gure (2.4). In producing that figure, the
'.prim_y and. secondary chacacters were drawn with the simplex font i,n the mono.-
spaced mode. The o_her parts of the :figure 'were done with the simplex, duplex, or
sol:id fonts inthe proportionaJly spaced mode.

,_,.... ,,....... ,,....... , ..... ,,, .... ,, ....... , ..... ,',..... ,".... ,_'"',""'r,',lllr _"1111_11'III'''_.... _1'r' 'I'!Ilrl'l''lll_
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Figure 3.1. A two,-6imen,sions rio, t;wo..di_n'_ens%ns projec_i_ve_ran_sform.ation

* ' P" ' P' an,d "rec,,an,gle descri,bed by l., P2,. :3', P4. The !;ine t,h,rou,gh t;he poi,nts [Pi. and
P2' i,nt,ersect,.s t,he l:ine th,rou.gh tihe po,fm,ts Pz and P4: at, QI,. The l!ines _h¢ou[h

- [

. t,l_e correspond:in_g Pi pM,nta do not, intersect,,, o,r rra,her, _hey i,n_tersect at, i,n,fi.n,ity,

',?'hepoi,n_ QI d,_erefore[ransforms i_n,f,oa poin,_ at h_fln.iit,y. The poin, t Q! sim.i'}arl!y

tr_asforms in..to a point ai in,fi._,iity. S.ilnce st,rM,_ht lii,nes _e pceserved under the

tra,nsform_af, ion, Ml of _he points on, the d_ot,ted line [h,rou_$h Qr and Qz tr_.sform

in,to poin.ts at i,nfin,ff,y. The su;brou,ti_ne th, a_ _ransform,s a poin,t from one coor£l,nat_e

sys b-_.m[o anotl__er wi,[l determine 'Kt.he ff_,ivenpoin,t _rans[orm, s i,nto, a po i,n,t,at h_,fin,it,y
and warn the caJ,ler.

3. i.I. Subrou,_ine GZ22PJ: Genera'le a 'Tra_,s{ormmiion,

This subreut, ine m,_y be u,sed rio generale a two-dimensions _o _wo..dimensi:onz

projective t,ransformat, ion tih_ carries four ¢iven poi,n_t,si,n,t,ofosr liven poi,n_[s.

The ¢M]ii,n,gsequence is:

CALL GZ22PJ: (HAS, PYAS, PXA.T,PYAT, !ER,R.,PTRN.)

The .input, parame[ers are:

• PXA..S A real array of' d,,i,men,sion 4 con,tain.,in_ the z coordl,s, ates of the sou.roe

points.

PYAS A real', ar.v_y of dlme._.si.on. 4 cont.Mn.ing the it/coor.d.i,nates of t;he so.u,rce

poi_n,t;s.
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PXAT A rem array o[ dli,m'ensi:on_4 con_M,Mn,g _he ¢ coordli,.n,a_es o{ _.he _arge_

poi'n,ts,

PYAT A re__1 a.rr_y oi.'dimension. 4 col_,taJ.:M.n,gthe !/coo_d.i;n, ates of the tacge_,

poi;nts.
'The o_,_,put parameters, are:

IEI_I_, An i,.n_eger gi:vi:n,g _ error ft,ag..A non.zero v_u,e means the _;r_,m,s:[o_r.-

mat, ion cou,l_t not be com, pu_ed:,

PT_N i rem array of d.ime:.qs.io:a (3,3)i c(wn,_M,ni'n,g_he p,.troj.ect,ive [r,.._.._:f,o.rma.-
lion.

3.1.2. S,u,brou, ti,ne' _Z22TI:t;: 'Tra_.s[arm a Poi.nt

Th,i;s m_St,o:u,ti',ne may be used. to tra_,sf, orm, a_poiin,t u'si,ng a tw o-d:imension,s to

two--d'imen,sion,s project,iive tra_,sformafii,on,. A ft,ag i:n,di,eates iif the projected point i,s
fi,ni_e poi::n,t ota poi,n,t at i,=:rlM,t;y.

The cM1;i,ng seq_uen:ce is.:
CkLL GZ22TR(PTt{N',PkS, PAP,FE_G) _

The. i,n,p.u,t param:etevs are:

PTt_,_I_ .A rea] array of dlmen,sl.o:a. (3,3), con,tMning the p:ro:jective t.rans:[(._r'ma.-
t,ion,.

PiS A real, array of di,men.sio= 2 con,_,aiMn,g tl._e sc,_-_reepoi_n,t.

Th.e ou, tpu:t paraa.:net,ers are:

PAP A rem array o[ dimeasion 2 con_.M,n,i.n,gthe projeceed poin[.
FE._C., A reM vMue rh,at i,ed,icates whef, hera fi,n,i_tepoi,n,t o,ra poi.nt at, mfinit%..

h,m_ been c.omputed. If thi,s vMiue i,s nonzero, PAP contains tlie fi:Mte

coordin, ates of the project,ed poi,n,_,. If this wMu'e is zero, PAP i,s _ uni,,_.

vector poin,ting iin _he d;i.receion oi: _he poin,[ at i,n,fi..n,i,ty.

3.2. Three-dimensions to Two.-dimensions Projective Transformations

Th,i_s secf;ion_ descriSes, a num'be_ of ways t,o. ge:aerate a t.h,ree.-d:i,mensions _,o_two.-

dim.e:nsions projective traa.tsforma, t,ion.
In: _he first c,_e the p_oject,i.,on 0[' a poi,nt in th:ree.-dime:n, sion, Mispace is defined

by an, eye point and_ a projection p.1;ane as shown in Fi,guce (3.2}. The plane i,s

def'ined, by an origi,n poi_n.t, O, o= the pl'a.n,e, and two direction vectors, H and V. H
is the "hori_zoetM" dl.rec_ion and V is the "verti,cal" direce, ion. These two di,rection:

veer,ors wi,l,I'often be perpend*i, cular to each, other. A point on. _,ihepl_ane, Q, is found

by start, i,ng at O, and n'ioving parallel; to H the necessary di,stance and then ptral}el
to 'V the necessary di st,ance. Thus, Q is :represe:a,ted as

q = o + _H-+ r?¥.

Thus f,he vect,ors H and V impo_se _ coord:in,_te system on_ the pl:a_e. The projec-

tion of a point P on,to the pI'ane is the:a obt, a,i ned' by drawing a s_raigh.t line thn)ugh

............................ ,,...,,i,.,,,,.......,,,..,,,,,,.,.,,,,,,,,,.,,,........... _,,,,,,,,',,lr',,,,,,..,,.,,,,,,r,,,,,,,,,,,',,, ....,',,,,,,,_"',,','" ',',"",,,,........,,"1_],',,"'"'11I,.....',"!1'"'"1'111'[IIIIII!_'1'_rl!lll,,,,',I!rllira,,e"'"'""II'1'""_I_i_1
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0 _'_ x

Figu,re 3.2. A tbree-di, m,enslons tc, two,-dimen, sions pers,pecti, ve transform at_on

" the eye p,o,i,r_,t,,E, a_m,d:t.be pore, t, P unt, il i,fi ro.eeLs the p.llan,e. The ( _d77 v_u.es of
the in,t,ersecti, o!n po.in,i; are tbe coerCion,aresof _he projected po.iter i,n _wo-dimensic, nal:

:, , space, ltn, ra_v _.p,p,l:icati:on,s H _,d _V are perpendi.cu}_-_r an,_ 'the vector from E
t,o 0 i's pe.rpen, dii,culr_r [o be,lh H a_,cl V b,ut tb_t i,s not _ecessary in tbese sub.rou-

t,i,n,es. Tbi:s type o[ t_r_.s[To,r.m._tJi,o.n[,s k:n,o;'_;n,a.sa pe.r,_I:ec_iv.e _r(z77,,Lform'a_ion.The._e
tra_ns:formatlo.n,s are best, un,d_e:rstood, by i,m,aginimg a viewer a,t the eye .poi,n_., lookin_r

_,oward I_h,eor:l,gi,n poi.n,t.

The seo)n,d type of three-dii,menlsions to two--di.men,sions, t:raa'mformation that i.:s

- des_:ri,bed here i;s 1,:no.wn _s a ?_.'r,_l.lel troJn.._.for'm_ion, tt is lo,rra,cd by p.ro_,ec_ing a

given point,, P,. pa.ra, l!l!el'to a fixed di:irecti,o,n,,D, _ sh.own: in, Figure (3.3). It, i,s a_ain
common: to h_ve H an,d: V pe_pend_icu, lL_rand: to. have D perpen, di,c_,_Iarto bo,t,h H
an,d_V.

_n, t,he cruse o[a perspecfiiive transformat.i, on,, _h,eho,fi;zo:n,_.Mand ver tic.al: di.rect ions
m,ust be d:is_i.n,c_,a,nd: n,eith.er may poi_n_ta_ the eve peln,t,. In a p_alllel trans:loom, a-

- tio._t, the hori, zontal;, verti,cal:, an,d p.rojecti.on, d_i,_e,r.tion,s mu, st, al'libe dist;i:nct.

