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1 • INTRODUCTION 

progralJ1S for calcul,ating electron correlation enerqies in small atoms 

and molecules. using the diagrammatic many-body perturbation expansion 

(1-5)
through third-order. have been Ciescribe<l previously • Beyond third-

order, the fourth-order linked diagrams involving quadruply-excited inter

mediate states are of particular intereet(S-9}. In a previous paper{6), 

we have described an algorithm for evaluating these energy components. 

The purpose of this note is to give the FORTRAN source code which was 

written to ~plttment this algorithm, together with other programming 

details. 

The programs are restricted to non-degenerate~ closed-shel~ ground 

states of atoms and mOlecules. The reference wavefunction must be a 

matriX Hutree-Foc:k single determinantal function. The zero-order 

hamiltonian is taken to be the matrix Rartree-Fock operator. 

In this note we refer to diagrams A-G of figure 1 in reference 6. 

2. FOR'l'Rl\N SOURCE CODE 

'rhe present proqram is code in FOR'l'RAN IV. It conslsts of su 

routines: 

MAIN 	 in which the array I is d1mensioned ~ 'l'his is of type 

INTEGER-4 and has a minimum dimension of 26 m2, where m is 

the number of virtual orbitals. 

QUAD 	 is the controlling routine, in which the orbital energiss are 

processed, data set reference numbers are assiqned, and 

printed output is produced. 

UNPK 	 is the routine which unpacks the labels aSSigned to the two 

electron 	integrals~ 

1 

QU4A 19 the routine in which the energies corresponding to diagram 

A and the sum of diagrams F and G are evaluated. 

QU4B controls the eva1.uation of the energies corresponding to the 

sum of diagrams B and C. and the sum of diagrams D and ri. 

RFST performs. rapid read/write operatLons for arrays. 

A complete llsting of the FORTRAN source code is given in the Appendix. 

It should be noted the routines QU4A and QU4B may be overlaid. 

3; INPOT DAm 

'l'here is no card input data for this program. 

The following data fUest Which are generated by the t.h1rd-order tuany

(1-4)
body perturbation expansion programs are required:J 

19 (60) title, orbital energies, etc. 

20 (56) primary file of "second-order" type integrals 

21, 22,.n (61, 62 ••• ) secondary fi1.es of "second-order" type 

integrals 

The figures in parentheses are the data set 	reference numbers assigned 

(a
to these 	flles in a previous Technical Memorandum • 

4. STATUS 

~11uatrat1ve applications of these programs may be found in the 

literature (6,9, 10, 11) • 

\ 
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DIMENSION 11130000) J 00 0')0 10 
CALL l.lUADII) 00:)OJ:)20
STOP 00:)00030
END JO().:J0()4-0
SUBROUTINE QUAotrW) 00J00050 

••• J0000060 

••• 	 PROGRAMS TO EVALUATE 4-TH O~DER ENERGY DIAGRAMS INVOLVING 
••• 	 QUADRUPLY-EXCrTED STATES. 

THESE 	 PROGRAMS ARE RESTRICTED TO CLOSED-SHELL HARTREE-FOCK 
••• 	 REFERENCE FUijCTlONS.
••• 	 CERTAIN ~ATA GENERATED BY THE MBPT PROGRAMS FOR THIRD-ORDER 
••• 	 CALCULATI01S ARE REQJIRED AS INPUT. 
••• 	 I~I.) SH~ULD BE OF TYPE INTFGER*4. IT SHOULD H4VE A DIMENSION 
• •• OF AT LEAST 26*NVIRT**Z, wHERE NVIRT IS ThE NJMBER OF VIRTUAL 
••• 	 ORBITALS. 

IMPLICIT REAL*S IA-II,O-Z)oIH E ~'S ION I W [ 1 ) 
UIMENSILN INVLAB(60)
llIMEtiSIO'l EI6Q),KTSI10),TITLEI10)
DO 1 	 1=1,10
K T S ( I ) =20 + I 

1 CGNTINllE 

1000 

1001 

1002 

4 
1008 
1009 

3 

~ .. . 
~ .. . 
..... 


CALL ERRSET(208,256,-l,l,l,1) 


INPUT ••• 


WRITE 16,1000) . 

FGRHATIIIIX, 'fOURTH-ORDER ENERGY 

&,'UPLY-EXCITED STATES') 
NT= 1':1 
READINT) TITLE,NOCC,NORB,E,INVLAB 
RErilND NT 
flV rr{f=NORB-NJCC
riMlTElb,IOOl) TITLE 
FORMATI/3X,lGA8)
WRITEI6,1002) NOCC,NVIRT
FOK,4ATI/IX,'NUMBER OF OCCUPIEO ORBITALS z',I)

& IIX,'NUM9ER OF VIRTUAL ORBITALS =',131
\, RITE I 6 t 1008 )
DO 4 	 I=LiNJRB
WRITE(6, D09} It E( I)
CmHINJE 
FORMATI II IX, 'ORBITAL ENERGIES'!)
FORMAT(5X,I2,3X,F13.1) 

EVALUATE ENERGY CURRESPONUING 

00 3 1= I, NOCC 
KT=20+I 
REWIND KT 
CONTINUE 
N=/WIRT*NVIRT
N2=N+N 
fO"'N2+N 
i.4=N3+N2 
N5=i<4+N 
N6"'N5+3*N2 
N 7"'tl6 +3*N2 
NB"'N7+3*N2 
N9"N8+N 

DIAGRAMS INVOLVING QUACR' 


TO DIAGRAMS A F G. 


