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JFFTS~REAL: (VERSION E)

/

JTHIS 1S A SUBROUTINE FOR CALCULATING THE FAST-FOURIER _
/TRANSFORMATION OF A SEQUENCE OF N REAL TIME SAMPLES

/WHICH ARE STORED IN MEMORY. IT IS FOR USE WITH R 4K

/PDP-8 OR POP=8/1 COMPUTER EQUIPPED WITH -AN ASR33 TELETYPE AND AN

JEXTENDED ARTTHMETIC ELEMENT OPTION AS MINIMUM HARBWARE,

/BY JAMES ROTHMAN -- AUGUST, 1968

/PAGE ZERO
2083 #3 X
/TABLE PARAMETERS

0zpP3 o000 N, ] /NUMBER OF POINTS IN comPutATIoN DIVIDED BY 2
PB4 0999 NU, 2 /POWER OF THWO OF PDINTS IN_COMPUTAYTION (Ns2¢NU) MIRUS I -
9285 0000 L, 2 /INDEX TO SHOW WHAY ARRAY YS BEING CONSTRUEBTED _
. PoB6 0080 S, g /GIVES SPACING BETWEEN NDDE FAIRS IN THE L¥H_ARRAY,
PO E7 GOge Fu [’ /USED FOR SCALING ROBE PosSITION To GET NUMBERS IN WO
2a2p #20
2337 0f2p My 2 /NUMBER OF POINTS IN COMPUTATION
gp 21 ¢o00 MU, o /PQWER OF 2 POINTS IN &OMPUTATIoN .
fB22 B900 NOVER4, @ /STORAGE FOR N/4
gp 23 ©0L3 MAXNU, BIGSNU /LARGEST TABLE SIZE (PBWER OF 2)
2324 @O0P MNOVR2, @ /STQRAGE FOR ~N/2

. /INDEXING VARIABLES
825 2080  GR,
0326 @820 Q.
8827 @908 PR,
8@3¢ 088  Pl,
0831 8000 Q)

8632 2000 P,

9633 0000 K,

0034 @009  BINMLR,

6235 0080  BINMLI,

0636 0000  BILR,

2237 0880  BILI,

/L00P DELIMITERS o )

0o 40 0008  C, g /INTERRUPTS COMPUTATION OF LYH ARRAY EVERY S PASSES

/DATA VARIABLES .

. B24L o000 ADD2,
8342 ©0BF  TEMPR,
g043 0908  SINE,
644 DOBB  COSINE,
0045 8008  GR,
eg4s ooge  Gl.
8347 @gop  BR,
gose @0gs Bl
9351 0000 AR,
"@952 2008 Al

/SUBROUTINE CALL LIS

/POINTER TQ REAL PERY OF_XEQ)

’ /FOINTER TO IMAG, FART OF X(Q)
/POINTER TQ REAL PART BF X&P)
/PQINTER TO IMAG, PART_OF X(F)
/NUMERICAL INDEX Qi=f,%,,,. Noi)
/NUMER]ICAL INDEX Pi=g,i,.,. N=l)
/NUMBER IN THE NODE BEING OPERATED ON,
/PQINTER TO REAL PART OF X{BI1T INVERTED N=i)
/POINTER TO IMAG PART OF XEBIT INVERTED N=L)
/PQINTER TQ REAL PART OF X¥BIT INVERTED L)
/POINTER TO IMAG PART OF XEBIT INVERTED L)

LSS RS INS TSRS IS IS S TR

/USED BY SUBROUTINE ADDR_AS BATA (ADDEND)
/TEMPORARY STORAGE REGISTER FOR REAL PARTS
/TEMP, STORAGE FOR SIN{2#PY¥#R/N)

/TEMP, STORAGE FOR COS{2#PIaK/N)

/REAL PART OF PRODUCT tWeK)aX(F), TEMP STORAGE
#IMAG, PART OF (WtK)#X{P), TEMP STORAGE

/REAL PART OF TRANSFORM OF 0DD PARTS

/IMAG PART OF TRANSFORM OF 0DD PARTS

(REAL PART OF TRANSFORM OF EVEN PARTS

/IMAG PART OF TRANSFORM OF EVEN PARTS

(SEGRSESESRESESE S RSRS

8853 1134 ACUER, ADDR /ADD CLAC) TO C(ADB2) AMD SCALE RIGHT ONE IF NECESSARY'