The precedln, g sch,em,e i.s very gene:ral; but is not very emsv to, use.'. The p.toblem

is that the o.ri,gi.n po.in.f, is. n,ot: easy to d:eteemi,ne. Fo.r t,h,i;srea.son,, a second way to

-i de6ne the projection p,llan,e is provi, dle4. In th,i_sseco.hd scheme, the p._:ojectiom plaane

is diefi,ned by selecl, in,g a rectan, gu,llar a_ea on the p.roj,ecti,on pl_a.q,eand thi,nki,ng of'

• i_ as the ".pro.j,ect,ion screen." The projection, screen is o.ri,en.tated so that, o:r.t,eset c,[

- paralil:el sf&es is pardi,Icl, to the z.-_¢,p,Iiane. The p,ro.jectio,n screen, is defined by givin,_

_, tThe cen[e:_ point; o[ the screen,. C:, and its: hori,zontM: and verti, cal, size, A and t,. }n

-i the case of a perspec_.ive _ra_s.[ormatio_, the projec_ion plane i.s perpendicul-_r to

=

-,
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H y
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Figure 3..3. A _ree-dl, men,si,o,_s_o t,wo-d',i,m,e:n,s.i,on.spazMkliet!_ran,sfo.rmeti.o.n.

th'e vec_o.r from E to C; i,n t.he case o_ra;p.a:ra,,lli'ellt.ran,s:fo,rm,at,i,o.n,,it, is perpen, d[cu,l:ar
to. D. To de'fi,n,e t.h,ecoordii,n,ate sys.[em, on th,e p,roj.,ec_io.n,screen, th,e m,m\im.um _,d
min,.im,u,m,vMiues o.f,_ a_,477are gi,ven,. T:h,i,s.i,n,for:ma_,i;o,nis M!Ish,o,wn in Fi,_.l.re (3.4}. .,

Th,e m.,m(i,m,um, _,cl; mi,_imt,zm,'ratifies o[_ az_,dT/.a_e given, bf" a re,.-dazray o,f

ch,men,sion (2,2);. Th,e fo,rm,a4 of _l_ed!at,a i_s

SCRC: (S("_C(l,1) SCR,C(1,.2)). (8_,,, 77'_;_)sofc(2,.1)sere(2,2)= :'

For mc,sl, usage, th,e aspect, rat,i,ogi,ven by h.and t, shou,l_dbe [,he same a_st.l-,a,t,diefin,ed'
by _:h,em.,-_d,mum _nd; rain?mum vM'ues o,.["_"an,d 77.That is th,e _,Mu,._,shoulcl sa_._sfy

r/m_:r '- rlrn,;n, 'u

However, t,he subro_u¢,ines do no,t en,force _hi,s const,rain, t,,
A perspect, ive [ransformat, i,on can al'so produ, ce poi,n_.s zt, it_,finity. Ali oi t,hc

poin,t,s on th,e p,llan,e, lh,rough th,e eye point and' pa,tait'el t,o th,e p,roj_ecti,on pl_ar_e
map in,t_opo,i,n¢,sat. i,nfin,.l.t,yexcept, for t.h,c eye pal,ht, i_sel['. The eye p.c,int; h_s n,o
co.rrespondi, ng poi_,. A pa:..,Mlel_'ran,s:formati,on never p.rc,d_uces point, s at in,finit,y.

3.2.1. S:ub.routi.ne GZ32PT: CJenera_t,ea. Pe:rspec_ive Tr._s[,o.rma, tio.n (_)_

'This su,brout,i,:aem,ay be used rio generate a, three-dime_,si,ons t,o two.-d:imeasions

pe:t'spectlve _ra:ns[orm_[io,n. The t,rans{ormatlon is dlefi,n_edbF' giving t,he p.roject,i,o,r_

II
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Figure 3.4. An. ad!ternate m,e.thc,d o,E"cl;efinin_g t,be p,roject;ion pla.ne

pl!a,n?, aza,dl an, eye po.i,n_,. Th, e project.ion p.llan,e la speci,fied by givi_n_ a point on t.he.

p.lane a,n,6 a horizo.nt, al and vertica.[ __irect, i,o,nwithin' t,h,e p,_e.

The cMli,ng sequen, ce i,s:
CALL GZ32?T (P0,HD,,VD,,PE,IERR,PTRN)

The inpu._, param, et,ers are:
PO .A.rea]i array of dim, en:si_o.n3 con[ai.n_ing the o.rigin point on _,h,eproj_.ctic_,n

pl_a.n,e.
HD A realt array of dimensi, on 3 cont, a_ni,ng the horizont, al direcLion in the

projec_,i_on pli_ne.
VD A rem array o.E'dimension 3 co.n,_,aini,ng the verti, cal directi:on i,n t,he

pi'c,jecLion plane.
P'E A real array of 6i,rn,ensi,on 3 containing the eye point.

The output, p m-..ame_,ers are:
IE.RR An i,n.teger givi,ng _n error" flag, A nonzero val_u,e means the l._ansfor-

m_tion coul_d n,o_ be computed,

PTRN A reM array o.[ d,im,en,si,o,_ (3,4)co.n,[aini, ng the projective trans['orma-

_.ion.

3.2,2. Sub t'out,ine GZ32_T: Gener'ate a Perspective Tran, sform_,lon, (II)

This su,brouti, n_eprovi, d,es an attern, at.,e way _o gen.er_e _ th,ree_dim, en,si,o,ns to two-

dimensi, ons pers.pecti, ve t:ran,sfo,_.-m_Lion. The t,ran sfo,rmation is defined bf' giving th¢,

il_ ....,, , ,_ ,,,,,,,,,............,,,,,,,,,,,, ,,....._,,,,,.......,,,,,,,,,,........,,,r,,,,,,,,,,,,_,,_'i,,,_,,'_,'"'"'"'......."','....'_I_',,"_'"'"""'""""!,1'".....



The c_li.n,gsequence is"
CALL GZ32AT (PC,HZ,VZ.,SCRC,PE,IEIR.IR.,PTH_I)

The inpu,[ parameters are:

PC A real array of dimensi, on 3 containi,.mg th,e center point on the proj,ec-

tio,n p_ane.

HZ A rem _e givi,ng the size of th,e' screen in _h,e horizonta_ directi, on,

VZ A real val!ue giving the size of the screen in the vertical direction.

SC_C A real arrav o.f dimension (2,2) containing th,eli, mi_s o.f _.ke coordi, nate

system on Lh,e screen.

P'E A real array of dimensi, on 3 containing the eye poi,nt.

The output parameters are

IERP_ An integer giving an error ft,ag. A nonzero _,zlu,e means the transfor-
mation couM. not be comput, ed.

PTfR.I_I A rem array of dimension (3,4,) containing the projective transforma-
tio.n.

3.2.3. S,xbrout}ne GZ32PL: Generate a P_alle]. TI,ansformation ([)

This subroutine ma}" be used togenerate a three-dimensions to tw_>dimensi.on:s

pr_allel transformation.. ._Fhe transformati, o,n i_s defin.d by giving tl-te prc_ject, ioa

pl_ane an,d a projection direction. The p rojecti, o,n pI'an,e is specified by giving a point.

on th,e plane and a horizon, tel and vertical _directi,c?n within the pla, n,e.

The call,ing sequence is:
CALL GZ32PL(P0,HD,!/D,PD,IERR,PTP_t)

Th.e input parameters are:
PO A real: array of dimens.ion 3 con_.aining the origin pc,,ia_,on th_! F,rojection

plane.

HD A re,'_ array of dimensi, o,n 3 containing the ..l:.l.orizcmf_aldirection in tire

projection pi,erie.

VD A real array of dimension 3 cont.ain.ing t[-_e verti:cal dir_.,:e.i,_:,nin t[-_.

projection p[an, e.

PD A rea_ array of dimension 3 cont, ainia.g the projection direct.ion.

The out'.put parameters are:

tEP& .An integer giving an error flag. A nonzero val,ue means th.e transfof

rnati, on could not be comput.ed.

PTIR,_I A real array of dimension (3,4) con, f,ai,nin.g th,e projective t.ransforma-
tion.

.............. ql......... r .... H' I, II' 'll'_' II,, "',1 .... _'tll' H_I' ""li I' J_l.... IJr'll,IJr ...... III1.... IIIl" ,'" 'FI ..... II""'""II" 'lJII...... "1'.... tl,,,p ,,,1_I ,llI1,'l'II,,rllllll'II"11[' .... I'rl'll.......... ,,11"' II"llI,'lll' Ir',il,,i,, i,ii,l,l,lllrl,[Iiiil,ll,,



Projective Transformations 31

3.2.4. Subroutine GZ32AL: Generate a Parallel Transformation (II)

This subroutine provides an alternate way to generate a three-dimensions to

two..,dimensions parallel transformation. The transformation is defined by giving

the proj:ecti.o.n plane and a projection direction. In this case, the projection pi:me

' is specified by giving the cen_er po.int, of a projection screen, its size, and the [irnil.._;
of the coo.rdinates on the screen.

The calling sequence is:
CALL GZ32AL(PC,HZ,VZ,SCRC,PD,IERR,PTR_I)

The..input. pararnet_ers are'.

PC A .real array of dimension 3 cont,_ning the cent'er point on the projec-

tion plane.

HZ ,4.rem value giving the size of the screen in the horizontal direcl.ic;n,
VZ A rem vMue giving the size of the screen [.n the vertical direction.
SC,%C A real arrav of dirnens{on (2,2) cont_dr_;ng the [{mits of the cc,ordinat,,-,

sys_,em on the screen.

Pn A rem axray of dimension 3 containing the projection direction.

q2-heou_:put, parameters are
IERR An int.eger giving an error flag A nonzero'_-alu_ means the transfc, r-

marion could not. be computed

PT_!r A rem _rav of dimensiort (3,4 cont;..dnin.g the prc, je,:r.ive transfl':)rma-
tion.

3.2.5. Subroutine GZ32TR.: Transform a Po{ht

This st.zbroutine rna:,' be used to transform :,. po{ht using a three-dirrler_s{c,n:_ tc:,
two-dimensions projective tr_msformat.ion. A flag indicates i'[ the projected pc,irtt is
a finite poi,nt o.r a point at infir,_[ty.

The ca[[ing sequertce is'
CALL 6Z,32TK(PTR_I,PAS,PAP,FLAG)

The inp,'t parameters are:

P'TE}I A rem a.rray of dimension (3,4) con:aining the projective transfi_,rtna-

f t ion.

PAS A re_ array of dimension 3 containing the source point.

The output pa.rameters are"

PAP A tea[ array of dimension 2 containing the projected pc, inr..

FLAG A real valu.e that indicates whether a fir_it.e point or a point, at, infi_itv
has be.ne computed. If' this '_-Mue is nonzero, PAP contains th_: finil.,,:

coordinates of the projected point. For :aperspective trans[c, rmatio:_, a

posit.ire value indicates the source point is in front of the viev,'er v.t_i,l,,
a negative value indicates it is behind the viewer. In these case:s, tt_,..

magnitude of FLAG is proportional to the distanoe from the eye point tr,

t
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the projected point; it can be used as the projected distance from the
eye point to the source point. If this ",",dueis zero, PAP is a unit vector
pointing in the direction of the point at infinity, If the source point is
the eye point of a perspective trar_sformation, both components of PAP
and the vMue of FLAGwill be zero,



Chapter 4i

Curve Drawing ,Algorithms
t

This chapter describes a group of subroutines that may be used to draw smooth
curves. The curves are defined by supplying control points and other control in-
formation to tile subroutines. The curves are drawn by breaking them down into

small straight linesegments and then calling the GKS polyline subroutine, GPL.
The user has control over the number of line segments generated. The mathemat-
ical derivation of allof these curve drawing algorithms is given in An lntroduciion
to the Curve., and Surfaces of Computer-Aided Design [Bea91].

