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hnplementation of One-Turn Maps

in SSCTRK using ZLIB

S. K. Kauffmann, Y. T. Yan, and D. M. Ritson

SSC Laboratory,2550 Beckleymeade Avenue, Dallas, Texas 75237

Abstract. 'Flat: particle tntcking code SSCI'RK is cun'cntly being adapted to operational simulation and
be,'un-beam effect studies for the Collider rings of the SSC. During beam-beam effect studies, the lattice con-

ten!. of the bending arcs is normally not varied, making fast truncated qhylor map tracking through the _u'csan
attractive option. The implementation of SSCTRK as a truncated "I;aylor map tracking program has been car-
ricd out using the differential algebra library ZLIB, which simplilied the task to that of straightforward transla-
tion of SSCFRK kick and drift m'ithmetic operations to calls to the CmTCsponding polynomial operation

subroutines of ZL1B. The accuracy and speed (rclative to normal SSC*I'RK tracking) of truncated 'lhylor map
tracking at 2mm betatron oscillation amplitude was studied in w_rious orders of the map. The seventh order
map was found to be in agreement with the normal SSC'i'RK to about eight signilicant figures on the first turn,
and to a fraction of 1% on the lO0,0(X)th turn, for a typical 5cre magnet aperture lattice, and coukl bc made to
t,ack at ten times the speed of the normal SSCI'RK kick-drift tracking on a scalar architecture (Sun) worksta-
tion. {'1he map tracking subroutines of ZLIP, are optimized for veclor and parallel architecture superctmqmt-

ors, and typically achieve even faster relative perfornmnce otl these, but opcratiorl:fl simulation studies will I',c
more conveniently curt'led out on dedicated workstations which have the incoming generation of "superscah_r"
CF'Us. )

Introduction

The difterenlia] algebra library ZLIB 1 offers analylic intdtivariable polynomial rnanil)ulation and Iruncaled Tay-

lor map tracking which permit accelerator Taylor nmp construction,tracking and analysis to be carried ()til with

east and eflicicncy trader lhc framework of an IMSL..stylc user library. ZLIB is divided into two sulflibraries,

ZPLIB and TPALIB. ZPLIB is oriented toward speed and eflicicncy on vectorizing or paralleliziug (mullifask-

ing) sui)ercomt ,;lets, while lhc more straightforward subrot_tines of TPALIB generally nma little faster on scalar

architecture ,:,_,:lpulcrs. The fa,,,.'t, thin-concaletmted-elemenl, kick-drift lracking code SSCTI_K (wrillen for tile

i)tlrl)ose ot tracking proton beams through tile Collider rings of lhc SSC) is in tile process of being reconligured

for Olx:rational simulation aud beanl-beam effect studies in tile SSC, to be carried ¢0*Jton very fast, dedicated

workstations which have lhc incoming generation of"superscalar" CPUs. As it is tlstlal to hold lhc lattice content

of tile benditlg arcs fixed (lurillg beam-beanl effect sirlltllalioll studies, fast tracking with a llUncaled Taylor 1na1)

lhr(m_2h those arcs al a lllaxiilltlnl betatron oscillation ;tnlplittlde of abotlt 2111111 is felt It) be an attractive oi)lion.

Below we discuss lhr2 translalitm of lilt2 kick-drift tracking sccti(m of SSCTRK il_lo olle-ltlrll IrtlllCalcd Taylor

1-11;11)COllMItlcliOll code Ihrough rise of lhc ZLIB s_d_library TPALIB, willl lhc collllllel}ted code ilself beiilg given

1 Yitoj! Y;m and C'hiur_g-Yin._ Yah, "Z1.1I_,:A NumeriCal I.=lw:uv for I}iffcrcntial Algebra (IJscr's (Juidc)". SSCI.. 30(I, July,
19_)().
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iii APl)elldix A, Code for tile analogous Iranslatioli througll use or lhc ZPLIB si,lblil:)rary of ZL1B is _7ivcil iii At)-

pendix B, Tile accuracy of lhc vaiJ_us map truncatioll orders is evaluated \,is-a-vis lhc correspo_ldlnk_' SSC"I'RK
kick-dnll restllls ai 21rlrtl belatroii _)scillaIion <ilill)lilude over I(X),(_)()Ii,inis for intyl)iCal SSC 5cin magnet al)er-

Itlr¢ lalliCe, aiid lhc sl)ccd ;.idval_lage r)f the act;t.'l)tabl,,. accurate se'VClilh order tna l) or)a scalar CPU (Si.iii) work-

slaiOll o\'cr lhc origillal SSC'I'RK kic'k-tlrill code is prescnlcd.

Translation of SSCTRK kick-drift tracking to Taylor maps using ZLIB

Ulllike lhc I)osI-TEAPOT trackiiig program Ztrack, which contai/us hlii]dreds of statemeilts aild involves square

roots a_ld tngollometric fullclioris, 2 the kick-drift tracking section of SSCTRK, consisting of just a few dozen

iit._es of highly optimized, simple code which ii,ivoire essentially only additions and muiltil)licatiolls, allows eco-

i,lomic implemelltation of one-fulfil maps. With the help of the ZLIB User's Guide (footllote 1), these, arilhmelic

operatioi,ls are straightfo_vardly translated ii,lte calls to ZLIB subroutines which lx'.rbmi the correspondillg poly-

t_omial operations. For example, the basic (FORTRAN coded) vertical kick ii, SSCTRK,

PH = PH - RIGITY*IMPOL,

translates to one i)olynomial inultiplica|ioi,1 subroutine call to lhc TPALIB sublibrary of ZLIB, followed by oile

poly)iota)al subtraction subroi,itine call to li)at sublibrary,

CALL TPAMUL(FRIG,FIMPOL,FTMPO,5) followed by CALL TPASUB(FPH,FTMPO,FPH,NM).

Nolice thai the polyiiomiai FRIG corresponds to the quantity RIGITY, lhc I)olyliomial FIMPGL corresponds to

lhc quaiitity IMPOL, al_d the polytlomial FPH correslx)nds to the vertical betatron oscillation angle PH. In addi-

lion, we store lhc intemiediate restill correspoi,iding to the "kick" l)roduct RIGITY*IMPOL ill the lemporary

pol)'nornial FTMPO, which, in the second call, is subtracted from the polyilomial FPH to "luck i,ipdate" ii. The

lasl argtiilletll ".5" oi ttle call to subroi,lline TPAMUL above is tile lli,lrIlber ol variables of which till of our l)olyno-

mials are l'tlliCliOllS, wliile tile last argument NM of tile call to stlbri)tllill(: TPASUB above is tile number of linear-

ly iildel_lideill torins iii each of otlr l)olyiiomials (this is detemtined by lheir ili,llllher of variables, i.e,, 5, and their

co111111Ollorder-- ilole II,al TPAMUL ahove will trtincate its i)olyi,lomial multii)iicaiion resllll PTMPO lo thal

t;Olllmoil order NO, which ileeds lo have beell l)reviously specified iii ali initial call Io lllO TPALIB "l)rel)aralioll '

StlbrOi,ltiIle TPA PRP(5,NO,NM )).