8254 @707 SORT, SORTX /B1T INVERTED BUFFER SGRYED

9855 1836 INVERT, INVRT /WORD IN AC OF NU BITS 1§ mHH INVERTED ) ) )

2956 1080 MULT, MULTIP /SINGLE PRECISION SIGNED MOLTIFLY AC3ARGIJE(CALL#1)=ADJ OF ARG2

0357 1061 GETRIG, TRIGET /FETCH SIN AND COS OF 2«PiaCtAE) /N,
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/FFTS-REAL L (YERSION E)

B6Z
g6z
2062
2563

g364
gB65

BB66
Bz67
EVE

827z
gp@72
8373

8374
8575

2490
29876
1174
8760

1375
2400

oooe
2881
2800

1877
1114
1125

1314
2575

PALIG  vi4i 1-MAY=72 18327  PAGE 1=3%

DOFFT, FFT /D0 FFT OF THE INPUT BUFFER

DOIFFT, IFFT /DO INVERSE OF BUFFER .

SYNTH, SYNTHT /SYNTHESIZE FULL TRANSFORM FROM 0DD_AND EVEN ONES,
XTRADD, ADOXTR /ADD C(AC) TO C¢ADD32) AND DIVIDE BY 2,

/DATA TABLES : . B
SINLCC, SINTAB /TABLE OF SIN(2sPIal/N) FOR I88,1,2,.4,4Ned
XRLOC, XRTAB /INPUT BUFFER AND TABLE OF ARRAYS

/PSEUDO FLOATING POINT FORMAT FLAGS, o

SCALE, @ /PSEUDO EXPONENT OF FOURIER COEFFIGIENTS,
SHFLAG, 1 /IF =1, ADD WITH SHIFT; 1F38,AD0 WITH OUT SHIFY,
SHFCHK, @ /INDICATES IF ALL X’S IN AN ITERATION ARE <5
/POINTERS TO SINE TABLE LOOK-UP SHIFTS o

SHIFTL, SHFT1 /THE NUMBER 18=NU MUST BE PLACED

SHIFT2, SHFT2 /IN EACH OF THESE LOCATIONS,

SHIFT3, SHFT3

/POINTERS TO INSTRUCTION "FLAG" LOCATIONS
XSGN, SGNX

SGNADJ, ADJSGN
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9@76
0377
9149
21091
0102
2193
6104
g1e5

g1de
2107

paog
7308
1106
3475
4469
1107
3475
5476

7041
7000

/THIS SUBROUTINE TAKES THE INVERSE FFT (IFFT) OF THE DATA IN THE BUFFER,
/1T 1S ASSUMED THAT THIS DATA IS STORED IN SEQUENTIAL ORDER,

/THE RESULTS ARE STORED IN BIT INVERTED ORBER.

/THE ALGORITHM USED 1S AS FOLLOWS]

/ THE NORMAL TRANSFORM 1S PERFORMED, EXCEP}|

/ ON FETCHING THE YALUE FOR IMCW*KJ, WHICH IS

/ THE SIN(2#PI#K/N)» THIS SIN VALUE 1S NEGATE

/

/THE REASONING FOR THIS IS AS FOLLOWS: o

/ A WEIGHTING FACTOR OF Wt(=K) IS USED IN THE IFFY{

/ AND SINCE Wt*K AND Wr(=K) ARE THE SAME EXEEPT THAT

/ THEIR IMAGINARY PARTS HAVE OPPOSITE SIGNS, IT FOLLOWS

/ THAT IMLCW*K1 SHOULD BE REPLACED BY =~IMEWeK3,

IFFT, ]
CLA cLL S L )
TAD CCIA /NEGATE IMCW*K], GET ClA [NSTROCTION
DCA | SGNADJ /AND PUT AT LOCATION ABJSGN,
JMS 1 DOFFT /DO FFT, o . e
TAD cNoOP /RE=INSTATE NOP AT ADJSGN FOR FFT,
DCA 1 SGNADJ
JMP | IFFT /EXIT,

CCIA, CIA

CNOP,  NOP



FFTS-REA_1 (.ERSION E) PAL1g  Vi41 1-MAY=-72 18127 PABE 3

J4dp #4280 )
sCOMPUTATION OF FIRST GCOMPLEX ARRAY FROM INPUT DATA
/NUMBER OF INPUT POINTS IN "N" ,L0G(2)(N)IN"NU", FOR DETAILS OF ALGORITHM, SEE FLOWCHART

2402 3900 FFT, )
2491 7301 . CLA LAC CLL

2492 3205 DCA L /Lg=1 o )

2233 3066 DCA SCALE /JINITIALIZE FLOATING POINT FORMAT

2434 7001 IAC

2593 3067 DCA SHFLAG

2235 3978 DCA SHFCHK

2497 1020 TAD M /MAKE N=M/2

2312 7110 CLL RAR

241: 3903 DCA N .