CALL 	 QU4A(E,rWCC,NVIRT,KTS,A,FG, IW( 11 t1WIN2+lI,IWCN3+l),
& I wiN 4+ 1 ) , II, I N 5 +l} ,Iii ( N 6 + 1 I , I W ( N 1 + 1) , I W ( 1) ,I II ( '13 + 1 ) , 
&IWINB+l),IWIN9+1),NI

00 2 	 I=l,NJCC
"KT=20+I 
REIHND KT 
CONTINUE 


EVALUATE E~ERGY CORRESPONDING TO DIAGRAMS BC~ E. 

N6=N5+NZ 

N7z N6+N2 

o:n aa 0 70 
JOJOOOBO 
0)00,)090
:)DOO:)100
JOOOJll 0 
J)J OJl20 
OJJJ}130
00000140 
00000150 
0:)00)160
000oa110 
)0}0:)180
0000}190
JOJonOO 
0000nl0 
00)On20
00') 00230 
00JJ024'"0 
OJ}a0250
00a(}0260
}0}00270
00000280 
00000290 
Cl0000300 
0')000310
00000320
00000330 
0000}340
OJ000350 
0000J360 
:>),)0:)370
00000330 
OJJOO 390
;)J01)040J
00000410 
00J00420 
:>;)J0429
00000430 
0000J4')1
000004-40 
00000450 
)0000460
0000')410
00000480 
000004~0
OClO()1)500
00000510 
00000520 
00000530
)00,00540
J))OJ550
0000J560 
03:>':1)570
0000Q530
0001)0590
00000600 
0(31)')610
JJ 00620 
00)036')0
000')0640
00;)00650
00000660 
00000670 
00000680 
00000690 
OOJOJ]QO
0000011 0 
0)00:>720
00000730 
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N8=tl7+N 00J03140NT=20 00000150
REWIND NT 00J:)0160REAl) (NT) T lTL E 00000770
CALL ~U4BIE,~OCC!NVIRTINTIBC'DEjIW(111IW(NZ+1JzIW(N3+11, 00)001;30

&IW(Nl,+I),hI(N5+11,IIHNDH ,11"1 ,IWIN:l+11,IW(Nr+l), 	 00J0::J190 
&IWIN8+11,,~) 00000 3'10

REWIND NT OOOOOfll".... OOOOJ£lZO.... OUTPUT 	 00000830 ..... 	 oOJ 00 i) 4:)
BC=BCI a. 00+00 	 00:)00850
DE=-OE/Z.JO+OO 	 000008&0FG=-FG/2.'JD+OQ 	 00000'370
'iRITEI6,IJ03' A 	 00;)t}08S0
wRlTE(6,10,h) dC 	 000009,0
WRITE (6.1 0051 DE 	 00000900WRITE{6,lJ061 FG 	 00:)0')910
WRITE(6,23411 A,BC,DE,FG 	 00J009112341 FORMAT(lX,4D26.16) 	 00000912T-A+3C+DE+FG • OOD:))nO
WRtTEU" 10,)11 T 	 000001 L)

1003 FORMAT!IIIX,'EMERGY CORRESPJNDING TO DIAGRAM A ',F1Z.S) 00:) 0.)9+0
1004 	FORMAT! lX,'ENERGV CORRESPONDING TO DIAGRAMS B+C' ,HZ.SI 000009,0
1005 	 FORMATI lX,'[NERGY cnRRESPC~OING TO DIAGRAMS l)+E',FIZ.8) 0000:)960
1006 	 FORMATI lX,'ENERGY CORRESP~NDING TO DIAGRAMS F+G',F12.81 0000')97.)
1007 	FORHATI 11X,'TOTAL ENERGY FOR OIAGRAMS '.F1Z.8) 00000930

RETURN 000009Y)
END 00001008
SUGRUUT WE UNPK( I J,N, L,NCCC ,NVIRT) 	 00001010 

00'l0102'J 
", ... THIS PROGRA~ME UNPACKS INTEGRAL LABELS. 	 00001030 
w ••• 0000IQ',OINTEGER IJINI,L(NVIRT,NVIRT) 	 00001050

DO 1 	 IA=I,\lVif<.T 00001)30DO 1 	 IB~ 1 , :'JV I R T 0000107 J
LI lA, 16)=0 00001082

1 CONTINUE o000l') 10DO 2 	 i1= 1, j, 0:)0011)]
K~ IJ (loll 	 00)01110
I A=K/12 00 	 000 01120
I A= lA-I IA/60J*60-rIOCC 	 0;»)0113Q
I B'" KI 20 	 OO;)Ol14J
IB=IB-IIB/601*60-NOCC 	 GOO )1150
IT=K- (K/ZJI *20 	 .0000116::
GOTO 	 IlO,20,10,10,30J,IT ODJ01l7C

10 CONTINUE 	 0000113:
LC IA,J!:) 1=1>1 OO::JOIll:GOTO 60 0000120: 

20 CONT INtJ E 	 OOJD12lCLC IA,J1:l )=.1 	 OOOnZZ(
L ( I B, I AI" ,1 	 O()00123C
GOTO 	 60 0000124C

30 c.ern I1WE 	 00J0125: 
UIB,IAI,,:'l 	 0000126C

60 ceNT NUE 00Cl012 7~
2 CONTI1'UE 	 OOOOIZ'LRETURN 	 )000129:

DOG,)I},);~~~ROUT n E QUltA (E, NOCC, iN I R T, KT S, VA, VB, VI J ,I,ll J, VJ K, IlJK, GA, 	 (0)0131 :
& GB,F~,NIJ,NJK,IJ,JK,NVI OOJ013Z(c..• 0000133!