Net ctvcry quailtily occtirriilg iii the kick-drift tracking seclioil (.ii SSCFR K is Irallslaled lille a l)olyliornial. Any

tltialliily which remains fixed l"ri,l-by-lurn aroulld lhc Collider is treated as aiconslallt iii the i)olyllomial ;tlget'lla.
Thus tile ba.sic SSCFRK vellical drill,

Y = Y + L0"PH,

colitaills lhc lixed drift lenglli LO, which is Ireated as ii coiistaiil rather lhan a I)olyilolnial. Of course, the verlical

hetatroli oscillatioii disl)lacemenl Y alid aiigle PH are treated us l)olyilomials FY ;illtl FPH {ali such l)olyllolilials

are rel)resei,_led iii lhc FORTRAN code as siligle-illdex, doi,lhle-i)recisioi,l arrays of leligih NM, while lhc +'t)ll.-

slanls are rel)rese|ll(:d as just doul)le-l,irecisioli ui,lilide.,',ed variables). This haste veilical drift ix taken care c;. hy a

sii,lgle TPALIB suhroutiile call which siml)ly Ul)dates tile polyiiornial FY as the al)l)rol)riale liiiear combiilalioli o1
FY ,)lid FPH,

CALL TPALiN(FY, L0,FPH,FY, I',,IM).

\Vi: col)ld Illall,ige lo do wllh l)Ol)llornials ¢,)Ilive variahles rather lhall lilt. geiicral acceler<ilor i)hysit:!s set of six

,,illiai_,2s iii lhls ili,qallce lleciiiisc \re did ii()t illcltl(.li. • ril)l)lc or iloise cll'ccls ilild iit:cdc(l oillv lo ill)dale lhc lillal

2 lhc/I .II _,lil:l l, tri,ra< lirJ_lllC,lli/.lrilck is clcscrii,_:tl in: Yilon Yam. "Zll_cip: A I)illcrelilial Algct_i_lb,'li,l) lixtrat.:lio, I>ro-
,','li)Iii IJ ;I "lt2 Zl.ll{" S5(;.'1...2")9, 19till.
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lotlgitnclinai disl)laccmcnt allcr a full turn [hmu_zh lhc arc._ and RF cavity by an additive tem_ which (locsn'l de-
pend _lt ali on the iuitial lon,t.,iludinal ,Jisplacen_ent (wt didn't _cll_all'_ illclladc lhc Rf: cavity in otlr polynomi_Jl
mapffir_g of the arks, as it would have cost accuracy for _ llc_,.lit_iblcsavtn_ _l |r;tckili_J tirfle). Sillce lilt variables

of which our l_olynomials are ful]ctions correspond Io lhc irreducible .'.;ktuf tun_-Io'-tun_ varym_ initial values at
lhc be_inuing of each turn, we can effectively drop lhc lon_iludil_al dlslfl_lccrncnt _lssuch a variablc. The ch_m_,_c
in lhc lonDludinal (lisl)laccmcllt is, Ilowcver, calctllatcd 'as _l I)olynomi_l dCl)ending ol_ the other variables be-

' cause its value altor one [tlfll thmugll lhc arcs is nccdcd by lhc RF cavity sc_;li(.)llof lhc code. The lllOtYlt'.ll[I.illldis-
placement, on lhc other hand, must be counted as a variable even though it doesn't chan_e at ali in the arcs -- it

tlllder/_o_s a complicated ,_han_e on eve_' turn in the RF cavity. The remaining fotlr variables are, of cot_rse, the
vertical and horizontal betatron oscillation displacements aral an_les. The TPAL.IB subroutine TPAPOK I (polyn,
coast, var no, NM) initializes polyn as coast tin'es the variable associated with var no, which indexes lhc initial

value array that is to be used for rnap [faC "kill_. Thus, after initializint_ "[PALIB wilh CALL "I"PAPRP(5,NO,NM),
we initialize those polynomials which are to beDn the map trackin_ Itlrll ;.lcolle of the five pure variables having
vah_es equal to those of lhc al)proprialely indexed members of the initial vah.tc array XINPT, e.g.,

GALL TPAPOK1 (FX, 1.0U+0,1 ,NM); GALL TPAPOK] (FTH, 1.0D+0.2,NM)"

arid also

CALL TPAPOK1 (FY,1.0D+O,3,NM);CALL TPAPOK1(FPH,1.0D+O/I,NM); cfC.

Tl'_einitial value array for the I)egitming of the turn is FORTRAN dimensioned as XINPT(5), and lhc abow," slate-
meats will initialize the l)olynomial FX to a l)anicular utiit cocflicic_H lirst-order monomial which will have lhc
value XINEF( 1) at the beginning of the turn, the polyuornial FTH to _mothc.runit coeflicient tirst-order monomial
which will have the val,;,: XINPT(2) at the beginning of the turn, the polynomial FY to yet another unit coefli-

cient first-order monomial which ,,,,,iii have lhc value X1NPT(3) al lhc beginning of the tt_rn, the polynomial I-:'PH
to yet a fourth a unit coeflicient lirst-order mot_omiai which ,,,,,iiihave lhc value XINP'I-'(4) at the beginning of the
tllrl|, etc.

From lhc above examples of code ,,re soc that lhc translation of ll_c tracking scclioti of SSCTRK into a l)olynorni-
al mapping through the use of lhc "f'PALIB sublibrary of ZLIB was rclatr,,ely straightforward and intuitive. The
full cocle prodnced is given in At)l)cndix A (in lhc ma I)conslr_cti_n st_brouline OPSTPA, lhc original kick-drift
code statemer_l.s from SSCTRK !_tll)lOl.lllllCSOPSTRK and PTRACK arc ._iven i_ commented lines just before

lheir translation into TPALIB subroulinc calls), which il n_ay be instn_clive Io study in conjtmction with lhc rcad-
itlg of the ZLIB User.,; Guide. Two "lH|ollicial" modilied TPALIB routi_lcs were incorporated into the code, the
ma !)wnteotlt (to a lilt) routine WTPKMAP and lhc Sl)Ccializcd Ilia !) Iracking, routine TPKMTRKS, which sacri-
lices generality in lhc numl)er of variables and lhc uumbcr of OUil)t_tpolynomials (both frozen al live) for _naxi-

rntun rrmp tracking Sl)Ccd. Analogous code for translation using lhc ZPL._B sublibrary of ZLIB is given in
Ai)l:,cndix B.