2512 70490 TMA

2413 1921 - TAD MU /MAKE NUsMU~1

2414 3904 DCA NU

2415 1903 . TAD N o

2416 7112 cLL RTR /INITIALIZE PROGRAM EONSTANTS

2417 3022 DCA NOVER4

2428 1004 TAD NU

3431 7941 CIA

2522 10923 TAD MAXNU .

2423 3471 DCA I SHIFT1

262¢ 1474 TAD 1 SHIFT1

425 3472 DCA 1 SHIFT2

2426 1472 TAD 1 SHIFT2

2427 3473 DCA 1 SHIFT3

2438 1375 TAD ADJSGN

2431 3474 DCA I XSGN

8432 1903 TAD N

8433 7110 CLL RAR N o
8434 3006 DCA S /5<=N/2 1S SPACING OF NODE PAIRS IN FIRST ARRAY
28435 1006 TAD S

2436 7041 CIA

€437 3024 DCA MNOVR2 /=Nz2

Bs47 7144 CMA clLL RAL /AC<=m2

8441 1003 TAD N /AC<=EN/2=1 182 N

2442 1065 TAD XRLOC /BEGINNING OF TABLE OF REAL n»ma

2443 3825 DCA QR 7Q¢=N/2-1, QR POINTS T0O WORD IN MEMORY, WHILE @ TS AGTUAL INDEX
2444 1004 TAD NU

2245 7041 CIA

2ade 7001 1AC

2247 3007 OCA F /F<=1=NU (=L=NU SINCE L=1)

2458 1@25 LOOP1, TAD QR /QR=XRLOC+Q AT ALL TIMES,

2451 1903 TAD N

2252 3927 DCA PR /P<=Q4N/2

2:53  1p25 TAD @R

2a5: 7001 1AC /IMAGINARY PARTS STORED AFPER REAL PARTS

22355 3926 0CA 0l /Q1 POINTS TO IMAG, PART OF X(@)

155 1927 TAD PR

225" T@gBL 1AC /CIMPUTE COMPLEX OPERATIONS X(P3<zH(Q)oX(P) ANB X(E)<aX(Q)aX(P)
2282 3030 DCA PI /BY REAL AND IMAGINARY PARTS,

261 1426 TAD I 01 /IM(X(Q)) LIM t) MEANS_ IMABINARY PART)
2362 3941 OCA ADD2 /MAKE 1T ABDEND. DD IMAG, PARTS FIRST
2163 1438 TAD 1 PI /IM(X(P))
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0464
3465
8466
8447
2479
8471
2472
2473
0474
0475
8476
8477
9580
8501
8592
2593
8594
0585
2586
8597
2518
8511
8512
8513
2514
2515
B516
2517
853g
2521
2522
9523

4453
3042
1426
3041
143p
7941
4453
3430
1542
2426
1425
3041
1427
4453
3042
1425
3041
1427
7841
4453
3427
1042
3425
1965
7941
1925
7750
5324
7144
1925
3925
5250

vidi

JMS
DCA
TAD
DCA
TAD
CIA
JMS
DCA
TAD
DCA
T4D
DCA
TAD
JMS
DCA
TAD
DCA
TAD
ClA
JMS
DCA
TAD
DCA
TAD
CIA
TAD
SPA
JMP
CMA
TAD
DCA
JMP

1-MAY=72

I ADDER
TEMPR

I 6l
ADD2

I PI

1 ADDER
I PI
TEMPR

1 al

I @GR
ADD2

I PR

T ADDER
TEMPR

I GR
ADD2

I PR

1 ADDER
I PR
TEMPR

1 QR
XRLOC

aR

SNA cLA
CHKPT
CLL RAL

igi27 PAGE 3-1

/FORM ADDITION Hznxanv*xmomusznxnnvu+Hznx~ovu AND SCALE
/FOR SCALING, THEN STORE,
/FORM DIFFERENEE IMIX(BI=X({P)I=IMIX(Q)I-IMEX(PY]

/PUT AWAY AT IMIX{P)1

/GET IMIX(P)+X{@)] e
/PUT AT IMEXtQ)3, IMAGINARY PARTS DoNE,
/ADD REAL PARTS NEXT

/RE=REAL PART L ..
/FORM RELX(P)+X(Q)I=REEXE¢PII+RECX(Q)] (DIVIOED BY 2)
/STORE .