Mathematicall.v, ali of these curves are defined parametrically, that is, the x
and y coordinates are defined as functions of a parameter, t. In effect, a user rna3'
specify the pararneter at each of the cont.rol points. Different assignments of the
pa.rameter values at the control points usually results in different curves. There
are two schemes that are commonly used to define the wMues of the parameter
associated with the given control points. These two schemes produce curves that

,D

are known as uniform and nonuni]orm curves. For uniform curves, the paranaeter
is set to zero at the first point and increases by one for each succeeding point. For

. nonuniform curves, the parameter may' be set to any incre_ing sequence of positive
Va.] 1.1e s,

The uniform scheme is very simple mathematically but often does not produce
acceptable curves if the points are not nearly equally spaced. A nonuniform schen_e
that usually produces good results is based on accumulated chord length Mong the
sequence of points. The parameter is set to zero for the first point and increases
by"an amount equ_d '_othe distance between consecutive points for each point. For
later reference, we display the increments in the parameter for this nonuniform case

Dj = distance from point 1 to point 2,

.D2 := distance from point 2 to point 3,

.,. (4.1)

DM-2 = distance from point (1_- 2) to point (II- 1),
"1

L D_-I : distance f,'om point (t_- 1) to point lt

where _I is the number of given control points. The subroutines described in tills
: chapter ali start the parameter at zero and expect the user to supply the increments,

' in parameter value, explicitly or implicitly, along the curve.
! In the following subroutines, the parameter values are supplied by two argtl-

ments; the first, NP, is an integer and the second, PA, is a real arra.v. If RP is
positive, the dimension of PA must be lqp. The increments in parameter values are

33
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then obtained from the PA array, If more parazneter values are needed them _..recon-
tained in PA, then the5' are obtained cyclicadly from Pl,. '.!hat is, the v'dues PA(l),
,, ,, PA(NP) are obtained and then this sequence is rep_:.,Led, This m_fl,:esit very
etu_y to specify the uniform curve; NP is simply given a.u integer vMue of one while
PA is given a rem ,,'Mue of one. It is also etLsy to specify the nonuniform curve witl_
the parameter ,,_.lue based on accumulated chord length, Tilts is done by givillg
lap a vMue of zero, In this case, PA is ignored and the subroutine calculates the
parameter internally,

Most of the algorithms described here produce curves by using concatenations
of simple parametric polynomials. The parametric polynomials are usually of low
degree (normMly two or three). The points at which consecutive polvrlomials joili
are known _ksknola,

In addition to the simple polynomial, form of these Mgorithms, some also h,t"ve
a rational form. The rational form consists of x and _ being defined as quotients
of polynomials, In certain applications, the rational form can be more useful. For
example, the only conic the polynornial form can ever match e::actly is the parabola,
lt is impc, ssible for the polynomial form to exactly matcti a simple circle altl_ougl_
it ca.n come asbitrarily close. On tl_e other hand, a rational parametric quadratic
can exactly match any conic,

Two distinct types of curves, in_erpolat,ion c'urvc., and de._igr_c_Lm,c._, may be
produced bF'these subroutines. IIlterpolation curves pass througl_ all of their control
points while design curves do not necessarily do this.

'The description of each subroutine will include figures sll<,wing e:,:aInt:,l_esof
curves produced by the subroutines. In ttlese figures, the given control points are
joined by straight lines between consecutive points. This open polygon is known
as the control polygon. The reader will notice that these figures do not display the
coordinate _c,:es. The reason for this is t_lJat all of the curves described ht're ase

i.,otropic, that is, they ase independent of the coordinate s.vsten_ in which they are
defined. In fact, the reader may draw aset of coordinate axes anywhere in these
figures and label the axes in any units. The figures also do not label the points so
the reader callnot tell which end of the curve corresponclstc, ttle first point. Tile
rez_on for this is that most of these curve drawing algorithms are .,!lmmetric, that
is, they do not depend on which end of the control I_<,l.vgonis the starting el,el.

If one of these subroutines detects al_ error in the data supplied to it, tlle sub-
routine prints an error message and returns without producing an',' graphic output.

4.1. 'Bessel's Method of Local Cubic Interpolation

Bessel's method is a cubic interpolation algorithm. Between each pair of points
is a segment of a parametric cubic. Adjacent cubic segments join at the control
points _d have tangent vectors at those points which have the same direction. 'I'}le
method is also local in that a cubic segment is completely determined bF'four control
points, the ones at its ends and the two on either side of it. In addition to the usual
parameter values that are associated with the line segments in the control polygon,

.... J,........ _'"'"_......" .... _'....... ' '"'" ....... " " _" " '""' ......... '_""'....... _'_Ill'"_1,.......... , ....... ,_r'III.... II.... II"_"l,Iiirrl,' ,,u,,,,,, i,,i,_....,1,11_,1........ i?l,ll,,,11



Curve Drawing Algorithms 35

there are additional pa.rameters _socla.ted with the tangent vectors at the points,
This combination of parameters gives the users substantial amount of control over
the final interpolation curve,

The two subroutines that are described here differ in the type of control that the
, user has over the ends of the curve. In the first subroutine, the user must supply

and extra point beyond, the actual ends of the curve, In the second subroutine,
the user may specify the tangent direction at the end points or request that the
curvature be zero, In this later case, the end conditions may be mixed, that is,
the user may specify a tangent vector at one end and request zero curvature at the
other,

4,1,1. Subroutine GZBESL:Draw a Paraxnetric Bessel's Curve (I)

This subroutine may be used to draw a curve through a sequence of points using
Bessel's method, In this scheme, the ends of the curve are controlled by an extra
point, The actual curve, therefore, extends from the second control point to the
second point from the end of the curve. Either a uniform curve, ors nonuniform
curve may be drawn. In the case of a nonuniform curve, a simple me,ms to base
the line segment parameters on accumulated chord length is provided,

The calling sequence is:
' CALL GZBESL(N,PXA,PYA,NP,PA,NT,TA,NS)

, The input parameters are:
lq An integer giving the number of control points.
PXA A real array of dimension N containing the z coordinates of the control

points.
PYA A real array of dimension Ii containing the _/coordinates of the control

points.
NP An integer giving the number of parameter values associated with line

segments in the control polygon, If this w.due is not positive, accu-

mulated chord length will be used to generate the parameter, If tt_is
parameter is positive, values are selected cyclically from the next pa-
rameter. In this case, a total of (Ii - 1) values are needed.

PA If lip is positive, this is a re.al array of dimension tlp containing t,t_'.
given parameter values associated with the line segments.

NT An integer giving the number of parameter values associated with ta_.-
. gent vectors at the interior points. This value must be positive and

the values are selected cyclically' from the next parameter, A total of
(N -. 2) values are needed.

' TA A real array of dimension NT containing the given p_.Lrameter values
associated with the tangent vectors.

NS An integer giving the number of straight line segments into wl_ich eac]_
curve segment is to be divided.
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[
Nonuniform Curve

Figure 4.1,. Examples of in,terpol_ion by B'es.seFs method (t)

Figure (4.1)includes an example of a nonuniform curve, where accumulated

chord length h,'_-_been used a.s rho. parameter. Tt_e TA 'v_ues ha.re M1 been set to

one. The cir,::ubn" curve al, the lower right, of Figure (4.:[) w_ formed by speci:fyin_

seven point, s at t_t_ecornersofthe square in sequence. Since the chord segments are

equal, t,he uniform and nonuniform curve._; b_sed on accumulated chord lengt, h a.re
identical.

F]gm:e (4.2) il]ust, rat, es t,he affect the Pt_ vMues have on the curve. The figure

ilh_si, rat, es the ma:niputat, ion t,he PA val!t_eassociated with the cent, rM line segment,
of t;he coni:rol polygon. I_;shows _hat, reduci,ng t,he value of PA(3)causes the curw_

t,o move closer t,o the chord: between the third and fc)urth point, s. I,n t,hi.'.; c;n:e, the
_;angent, vectors at, t;he thi'rd: ,'n_.d fourt, h points also ro_at.e t,o becc_me c]o::er t.o t,he

chord. L_ge w_.l"_esof pa (3) cause the curve _;o move away from ;t_e chor0 and a

cusp or loop can form if it is made t_oo l_u'ge. Figure (4.2)also i!l_ust,rat, e,:-:t,he local

propert, ies of t:he inf, erpo]ahon bec;_.use all three composite curves are tangent, t.o
each other at, their ends; an),' con[in'uation of the curve beyond it:s cu:.rent ends will

not be affected by tt_e change in _he paramet, er.

Figure (4.3) i!lusI, rat, es the m,._nipula_ion of the TA w_l<es. The nat, ural valne of

t_he Ta vMues is one. As TA(2) is reduced, the influence of the ta.ngen_; vector at,

the midd']e point, is reduced and t,he curve pulls away from _he bas_gen[ vector and

approaches t,he adjacent, chords. However, in this ca_e, the tangent direct:ion at, t,he

middle point does no[, change. If TA (2') is made large, the inflnence of the {,angent

vector at the middle point becomes st,rong. This forces _he inf, erpola_ion curve tc,

flat, ten and follow the direction of: l_he tangent vector h.,nger. In general, when the
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Fi,gu,re .4'.4. Ex,.zmple=of mf,erpol,a,_.loaby Bessel".'s:.rn<._.ehodlwi_h end [a.nger:O,::sgivon
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/ l/ ",,. ",,'.', / J_ _..._,-.---_" ,,_:,

I I .-/":'::.......

Uniform Cu.rve --<_

. No.nunifor:m Curve

i
i

Figuce 4°5.. Example:; of i,nt,erpolM, ion by B_s:_.el_':5met,l_od wit,h zero cu,rvM;u:re,at.
t,he end:s

re'versed:. In. t,tae nom.mifoL'm cu,rv,._,accumul_at,ed chord Iengt,h ha:_ been u.:scda_-;t,h_:

........ l'JJ ...... " ........ _i ...... lU_tllq'" Ill' " _,,,,,, ..... r.... ,, ..... _'_1, '"'fir' "11"r'"l'ln " ITI'II',"_rl ...... ,, ,Iii[i,, , lli,I_',' IIir,,r.... I'lll III1"""11,, _r r.ll,tllUI l,l,,ir,,Ill,,_q,,_,111,i,,r, if



4_0_ GIKS U_ti_I!i;tiesfor FOR'TRAN-77

parameter.
' _}.n Fi,_.re (4.5,)i the c_¢v-_tm,_e at the en,d poi,.n._sh,_ been con,s,_raa,m..d,tio be zero.