Comparison of the ZLIB translated map tracking with SSCTRK itself

The oiie-lllni ln_ncalcd Tayl_r ro;q) c(mstmction code given in Ai)l)c_dix A Ic,H ilsclf 1o a precise check Ior IIlc
correctness of lhc n_a1)in lhc .',;pecialcase of a purely liucar lallice (lhc _utmber of nlullii)oles PPOI.ES = 1, lhc rc'l-

_tivc n'tomenttun oif sol DELP=0, and the RF well, ge PRFV0=(), in the language used in stti)rotllilleS OPSTPA
,:ttit.lPRFACC, givcu in AI)l)cndix A). In IIlis illSlallCCthe resells ()1II_c lirst-order onc-lurn t_;_I) a_recd l)rcciscly
(cSScllllally to ali lhc digits ()f lhc doublc-I)rcclsiotl accuracy tlsc(l) witll lhc rcsulls of the ¢)ri[2illalSSC'FR K kick-
drifl code whcll tracked throt,_h a single turn. Tl+_spcrlcct Col+rclalioll of lhr.'purely linea_ la[licc _,_,lth lhc corm-
,,I)<)ndi_L_iirst-ordcr ma I) for one It_r_ _s_ t_.sclttlC()ll.'.;iSlCllt:vcheck for lhc c()rrcct_c:_s ol+n_al)l)iJ_ Irallsl_lliolls

,.:;_rIlC(lr)tll with lhc ;_id ()f ZLIB.

li_c rcnia_nin;g cvalu',_tion ol _I lhc I'P/',,I.I B d_,x_,:_l_ll_l)l)_l_ [r;lll.'.,l;:l[lt)lll()llll(l ill stll-ff()tltillC(.)PSTI:'A i_1Ai)lW_l-
di'., A ,,,,';]:_(IollC willl ,1 lyl)ical SSC I;,ttllt:CIor 5c111ill;_.,.lit:l,_l)crlllrt: iu.',.., lhc Illllllt)Cl"ol nl_lllil)olcs I:'P()i_ES::-6)
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with a realislic value for the relative momentun_ oil'set DELP (5>,'1{)-4), and tile RIa v̀oltage turned on. Ali track-

ing was done with the invariant horizontal and vertical ampliludes each initialized at 2nim, and various Irunca-
lion orders of the ruap were compared with the original SSCTRK kick-drift code result over 100,000 lurns.
l},pically, the combined horizonlal-verlical invariant (which is not sensitive to horizontal-vertical coupling) av-

eraged over 5(X)0 turns was I-nonitored. Under lhese circumstances tlm secm_d order real) hehave{l unacceptably,
with its 5000-tunl-averaged combined horizonlal-verlical invariant increasing at an accelerating pace with turn
number (tills invariant was essentially constant for the onginal SSCTRK kick-drift code), and tile panicle leaving

the be_m_ tube aperalure entirely before it had gone 20,000 turns. The third-order nmp behaved illtich more rea-

sonably, though it displayed rather the opposite behavior from tile second oder ,nap -- the horizontal-vertical in-
variant tended to become smaller with turn number rather than remain constant as ii ougl_t to have (in accord

with the original SSCTRK kick-drift code behavior), i.e., the panicle spiraled inward (see Figure 1). Figure 1 in-
dicates the fourth-order map to have substantially the stone behavior as the third-order nmp, albeit marginally
worse. The fifth-order nmp was a vast improvement (again see Figure 1) and the sixth-order rnap again showed

marginal deterioration realative to the fifth-order (both are sufficiently good that this is hard to follow on Figure
1 without a nmgnil'ying glass). This odd-even order "great improvement - nmrginal deterioratiotf' was a consis-
tent feature of the lattice we were testing at 2nm_ betatron oscillation amplitudes, but likely was a l)eculiarity of

_aat lattice rather than a general properly of lmncated Taylor maps, The "great improvement'" of the seventh or-
der map was sufficient to bring the combined horizontal-vertical invariant within olle part in 20,000 of that of tile
original SSCTRK kick-drift code, which difference cannot be resolved within the thickness of lhe line in Figure
1. Further, on the 100,000th turn itself the horizontal betatron oscillation was still faithftll within a fraction of one

percent to that of the original SSCTRK kick-drift code, from which the map [lad, of course, been lranslated. (Af-
ter the first turn, the agreement in horizontal betatron oscillation is lo about eight significant figures.)

MOD VS TURNS RUN:=I 13, ,20 CM

o.ao _ I [ I
.J

- :S'crXx£7**o_,a ]
- = ..... ........ _ i.]

=, o.28 -- ---_v--_-..____7.222°"/_"

i ilt
o 0,27 - -

0.e6EI-.-

o25 __._____L._.__.______L._._.._._______J_,.___________L__._.....____.___L_,_"
o 2oooo 40000 60000 _oooo _ooooo

TURNS

PCASE= 1 SSCTRK VEI_SI()N 7.0
.........................................................................

FIGURE 1 Comparison of the combined horizontal-vertical invariant for the truncated Taylor rnaps of
order three through seven with that of the original SSCTRK kick-drift code for initial 2mm '
amplitude over 100,000 turns.
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This very. acceplably accurate {for use with the bending arcs in beam-beam el'it:ct simulation studies) sevcnlh-of
der rlaap executed a faclor of let1 fasler Oil the scalar architecture Sun workstation lhan did lhc orig,in;ll SSCTRK
kick-drift code wl,en lhc special l)Uq)ose mal) tracking subroutitm TPKMTRK5 was used, Suhmtltine
'I"PKMTRK5, l)resenled in Appendix A, is relaled to lhc subroutine TPAMTRK of TPALIB, but sacriliccs gener-

ality in the number of illptlls ;,llldoutputs {with both frozen ill live) to sp(cd. On stq)ercornl)ulers lhc correspond-
ing stfbroutines from ZF'LIB (see AppcrJdix B), whicll are opti||lizcd lkgr veclonzation and multitasking
(parallelization), could be expected to have an cvcn gre,ater rclalive speed advantage.