C... PROGRA~S TO EVALUATE 4-TH ORDER ENERGY DIAGRAMS INVOLVING 00)013+(c... QUADRUPLY-EXCITED STATES. 	 DJ)0135'c••• 	 OOOnI36'E::: THIS SUBROUTINE EVALUATES DIAGRAMS A, F+G 	 )OOJl37
(0)0133.c... E( 1 ORBITAL ENEMGIES 	 OJ00139,c... Nofc NU~~EK ilF OCCU~I[O ORBITALS 	 (00014)'

C... NVIRT Nu~aER OF VIRTUAL URBITALS 	 :lO)Qll.l.c... KTSI.) DATA SET REFEReNCE HUMMERS 	 0030142· c... VA VALUF ~F D[AG~AM A (RETURNED) 	 0-l0()H3·
C... VB VALUE UF JIAGRA~S F+G (RETURNED) 	 00)0144'c..• 	 010011.5·

UIPLICIT REAL*8 (A-Il,O-l) 	 OGOOI4" 
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http:F+G',F12.81
http:FORMAT(lX,4D26.16


1000 

C•• ". 

c.•• 

c.•.
C••• 
C••• 

c••• 
C••• 
C•••. 

c•.. 

c••• 
t: ••• 
c, ••• 

c.•.
C••• 
C••• 
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12 

14 
13 

c..• 
C••• 
C••• 

C...C...

C••• 

LOGICAL*l LIK,LIJ,LJK,LA1,LAO 
DI~ENSICN VIJINV) ,VJKINVI,~IJINVIRT,NVIRT),MJKINVIRT,NVIRTI, 

t t~:~~f~~:~~f~¥:§I:GfHNV[RT'NVIRT,3)'FAINVIRT'NVIRT.31' 
& EIll,KTSlll 
DIMENS[O~ ~IJll).NJKll)
INTEGER IJINV),JKINV)
DATA ZlO.JD+OOI 

WRITE16,10001
FuRt1ATIII' GEGIN EVALUATION OF DIAGRAMS A, F+G,) 

VA=Z 
V8=Z 
DO 1 1= 1, NJCC 
IT=KTSI I I 
DO 2 K=1 11
KT=KTSIK 
LIK=II.E:;).K) 

JIK, TKI, SIK : 

TIK=Z 
TKI=Z 
SIK=l 

INTERMEDIATES FOR DIAGRAMS F+G 


fA, GA, GB : INTERMEDIATES FOR DIAGRAM A 

88 ~ fg~l:~~I~t
DO 7 IS=1,3
FAilS, 10, IS )=Z 
GAI~~,ILl'(Si=Z
Gb Itl,I'),ISI=Z
CGNTlhUE 

DO 3 J=l,NClCC
LIJ=II.E:J.J)
LJK= (J. EQ.K)
EIJ=EI I )+EIJ I
EJK;E IJ J +EIK) 

READ IIJI BLOCK OF 
READIIT) II,JJ,NN 
NNN=~;N+tl'.j 

INTEGRALS 


CALL RFSTIIJ,NN.IT)
CALL RFSTINIJ,IINN.IT) 

READ IJKI BLOCK OF INTEGRALS 
IFILlK) GOTO 12 
REAOIKT) JJ,KKfMM
I F I j.Jt~ • EQ. 0) GO C 3 
t~ M14= 1>111 Hi:~ 
CALL PFSTIJK,MM,KTI
CALL RFSTINJK,MMH.KTI
GOTO 13
CONTINUE 
i1M=;~N 

~~K~tzJ~vt3~~Z)
JKIIZ)=IJIIZl
CONTINUE 
CUNT It,,J E 

UNPACK LABELS ••• 

CALL UNPK(rJ.N~.HIJ.Nocc,~vr~TI
CALL UNPKIJK.~M,MJK,NOCC"NIRT ,
SUM OVER J AND A FUR DIAGRA~ A 
DO 4 IB:l,NVIRT 

00')01410
000014ilO 
00001490 
00001500 
00001510 
00001520 
:)OJ01530 
)00015'.0
00001550 
00JOI560 
00001510 
00001580 
a0001590 
00D016JO 
0000161C 
00001&20 
00001630 
000:)1&40
00001650 
00001&60 
00001610 
00:)01680 
00:J0169C 
0000110C 
00()011lC
0000172C 
00()01 Be 
OO()OlHC
00J0175C 

88g8H~t
:JOOOl7fJC 
000::n79C 
0000180(
0000lillC 
00JOlS2C 
0000183C 
OJ00184-( 
OOJOl'l5C 
00001 c36(
OOJ0187C 
0000188( 
00a0189(
0000190C 
00oa191C 
OOOOlne 
:J000193C 
0000194( 
OO:J0195~ 
0000196(
O:J:J 0197C 
00:J019':lC 
0000199(
OOOnOJ(
00002 J lC 
0000202( 
0000203~ 
00002:14: 
00:J02'J5(
00002:)6( 
0000207( 
000020g~
O,)J 0209( 
oaOO~10{
OOJ021lC 
00:)0212 1 

0000213c 
;)000214;
OOJ0215(
0000216,
00a0217( 
000021'H 
O;)Oan )i
OOa022i: 
OJ0022 U 

6 
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-~... 
of ••• ....... 