The nom,u_.n.iform,cu_rve agm_n, h,m_.a_:cum,u,la _,ed' ch,ordi l'en,gt,b as Rs param, e_er.

4..2. Cubic Sp,lin, e' la,_erpolla, fion

Th,i_s secfii'on, descri,bes a s:t,_,brou_tli,net;haf, may be u,secI{to. d',_aw a p_ametri, c

cubi;c spl(me. A cu_b,i,csp,li.i_nei.s an, i,n_t.'erpolta_ion cu,rve c.o.msist,i,ng of paz'ametri_¢ cu,b,i,c

pollymom, i,_i segmen, ts. The segmen,_s oi tihe cucve j.oi,a, at, the knots wR.h equ,ali first

.a_.d; se¢o n,di d_eri,vai'iiives. ._owever,, t_he ca¢'ve i,s no.f_ l'oca} i,n n,atu_re; ch,,-_,_i,ng o.ne
con, fifo.iipoi_n,_m,od',i,fies,tlhe on,rice cu,r've.

There i,s a l_im,iit,on_ the m_m,ber of con,t_of poi,n,ts _h,at, may be s.u,p,p.liiedlb0 thi,s
s.ubrota,_i,m_e.

4.2.1. S,u,b,ro_a,dne ,GZS.PLN_:.D'.raw a Parametri< Cu,bic Sp,Iin,e

This s:t_,b.t,o.ut,ine may be usedi t,o di:ena, a parametric ¢u%,ilcsp,Iii'no cu,Fve through

a seq,u,er_<e of poia,t,s. The en,cl:soi the curtre are con, t_,olil_edb)' sped, bring the en,d

f,_,gen,_s or by req,u:es._i,a_gzero, cu,rvaJtu,re at, the e.n,d_s. ERher a u ni,form c_.,.rve, or
a noma,:a.i:.fo_mcm"ve may be dirawn,. In t,h0: c_e of a non,anl,[otto cu,rve, a si,mp[_e

means _:,_,b_se _,h.eparas_e_er o._acc_,_m_.ul!a_.edchord len,gth, i,s p.rovi,d:ed:,

The cal'ling s,,',.u,mce"...t ..... _s'
CALL GZSPLN,(N,PXA,PYA,Vi,V2;,rfP,PA,NS)

The i,n(put part, meters are:

N An int_eger givin.g the nam,ber of control point, s. The m m£mum number
of p..'c,in,t,s tt,_at, a_,e allowed i,s 32.

A . ° '

PXk A real array of dimension N con_,_.,mtn,g tlSe _. coord.inat, es ,.:,ft,he cont, rol

poi a_,s.

PYA A real _ra_,' of dimension. 1,Icon¢,ai,nin,g the ?/coordinates oi the coa_rc)l

poi, nts..

Vl. A real' array oi d:imen,sion '2 con.taimi,n S t,h,e given tangent vector at, th_-_
initial; end< Thiz argum.ent, s[houI;d usu, al[,: be a unie, ve<tor or .a zero

vector. If if, is a zero. vector, t.hen ze:¢o curvature i:-_impo,.sed at, tl>:.._end.

V2' A real r_,ray of dimen,s:ioa 2 contai,ning the givec_ tang,-.'nt, veer.or at, the
t,erminal _end. This argtament shou,l:di u,sual:lv be a un.it vect.,or or a ze_,o

vector. If it i:s a zero vector, then. zero curvature i_simp_0sed: at the end.

NP An i.at.ege.r gi,vi,ng t,he number of para.me_er values associat;ed wi,l,h l'ine

segments i,n t,he con,t,rol _polygon. If tbi,s v'adue i,s not, positive, accu.-
rn,_,.r]a_ed_chord length wi.tl be used t,o generate the paramet:er. I'f t;hi:_

pa.rame_:er _s' po,sif,..t,e,;.... values are .....el_:'c_.'_A_,.,,__...,:vclically- from the next, pa-

' ramef, er. In, this c,_se, a _otal of (N- '.i)ivahaes arc neected.

PA I.[ I,IP is positive, this is a real array of d%mension NP co nt,aiain.g th_-:

given paramet, er val_u,es associ,at_ed' v,.'i,fih the ll.ine segments.

I1
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Fi_gure 4.6. Parame_,ri, c cu,b,i,cspSn,es wi,t`h, e.nd _.a.,z,_en:Lsg}ven

' ffS An. in,_eger gi,vi,n,g_h,en,u_mber o.f st,raigh_ ltine segmentis i,nto, which e_ch

curve segmen_ i_s_o be cI:ivi,d;ed.

Fi_gure (4.6) st_o,vcs exa_pl'ss of cuS.i,c spl._.T.s wit.tr the t_._entis given, at t,h,e

en:d: poi.nt`s. I:n this case the cu,rve is not,, s[rict, tv speaki, n,g, sym mel, ri_c. Sin,ce t,h,-_

t`angen_s ".a_,the en,d:s are supp.lied, they must, point in the d_i'_ect,i,on of' t,be curve so
tlh.is curve w.,_ drawn from _he left to the right. 'To draw the curve in t`he or.her

direction, _,he d_irec_:ons of _the tangent vect, ors must be :reversed. The :figure aI_o

s'hows the o,sci?latory behavior t/h.,at is oft`en a prob.lem in spl'ine cu;rves.

Figure (4.7)., the spacin,g of the poi, n_,'.swa_s del.i.bera._et)' chosen t,o.ha_:_sl'a,rge,variat.ion
in the chord Ien_gt,h.s. As a r.oult,, the uniform (:_nr",'ee:,:hibit, s osci.l'l,atc_ry prc, b._em_ _.t;

_,he t,op ce:aider of t,he figure. Fig_re (4.8} _,l',l,u,._,,_af;_-.;_hov,' Lhc PA values can be used:
to coa[rol the shape of the curv.a. In t,bi.s c_se,, chord le:ngth_s have been used for

hhe pararnet, ers except t_._s.t,the PA vaJ;u_ associated with th,e cent.ral line segment, o,[

th_ control' poly_jos ha.s been mani,pu.liated...As we have seen before, reduci.n,g a P_
v;_lue cau, ses the cu,rve to mo:re closer to the asa',¢iat.e,:t _[in.e se_rment Vigu:_e (4 8)

also shows t,hat ¢h,_n_es [ike these a_e not. local, they affect, ¢ihe entire cu, rve.

4.3. B.6.zier C,urves

• _ ' ' n-_,c- )A B.z._er curve is a d.esig_ curve and not am interpo!at, io.n curve. It do,..,_ hov,'cv,:r;

pass through; its first, and last con,troI po,in[,s and. ii tangen, t, to the fir_l, and la:_,_.

....... " '_,' ' ' '_.... IIIIII ' " '" 'I'_'" 'r:...... _,1..,r ......... _ll...,_..... _'II .... _'_',,' ......... I1_",, ,,,ltlIlI'l'_"l'll1'!_'"'_,'" rl,rn',_II,Iii iiil,pl[ll"_'IHll....... H,,,,,_p_m........ _lt' I'lllllll_",III_1' "_ll,lllll_l.... iii11_ill,,'lpllrlH"'Ill'li'!'l]l_ll',,,,!llln_lIIl!lllllll'II '.11.
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i

Ln,iflrm Curve %_' i

- Ko,nuni, form Cu,rwe

Figure 4,7. Pa_ametric cubi,c s<plli,n,es with zero end cur,,:_.t,ure (I)

Figure 4.8, Para_rn,e_ri.ccubic spl_ines with zero end cu_rvature (I1)

s[raighl, line o_.gm..nt i,n [he ":on,t,roI polygon. 'Th,e B_zier curve is a, parametric
ix;r,

polynomial o.[}arge cllegree(in fact _he d_:gre_,is _,henumber of con,t.n:,lpoint.s minus

II
.... ,', ...... p_,,' ' '............,..... '"' l'll'l'_r......lll,,"m*.....,m........... ' rl',ll!,"mll'__11",......,,,.rl,illr,,lr,ppi_r,,"',_,l:lln"".......,,r','rl,l_l_']rl"''l'lr' "lr' _',"*_"_'",',II'lllP',lli'III'''r,r_'',r' ' I'lIl'""_lli_l"'lll_....... lll,,,_]rlll,,,_1irr',
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one). AUC,hough u'si,n,g pot.ynomi_s of large' degree i,.s usuMl'y a d:_gerou.s thing to
do, the B4zier cu,rve is u.n,usu.ml,_yweil behaved.

The B4zier cu,rve is a,v'afflab.lei,n both a si.mp,t'.epo.[y:aomi.,'J.,_,d a ration.al, form,
, The po['yn,omi..zd :[orm does n,o_, h,a ve any user con, t,[toil; except for I',he positioning oi

the con,trof poin[s. The rati.on_'. [orm _ h_s co.ntro:[ 'waa'i,ab[es called. _g_t_,. Th,e
we[,gh,i',s:may be a.n,y posi:t:.[ve values. If the weigh,_s are a_[ equal, the po[ynomia.d
form of the Bdzi,e.r curve is. prod*u,ced.

Tb.,ere is a 1,i,m,i,eon t,be number oi control' poin,_,s [bat, may be suppl%d to these
s:u b,rou _,{:aes.

.4.3.1I. Su/b.ro,u,ti;ne GZBEZ£: Draw a Bdz[er Curve

Thi, s subrouti, ne may be used [o draw a B_.zi,er curve oi arb.it.rarv diegree d_:ter-

m.ined, ra)"a sequem:e of po i;r_tzs.

The ca-dlq,r_gsequen, ce i,s"
CALL GZBEZZ(N, PXA, PYA, I_IS)

'The input parame[e:rs _e"

N" An i,n,e,eger giving the hum, ber of cont_o.1 po.ints. The ma:.'.imum nu,n_l:)er

of poin,_,s t:h,.'.._tare ai$owed is 3:2.
PXi A. real a.rray oi dimension. N cont;_dning the z c,oord[nates of the ,.",.r,ntrol

points.
PY._, .A real arrav of die,tension l'; (:ontainin_ tl_,_.u coordlnat, es o,[ the cont.r,:,[.

points.

_,,tS .An integer giving the n._nnber of s_.r;-,zght line segments int.,) wttlct_ the
cu.rve is to. b..edlvi, d'ed.