Conclusion

This use of ZLIB to effect the translation of the tracking seclJon of the SSCTRK kick-drift code to mapl)ing con-
stmction and map tracking code shows that ZLIB is indeed a user-friendly, effective, and eflicient way to build
and track tnmcated Taylor maps. Tlm unique and powerful vectorizatioq and parallelization features of ZLIB fin
the sublibrary ZPLIB) were not used in this particular al)plicalion, nor were ZLIB's map analysis features, but
the easy-to-use, familiar (from its IMSL-like framev,,ork), and eflicient features of ZLIB made this rnappit_g ap-

plication one that was easily and quickly carried out.

IMPLEMENTATIONOF ONE-TURNMAPSIN SSCTRKUSINGZLIB 5



Appendix A

C ............ ............................ ____..--.

SUBROUTINE OPSTPA(IER)

C SIMPLIFIED TRACKING CONTROL FOR SINGLE LATTICE, MULTIPLE COORD

C NO RANDOM GENERATOR CALLS ARE MADE SO THAT SEED00 IS NOT CHANGED

INCLUDE 'header'

INTEGER*4 J,NLIST,LIST(MAXCAS),IER,V

INTEGER*4 NO,NM, NMR,KK,I

LOGICAL*4 ONLYTR

COMMON /ONLTR/ ONLYTR

CHARACTER*4 JOBID

COMMON /JBID/ JOBID

C ...... NO IS MAP POLYNOMIAL ORDER; SINCE THERE ARE 5 POYNOMIAL VARIABLES,

C..... NM EQUALS (NO+5) !/(5!*NO! ), THE POLYNOMIAL ARRAY LENGTH

PARAMETER (NO=7,NM=792)

C .........POLYNOMIAL VARIABLES (ARRAYS) USED IN MAPPING -- THEY ARE MAINLY

C ..... THE CORRESPONDING SSCTRK VARIABLE NAMES WITH LETTER F PREFIXED;

C .......ALSO THE OUTPUT MAP VARIABLE (ARRAY SSCMP) AND THE INPUT AND OUPUT

C .......ARRAYS FOR THE MAP TRACKING (ARRAYS XINPT & YOUTP)

KEAL*8 FX(NM),FTH(NM) ,FY(NM),FPH(NM) ,FZMZI(NM),FKIDI..P(NM),

+ FK2DLP(NM),FK3DLP(NM) ,FRIG(NM),FREPOL(NM) ,FIMPOL(NM),

+ FRETMP (NM), FIMTMP (NM), FTMPO (NM), XINPT (5 ),

+ YOUTP(5) ,SSCMP(NM,5)

C ...... THE OUTPUT MAP VARIABLE (ARRAY SSCMP) -- EQUIVALENCED TO THE FIVE

£........POLYNOMIAL OUTPUT VARIABLES

EQUIVALENCE (SSCMP(I,I) ,FX(1) ), (SSCMP(I,2),FTH(1)),

+ (S C_oCMP(I• ,3) ,FY(1) ), (SSCMP(I,4),FPH(1)), (SoCMP(I,5),FZMZI(1))(__

IEH=0

IF (PCASES.EQ.0) THEN

PRINT *, 'XXX NO PCASES XXXX'

IER:-I

RETURN

ENDI F

CWRITE (2, 5()I) 89,P,ASES

501 FORMAT(12, 13, ]13,I4,18, 5G12.5)

NLI ST: PCASEo' _'

DO ](i.) V=-;I,MAXCAS

[, <S '.I._( V ) :=V

,:_,.. (v)=o

Al



i0 CONTINUE

C ...........INITIALIZE TPALIB FOR MAPPING;

C.........NO ]NITIALIZATION NEEDED FOR TRACKING ONLY

IF' (.NOT.ONLYTR) THEN

CALL TPAPRP(5,NO,NMR)

C =- PROTECTION: CONSISTENCY OF NM WITH NMR

IF (NM.NE.NMR) THEN

PRINT*, 'NM = ',NM, ' , NMR = '.,NMR, ' , XX OPSTPA ERROR XX'

IER=-I

RETURN

ENDIF

ELSE

C ...... IF TRACKING ONLU, READ IN MAP FROM FORTRAN UNIT 1 AND

C SKIP THE FLAPPING SECTION

CALL RTPAMAP(SSCMP,I,5,NM, I)

'NO = ' NO ' NM = ' NMPRINT* , , , , ,

GO TO 2OO

ENDIF

C..... =MAPPING SECTION (TPALIB TRANSr, ATION FROM OPSTRK & PTRACK) FOLLOWS;

C ..... POLYNOMIALLY TRANSLATED SSCTRK VARIABLES HAVE LETTER F PREFIXED

C .......INITIALIZE X,TH,Y,PH MAP INPUT VARIABLES

CALL TPAPOKI(FX,I.0D+0,I,NM)

CALL TPAPOKI(FTH,I.0D+0,2,NM)

CALL TPAPOKI(FY,I.0D+0, 3,NM)

CALL TPAPOKI(FPH,I.0D+0,4,NM)

C ..........INITIALIZE ZMZI (Z MINUS Z INITIAL) MAP OUTPUT VARIABLE TO ZERO

CALL TPAZRO(FZMZI,NM)

C ...... INITIALIZE MAP INPUT VARIABLES RELATING TO DELP:

C ..... KIDELP (V) =KI*DELP (V)

CALL TPAPOKI(FKIDLP,KI, 5,NM)

C .......K2DELP (V) =K2*DELP (V)

CALL TPAPOKI(FK2DLP,K2, 5,NM)

C.......K3DELP (V) =K3*DEE.P (V)

CALL TPAPOKI(FKSDLP,K3, 5,NM)

C..... RIGITY(V)=I.D+0/(I.D+0+DELP(V) )

CALL TPAPOKi(FRIG,I.0D+0, 5,NM)

CALL TPACADD(I.0D+0,FRIG,FRIG,NM)

CALL TPAINV(FRIG,FRIG,5)

C INITIALIZATIONS ARE; DONE CRE]AXE MAP BY TRANSLATING PTRACK

DO i00 KK=I, POLELS

,=.............REPOL(V) =0 D+0

CALL TPAZRO(Ii_REI?OL,NM)

C ..............IMPOL (V) =0. D+0

CALL TPAZRO(FIMI?OL,NM)

If)O 120 I=PPOLES, ].,]
lr I }

(;......................RF,iH F (V ): R]!]PO I.,(V )+A L_l_[!',(I ,KK )
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CALL IPACALD(ABRE(I KK) ,FREPOL,FRETMP,NM)

C ......................IMTMP (V)=IMPOL(V) +ABIM( I, KK)