60 

61 

118" IB+NJCC 
00 5 ID=l,NVIRT 
I 10= ID+NOCC 
DO 15 Il" 1, 3 
TAIIll=l 
TBIIll=l 
TDfIl'=l 
CONTINLJE 
DO 6 IA=l,:,VIRT 
IIA"IA+NGCC 
LAB=I IA.EQ.IB)
LAi)= ( I A • E (J. ID ) 
EA!:\=EIIIA I+E( rIB)
EAJ=E( Il~ )+F.{ lIU) 
DIJAB=EIJ-EAa 
OJK AD= EJK -EAD 
DJKMI=EJt<-EA,)
OIJAD=EIJ-EAJ 

FIND <IJ/AB>, <IJ/BA>, <JK/DA>, <JK/AD> 

I l=tHJI lA, IB)
12= 111 J ( I B , I A ) 
Jl=.'lIJ(IA.IO)
J 2= M I J ( 10 • I A ) 
Kl=MJKUO,IA)
K2=NJKIIA.I,)1 
L1= ~1J KI ! 6 ,I A!L2=,V,JK A,I8 
IF! I1.EQ.O.AND.I2.EQ.0.AND.J1.EQ.0.AND.J2.EQ.01 
IF(I1.EQ.O.ANO.12.EQ.0.AND.Ll.EQ.0.ANO.L2.EQ.O)
I FI J 1. EQ.O.MJO.J 2 .EQ. O.AriD. K 1.EQ. O.AND. 1(2. FO. 0)
IFIK1.2Q.O.AND.K2.EQ.0.ANO.Ll.EQ.0.AND.L2.EQ.0)
IFI I.GE.J) GOm 60 
ISAVE=Il 
11= 12 
12=IS~VE 
I SAVE=J 1 
J1=J2 
J2=ISAVE 
CONTINUE 
IF(J.GE.KI GOTO 61
ISAVE=K1 
Kl=K2 
K2=ISAVE 
I SAVE=L1 
Ll=L2 
L2= ISAVE 
CONTINUE 
Pl=Z 
P2=l
Q1=Z 
Q2=Z
Rl=l 
R2=l 
S l=l 
S 2= l 
IFll1.NE.0)
1ft I2.:'E.0)
IFIJ1.NE.OI 
IFIJ2.;~E.OI 
IFiK.1.\j~.OI 

Pl=VIJ(11)
P2=VIJ1121 
Ql=VIJIJll
Q2=VI J [J2l
k1=VJK{Kll 

GOTO 
GOTD 
GOre 
GOTO 

6 
6 
6 
6 

0:)002220
OOJOl2JO 
00:)0;>240 
00002250 
00002260 
00002270 
00002230 
00002290 
OOOG23JO 
00)02310 
00002320 
00J0233J 
00002340 
OOOOB.'>O 
OO:)0B6:)
000023 70 
000 02380 
0010239:)
OOJ02400 
00:102410 
00002420 
000')2'.3')
00J02't't·) 
0000~450 
:100024&.)
00002it70 
00007.4<30 
000024"10 
0()~);J2 500 
0000251l)
00002520
00,)0253:)
000.125'>0 
00J02550 
00002560 
00;)02570
00002530 
000025'10 
000026JO 
000026[;) 
00002620 
0000263')
00002640 
00002650 
00J02660')
0000Z670 
J0002630 
0000Z6'JO 
00002710 
OOJD?71 a 
00)027?J
00002730 
:)00027'.0
00:)02750
00:102"(.')0
00']0:'-00
0):)J.'790
oaO:)27~:l 
JJOn800 
00002810 
0000;>1\20 
00002S30 

••• 

20 

IF(K2.;~E.0) 
IFILl.~JE.OI 
IFIL2.NE.0) 

R2=VJK( Ii. 2 ) 
S1=VJK(U)
S2o;VJK( L21 

IFILIKJ GOTO 23
If(LJK.OR.LA1) GJTO 21 
IF(LIJ.GR.LAD) GOTO 20 
TD1=((Sl-S2)*(QI-Q2J+S2*GZ)IDJKA8
TD2=(IS1-S21*Q2+S2*IQ1-QZ)I/DJKAB
TD3=S l*QlIDJK!-IB 
GOlD 24 
cum INur 

Don OZ 8 +0 
0000Zfl50 
OOQ.J286J
00) 02:3 7:l 
00:).)28'3,)
00DJ2a>')o00 O,~ 9J:)
(0)02910 
0000292J 
00J02930 
00:)02940
00102950 
OO)OZ%O 