/GET RECX(6)1

/AND RECX(F)3

\nomz mmnx.ov-xﬁv,m Ncw<momommm.
/PUT AT REEXIPY]
/GET RECX(9)+X(P)Y .
/PUT AT REFXtQ)1, REAL PARTS DONE
/Q8 (QR=XRLOC)/2

/AC 1S Q
/1S @>@? (1E-THE WHOLE ARRAY HAS NOT BEEN BOVEREH)
/NO, G=@, DONE WITH FIRST ARRAY, MOVE ON O OTHERS'
/YES, 0¢=Q=4, MOVE UP THIS ARRAY,

/0R EQUIVALENTLY, BR<=QR=2

/00 NEXT NODE PAIR

RIGHT
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(YERSION E) PAL1p
2524 1905 CHKPT,
2535 7841
2526 1904
2527 7650
2538 5462
2531 1879
2532 74509
a533 2866
2535 3E67
2535 3070
2336 2005
3537 10096
2540 7118
2541 3886
8542 2007
8543 7000
2544 7040
2545 1003
8546 3032
8547 7201 SETC,
8558 3040
8551 1@32 BUILD,
8552 7104
2553 1065
#5545 3927
8555 1927
2586 7901
8557 3230
8560 1087
8561 745¢
2562 5371
4563 7049
2564 3367
2565 1032
8565 7417
2567 7402 SHIFCT,
2570 7410
2571 1832 NOROT,

vi41

TAD
T1A
TAD
SNA
JMP
TAD
SNA
182
DCA
DTA
182
TAD
cLL
DCA
1SZ
NOP
CMA
TAD
DCA
CLA
DCA
TAD
CLL
TAD
DCA
TAD
1AC
DCA
TAD
SNA
JMP
CMA
DCA
TAD
LSR
HLT
SKP
TAD

1«MAY=-72

L

NU

ClLaA

I SYNTH
SHF CHK

SCALE
SHFLAG
SHFCHK
L

w .

RAR

S

F

XRLOC

PR

PR
Pl
F

NOROT
SHIFCT
P

18127  PAGE 4
/L GIVES THE NUMBER OF THE VER¥1CAL ARRAY JUuST BOILT

/1S L=NU? (IE HAS THE LAST ARRAY BEEN COMPUTED?)

/YES. DONE, 2#N TRANSFORM MUST BE SYNTHESIzED,

/GET SCALE FACTOR ANB ADJUST FOR PROPER

/ADDITION ON NEXT TTERATION, . i
/NEXT ITERATION WITHOUT DIVIDING BY 2

/=) FOR DIVIDE BY %,=8 IF KO

/=8 IF ALL X(1)<,5,=1 IF NOT_

/L<=L+1, MOVE ON TB NEXT ARRAY

/S GIVES SPACING BETWEEN NODE PAIRS, WHICH 1S N/2eL

/DIVIDE BY 2 AND PUT BACK, S0 THAT ON THE LTH PASS THRBUGH

/S WILL=N/2tL, THE SPAEING'

/F<=F+4, ON LTH PASS, P WilLL BE FsLeNU, THE SCALE FAETBR FOR K,
/NOP wmm WHEN F=el To PREVENT ERROR DUE %0 SKIP

/AQCz~

/P<=N=1, PR POINTS F0 REEXIPaNai)3

/C<=1, C BREAKS BUjLD L0gP EVERY s ITERATIONS
/S0 AS TO AVOID RE=COMPUTAF]ON'.