CALL TPACADD(ABIM(I,KK) ,FIMPOL,FIMTMP,NM)

C .... REPOL (V)'=RETMP (V)*X(V)- IMTMP (V)*Y (V)

CALL TPAMUL([.'IMTMP,FY,FTMPO,5)

CALL TPAMUL(FRETMP,FX,FREPOL, 5)

CALL TPASUB(FREPOL,FTMPO,FREPOL,NM)

C IMPOL (V)=IMTMP (V) *X (V) +RETMP (V) *Y (V)

CALL TPAMUI.(FRETMP,FY,FTMPO,5)

CALL TPAMUL(FIMTMP,FX,FIMPOL,5)

. CALL TPAADD(FIMPOL,FTMPO,FIMPOL,NM)

120 CONTINUE

C ........... TH (V) =TH (V) +RIGITY ('V)*REPOL (V)

CALL TPAMUL(FRIG,FREPOL,FTMPO,5)

CALL TPAADD(FTH,FTMPO,FTH,NM)

C PH (V)=PH (V) -RIGITY (V) *IMPOL(V)

CALL TPAMUL(FRIG,FIMPOL,FTMPO, 5)

CALL TPASUB(FPH,FTMPO,FPH,NM)

C Z (V)=Z (V)-X(V) *K2-KI*TH (V) -KSDELP (V)

CALL TPALIN(FZMZI,-K2,FX,FZMZI,NM)

CALL TPALIN(FK3DLP,KI,FTH,FTMPO,NM)

CALL TPASUB(FZMZI,FTMPO,FZMZI,NM)

C X (V) :X (V) +L0*TH (V) +KIDELP (V)

CALL TPALIN(FX,L0,FTH,FX,NM)

CALL TPAADD(FX,FKIDLP,FX,NM)

C .......... Y (V):Y (V)+L0*PH(V)

FY NM )CALL TPALIN(FY, L0, FPH, ,

C ........... TR (V) =TR (V) +K2DELP (V)

CALL TPAADD(FTH,FK2DLP,FTH,NM)

'ELEMENTS THRU ' KK ' MAPPED 'IF (MOD(KK, i00) .EQ.I) PRINT*, _ , , .

i00 CONTINUE

C ......:MAPPING IS COMPLETED - WRITE OUT MAP TO FORTRAN UNIT I.

CALL WTPKMAP(SSCMP,I, 5,NM,I)

C CALL SETXY(NLIST,LIST,0)

C ......-..............TRACKING

200 APERR0=. FALSE.

C ................MAP TRACKING

C PRINT *, 'IN DELP(1) ,Z(1)' , DELP(1) ,Z(1)

DO '20 J:I,PTURNS

DO 30 V=I,PCASES

XINPT(] )=X(V)

XINPT (2 )='rH (V)

×IHPT(3)=Y (v)
XI NPT (4)=:PH(V)

XI NPT( 5 ) :DELP (V)

C ......-....--:........'...............CA[._L MAP "I{].[ACKING'ROU']'INE (ONE '].'I.]RN)

A3



CALL TPKMTRK5(SSCMP,NO,XINPT,YOUTP,NM)

X(V)=YOUTP(1)

TH(V)=YOUTP(2)

Y(V)=YOUTP(3)

PH(V)=YOUTP(4)

Z(V):Z(V)+YOUTP(5)

30 CONTINUE

C IF PARTICLES LEAVE APERTURE THE SUBROUTINE RETURNS

IFR=0

NLIST=0

CALL PCHEK(NLIST,LIST,J)

IF (APERR0) THEN

APERR0=.FALSE.

IER=I

PRINT *, 'OUTSIDE APERTURE'

RETURN

ENDIF

C DISPERSION FREE COORDINATES AT RF CAVITY

DO 50 V=I,PCASES

C DISPERSION FREE COORDINATES AFTER HALF QUAD THEN DISPERSION CORR

C IF TRACK IS REVERSED THEN SIGN OF TWISS MUST CHANGE BEFORE AND

C AFTER PRFACC IN XOUT STATEMENTS

THOUT(V)=TH(V)+QD/2.*X(V)

PHOUT(V):PH(V)-QD/2*Y(V)

XOUT(V)=X(V)-TWISS(3,1,1)*DELP(V)

YOUT(V):Y(V)

C WRITE (2,*) J,YOUT(V),XOUT(V)

50 CONTINUE

C CALL PRFACC ADDS RF CAVITY ACCELERATION AND ADIABATIC DAMPING TERM

CALL PRFACC

DO 60 V=I,PCASES

C DISPERSED COORDINATES AFTER DISPERSION AND -1/2 QUAD

X(V)=XOUT(V)+TWISS(B,I,I)*DELP(V)

Y(V)=YOUT(V)

TH(V):THOUT(V)-OD/2.*X(V)

PH(V)=PHOUT(V)+QD/2*Y(V)

60 CONTINUE

20 CONTINUE

PRINT *, 'OPSTPA: XI,THI,PI,ZI' , X(1),TH(1),DELP(1),Z(1)

RETURN

END

SUBROUTINE PCHEK(NLIST,LIST,,7)
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C THIS SUBROUTINE CHECKS FOR PARTICLES EXCEEDING THE BEAM TUBE APERTURE.

C RETURNS APERR0=(.GT.APERTURE LIMIT), NLIST=NUMBER OF PARTICLES

C OUTIDE APERTURE ON THIS TURN AND LIST(V)=CASE NUMBERS

INCLUDE 'header'

INTEGER*4 V,NLIST,LIST(MAXCAS),J

LOGICAL*4 APERR(MAXCAS)

REAL*8 EMITV(MAXCAS),SQAP,THDUM(MAXCAS),PHDUM(MAXCAS),

+ APX,APTH,APPH,SMEMT(MAXCAS)

REAL*4 RMSEMT(MAXCAS)

COMMON /SUMEMT/ SMEMT

APX=TWISS(2,1,2)/TWISS(2,1,1)

APTH=APX*TWISS(2,1,1)**2

APPH=TWISS(2,2,1)**2

SQAP=2*APLIM**2

APERR0=.FALSE.

C CHECK WITH VECTORIZED LOGIC IF PARTICLE IS > APLIM

DO i0 V:I,PCASES

THDUM(V)=TH(V)+QD/2.D+0*X(V)

PHDUM(V)=PH(V)-QD/2*Y(V)

EMITV(V):APX_X(V)**2+APTH*THDUM(V)**2+Y(V)**2+

> APPH*PHDUM(V)**2

C .................ACCUMULATE EMITV FOR EVERY TURNS, THEN PRINT IT OUT AS AN

C ................RMS AND FLUSH OUT THE ACCUMULATOR.