7 



T 01=S2*Q2IDJKA8 

T02=ISl-S2J*Q2/DJKAB 

T 03=S l*QI/DJKAo 

GOTO 24 


21 	 CONTINUE 

IFILIJ.OR.LADl GOTO 22 

TO I=S2*021 OJ KAfl 

TD2=S2*(Ql-~21/DJKAB 
TD3=Sl*QlIDJKAB 
GOlD 24 

22 	COlHINUE 

T 01= S 2*Q 21 DJ:(AB 

T D2"'Z 

TD3=Sl*QI/DJ;(AB 


24 	CONTl~JUE 
23 	Cc.:n lNUE 

IFILJK.OR.lAD) GOTO 25 
IFllIJ.UR.lA3) GOTO 26 
TBl=IIPI-P21*IRl-R2)+P2*R2'/DIJAB
T82=({PI-P21*R2+P2*{KI-R211/0IJAB
TB3=Pl*KI/DIJAB 
GOTO 27 

26 	CONTINUE 
T.8 I=P 2*:,21 D I JAB 

TD2=P2*(RI-K2)/OIJAB 

TB3=Pl*Rl/DIJAu

GOTD 27 


25 	C(;rn INUE 

IFILIJ.OR.lA~1 GOTQ 28 

TBl=P2*R2IJIJAB 

TB2=IPI-P2)*R2/0IJAB

TB3=Pl*R1/DIJAB

GOTO 27 


28 CONT WUE 

T B l=P 2*R2IDI JAB 

T B2=Z . 
T B3= P l*R 110 I JAB 

27 	CONTINUE 
C••• 

TA1=TBl/:JJKAD

T A2=TB2IDJK.\D 

TA3=TB310JKAD 

TAl ll=TAI 1) +TAL 

TA(2l=TA(2)+TA2 

TA(3J=TA( 3)+TA3

Tel ll=Hll 1)+TtH 

HI2J=TB' 2) +TB2 

TO 3)=Tll(.lI+TrlJ 

IF(LIKI GOTO 6 

TDlll=TDI U+TDl 

TD{ 2)=TD( 2) +TD2 

TD(31=TD( ))+TD3


6 CONTINUE 
DO 	 8 IS=1,3 
FAIIS,ID,IS)=TAIISI+FA{ 18,ID,IS)
GA I I a , I D, IS)" Ttl { I S l +:> A ( lB. ID, IS) 
IF(llKI GOTO S 
GBIIB,ID,IS1=TD[ISI+GOIIB,IJ,ISI

B CONTINUE 
5 CCNTINJE 
4 CGNTINUE 

c.•••C... SUM OVER A AND 0 FOR DIAGRAMS F+G c••• 
DO 50 IA= 1,i~VIRT 
I IA= IA+NOCC 
DO 51 I B= 1, N V I R T 
LAB=! IA .E:./.IB) 
1113= I B+NO CC 
EAB=E{ IIAI+EIIIB)
DIJAB=E IJ-EAO 
DJKAl:I= EJK-EA:3 

E::: fiND CIJ/AB>, CIJ/OA>. CJK/AS>, CJK/BA>
C••• 

0000297C 
000029ijG 
0000299C 
OO:10300C 
0000301C 
::JOJ03:'l2C 
OO)03:J3C
00:J0304C 
0000305~ 
OOJ0306C 
0000307C 
0000308C 
0000309C 
0000310C 
0000311C 
00:)03122
0000313<
0000314~ 
0000315C 
00:l0316C 
00003170 
00003HlC 
000031'JC 
00003200 
00003210 
0000322C 
00003230 
000G324C 
00003250 
000 !J3260 
0000327C 
00003280 
00003290 
O(}OJ3300 
OW) 03 31 a 
00003320 
00003330 
00C03340 
;);))0335:) 
00003360 
00003370 
00303380 
OD003390 
00003400 
00003410 
000 OJl.2 0 
DOOD343(]
00003440 
300D3450 
0000346,) 
00001470 
OD00348')
000:)3490 
00003500 
00003510 
D0003520 
00003511 
000035 /.0 
00J03551) 
00003560 
;),)30357:) 
00003580 
OD003590 
D00036:10 
00:)03610 
OD0036~O 
00D036'3<1 
::JOJ03640 
OOD 0365:') 
00J;)366~
00:):)3670 
3DJ036il'! 
00003691)
030·)3 700 
00;),)371 'J 
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I l=iHJ! lA, lil! nOJ037Z:l 
12"':~IJ{ Id, IAI 000J3130

J 1 = NJ K I I tl , I A ) 00)0374-:1
J2=NJK{ IArIBI Doon 750

.IF! Il.EQ.O.AN8.12.E;).OJ GDm 51 OO.~0376c)

IF\Jl.EQ.0.AilJ.J2.EQ.OJ SOlO 51 0000377,')
IF I.GE.JJ GUTa 52 OOO()373,j

ISAVE=Il 0:)003790
11= 12 00003AO~J

12=ISAVE 00JCl3'l10


52 	 CONTINUE 00003820
IFIJ.GE.KJ GOTD 53 0000.:1<330
ISAVE=Jl 00003840
J 1=J2 00003350
J2=ISAVE 00003tl6'J53 	 COiHINUE 00J03d70
P 1= Z 00:)018flO
P2=Z 	 00003Q):)
Q l"'Z 	 )0:)()390J
Q2=Z 	 00)0391)
I f I Il • rl E • :1) P 1 =V I J ( I 1) 	 000J3920 
IF(I2.~[.01 P2=VIJ(12) 	 00)03930
IFIJ1.NE.O) Ql=VJ~(Jll 	 00:103%0
IFIJ2.NE.:11 Q2=VJK(J2J 	 00J03950 