Fig un:.'..s(.4.9),_ld (4.10) sho,;v some examples oi BSzier curve:s. Figure (4.10).
i [:IU_t,ra _,e._t,he effecl, o[ mo v[.ng a si ng[e co nt _.,:,!. [,,oin t,

, .,_., "-_ , "7 " "P ......4,3 :_' >.nbroutin_e r.3,_,..E_E_,:Draw a Rati,ma'i B(,Ti_e_r('.urve

'This s'uk c,:,utine ttnay l:,e used, tc, dr,-_w a rat.ic,n;_l B<!:t:ie,_ cur've oi artt,.it.rary ,J.<gr_.,!-.

d_:,i:ermined by a sequence of pc:,int:_.

'The ,:.;Tjting sequ_cn,:e is'
CALL GZR.BEZ,'NPXk PYA NW WA bCS_

'The input, .t:,arr_le[ers are:
An integer giving the number oi cc,ntro[ point,.:_ The ma::,:imum r-,_nLbe_

of poi,n_s _h.at are allowed is 3c'
P;(_ A real ar,:r,.y of d[mension _tcontairlin,g the z ce,ordinates oi rh<: ,:c,ntr,:,I

points.
PYA .A rea.[ array of d[me:ttsion ._Icontaining the !/coordinat, e:s oi t,h,-, <c,nt.rol

points.

I!
" III "'' ' .... _.... IIII1" H,,,'' rl, 'S_l'" ,," r:l ..... iIl'r, ii '_ll_ ii ..... ?1' ", ..... 111'r'lllXl'l,r ..... _' 'Tll''_r' "_"'ll[',,r'lr..... , ',,I, FII' wl,' 'm, pill,........ IrlII, ,,"*'_r"',,,,'"'_,,'ll]'l_"'"Ti"llll' r',,",llr''w'v"qlllllllll'""'_' ""i*I 'I_ "' I1"t'1,
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Figure .4.9. E.x-_mpl_esoi B_zl.er c,.Lrves(I,l

Figure 4.10.E:campl.es co[B_hiier curves (ti)

1_1_4 An io_t,eger glvln,g the number oi weigh_,s a.ssocir.d,ed wlf:h the con_.rol
po.i,m,s. 'I'his wlue mu,s_,be positive a..n.dt,he weight,s _.re selec_.ed cycli..

.................................. _.... ,..... ,, ,,,,, ,r......... , ,, ...... '1' ......... ,.r, ...._...... ,_ , . .,.. r.,,., ,".,'ll,,,,,,IlIl,,',,,.','H,1"',lml,,',, 'IN"il_......, "I' , ,,li _IlPl,,I1....II['III"II'I"PIIII'_ TI'III"ii" '1111'I1''
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i Figure 4,11. E,'am.. F_[_"_-.of rationed B,_zi_,'... curve:_

. ca_Itr from the next parazne[er. A tot._[ of' _' values aze nee,"lect.

_,iA A re_ array of dimension NWcc,nta.ir._ing the given ,,ve_h_s.

NS An intege: giving thenumber or"st,rai.ght finesegment,_ inb.D which the
curve is to be divl.ded.

F-'igu_e (4.11) i[[ustrate;_; how the ,,veights ma,, be. used to con_.r,:-_lthe shape c;i"

a rati ona'[ El_z,i,e_ curve, in the figure, larger v'-,d.ue:sof t,he weight._ ca.u_e l:he curve

to move c[o:ser to its a:._'scJciatec[point white at[c,,,ving th._: curve tc, putt a.wc<,'from

nei!._hbc,:ing points.

4,4. B-spline Curves

A B-s[:)[ine curve is a pure design curve; it normally dc:,e:snot pa_s throu_h anv
of its cont, ro[ points. The subroutine_ descr{be.:J here make the B-_,_.,[ine avai[,',bIe in

both the polynomial and rational forms in either quac[rar.ic o:r cubic de.gree. 'T[_,-

se;_ru_:nts o[" a fluad_a.tic B-spline rn,_tch at the [-:nots in ordinate a.n,:!fi_.st derivati',,,,
The _,,.m cubic B-spline match in ordinate, a.nd first and :_ec.,n_l ..... ._.._,,,ent_soia , " ,- ,'_ derivati",,
The. curve a.[:sc,is [oca.[ [_'_n&t,ure; chan.ging a single control point on[v affec_,s a :sm'-._[[

number, of curve segments.
Since the knots would not otherwi_'se be known to the user, a facitir.,:' is pr,0vid<.,:i

whereby Lhe knots my be rn_'_rked. This is d:>rle bF' c&l,ting the GI(SpolyrTlarker
subroutine, GPH'.,Ali of _,hefigures i'n t,his section have had the knots m_.rt.;<d with

• ,-_ tight, sinai emarke.,., tha_ _.re s [y _..t"than _,hoseuse,] for the ce,ni,rot points.
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'The B-spline i_ actuaJly a get_eralization of the B6zier curve. The proper selec-

tion of the par,xmeter values cart cause the subrou_t_te, s described irt this section to
produce a B6zier curve,

4,4.1, SubroutineGZBSP2: Draw a Quadratic B..spline Curve

'This subrc, utine may 1'_, used to draw a quadratic B,.spline curve that is con-

trolled by a sequence oi"points, Either a uniform curve, or a nonuniform curve may
be drawn, In tt_e c_e of a nonuniform curve, a simple means to base the parameter

on accumulated chord length is provided. In addition tc, drawing the curve, t}l(!

knots may also be rn_ked.

The calling sequence is:
CALL GZBSF'2(h',PXA,PYA,_IP,PA,RS,_FLG)

The input para.meters are:

_t An integer giving the numbe, of corl_rol point's,

PKA ,4 rem arrav of dimension l_tcc_ntainir_g the z coordinates of ti_ cc,:Ltrc,[

points.

F'fa A real array of dimension _l containir_g the _ cc_c,rdinates of the c,:,ntr_,!
points.

_IF' An integer giving the number of paranLeter values associated wit!, !in_.'

segments in the control polygons. If this value is not posi_i'.'e, a,'cu.

mulated chord length will be used to gen,i,:ate the. parame.'.er. If tfLi.,:
parameter is positive, values are selected cyclically from t_',': _e:<t i,a-
r_u'neter. In this case, a tc, ta[ of tt "¢a!ues are needed.

PA If }rp is positive, this is a real array of di:neI_,sic,n tlp cor:ta.ini_g the

given p_urameter va.ines mssociated with th_: line segments.

tiaq An integer gi.ving the number of straight line seg:nents into '_ l_icit (,act_

curve segment is to be divided.

_'[F'LG An irlteg,?r flag that indicates if the kno_.s are tc, I:,e n_c:r>:,,:,,d,.-\r_:,'
.nonzero value will causc them tc, be marked.

There is, however, a problem with the gerleration of t};e P,_,,arra.v ,,,.!:,:.::a,::r,.t-
rnulat...],_cch(:,rd length is used tc, produce it. The prol:lern i,_....that t.Ler_, a:e (_; ....1)

distances available but 1_[values are r_eecled. An ap!:,ropriat,:: scheme, and t}_, on,.:
used within subroutine GZESP2, is

PA(1) =

PA(2) = _ (Di + D:,'),

PA(3) = _ (D:, -I--I).;), (4.'2..t

PA(_I- ],): _ ([)_-2 + Da 1),

¢1 , rf le ¢ 'II ' Pi "III _l ' II_ 'lilt IItll 'I ' I " r ' ' '"II' '"" _'_ '' " _ r ' _'11 'ii' _' ' '1"'' _[l" .... ' q,lU%' ', , ....... I III I1' IvlIIIII 'III I It'll I II, ' ll_lll ,, , , eft .............. ' ' " ' r¢¢trce:-
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t

I\.Uniform Curve

No n uniform Cu rye _----_--_J !

Figure 4,12, Exa.mples of qua,dratlc B-splints (I)

, 'lhc Di values _'e determined by Equations (4,1),
Figure (4,12) _hows examples of uniform ,'rod nonuniform quad.r_tic B-splines,

The nezLrl_'circular curve at the lower right v,,_ formed by specif','ing si:,:consecutive
' corner points around the squ_Lre, "fhe uniform and nonuniform curve based on chord

length are equM in this ,ase, In the other nonuniform curve, the PA vtdues were
determined from chord di-_tances arm Equations (49).

For tke quadratic B-spline, the knots Mwavs lie on the control polygon and the
curve is tangent to the control polygon at the knots. In the uniform c_e, the knots
_e at the midpoints of the line segments in the control po!vgon.

Figure (4.13) shows examples of how a modification of the Pa va.luck,changr._;
the curve. In this case, the PA's were also determined f-rorrtEquations (;t.2) and only
the central one w_ modified. Notice how small va!ues of this para_,meter cause the

points of tarlgency on the control polygon to move closer to the associa_.ed poiI,t on
the control polygon,

q[here is a fairly' popular altern_Ltive to Equations (4.2). "fhat al_ernativc sets

PA(l) = 0.0,

. _'a(_) = 0.0,

with the other v_lues set by' E;quations (4.2). The advantage oi' this scheme is th_Lt
' the curve now passes through the first and last control points and is tangent to

the control polygon at those points. The interior of the curve has the prop,"rtie-_
described above. The problem with this formulation is th,.'xt it does not reduce to
Lhc usuM uniform approach.

, , _,,_,,,_r .................... _'1,' ", ........... irl ..... , ,, _1,_1'1'' I'1.... _ "'_," Illl I!IH".... , ,_,, _ ,, _r ,, ,11' , , illl, ,_ , , li ..... ''
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/I" ,,," "" ..7"-- ', ',

...' _ ,,, ''. .

PA(3)=O. 1 (D2+Da) \

PA(3) 0.5(Dz+Day

....... PA(3)=2.5(Dz+Dz)

la'igtire 4,13. Examples of quadratic B-spliries (1I)

4,,t,2. Subroutine GZRBS2:Draw a Rational Quadratic B-spline Curve

This subroutine may be used, _ draw a rational quadratic B-spline curve that is
controlled by' a sequence of points. Either a uniform curve, or a nonuniforni curve
may be drawn. In the case of a nonuniform curve, a simple me,ms to base the
line segrne_t parameters on accumulated chord length is provided. Irl addition to
drawing the curve, the knots may' also be marked,

The calling sequence is:
CALL GZRBS2(N,PXA,PVA,NP,PA,NW,WA,NS,MFLG)

The input parameters are:
lt An integer giving the number of control points.
PXA A real array' of dimension N containing the :r coordinat.es of the control

points,
PYA A real array of dimension N containing the y coordinates of the control

points.
NP An integer giving the number of parameter values _k_sociated with line

segments in the control polygon. If this value is not positive, accu-
mulated chord length will be used to generate the parameter. Ii' this
parameter is positive, values are selected cyclically from the next pa-
rameter. In this case, a total of 1_values are needed.