IF (J.EQ.I) SMEMT(V)=0.0D+0

SbIEMT(V)=SMEMT(V)+EMITV(V)

IF (MOD(J,EVERY).EQ.0) THEN

RMSEMT(V)=SQRT(SMEMT(V)/EVERY)

SMEMT(V)=0.0D+0

WRITE (2,*) J,V,RMSEMT(V)

ENDIF

i0 CONTINUE

DO 15 V=I,PCASES

APERR(V)=(EMITV(V)_GT.SQAP)

15 CONTINUE

DO 20 V:I,PCASES

APERR0=(APERR0.OR.APERR(V))

20 CONTINUE

C LABEL IF PARTICLE(S) OUTSIDE LIMIT

IF (APERR0) THEN

DO 30 V:I,PCASES

IF (APERR(V)) THEN

NLIST=NLIST+]

LIST(NLIST)=V
ENDIF

30 CONTINUE



ENDIF

RETURN

END

C

SUBROUTINE PRFACC

C ORBE0 IS REFERENCE STARTING ENERGY

C ORBE00(V) ARE REFERENCE BEND (MACHINE) ENERGIES AT TIME T.

C ORBP(V) ARE ACTUAL ENERGIES

C DELP(V) IS RELATIVE DIFFERENCE OF ACTUAL ENERGY TO REFERENCE E.

C_ _ -- -__.

INCLUDE 'header'

REAL*8 PDUM(MAXCAS)
i

INTEGER*4 V

DO i0 V =I,PCASES

ORBP(V)=ORBE00(V)*(I.D+0+DELP(V))

PDUM (V) =ORBP (V)

ORBP (V) =ORBP (V) +PRFV0*DSIN (2. D+0* PI* Z (V) ,/LAMBDA)

DELP (V): (ORBP (V)- ORBE00 (V))/ORBE00 (V)

THOUT (V) =THOUT (V) *PDUM(V)/ORBP (V)

PHOUT (V) =PHOUT (V) * [>DUM (V)/ORBP (V)

i0 CONTINUE

RETURN

END

subroutine tpaprp(nv,no, nm)

implicit double precision(a-h,o-z)

parameter (nvm:5,nom=9,nmm=2002,

+ n jpm=nmm *nvm,

+ navgm:nom/nvm, nrm:nom- navgm*n:_m,

c + nkpm=nmm* (navgm+2)**nrm* (navgm+l)** (nvm-nrm) ,

+ nkpm:92378,

.-{. nmw:nmm*nvm+6 )

common /pmull/ nk]p(nmm)

common /'bmull/ nk]pb(nmm)

common /pmul2/ kp(nkpm)

common /prriul 3/ lp (nkpm)

corrimon /pmu].4/" i.op(njpm)

colriinorl i'[_)d]rv]./ jd ( r]j [;>it_)

coirllliOD. /pdr v2/' j [:>( n j [;_rli)
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conmlon //pdrv3/ jo(njpiu)

con_non /mu!wk/ wkmui (nnua)

con_non /divwk/ wkdiv(nmw)

common /conwk/ work(nmw)

call tpa626(nv,no,nt[,n,nmw,nkpra,njpm,nm)

ret_.irn

end

subroutin.e wtpkmap(uu,nub,nue,nm, imap)

implicit double precision(a-h,o-z)

di.mension uu(nm,nue)

do I0 i=nub,nue

wr'it_'_(i.aap,*) 'variable = ' , i

do i0 j=l,nm

write(imap, *) u,:(j, i)

'!0 co n,t iniie

return

sub<<,ut{ne tpkmtrk_(uu,nou,x,,-,',,' nm)

impLi.cit double precision(a-h,o-z)
/

maramet.er ,,nu:=' nv=5 nomax:O6)

dimensic.n uu(nm,au),:<(nv),7:r(r'u)

::].i.i:ter:_s iota. -".:<(0 :_]c[T, ax, n'")

d c, .1.0 i = i., r_.u

•:v' i)=O.d*O

i' nt in._e',._ <2<.')

j=<!

x:.:(_"i_':::_ d+O, ," / _ ,

dc 21_ _:,:).nou

, -- .'-'=:.:(5)*:.::.:,'j55

_'_4 = n,,:_ U - 'j_::

:.::<<<:,,,4 .! : :,::.: ( j 5,5, )

-_,:_ J": j4=O.n4

"_"","< j 4 -'-i, 4 ::= :.: { _, ; .,.:.: (j 4,4
:_1 --=n.4 - i4

'_,4 4_

" __._ -

..,

.i,:. " : :::: " 2

r_: ....r: : - "



xx(0, l):xx(j2,2 )

do 20 jl:0,nl

xx(jl+l, 1 ):x(1) *xx(jl,l)

j=j+l

yy(l )=yy( l)+uu(j ,1 )*xx( jl, 1 )

yy(2 )=yy(2)+uu(j ,2 )*xx(jl, I)

yy( 3 )=yy(3) +uu (j ,3 )*xx( jl, 1 )

yy(4 )=yy(4 )+uu(j ,..)*xx( jl, i)

yy( 5 )=yy(5)+uu(j, 5 )*xx( jl, 1 )

20 continue

return.

end
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Appendix B

C .........

SUBROUTINE OPSMAP(IER)

C SIMPLIFIED TRACKING CONTROL FOR SINGLE LATTICE, MULTIPLE COORD

C NO RANDOM GENERATOR CALLS ARE MADE SO THAT SEED00 IS NOT CHANGED

C

INCLUDE 'header'

INTEGER*4 J,NLIST,LIST(MAXCAS),IER,V

INTEGER*4 NO, NM, NMR, NOK, KK, I

LOGICAL*4 ONLYTR

COMMON /ONLTR/ ONLYTR

CHARACTER*4 JOBID

COMMON /JBID/ JOBID

C ..........NO IS >LAP POLYNOMIAL ORDER; SINCE YHERE ARE 5 POYNOMIAL VARIABLES,

C .......NM EQUALS (NO+5) !/(5!*NO! ), THE POLYNOMIAL ARRAY LENGTH

PARAMETER (NO=7,NM.=792)

C ...........POLYNOMIAL VARIABLES (ARRAYS) USED IN MAPPING -- THEY ARE MAINLY

C ........THE CORRESPONDING SSCTRK VARIAB],E NAMES WITH LETTER F PREFIXED;