' ... 00003960IFILIJ.OR.LJK.OR.LAB) GOTD 30 	 00003970
T=(PI-PLJ*!QI-Q21+PI*Ql+P2*Q2 	 00C!039~lJ
TIK=TJt<.H/DIJ,'B 	 00003990IFIUK) Goro 31 	 000040)0
TK!=TKI+TIDJKAB 	 00104010

31 CONTINUE 	 o0)(1I>0?0
SIK=SIK~T/IDJKAB*DIJABI 	 00004030GOTD 32 	 0000404t)

30 	 co:n BiUE 0000405::1
T=Pl*Ql+P2*Q2 	 000JtJ60
T IK=TIl{+T IDIJAll 	 0000/+070
If!LIKI SOTO 33 	 0000'tJ3}
TKI"TKI+T I:::>JKAB 	 00004-0\)0

33 COtHINUE 	 000):"1:);)
SIK=SIK+T/(OJKAB*DIJA3) 0000411032 CONTINJE 00JQ41Z0

51 COIHIf,UE OQ)04UO
50 CUNTINUE 00004140 

••• 0000'tl50
3 CONTINJE 	 00004160REI'.IND 1 T 	 00004170REI-lIND KT 00004HFJ 

"* •• 000J4UJ 
' •• -0 CCMPLETE EVALUATION QF DIAGRAM A 	 00004200 
' ... 	 00:) 04 21 0 

00 	9 IB=I,tlVIRT 00004220
DO 	 10 ID=l,NVIRT 00004230
DO 	 11 1$= 1,3 00J0424-0
VA=FA( IB, 10, ISJ*GAI IB, IPdSI+VA 	 0000425:1IF(UK) GOTD 11 	 00004260
VA= FA I I Q, 13, I S 1* G:3 ( 18 , [D, IS ji. VA 0000/,.270

11 CONTI~UE . 00:) 042 'l;)
10 CONTINJE 00004290 

9 CONT INUE 	 0000'H10 
' .. " . 	 OJ0043U 
",. ... COMPLETE EVALUATION OF DIACRAMS F+C 	 00Q043?0.... 0000433'1

VB=SIK*ITIK+TKI)+VB 	 0000'.340
2 CONTINUE 	 0000'.350
1 CONTH~UE 	 00)04360

)O)04310
WRlTEI6,lOOl) 0000 /+3'10 

1001 FORI1ATI/I' EVALUATI:J,l OF DIAGRA'~S A, F*'G CCMPLETED" 00,)043,)0 
0000 /,400

RETURN 0:)·)or,.41 0 
ENLJ 00)0442)
SUB ROUT I)lE ~U4BIE,NOCC,NVIRT,NT,VA,VB,V!J.MIJ.VKL,MKL, OOC! 01,4:10

& GDE,FDE,NIJ,NKL,IJ,Kl,~V) 00::114440 
' ... 0000'.450 
' ... PROGRAMS TO EVALUATC 4-TH ORDER ENERGY DIAGRA~S INVOLVI~G :) ')J 041,60 
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c••• QUADRUPLY-EXCITED STATES. c••• c.... THIS SUtlROJTINE EVALUATES DIAGRAMS D+C, D+E c•••c •• • ' EI.) ORBITAL ENERGIESc ••• NOCC NUMBER OF OCCUPIED ORBITALSc ••• NVIRT NU~8ER OF VIRTUAL ORBITALS 
C••• NT DATA SET REFERENCE NUMBER c••• VA VALUES OF 01 AGK:X,1S B+C (RETURNED)c••• VB VALUES OF DIAGRAMS D+E (RETURNED)c ...... 

IMPLICIT REAL*8 IA-H O-Zl
DIMENSIO~ EIll,FOCC3l,GBC(3),FDEINVIRT,NVIRTI,GDEINVIRT,NVIRTI,

&MIJINVIRT,NVIRTl,,\lKLIINIRT,NVIRTl
DIMENSION VIJINV ,Vf\LINV)
LOGICAL*1 LIJ'ILJL,LIK1LKL,LAC,LAB,LBC
Dl~ENSIO~ NIJ l),NKLI I 
INTEGER IJ!NVl,KLINVI
DIMENSION DUMMY I 101 
DATA 110.00+00/c. ~. 

'WRITEI6, lOOO}
1000 FORI4ATII/' BEGIN EVALUATION Of DIAGRAMS B+C, D+E'I

C••• 
VA=Z 

c ••• VB=Z 

C••• I;'DE, GDE :- INTERt1EDIATES FOR DIAGRAMS O+E c.... 
DU 5 IA=l,NVIRT 

.DO 5 I C= 1 N V I R T 
FOEI lA, IC i",z
GDEIIA,IC)"'Z

5 CONTINUE 
c•.• 

00 1 l=l,NOCC
00 1 J= 1, I 
LIJ= II.EQ.J)c ••• 

C••• READ IIJI BLOCK OF INTEGRALS 
C••·• 

REAOINTI II,JJ,NN 
NNN=NN+N~ 
CALL RFSTIIJ,NN,NT)
CALL RFSTINIJ,NIIN,NTI
REWIND NT 
READINT) DJ/oIMY
CALL UNP~IIJ,NH,MIJ,NUCC,NVIRT)
EIJ=E( I) +E(J I c... 
DO 2 K= 1, I 
UK=( I .Er~.K)
DO 2 L=l,K
L JL= ( J • ElJ • L , 
LKL= (K. EQ.L) 
IFILIK.AND.L.GT.JI GOTO 2 

c•••
C••• READ IKL) BLOCK OF INTEGRALS 
C.... 