\>nqc>ruzamxﬁm.n,~m
/BUILD ARRAY. F=L=fu, 8H
/SHIFT ZEROD PLACESY

yysaNedy e
IF¥ nPiaF PLACES RiGHT {=NU=L)

/YES, LEAVE ALONE

/F COMPLEMENTED IS «Fewisu(F+I)aPLACES TO BE SHIFTEBwT
/CONTAINS =F~1

/GET NODE INDEX

/SHIFT P RIGHT SHIFCT+izwFeibis=FaNU=L PLAGES
/STORAGE FOR SHIFT COUNT,

/ACC=INTEGER PART mn#m.mu

/NO ROTATION. JUST GET PcPalep

[}
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2572
8573
B574
2575
8576
8sS717
8680
2681
2592
8563
2604
B& 05
26486
&gy

g61p
g6i1
goi2
#6613
g6i4
0615
p6is
goi7
0520
2621
0622
2623
8624
g625
g626
pe27
p630
2631
0632
0633
2634
g635
2636
0637
0640
8641
P642
R543
0644
9645
Bsdb
£647
2658
2651
p652
#9653
2654
P655

4455
1024
4457
7809
3843
1427
4456
044
3241
1430
4456
2743
1641
3045

1439
4456
2044
3941
1427
4456
@043
7841
1641
3846
1086
7104
7041
ig27
3025
1925
7001
3026
1425
3p4a1
1045
7041
4453
3427
1426
3p41
1946
7041
4453
3430
1425
3041
1445
4453
3425
1426
341
1946

_i (vERSION E) PAL1y

vi4i
JMS 1 INVERT
TAD mMNOVR2
JMS 1 GETRIG

ADJSGN, NOP
DCA SINE
TAD 1 PR

S JMS T MULT

COSINE
DCA ADD2
TAD 1 PI
JMS 1 MULT
SINE
TAD ADD2
DCA GR

/D0 1MAG,
TAD 1 PI
JMS T MULT
COSINE
DCA ADD2
TAD 1 PR
JMS 1 MULT
SINE
CIA
TAD ADD2
DCA GI
TAD §
CLL RAL
Cla
TAD FR
DCA QR
TAD QR
1AC
DCA al
TAD 1 QR
DCA ADD2
TAD GR
CIA
JMS I ADDER
DCA I PR
TAD I QI
DCA ADDZ
TAD GI
ClA
JMS 1 ADDER
DCA I PI
TAD I GR
DCA ADD2
TAD GR
JMS 1 ADDER
DCA I QR
TAD 1 OI
DCA ADD2
TAD GI

1-MAY=-72

PART NEXT=IMLX(¢(P)J#COSINE=RELX(P)I«#SiNFsiM

18327 PABE 5

/INVERT BIT ORDER AND PUT IN K (NUMBER IN FTH NOBE)
/SUBTRACT N/2 To GET NUMBER IN @ (sK) (P‘S NODE PAIR.)
/GET REAL AND IMAGINARY PARTS BF WeK,
/SET TO CIA FOR DOING IFFT, NOPF FOR FPT,
/SIN(2#PTaK/N)==IMEW*K], COS IN REGISTER COSINE,
/FORM (WeK)#X(P)aA COMBLEX MULTIALICATION
/DQ REAL PART FIRST=RELX{P)JeCOSINE+IMCX{P3l1aSINE
/AC=RELX(P)I¢COSINE=RECX{P)I#RELH K]
/SAVE FOR ADDITION LATER
/GET IMIX(F)1

/AC=IMEX(P)JeSINEsaIMIWeR]
/AC=RELW*+KIoRELX(P
/STORE AT GR

m LX(P})]
Pyl rnz*xuaﬁznx.nvumxmmxmwvgt,xu

EXIP)JaRECWYRIREEX(P)TaTMEN K]

/AC=IMEX(P)] i .
/AC=IMIX(P) I#COSINE= IMEX{PJJaRELW K
/STORE FOR LATER ABDiTioON

/AG=RELX(PY]

/AG=RELX(P)1+SINESaRELX(P) 1o IMEWIK]
/AC=RELX(P)I#IMIW K] .
/AC=IMEX(PY J#RECHIKISRECX(P)IwIMCHaKIm IMEXIP ) ol 1K ] .
/STORE AT GI, SO GISIMEX{PY#WtK] AND GR=REEX(P)s|ek] G=GR#]eGl,
/LOCATE P/S NODE PAIR @, LOCATED SsN/(2¢L) UP ARRAY,
A