C:.......ALSO THE OUTPUT MAP VARIABLE (ARRAY SSCMP) AND THE INP{]T AND OUPUT

C........ARRAYS FOR THE MAP TRACKING (ARRAYS XINPT & YOUTP)

REAL*8 FX(NM) ,FTH(NM) ,FY(NM),FPH(NM) ,FZMZI (NM) ,FKIDLP(NM) ,

+ FK2DLP(NM),IPKSDLP(NM) ,FRIG(NM),FREPOL(NM),FiMPOL(Nbl),

FRETMP(NM) ,FIMTMP(NM),FTMPO(NM),XINPT(5),

YOUTP(5),SSCMP(NM, 5)

C........THE OUTPUT MAP VARIABLE (ARRAY SSCMP) -- EQUIVALENCED TO THE FIVE

C .............. POLYNOMIAL OUTPUT VARIABLES

EQUIVALENCE (SSCMP(I, I) ,FX(1) ), (SSCMP(I,2) ,FTH(].) ),

(SSCMP(I, 3) ,FY(].) ), (SSCMP(I,4),FPH(])), (SSCMP(]., 5),F'ZMZI(]_) )

IER=0

IV (PC.ASES.EQ.0) THEN

FRINT *, 'XXX NO PCASES XXXX'

IER:-]

*r ]RE]_E RN

ENDI F"

WR I ,v - , ii.._E (") 50 ) 89, PCASES

5.0 ]. FO R.MAT ( 17.,'), I .._,.,13, 14 , I.P..,, _<(,_. 2... 5 )

."_!. I _.":'.'I' = PC AS E S

I)(> l0 V ....1.,._.IAXCAS

L ]:S '1"( V ) :::V

.<5T til P ( V ) = (_)



i0 CONTINUE

C ...... INITIALIZE ZPLIB FOR EITHER TRACKING ONLY OR ELSE MAPPING AS WELL

IF (ONLYTR) THEN

CALL ZPTRKP(5,NO,I,NMR)

ELSE

CALL ZPPREP(5,NO, 1,NMR)

ENDIF

C ...... PROTE_TION:r_ CONSISTENCY OF NM WITH NMR

IF (NM.NE.NMR) THEN

PRINT*, 'NM = ',NM, ' , NMR : ',NMR, ' , XXX OPSMAP ERROR XXXX'

i --iER

RETURN

ENDIF

C ..... IF TRACKING ONLY, READ IN MAP FROM FORTRAN UNIT 1 AND

C ........SKIP THE MAPPING SECTION

IF (ONLYTR) THEN

CALL RDMAPZP(SSCMP, 5,NO, i)

GO TO 200

ENDIF

C ........MAPPING SECTION (ZPLIB TRANSLATION FROM OPSTRK & PTRACK) FOLLOWS;

C ........POLYNOMIALLY TRANSLATED SSCTRK VARIABLES }{AVE LETTER F PREFIXED

C .......INITIALIZE X,TH,Y,PH MAP INPUT VARIABLES

CALL ZPOKI(FX, i. 0D+0,I,NM)

CALL ZPOKI(FTH,I.0D+0,2,NM)

CALL ZPOKI(FY, ]. 0D+0, 3,NM)

CALL ZPOK] (FPH, 1.0D+0,4,NM)

C ...... INITIALIZE ZMZi (Z MINUS Z INITIAl.,) MAP OUTPUT VARIABLE TO ZERO

CALL ZPZRO(FZMZI,NM)

C ........INITIALIZE MAP INPUT VARIABLES RELATING TO DELP:

C .......K1DELP (V) =KI *DELP (V)

CALL ZPOKI(FKIDLP,KI, 5,NM)

C .......K2DELP (V) =K2*DELP (V)

CALL ZPOK] (FK2DLP,K2, 5,NM)

C ...... K3DELP (V) =K3 *DEbP (V)

CALL ZPOKI(FK3DLP,K3, 5,NM)

C ..... RIGITY(V)=I.D+0/(I.D+0+DELI?(V) )

CALL ZPOK!(FRIG, 1.0D+0, 5,NM)

CALL ZPCADD(I.0D+0,FRIG,FRIG,NM)

CALL ZPINV(FRIG,NO, ['RIG, NO)

(" INITIALIZATIONS ARE DONE C." '_ _....:.......:= . . RE.,_E MAP BY TRANSLATING PTRACK.

DO I00 KK=I,POLELS

C ......:....'............REP:.._L(V):().D-+.0

(:ALL ZPZRO(FREPOL,N.M)

C. .............. ...... I MP<)I_, (V) =0 . Iii-+-{)

CAI..L ZP'ZRO ( F ] :4POL, I',TM)
'r-" "t ,._.J,.. 1 ")/.i 1 =::P P<.)L t!:S, ]., -
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C RETMP (V)=REPOL (V) +ABRE' I, KK)

CALL ZPCADD(ABRE(I,KK) ,FREPOL,FRETMP,NM)

C IMTMP (V) =IMPOL (V) +AB lM (I, KK )

CALL ZPCADD(ABIM(I,KK) ,FIMPOL,FIMTMP,NM)

C REPOL (V)=RETMP (V)*X(V)- IMTMP (V) *Y (V)

FTMPO NO NOK)CALL ZPMUL(FIMTMP,NO,FY,NO, , ,

CALL ZPMUL(FRETMP,NO,FX,NO,FREPOL,NO,NOK)

CALL ZPSUB(FREPOL,FTMPO,FREPOL,NM)

C IMPOL(V)=IMTMP (V) *X (V) +RETMP (V) _Y (V)

CALL ZPMUL(FRETMP,NO,FY,NO,FTMPO,NO,NOK)

CALL ZPMUL(FIMTMP,NO,FX,NO,FIMPOL,NO,NOK)

CALL ZPADD(FIMPOL,FTMPO,.FIMPOL,NM)

120 CONTINUE

C- TR (V)=TH (V)+RIGITY (V)*REPOL (V)

CALl, ZPMUL(FRIG,NO,FREPOL,NO,FTMPO,NO,NOK)

CALL ZPADD(FTH,FTMPO,FTH,NM)

{_.- PH (V)=PH(V) -RIGITY (V) *IMPOL (V)

CALL ZPMUL(FRIG,NO,FIMPOL,NO,FTMPO,NO,NOK)

CALL ZPSUB(FPH,FTMPO,FPH,NM)

C .... Z (V):Z (V) -X (V) *K2-KI*TH (V)- K3DELP (V)

CALL ZPLIN(FZMZI,.-K2,FX,FZMZI,NM)

CALL ZPLIN(FK3DLP,KI,FTH,FTMPO,NM)

CALL ZPSUB(FZMZI,FT.MPO,FZMZI,NM)

C ................X (V)=X (V)+L0*TH (V) +K] DELP (V)

CALL ZPLIN(FX,L0,FTH,FX,NM)

CALL ZPADD(FX,FKIDLP,FX,NM)

C ............ Y (V)=Y (V)+L0*PH (V)

CALL ZPLIN (FY, L0, FPH, FY, NM)

(7...............TH (V)=TH (V) +K2DELP (V)

CALL ZPADD(FTH,FK2DLP,FTH,NM)

'ELEMENTS THRU ' KK ' MAPPED 'IV (MOD(KK,]00) .EQ.i) PRINT*, , , .