READINTI KK,lL,~M
MMM=Mt1+M'I 
CALL RFSTIKL,MM,NT)
CALL RFSTI~KL,MMM,NT) . 
CALL UNP<IKL,MM,MKL,NOCC,NVIRTI
EKL=EIKI+EIU

C•••C... SUM OVER ,\ AND B FOR DIAGRAMS B+C 
C••• 

F l=Z 
F2=1
F3=Z 
GAl=Z 
GA2=Z
GA3=Z 
Glll=1 

000 044-7:)
000 04'til 0 
00:) 044'10 
:)0004500
0000451:J 
00004520 
0000+530
0:),) 045'.)
00JO/.550
0000 /.5&;) 
:l OJ Of.5' 0 
00004580
00;)04590
00004600 
00004610 
0000462 J
0000463;)
00004640 
00004650 
00004660
0000'.67J
0:)004690 
000046~0 
0000'.700 
00004710 
00004720
000 Of. 73:)
000047/.0
00004750 
0000476)
00004770 
00:) 04 78.')
00004790 
000(4801)
000()481J
00:)04820
aO:)048'l0
:)0004840
00a04'l50 
00004860 
00004870
00·)041)'10
000041390 
00004900
00J0491 ;)
00()0492::J
00004930
000049'.0 
0000495·~
:)OJ04960
00004971
QOQ()4980
00004990 
000050()C
0000501J 
0000502<]
00:)05030
000J504J 
0000505Cl 
000050,,0
0000507(;
00005030 
0000501C 
000051JO 
00J0511 C
00Q0512C
00;)05130
0000514:;
00a05lS:
OOC>051t,C
OO:JJ517C 
OOOrJ5l8C 
0000S19,;
OOOJ520C 
00)0521C 
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GB2=l 
GB3=Z 
DO 3 IA=I,;'JVIRT 
IIA=IA+tJJCC 
DO 3 IB=I,i,VIRT 
IIB=IB+NOCC 
LAB= (IA. E'l. IB) 
EAD=EI IIAI+E( lIB)
OIJfI[)=EIJ-EArl 
DKLIIB= EKL -EAS -

OOJ05220 
00005230 
00005240 
00005250 
00005260 
00~05?70 
OCl')05280
0000529,) 
00005300 
Cl0005310 

,;, .. . 
:" .. . FINO <IJ/Ai3>, <IJ/BA>, <KL/AB>, <KL/BA>..... 

I 1=~llJI lA, IB) 

12=MIJ( Ill, IA)

J 1= ;1KL ( I A , I a I 

J 2= ,"\Kl( Ii3, I A) 

IF(Il.E'1.0.MJD.I2.EQ.0) GOTD 3 
IFIJI.EQ.J.Ai,D.J2.EW.OJ GOlD 3 
P I=Z 
P2=Z 
Q1=Z 
Q2=Z 
IF( !l.NE.O) Pl=VIJ( Il J 
IFII2.NE.OI P2=VIJ(I2J 
IFIJ1.NE.01 Ql=VKLIJl1 
IFIJ2.NE.OI Q2=VKL(J21-.. o •• 
Tl=Z 
IFILAB.OR.LIJ.OR.LKLI GDTO 41 
Tl=IPI-P2J*IQI-Q2) 

41 	 T2=Pl*Ql+P2*Q2 

T 3=Pl*Q2+i'2*Q 1 

GAl=GAl+T 1/::Jf JAB 

GA2=GA2+T 2/DIJAd

GA3=GA3+T 3/0 LJAd 

GBl=G31+T 1/DKLIli3 

GB2"GB2+T 2/0KLAtl 

GB3=GB3+T3/0KLAB 

D=OIJAt1"DKLAJ 

Fl=Fl+Tl/O 

F2=F2+T21 D 

F3=F3+T3/D


3 CONTINUE ...... 
~ ... COMPLETE EVALUATION OF DIAGRAMS B+C..... 

KKL=1 

K IJ= 1 

IFILKll KKL=O 

IF(LIJI KIJ=O 

Nl= I I+KIJ 1*( I+KKL I 

N2=Nl 

I FIll K • AN i.l.LJ LIN 2= 0 
VA=OFLOATINll*(GAl*Fl+GA2*F2+GA3*F3J+

& DFLOAT(N2 *IGBl*Fl+G62*F2+GB3*F31 
& + VA 

2 COt,IT INUE-..... 
,., .. SUM OVER I,J,B FOR DIAGRA~S O+E 
... co. 

DO 	 6 IA=I,'NIRT
I IA= I A+NO CC 

DO 6 IC=I,IA 

IIC= I C+tW CC 

LAC=IIA.EO.ICI 

DO 7 13=l t tNIRT 

II 5= I B+NJlC 

EM)= E I I U I +[ I I I S I 

Etl C= Elf I tl 1+ f: I I I C 

DIJA3=EIJ-EA3 

DIJBC=EIJ-EBC 

LAB=IIA.U.IGJ 

l BC= ( I [J • E'1. I C J
-...... 