/S0 SET Q=P-S=INDEX OF NOD
/LOCATE Xx(Q) IN MEMORY w«

I

3
IR
NG POINTERS GR AND 01
/T0 Q'S REAL AND IMAG. PAR RE

E P
F1x1
» RESPECTIVELY

Dl\-

\ooquoorvrmxavmx>quozm_xnvvnmxﬂov.n_an
/FIRST DO REAL PAR® OF X(P), GET RECX(0)) AN
/GET RELG]

/SUBTRACT THEM,
JRECX(P)IC=RELH(D) 1=RELE)
/COMPUTE I1MAG, PART OF X(P), GET IMCX(G))
/AND STORE

/GET IMLGI

/AND SUBTRACT THEM, i}
ZIMCX(P)I¢a IMIX(B) A= IMEGD, X(P) IS_NOW DONE,
/NEXT COMPUTE X(Q), FIRST REAL PART
/GET RECX(Q)3 AND STORE

/GET RELG) AND ADD TO FORM

/RELX(Q)1+RELG], .
/RELX(Q)I¢=RELH(B) SSREFCY, .
JNOW COMPUTE IMAG PARY OF £(Q). GE? IMEX{O:J
/AND STORE o

/GET IMCG) AND ADD TO FORM
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p5655
255

8563
8663
BEs2
0563
2564
8665
0666
0567
8679
8671
8672
2673
0674
2575
8676
8677
8740
8701

8782
87483
B704
8795
B706

4453
3426
7849
1832
3932
1049
79841
1406
7640
5362
1932
7940
1906
7658
5786
1006
7041
1832
3032
5705

2049
5704
@551
@547
524

CNOTS,

RBUILD,
RESETC,
RECHK»

vi41

JMS
DCA
CHA
TAD
DCA
TAD
CIA
TAD

SZA

JMP
TAD
CMA
TAD
SNA
JMP
TAD
CIA
TAD
DCA
JMP

[5Z
JHP
BUIL
SETC
CHKP

1=MAY=72

I ADDER
I al

P
P
c

S

cLa
CNOTS
V

S

CLA

1 RECHK
S

P
p
I RESETC

c

1 RBUILD
D

T

18427 PAGE 6

/IMIX{Q) 1+ IMLG]
/IMIX(R) 1K= IMLX(Q)I+IMEGA, THE NEW NODE PAIR 1S5 GOMPUTED,
/MOVE UP ARRAY TO NEXT NODE, SET AC=~1
/T0 FORM Pai
/P{=P=]
/CHECK ON SPACING,. IS A NOBE zanI HAS ALREADY BEEN COMPUTED
/ABOUT TO BE RE-DONE, OR EGUIVALENTLY,
/18 C=87
/YES,
/N0, DO NEXT NODE PAIR
/YES, BUT ARE WE AT THE TOF OF THE ARRAY?
/O0R, IS S=P+1? (P BOMPLEMENTED2mPmiz=(P+i)

/YES. DONE WITH THIS ARRAY, D0 NEXT ONE,
/NO, MOVE PAST AREA THAT HAS ALREADY BEEN BGONE, OR SET P TQ P=S,
/BY CHANGING THE PBINTER To REEX(P}]

/REINITIALIZE C 7O 1 SINEE AN UNUSED AREA HAS BEEN ENYERED,

/C¢=C+1, ANOTHER NO®DE PAIR HAS BEEN HANDLES'
/D0 NEXT NODE PAIR IN FHIS ARER,

/POINTERS TO RETURN toBATiBNS,

/WHICH ARE LOCATED ON

/ANOTHER PAGE,



/FFTS~REA .1

¢.ERSION
273 9990
@13 7248
71 1203
274z 3231
g733 1931
F714 4455
2735 3p32
g735 1032
B71° 7841
2723 1831
gzz2. 7759
272: 5351
723 1032
724 7104
735 1065
8726 3@27
g727 1831
2732 7104
873+ 1865
2732 3825
#7335 1427
§732  3p42
g735 1425
2736 3427
2737 1042
B743 3425
B74: 2027
B74c 2825
B743 1427
#8744 3042
745 1425
27435 3427
#7477 1042
2752 3425
£75. 1031
g752 7650
p753 5707
275« 7040
p755 1831
755 3031
27567 5313

E) PALLiB

.