100 CO N T INU E

C= .......MAPPING IS COMPLETED -- WRITE OUT MAP TO F_ORTI{AN UNIT 1.

CALL WRMAPZP(SSCMP,I,5,NO, i)

C CALL SETXY(NLIST,LIST,0)

C ......-............TRACK ING

200 APERR0 =. FALSE.

(" ................=:MAP TRACKI "_'_• - -- .................... . IX C;

' IiN Di_LP ( ]. ), Z ( 1 ) ' [2}t?"]2,P ( 1 ), Z ( :1)C PRINT * ,

DO 20 .]=].,PTURNS

DO 30 V=], Ii)CASES

XINPT (I )=X (V)

XI NPT(2 )=:T]I(V)

XI_NP]I(3 )=Y (V)
X-11NPT(4):I?H(V)

XINPT ( 5 ) =::DELt ) (V)
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C CALL MAP TRACKING ROUTINF, (ONE TURN)

CALL ZPMTRK(SSCMP,]., 5,,NO,XINPT,YOUTP)

X (V) =YOUTP (i)

TH(V) =YOUTP(2)

Y (V)=YOUTP(3)

PH(V):YOUTP(4),

Z (V)=Z (V)+YOUTP (S )

30 CONTINUE

C IF PARTICLES LEAVE APERTURE THE SUBROUTINE RETURNS

IER=0

NLIST=0

CALL PCHEK(NLIST,LIST,J)

IF (APERR0) THEN

APERR0=. FALSE.

IER=I

PRINT *, 'OUTSIDE APERTURE'

RETURN

ENDIF

C DISPERSION FREE COORDINATES AT RF CAVITY

DO 50 V=I,PCASES

C DISPERSION FREE COORDINATES AFTER HALF QUAD THEN DISPERSION CORR

C IF TRACK IS REVERSED THEN SIGN OF' TWISS MUST CHANGE BEFORE AND

C AFTER PRFACC IN XOUT STATEMENTS

THOUT(V) :TR (V)+QD/2. *X (V)

PHOUT (V):PH (V)-QD/2*Y (V)

XOUT(V)=X(V) -TWISS(3,1, I)*DELP(V)

YOUT (V):Y (V)

C WRITE (2,*) J,YOUT(V),XOUT(V)

50 CONTINUE

C. C2ALL PRFACC ADDS RF CAVITY ACCELERATION AND ADIABATIC DAMPING TERM

CALL PRFACC

DO 60 V:I,PCASES

C DISPERSED COORDINATES AFTER DISPERSION AND -1/2 QUAD

X(V):XOUT(V)+TWISS(3,1, I)*DELP(V)

Y (V) =YOUT(V)

TH (V) :THOUT (V) -.QD/2. *X (V)

PH(V):PHOUT(V)+QD/2*Y(V)

60 CONTINUE

20 CONTINUE

PRINT *, 'Ot_SMAP..., XI,TIll,PI ,ZI' , X(]),TH(].),DELP(]),Z(].)_,
-ll-_[REI 3RN

F N13

subro,it-ine zpprep(ns,il_J, np,nni)

].mpLici. t: r]ol._ble prec:isJ, o_(_J-h,o-z)
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parameter (nvm=5,nom:9,nmm=2OO2,npm:l,

+ nol=nom+l,.

+ nov= (nom+2) *nol*nvm,

+ njv = (nvm+l) *nmm,

+ nvp=max (nvm*npm, nmm) ,

+ nmp=max (nmm*nvm+6, npm) ,

+ nmw=max (nmm*nvm+6, nol*nvm*npm) ,

+ nikpm=nol * (nmm- I) ,

+ navgm=nom/nvm, nrm=nom -navgm* nvm,

+ nkpmx = (navgm+2) **nrm* (navgm+l) ** (nvm-nrm) ,

c + nkpm=nn_n* nkpmx,

+ nkpm=92378,

+ nj dm=nmm*nom/( nvm+nom ) ,

+ nvms q= nvm* nvm )

common /strcl/ nmo(no].)

common /strc2/ nmob(nol)

common /strc3/ nmov(nov)

common /strc4/ jv(njv)

common /strc5/ js(nvm)

common /zptps/ jtpa(nmm)

common /mulpl/ ikp(nikpm)

common /mulbl/ ikb(nikpm)

common /mulp2/ kp(nkpm)

common /mulp3/ ip(nkpm)

common /d:_vpl/ jd(njdm)

common /mulwk/ wkmul(nvp)

common /divwk/ wkdiv(nmp)

common /conwk/ work(nmw)

common /mtrxl/ aa(nvmsq)

common /mtrx2/ bb(nvmsq)

common /ccsqrt/ csqrt(nom)

commop /ccinvs/ cinv(nom)

common /ccclns/ cln(nom)

common /ccexps/ cexp(nom)

common /csccoe/ csc(nom)

call zpprp(nv,no,nmm,no],nov,njv,ni !_[0m,nmw,nkpm,njdm,nm)
return

end.

subroutine zptrkp(nv,no,np,nm)

implLicit double precision(a-h,o-z)

parameter (nvrn:5,nom=9,nmm=2OO2,npm--=],

+ n o i .:n o m+ ].,

+ nov= (nora+2) *nol*nvm,

+ njv = (r_vm +_I.)*nmm,



+ nvp=max (nvm*npm, nmm ),

+ nmp=max (nmm*nvm+6, npm) ,

+ nmw=max (nnun*nvm+6, nol*nvm*npm) )

common /strcl/ nmo(nol)

common /strc2/ nmob(nol)

common /strc3/ nmov(nov)

common /strc4/ jv(njv)

common /strc5/ js(nvm)

commoI_ /mulwk/ wkmul (nvp)

common /divwk/ wkdiv(nmp)

common /conwk/' work(nmw)

call trkprp(nv,no,np,nmm,npm,nol,nov,njv,nvp,.nmp,nmw,nln)

return

end
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