PA If RP is positive, this is a real array of dimension NP containing the
given parameter values associated with the line segments.

,,, , ................... , ..... r...... 'iii ,, ,,, .............. qlri........... II ' ,1.... I ' "1111''""'' Plq r_'" ......If" '',ff'r_f',r.......'"fI_"'tll"r_"''li' ,'l'f[l"_ll'llfll'_"' II
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Figure 4,14. Examples of rat,ional quadratic B-spline curves

' NW An integer giving the number of weights associated with the control
points, This value must be positive and the weights are selected cycli-
cally from the next parameter, A total of N values a.re needed,J

WA A real array of dimension NWcontaining the given weights.
NS An integer giving the number of straight line segments into which each

curve segment is 'co be divided.
MFLG An integer flag that indicates if the knots are to be marked. Any

nonzero value will cause them to be marked.

Figure (4.14) illustrates how the weights may be used to control the shal,e

of a rational quadratic B-spline curve. The PA values were determined by Equa-

tions (4.2). In the figure, larger values of the weights cause the curve to move closer
i to its associated point while allowing the curve to pull away from neighboring points.___

I 4.4.3. Subroutine GZBSP3: Draw a Cubic B-spline Curve
m This subroutine may be used to draw a cubic B-spline curve that is controlled
a]l . by a sequence of points. Either a uniform curve, or a nonuniform curve may be

I drawn. In the case a curve, a simple rneans to parameter on
of nonuniform base the

accumulated chord length is provided. In addition to drawing the curve, the knots
may, also be marked,

The calling sequence is:
CALL GZBSPS(N,PXA,PYA,RP,PA,NS,MFLG)

..... ' ................. '' re ' ..................... '1' ....... _J ...... Jr_ ...... 11 r_llJ] I 1_ ....... nr 'liIi '' ,,rlllj,_'ler,,,',,,,,ll_ttt,_plam',rHII',till ' "ll,tlr, lt!iitl 'lP"llF]lt'!rljllrl...._.... i,r,iffrlrg_[_
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Figu,re 4'.15. E_un,ples oi cubic B--zpl_ne:_II)

/.f . ............ -._., ,,

PA,(5) =0,2D,+ "-....-.. ..,._//;"

pA(5): D_+ ""-...,."-",,//
"+.... /

, . ....... PA(5);= 5D,+ "_"

J

Figure 4.16. E.,,nnpl .._of cubic B-spline.'; (II)

As in the. quadr_.t,ic ca.se, there is a popular a]t,_rnat,ive.to .Equatlon_ t4.;f . 'i I:_at

.... i,,r ........... if' _1'' II , '' 1,e .... I1" ,'1'1 ' ii'""ll ',UI II i1pPIIl'Pii, ' II"r"ll[l _PI'IP' " "roll" 'l'l'"_lltl llll'll"l'll I''
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aktiern.a,t+ive sols

PA,(2):= o,.o,,

P'A,(N'+ 1:),= 0,,1__,

This scheme a_g_.n forces the curve to, p_s th]cough, tihe first a.ndi lisk,+f,e..on_rolipoi.nt,<_

and makes i,t f,_m,gen,t to, the con,trol_ pel;ygon, a*; those poi_n,ts.

4.4.4. S.u,brou_tine GZlt.'BS3: Draw a R_tiiom_': Cu_bi(: B-spline Curve

This subrou,ti,ne ' may be used to d:.[,,zwa rv+tion,al_cu_bic B--spl:i,ne curve that is

control,led by _ sequen_:e of poia,t,s.. ERher. a uniform cu,rve; or a n om_ai{orm <urve

may be drawn. I_n ttae cruse of a, nora.mi,form _:u.rve, a simple means t,o, bn.so t_t_.e

par_un:eter on ac(:urnu,la, t,ed' chord l'en,gt,h is provided:. In addition, to, d!rawi.ng the

curve, the knots may also be m_ked.

The calling seq,uence is:
(:ALL GZKBS3( N, PXA, PYA, gP, PA, NW,WA,N'S,MFLG)

I' r+I't e input parameters are:

N An integer giving the n,um,ber of con._ro! poin,ts.

PXA A real array of dimension N cont, aining the :r coordinat, es of the con t,rol

:poi,nts.
PVA .A.reaJ array oi dimension ff cont, ainJn,g the y coordin,at, e.s o[' the control

points.

I+P. .An m"<:e,.g,e'.Igi vi.ug the mamber of p_,'a.meter v,Muo,'.._a'._sociated wi;tla 1,ine

segment:_ in t,he control polygon. If this ,._l:ue is not posit, i,,'e, accu-

mulated chord' length wil_l:l:)e used t,o generate t,.he para.meter. I.[ this

parameter ;s positive, values are selected c'ydlcal_13, h'om the ne:<"t,pa.-
._ +.:,( _-,+.tamer, or. In. this cruse, a t,ot,;_l of (N+ I')values ,are nx.< i_:d.

PA If NP i.s po.,dtive, this is a real' array of dimension NP cont.aining t,h,..

given parameter u;_lues ,'_socia.hed with the. line segmenf, s.

NW An integer girl.na the nu:mber of a, ei..g,[k.,t,,_..... m_:_od_t,_-'d with the cont,.col

:poin,ts. Th.Js v'a]ue must, be positi,ve and' the weiffht.s _e ._d<_.f,_d <vcli-

cal:iy from the next part,meter. A t,otal of S vaJ.ues axe. net_d..i.

WA A real array oi d:imension NWcontaining the. gi,ven weight.s.
:l+S An " _' ,_."lnt,_.g :r giving <he r.mmber of ,_straight line segments into +.,t._icl!_ea(:h

"_, _ ' tobedh, ided.curve segment _s

Mi'_LG An i:nteger flag tha.t, indicates if the knots are to be marked. .An+,,+
nonzero value +.,ill cause them to be marked..

Figure (4.17) :i}lust,ra_es how the weights may be used to control ttie shape oi a
___: .... I .... k' "D ---11. ............ rlnl._ IDh ..... I. ........... ),,_ .... :--,.A_ I.., 12_, ..... ;: .... [/I Q_

_

=-

_

r

--

[m_,,,,,r .......... ,m ............... ,1' ' P,II,III,'IPPII, "1_1' ,, ,,rl_' 'Pl' II1'
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Figure 4.17". E.x:atmples o:[ rati.oa_l c_.Lb.;icB--splin, __,::t_.t"v,-'_:s

" }n el._e figu.re, l;:_rg,_r vMues of _,he v,,_-:._gltt,,.._..... -_ tl:e .....

,'_:._ociat,ed point, whi,h_ allowing f,.he c,J.rve to p/..lll' a_,,;:_,vfrom neighIr)oring point._;.
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CcA (2) A rem vM_ue givi,m,g t,he z componen, t, of a vector in the di,.rec_,i,on of the

li,oh,t, rays. T h.a'_ is.,. the d,h_ect,ion is Doa the [,],gh,t so_,t..rcetowm'd the
object,

CC,_.(3) A :real v'-'-M,ue gi,vi,_.g the 'Wcor.nponen,t of a veer;or i..n_h,e.di,re.ction of the

ligh.t, rays.

CCA(_> A re_ vM_u.eOi,vi,no the z component, of a vector i.a the d,i,rect;io_ of t.he

l'i,gl_,Lr_ys.

CCd,(4> A reali vM,ue giving _ihe am,b,i,en,t i_.I_umin,ati, on, f0,.

CCA(6) A real! voltise gloving tlhe sgecu, l;_ re.flecdon e:x:ponen,t,, n.

CCA(7) A reM! 'wM_uegiving th,e d_i,.f$1..tsere:fl.'ection constan.t, Kd:.

CCA(8) A reM, ,,_iue gbin, g the specu.l_ar re:flecdon cons.t .ant, .K',.

CCA(9), A reM: waffue gi,v{ng. _he distance adj:ust,men_ cons_anf,, A".

CCA (1,0).A rem _ue of zero i:ndic_es th._, tlhe indices given IDebw are chlor

ind!i,ces. A real: vMue of one indicates thM, the ind',ices gi,ven below are
a t,t ri b,u_e b,un,dl e i,n,di,ces.

CCA(ll) A real, vM,ue giM,ng the m:i,:M,m_l vMue oil' t,he slh;ldi,n,g funct, ion co¢re-
spon, d:mg to the next in,d'ex.

CCA(12) A real _,Mue gi,vin,g the col'or i,nde:< or t.he _tt, ri;bui',e bundle i:nde'._: l,o
be used! to draw tlhe color asso_ziat, ed_ wi.tb: the m.in_imum ,,'aJ'ue!of the

shad.ing f,u_ncdo._. This v-Mue will: be conve.rt, ed to a.n in,teger before it,
is used.

CeA( t 3) A real. ,,'M_uegi,,'ing the m,axi, mu,m val_ue oi' t,he shading [uncti,.,n corre-
spondi.ng _o the next, i.nde:x:.

tort(14) .k real =wa.lue giving the color in'dex or _,heat.t,ribu_,e bu,ndte [nde:< tc,
be used {,o draw the color a_ssociaLed wieh the .ma:vimum _Mue of the

sh.r_,::t.ingfunction. This vMue will be convert:ed to mn integer before it,
is u,sed.

No_ice that, t,he d:.i_rec_ion of the li,ghf, rays as given by CCa(2), ..., CEA(4) is _,[t,:2

reverse o[ f;l'!at, sho.wn by the vector L in .Figu,re (5.I). It is im,pc, rt,an_ to get, t,l't,-:,
direction correct,; ii; is no help it: t.he light is shin, ing on the bottom of _l'.te ro,ode[

when you e..'cpect,ed ii, o:a the top. The va.lues of t,hese p;eamet,ers can be d'i_cult

_.o select. In the absence oi. ot,her in.[orm_ion., a good piace to st,;irf, i,s Ii):= 0._,

n = 2.0, .K'a = t.,5, K, = 0.3, _nd K = 1.0.

g_ch of t,he sul.')rout,i,nes al,so needs a work array. 'This is a real arr;:-,.yt,ha_ is used

_,o sc,rt, t,he polygons. The required .size depen, ds on t,he prob.lem buk, a m_c<irnum

v_Iue is usuM=ly easy to obt, ain.