11 

000:)5320 
00005330 
ClOD053,-) 
00005350 
[JOJ0536J 
0000537) 
ClOCl053>30 
000053')01 
00JCl5 /.JO 
00005410 
OOOCl5420 
ClOJ0'5430 
00::J0544·0 
00J05450 
00005460 
00Cl05470 
00J05 /,80 

. Cl0005490 
Cl0005500 
00')05510 
OCl005520 
OOJ05530 
00005540 
000055'5'J 
00005560 
00;)05570 
Cl00055'iO 
00005590 
Cl 00 05 6;) 0 
00:)0'i() tel 
00Cl05620 
00005630 
oDJ 0 5640 
0000565) 
00')05660 
0000"67) 
00005680 
00005690 
0)0057')0 
00:)05710 
OOClJ5720 
00::J05730 
000057'+0 
000J5750 
0000')160
00005770 
000057'3 n 
00005 NO 
00005ll")) 
0000531)
000J53;!,j 
00:)05S,O 
00005S4:J 
00005<350 
00005860 
(0)05870 
ClOOO,)890
000058',0 
0000')9)0
OO')f)5910 
00J05970 
00005930 
00J05940 
Cl OCl 05 95 0 
000059 1)0 
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•••• 
FIND <IJ/AG), <IJ/BA>. <IJ/CB), <IJ/BC) 


I l=r~IJ( lA, lSI 


'til •• 

1Z= M I J ( Ifl , I A I 
J l=:~ I J {I C,I B J 
J 2= 111 J ( I d , I C I 
IF(ll.EQ.O.AND.IZ.FQ.OI GOTD 7 
IfIJl.EQ.O.AND.JZ.EQ.OI GOTD 7 
Pl=l 
PZ=l
Ql=Z 
Q2=Z
IF(Il.NE.:)) Pl=VIJII1)
IFI12.NE.OI P2=VIJ( 12)
IFIJ1.NE.0) Ql=VIJIJ11
IFIJ2.NE.01 Q2=VIJ(JZ)· 

~ 'II '" • 

IfILIJ.OR.LAR.OR.LBCI GOTD 60 
T=(Pi-P21*IQI-QZI+Pl*Ql+P2*Q2
T=T+T 
GOE{IA,ICI=GOEtIA,ICI+T/DIJAB
IFt.NOT.LAC) GDEt IC,IAI=GOCl IC,IA)+T/DIJBC
FuEl lA, IC I=FDEtIA, ICI+T II0IJAB*DIJBCI 
GOTD 61 

60 CDrHINUE 
T=Pl*Q1+P2*Q2 
bb&{~~;iei~~D~(IA;ICI+T/OIJAB
IFt.NUT.LAC) GUE(IC,IAI=GOEIIC,IAI+T/OIJBC
FDE I I A, 1C1= FOE I I A , I C I + T /I DI J II B *0 I J BC I 

61 CCNTINUE 
7 cefH INUE

c.urHINUE• 6....... 

CmriJNUE• 1 

~..... 
.... Ii • C[MPLETE EVALUATION OF DIAGRAMS D+E .... '" . 

DO 9 IC"-2,NVIRT
IIA=-I C-l 
DO 9 I A= 1 I I A 
f DE I I A, I C !" FD E ( I C, I A I 

9 CONTINUE
DO a IA=l,,'JVIRT
DO 6 IC=l,,'lVIRT
VB=fDE( lA, lCI*GDEI lA, lC)+Vt)

8 C[NTINUE 
c. '" . c••• 

flRITE(6, 1001 I 
IOPl fORMAT!II' EVALUATION OF DIAGRAMS B+C. D+E COMPLETED')

RETURN 
END 
SUBRDUTI'JE RFSTII&N&KTIC... THIS PROGRAMME PEKFuRMS RAPID READ/WRITE OPERATIONS. 
INTEGER II'll
READIKT) I
RETURN 
ENTRY WF$TII,N,KTI
WRITEIKT I I 
RETURN
END 

00005970 
0000'5980 
00005990 
00006000 
00006010 
00006020 
00006030 
000060!,'0 
00006050 
00006060 
00006070 
000060BO 
00006090 
00006100 
00006110 
00006120 
ooa 0613:l 
00006140 
):l:l0615:l
00006160 
00006170 
00006180 
000061:;>0 
00006200 
00006210 
00006220 
00006230 
00ClO,,240 
00006250 
00006260 
00006270 
00006280 
00006290 
0000630n 
00006310 
00006320 
00(06)3) 
00006340 
aa00635·)
000063::'0 
aOJ0631C 
000G6380 
000063'JO 
00006400 
00006410 
00J06420 
00006430 
00006440 
00:)06450
00) 06460 
aOJ06470 
000064dC 
000164~~ 
0000&50C 
0000651~ 
OJJJ652c 
0000653C 
OO)0654C
JOOG'>5')C
0000656C 
000J657C 
0000658C 
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