SORTX,

REVERS,

SWAPED,

Vi41

%]

CMA
TAD
DCA
TAD
JMS
DCA
TAD
ClA
TAD
SPA
JMP
TAD
CLL
TAD
DCA
TAD
cLL
TAD
DCA
TAD
DCA
TAD
DCA
TAD
DCA
1§82
1582
TAD
DCA
TAD
DCA
TAD
DCA
TAD
SNA
JMP
CMA
TAD
DCA
JMP

1-MAY=-72

INVERT

VU — D=2

8
SNA CLA
SHAPED
P

RAL
XRLOC
PR

Q

RAL
XRLOC
QR

1 PR
TEMPR
1 GR
I PR
TEMPR
I GR
PR

aRr

1 PR
TEMPR
1 @GR
I PR

TEMPR

I OR

Q

CLA

I SORTX

Q
Q
REVERS

10127  PAEE 7

/SUBROUTINE THAT
/SORTS QUT TRANSFORMS BY

/BIT INVERSION OF ADDRESS., _
/8<=Nei, START FROM BOTTOM OF BUFFER
/P<=BIT INVERTED @

/BIT INVERSION ROUTINE

/FORM Q-P

71S PCO? ) .
/NQ, HAVE ALREADY BONE THIS PAIR
/YES. SWAP ORDER

/FIRST SET UP SUBSBRIPT POINTERS FOR X{P) INO X(g),

ZEXCHANGES X(P)<=X!Q) AND
/EXCHANGE REAL PA
/STORE 1T,
/GET RELCX(&)1
/MAKE 1T RELX(P)?

Ry
RECX(P21

/GET RELX(P)J

/MAKE IT RELX(@)] |
/GET POINTERS TO IMAG. PAR¥S

/EXCHANGE IMAGINARY PARTS, GET IMEX(P)}

/STORE 1IT, .

. /GET IMCX(6)2

/MAKE 1T IMLX(
7GET IMCX(P)3

/MAKE IT IMELX(C

/1S Q387, IE:ARE WE AT

R)
(3 -
THE TOP OF THE ARRAY
/YES. DONE, EXIT
/NO, Q<=Q=1,1E: MOVE UP FHE ARRAY

/G0 BACK AND CONTYINUE



JFFTS-

R

£

4_31 ¢/ERSION E)

276%
276-
2762
2763
2764
2765
2766
2767
2774

8772
2773
8774
2775
2776

27277

2739
7415
2800
3377
1041
7415
23929
3941
7521
7044
7728
7881
1041
1377
5769

poge

PALLY

vid1l

1-MAY=72 i@127 PAGE 8

/THIS SUBROUTINE PERFORMS ADDITION AND DIVISICN BY 2

JENTRY:
JEXIT ¢

ADDXTR,

ADD3,
PAUSE

AC=A
AC=(

]

ASR
g

DCA
TAD
ASR
]

DCA
MQA
CMA
SMA
IAC
TAD
TAD
JHP

5]

DDEND, C(ADD2)=AUGEND,
ADDEND+AUGEND /2

/DIVIDE ADDEND BY 2

ADD3

ADD2 o
/DIVIDE AUGEND BY 2

ADD2 .
/MQE=AUGENDL12,MQi=ADDENDI] .

RAL /L=AUGENDLL COMPLEMENTED,AG@=ABDEND1Y

SNL CLA /SKIP IF EITHER WERE ORIGINALLY =@
7/ INTRODUCE CARRY/,

ADD2

ADD3

I ADDXTR

COMPLEMENTED



h7)

JFFT3-REA_

(vERSION E) pALig vidl

izo2
iz
iz@?
1233
1294
1385
1296
127
iz13
ipdt
1212
1913
1214
p&Hu
MEM..m
ig17
1820
iz21
ig22
1223
1924
1925
1926
1327
1332
123
1932
1233
1934
1935

10080

o000
7190

7518.