From the above d.i,scuss:ion,, it is appare:n,_, t,.he _heTe are two _hiag:_ thae, are

difficul_t, b:, det;ermi,ne when _hese sL{brou_ines are used, The fir..st,oi" these p.rob[ems

is the coe._,cien.ts of t,he shading flan.ct,i,on and it,s ex.t,reme vMues. The secor_d i:s the

size of the work array. To aid: in the use o[ d._e:se subroutines, the ma,vimun_ and

m.inimum compu_,ed vMues of the shading function arm the ac_,ual size oi" l,he work

ro'ray that, was needed are made arM}able to. tlhe user. These resul_,s are put, ia to a
C01_Lq_I¢'block whose declaration is

C COKMO_* BLOCK TO RE'TURI_ISURFACE I_I,FOI{MAT!O_N=.

II
.......... ,,..........,"'',"",''1'rl_1....,,"',1...._1,,,_.........._!,'Iv'",'"_III""",,',"',1"'el,'11_''"!Irl'"'IIm"_r....'I';1"""'.....,,,r,r,,,',,....,,......,,,,,



'The input, paz-amet, er, are:

M .An i:nteger giving the first, dimension of PKYZA.

N An int, eger giving _he second dimen, sion o.[ PX"fZ_.

m

....... ' ............. _, u " ,,, .... ,, n _......... 'e,"II),U _, "_,' ,))lule 'II' ' _nl_ .... _' ..... 'II_ .... _lu, " '"I]'Il, "' l,u,, lqll _i ,'I] ' ,ql ll{lll[fl lr[ II 11, IYI'I,,qf'"'rll i_'illl'l"'l)_ '""leIlll'_' ' 'u'"',,'Irl)_'V 'pr
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Figure 5.2. A t,wc,-dimension-_l hist,ogr_m

P:_YZ_. A rea.! az_ay of dimensioa (M,i_)con_aining the z, y,. and : c,:,c,rdinat<
c.t"t,he two.-dimension_ hi st,ogram. The foe"mat,oi the ar:te_,,'i:5

Z0 _'1 -T2 . . . g'l_-2 Z'N.- 1 '_

b' I Z.I, 1 Z2, 1 • '. _-_ - 2,1 --

_j2 Z'1,2 z2,2 •. • _-N.-'2,2 --
• • . ° •

gi_-2 .at,._-2 ._'2,_'-2 .... z_-2,_-2 --

Y'_-I -- -- ... - --

The sequ.ences (a:t, z?, . .., zs,-1) and (g.t, !/:, •.., _.v_-_) .mu_, be mc_nc,.
tonically inc reasi,p.g bu,t do no{: ihave to be equally spaced. The two.-
d imensionaJ his_.ogram consists of (}I- 2} colum_ls in _.he z di_'ection
and (H .- 2) columns in the y' d.irec_.iort. The value ao is the e coor-
dinate of rh,: b_e of '_he columns. The bounds o.[ the (i,3")th column
(.i: 1,..., (;N-2); j = 1,..., (M-2)) _ _, to _,+, i_ _:_,.,_d_.,to _:;,i
in y. 'This means that the l_t row and column of PXYZ_ at'e aimo:st,
u,nused. These unused values are shown as dashes in the m_._t_i'<.Th<,

II
............................. '_', '......... JIl'J'',,,I..... ,_ .................. ,II,.................. ,'_....Ijlll'rl.... I,,,,, ...... ' 'iii " 'lilt"'""' _l"rll'II'_,,"l_l.....IITI.....i!l,,,,irll,,_,,rl ,,rp......1'rl,,l,ll',,,
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zi,j v'Mues give the z coor,:]ina_,es of the ):ops of the co[urma,s ,_mdshout,:[
n o_,be s mat[,er J',htm ,:0.

PT]_I_( A rem array of dimen'sion (3,4) cont,a,ining the perspect, ive t',:_slbrr_a-
t,ion.

CCk A rem array cont,_ining the color cont,ro[ for t:he two.-dimermio_la.[hi:-:.
t,ogra,m, The _%lLteOr"CCA(.t) select,s one of' three possibitities:

CC_(1.),'-l, 0 This means en,cb side of a column is to be colored
in a, dist,inc_, colo:. ActditionM data i_ supplled in the a,rray
a.s de.'scribed below.

CeA(t) =0.0 This me,"ms tha,t the e:<is_ing CI<S sel:tir_,gsfor fill
are¢_s and polyl.ines is _o be use-I to ...-_ draw the poivgor>;, N<,
additional data is supplied in t,he array,

CCA(1) =1.0 This means tha_. t,he cc,[umns _re to be colored u_ing
the light source and reflect.ion model. Addltk, ned ,__t,a irs
supplied iu the _r_y as described eaa'[ier.

L An integer giving t',he leng_,h of the work array.
_A A rem _'rav oi dimension L _,h_t v,'i[t be used _ a, work arra)', k _h,3u[,:[

h,e_LLe,-,...,st6(_1-2):(_- 2).

This subroutine MIows the sp.ecia.[cok:,r[ng schemedefined bv a va,[ueof CCA(l,)

, equM _.ominus one. The description of the CCA a.rrav in this c,_e is as follows
CCA.(1.) To speci[y t,his option, this vMue sho,.t[.:iccnt.ain ._ 'rei[ valu_2 c)[ rrtinus

0 [1e.

• CC.¢(2) A rem vMue ofzero in,licat.es th_t_,_,he indices given below &:e color
indices. A rem value of one indicat<::s t,har. the indice:_ given bei:,_,,"a,re
0.r,r,ribu_'.e bundle indices.

CC_(3) A re.al wa,luewhich specifie_ t,he indc:,: _,:>be used t,o draw _.hez_i,_ sict_:
of _,hepo[yg,:).n. Th.is vMue wilt be c:)nver_,ed _o _ ia,teg_:r b,el',.,reit, is
used,

CC_(4) A :re:_[va,lue which specifies _:hcindc:,: t,:, k,,_.used t,o draw the z,,,,_ side
of the potygon. Thisvatue will be cortveri'.ed t.,.)an intege: be[of-it. {:.:,
u,.t.Jd,q_

CeA(S) A real value which specifies the inde.\: t.c,be used to draw the .y,,,,,, si,:i_::
oi" d'ie pc,b'gon. 'Thi,s value will be conver_,ed tc, an in_.eger b-_[,:,r,!'.it, is
used,

CCA(6) A real va.]ue which specifies _,he index t.o h,e u.'.4edto draw the gm,,= s',;de
oithe polygon.,.. . This ",,'_t,l_.t,_,.wit[ b,,2converted to ,",,r_ir_.t._.g,."r,_ be[ore it, is

, used,

CCA(7) A real value which specifies the index to be used tc, draw ),tic zm,,, -_[,:[_:
oi the potygon This vMue _,,'][[b_' cc)r,ver_,ed to &n lntege:r be.[_r,_ if. is
LIS(%I.

CCA(8) A rem vMue which specifies the inde× I_obe used [o draw ),he z.,,,., side
of the potygon. This v-,.duewi[[ beeconverted to&n integer be[ore it i_,
l.l:a .d •mp

j

, . ,,- ,, ,, . ,, ,, , ' ,,, ',r,, , ¢_ ....,,i,, '")'"' ..... ,_ ' "' ="III...... ').... _" '"' lit ,,,,i,_Ii ii ' ,v,I,, ',,, rll_........ ,,' i,,, rl, I, II(_l II_,, "
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Figure (_ o,a,_)_hows an e×azl_pleof _,two.,.dimensiona_[hist_gram Like aLIof

the e,'c_np[es in this chap_,er, it was produced by drawing the polygons in the

background color and then out, lining the polygons in the norma.[ color,

5,2. Mesh Surfaces

A rne_:h surface consists of a rect_mgular sheet positioned above a recta.ngul,'.._

t_'ea in the z-y plane. The sheet, is divided into smaller rectangular or tri,'utguIar

p:_tches. The height of t,he corners of the pa, tches of the sheet ca:_ be used t_,

represent e×periment:d or synthetic data.

If the data suppled to the mesh surface subroutine is not rel_tiveJ,.v srnc.,otk_,

_he resulting picture n:tay be difficult: to interpret, Irt rb,ts case, a two-diI:aensior_cd

his[o grater rn:L',"[,e more appropr{_te.

5,2.1, S,.tbrout[ne GZHESH:Dva,w a Mesh Sur['ace

This subrc_uti.'-_e nazty be used to dra_,,' a mesh surface. The mestt rltay be c,ott..

,,!:trr.toted [_',' drawing recta.ngles, or sp[itr, ing ea,c['t rectangle into a pair of tria..ng[<'s,
1 ') _' " a,'Either t_Le uI:,l:>ecside lower side, or ko_h sld_:.,sof the surface ,,tray be dra,,,,'n. W[_erL

on[v one side of the surface i_.;drawn, a a_(:irgis drawn aroused t:tie b:_se.

T.he po[ygc_ns that constitute the st.tt-f:tc'e n_&y be., drawt: ir_ one o.f two wa;'s, In
t_ li ,.the first scheme, the e×isting CIt(S settings., are u .......{ to draw thr! pol,,'::,n_,.,.. .. a.._rift '

_.re:_ ar_,:{ th<::_ outline the polygor:s using apc. lyl{ne. The sec:,nd s,:tt,:'rrlc ptovidcs

a tight, _,ource :r_,::t reflece_,:.,n ::tode t to c,..;lc_rt_te polygons

The ccdtin_; sequence i:s
CALL GZHESH(H,}I,F'X"fZA,SFLG,MFLG,PTZ}I,CCA,L,WA)

'The input p:u-,..-crneters _e:
lq Art integer giving the .first ctirnension of PXYZA,

_t An inl:eger giving the second d'merts{or, of FXYZA.
PIc.YZA A re:d array of dimene:ic, n (H,_t) containing the z, y, and " c,-.,,:,r,.,:nae,_.,:s

of the mesh sur fa,:e. The format 'o[ the _ray is

/ :o xi x2 ,.. Y._-2 x_-i

til zl,1 2_ I , z_ ,_I zt_-l,1

.Y2 Zl '_ z,_,_ z_l-_ '? Zfi 1,2

_/_-'2 : 1,_-'2 : 2,M-'2. ... a_ _ 2,M-2 z_ _ 1,M-2

:/'_- 1 zi,M.-.1 z2,M- 1 . .. zt4-2,M- | zN- I,.M-1

The sequ, ences (z_, z:a., ..., :r__l) a.nd (_1, g;, ..., YM-_) must be mc, no-

tonical[y increa.sing but do no_. have to be equ:dty spaced. The mesh

surface cons{sts of (._1-2) surface elements in the z direction and (H-2)
surface elements in the y di e' .r..ction The bounds of the (i,j)th surface

rF II '''r'' ...... _11"II ......... 11 file .......... ,iI' ', Ir"_l III.... [|l[",,[[q_ II'I, [[ I..... , UllTll,,{[ i[,[[,, ,['[ , i .... iIiiii lrll[r,i]lll_, II 1[ ' _,i ['
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o

Figure 5,3. A me._h surface ,zhowing both upper" and lo',ver sides

o

ei_me:_t(i =--1,... ,(t_-. 2)',.7'= 1,... ,(_I-.2)) _u-__, to _,+_i_ _:_a
td) tC Y./4.1 l,n td. The _i,; vMues give the r. coordinates of the corners
of t_w t e,:Langular surface element, s, 'The value z0 is the : coordinate
of t,he base of tt_e structure, and is only u._.ed if a skirt is bein._ drawn.

When a skirt, is drawn for the upper side of the surface, z0 must not. be

grea_.er than any of the z,,i v;_lues. "When a skirt is drawn for the lower
side c,f the surface, z0 must not be srna!Ier than any o.f the zi,j va,lues.

SFLG An integer specifying which side or the surface is tc, be drawn A

po'._it.ive vMue means the upper side is to be drawn v,kile a negat.ive
value rnean:s the lower side. A zero va!ue means'bot.h sides are tc, be

MFLG An in_eger specifying the type of mesh. to be drawn. A zero v_due means

recta.ngle_ are to be drawn while nonzero values mean tria.ngles are to
be drawn. A positive value means the dividing line for the trlangtes

will pass through ,zl,l and a negative vMue means it, will no_..
PT_._I A rea[ array of dimension (3,4) containing the perspective transforma-

' tion.

CCA A real array containing the color control for the mesh surface. The

value of CCA(1) selects one of two p,z,ssibitities:

CCA(1)=0.O This memos that the existing GI(S settings for fill

, , , , ,, , , ..... i I_' III ,11 i , , , , , rl II , , , ,, , lip I,IH i ' lr , , ,, ii ,, ' ' ' "' ' " ' ' 'II ' 'liT ' ' lrN ' ,i ,
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,i

ure 5..I. +4 r:.ez., _ ...... . . g 1",,' ..
4

'.'_; " ' ' 1: Ne.:'r'a_. _,.r.a Dc'..++.";ei "'-,+_ ;+,_._-"_-__+' _, crav,' :'+e po ,'_.OGS. O

.... ' 5.::7:;;i : ' tL..aL.' _.tt:_:::,:_.._ c_.,',h is -+_, ,:-; ;. K:'r_v.

" " ':-"_" d :e£;:.:c': ::.ode' +4-J: ' _.

data. _ _:':+,:,. ;"_ i,. t_':c. "

L .'.n ir,'c_'e: _" ' the !e" z:'!. c.,f tL'_ ','.'c+k a::a',.

;" .+\ r,.::-! ar:av c : '" " ' ' "" ' ' .... ',",--_: ,' +. tL': ,'., b_. v_e:i az+a wor_: a: :., "il";_:'

• -H ",;' c,:"' " ,,., u.;t to e_:_., e __+'_ r:._::,:;rr:unl size ;_ e::_'clt<i ILl t!._, E .._ .t_ l_ d: _:+" '_ ':_-r,&*. '

to co::,::.:t,.'...=, +,,, , - ,. - . I. ]: tr _::.,_'.;:-:, _re be :._ c[- ,_,,.;l,

d,:,u?_le tl',,_t ",'-Z'.:,:. If [oti, tc,i:, _r_d bc, t::z. are b:-ir_g dr_-',":., douL, l,:

_.__-t '.'alum;e._a._:: lt ,-_ " },otto:-: ...... .._t_ _, - .,, " o,,+v t,_e tc.,/., ,:,r _ ' _, ct:_v,,.'_ ac[,:[9cp __

_" +. ., _ ,,,u t}.;:=tva.,u,__ ']-'+:, e re ..... _,..,,_._+ (,_;- 2) 4. _ Fir, a',',v ,_,::,u_' t valu o','_.. _t:-'-_ ,c+
t}le riuv,uber of words ne.cd,:d" rh.. aztu" ,. ; I; ,' e+ir,uir, ber ',,,'ill bc a,.,u',::
half this max'.rr._um numb,:r.

Figures (5.3), (5.4), and (5.5) all illustrate, e:,:an".:plesof rr.,:._hsur[aces. I,, F'i_!;-

ure (5.3) the mesh surface ,,','_ broker_ down into rectar_g.les, while the other t,.vo

figures use triang!es, In Figure (5.,1) the tr iarigu]ar divi_;ior, fio.c:atiirough the Zl, 1

point while in Figure (55) it does not.

l' ,[ ,,, l, , lllr ,,+, l_ , ,11 l_ 511 r li III , i _]iiI r_ plII Pl i l J _,i li lI ' lJ J Pl' ..... l_'l'' P",
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Q

Figure 5.5. A mesh surface showing the lowe," side only

5.3. Generalized Polyhedral Solids

This section describes a subroutine that can be used to draw any figure that can

be broken down into planar polygons. Normally the polygons should be organized

into solid polyhedra because_ at most, only one side of each polygon will be draw_l.

5.3,1. Subroutine GZPOLY: Draw a Generalized Polyhedra

This subroutine naa)' be used to draw a group oi" polyhedra, A polyhedron

co1'_sists of a solid body bounded by polygonal faces, The polygons should be planar

or very nearly so. The polygons must also be nonintersecting. 'I'h_ points on the

boundary should be ordered in such a manner that the polygon is to the left as one

traverses the outside of the surface in the given order of the bounc!;ng points.

The polygons that constitute the polyhedra ma,,, be drawn in one of two ways.

" In the first scheme, the e:_'_sting GIKS settings are used to draw the polygons as fill

areas and then outline the polygons using a polvline. The second scheme provides

' a light source and reflection model to color the polygons.

The calling sequence is'

CALL GZPOLY(PXA,PYA,PZA ,M,}IPA, IPA, IXA ,PTRll ,CCA, L,WA)

Ipl_l...... l'Ir ,, ...... lr Iii Ip "'i,rl ' , " li"llr'l ,, i,[.... r, I11[I ii ,, iiill II ...... , i_lll'lill ii,, I'I ,, l'pil,,rlP11" II 'il i' '_'il[]IIIU" 'IIIIIII 'p' ' ' I_II[ ' ,,'fl 'II ,iiI_, _I Ii!' " Ill ' rf,'
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Figure 5.6. The five Platonic solid:_

rh(. ]npui, " _ ' e_ _ ,"piram. ,or,.. arl_:.

PXA k re:¢l array of conl.a[:oing d_e ¢ coordina[,e.:i of the poin_,s on the pc, l}....
hedta.

PYA A re_d array of" containing tile y coordinat;e,_ of the point,_ on the. t-:,o]},--
hedta.

PZA A rea]_-'u'rayof containingi,he z ..ord.nal,e._of thepointson _,hepoly--
h(_;dra.

._ (a -M An mt,_.g._ giving the nu:mber of polygons in the. polyhed_':_.
NPA .An int__..g,.-'r;_ray of' dimension yt conI,_ining the number of poinf. ,_._in _:;l(:)_

of t,he polygons. Th_: ma:_:imum number of points all.owed in each poly--

gon is16,However, thereisno need [o closethepolygon;a tr[angular

polygon may be dehned by givingonly threepoint,i,

IPA ,Anintegerarrayof'dimensionM containinga pointerinl;othe IXA array

that, gives the starting index of the indices pointing to the coordinate_
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Figure 5.7. Two int,ertocl_ed tori

of t,t_e poinf, s in t,he PXA.,PYA, and PZi _n'ra)'s bounding ,,he. polygon
IXA An ' _,"lngf.gcr array containing t,he indices of the poin[,s bounding tl_e

pol?,gons.

p'rt{N A rea] _ray of dimension (3,4): cont, aining the .per,_pect, ive transforrna-
t',ion.

CCA .A re_l] array containing t,he color control for t,he polyhedr_. The wflu,:-,.

of."CCA(1) selects one of two possibilit, ies:

ceA(i),=0.0 This mea.ns f,hat, the existing GKS _.t,t,mg.,_-_" _" :for fidl

' a.re,'_s and. polyhn.." es is go be used to draw the polTgons.. No

additional data is supplied in the _ray,

' CCA(1)=:t.0 This means ghat, the polygons" are to be colored

using the light, source and reflect, ion model. Addition;',,] dat, a

is suppl,ied in the array a_sdescribed eari:ier.

L .An. int,eger giving t,he length of the work array.

........ II .... '[11 ...... PI' ,',l_r "H " '"r"' 'Ill I' '_=m_'r_''_l,_"II ....... " rll " r"l_Ir '" _m",
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W'A .A re_ a_ray of dimension L _ha_ wi([ll_be usedias a work acr_y,The

ma_'dmum, size tt,_.at,wil_l ever be req!t_,i,red_is 2M. The act,u.M n,u,mber

m_ede.d_will, .usualll_y be abou,t; half. l;his nu,mSer.

Fi,gu,res (5.6)a_d' (5.7)it_l,ustra_t,e two applications of rh.is subroufi,ne. N'oti_:e

't,hat Figu_re (5.6:)could: have been, prod:laced in, t,wo. disti,:nct ways...{n, the fi_.rstcase,

a single cM_l!cou,ld_ be made to subrou,tine c,gPt_hY"suppl,yi,mg it with. M_I:of the d_a_a t

necess,.acy to draw _il_ five solidS. A second: w:_y gharr, _he :figu,re could have been

prodiuced is to draw each of the fi.ve solid?_ in tu,rn st,_'tin,g wi.t,h tl_)e fi_thest, from
t:he viewer; first the tet, r_._edron,, then the cu,be, octahedrom, d'odecM_edron., ,.'rod

.ft,mildlyt;he ico,_aliedr.on. Since the t',_tl,,er sol;iris d'o not, hide the he;iter one:;, either

met, hod w,i.]l_produ_.,:e exactly the same re:mtit,,. This secondmethod v,,il_ be sl'.ightly
more eNd:lent, bec_use the :mbroutze Mways has smaller file_srio sort. However, the

order flaat, t,he polyhed;_a must, be processed is dependent, on f,he viev,d.ng d]re,:t, ion.

This shortcut, wi,]:lnot, work in. producing Fi.gure (5.7) because each o[' the. tori, bides

part of' t,he other; the entire figuee ro.ust, be prod;ucedi in a single (:ali' to GZPOLY.
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