7961
7421
1600
3217
1617
2200
7510
7961
3217
7024
3235
7485
7482
7413
2900
3217
7413
20eo
7421
1235
7118
1217
75081
7438
7041
5600
2829

+100%

1=MAY=~72

19127 PAGE 9

JSIGNED SINGLE PRECISION MULTIPLY, USING THE EAE -

JENTRY: AG=MULTIPLIER, C(CALL*1)=ADDRESS OF MULTIPLIFANR, EXITtAQsPRODUCT,
/AN 11 BIT SIGNED BINARY FRACTION,

MULTIP, B
CLL
SPA
cCMp
MaL
TAD
DCA
TAD
182
' SPA
CMA
DCA
RAL
DCA
MUY
ARGZ, HLT
SHL
%]
DCA
SHL
]
MaL
TAD
cLL
TAD
MQA
SZL
CMA
JMP
SIGN, a

CML IAC

I MULTIP
ARG2

I ARG2
MULTIP

CML IAC
ARG2

SIGN

ARG2

SIGN
RAR
ARG2

1AC
I MULTIP

/AC=ARGL (MULTIPLIER)
/ARGL>87 . o
/NO, MAKE POSITIVE. SET LI1fK=z1 TO SHOW IT-4YAS NEGATIVE'
/LOAD INTO MQ,
/GET ADDRESS OF MULTIPLIGAND .
/STORE ) .
/AND RETRIEVE MULTIPLICGAND ITSELF,
Z{FOR EXIT AT CALL&®2)
/ARG2>07
/NO, MAKE POSITIVE, GHANGE LIiNK, mRan.p*.pmp AND sf47:s3
/PUT AWAY ma ARG2
/SIGN IN.LINK, PUT INTO Acii AND ;
/PUT AKAY AT SIGN (= 1 IF =) =@ iF *)
/D0 MULTIPLICATION
/ARGUMENT 2 (MULTIBLICANB)
/NORMALIZE BINARY BOINT.

: /SAVE HIGH ORDER, NOW RDUND OFF,
/SET AC11=MQE.,ACH={p=0

/RESTORE PROPER SIEN
/PUT SIGN IN LINK.
/BRING BACK RESULT . .
/RESULT=(HIGH ORDER) .OR, {BiT @ OF LOW DRDER)
/POSITIVE SIGN?
/NG, NEGATE ,
/EXIT, SIGNED RESULT IN ZC’



A
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12336
1237
1342
1241
124z
1243
1244
1345
1345
1247
1350
1351
1252
1353
1254
1355
1386
1357
1369

0288
3256
3257
1204
7841
3269
1256
7118
3256
1257
78084
3257
2260
5244
1257
5636
2080
Juligy
voso

~-

/BIT INVERSION ROUTINE
JENTRY: AC=WORD TO BE INVERTED} EXIT:AC=RESULT
/NU CONTAINS THE NUMBER OF BITS [N THE WORB )

INVRT, @
DCA WORD /GET WORD %0 BE INVERTED
DCA WORDP /ZERO OBJECT REGISFER
TAD NU /GET NUMBER OF BITS T0 BE
CIA /INVERTED AND USE TO LIMIT THE
DGCA FLIPCT /EXTENT OF LOQP

FLIP, TAD ®ORD /PULL OUT RIGHTMDST BIT OF WORD

. CLL RAR /{RIGHT MQST BIT NoW IN LINK)  _ L

DCA WORD /¢PUT BACK S0 A NEW BIT IS OPERATED ON EACH TIME)
TAD WORDP /AND PUSH INTO WORBP FROM LEFT
RAL )
DCA HORDP
1SZ FLIPCT /ALL BITS DONE? )
JMP FLIP /NO, DO NEXT BIT
TAD WORDP /YES, RICK UP RESULT
JMP I INVRT /AND EXIT

WORD, 0

WORDP, 0

FLIPCT, @
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/FFIS-REA.S

W

iza&s
1262
1283
1264
1Z 65
1266
1247
1279
iz71
1272
1273
1374
ia7s
1376
iz

"1L42

1141
i1ge
1123
1124
112°
1185
1187

[
.-J
[N
L~>3

1

.,.-l
[y

GO I Gl NP NN

[ Sl s S IE Sl pll Sl s

.

b bk AL AL EB IS pA BR8] AL LA A §4 FACRA §b
b G Gl A RSN DO NI A A NI b ) A A b1 Ay

s et

‘4
).
LTINS

[P
'
[#]

P&

¢ ERSION E) PALLZ

2000
3833
7421
1933
7141
1422
3332
7438
5310
1332
7841
7417
2209
7413
7492
1264
3333
1733
7341
3044
1332
1@22
5322

1332
7417
2000
7413
7402
1964
3333
1733
3844
1833
7417
2900
7413
7492
1864
3333
1733
5661

¥o00
2000

vid41i

1-MAY=72

10127 PAGE 11

/THIS SUBROUTINE FETCHES THE VALUES OF SIN(2ePlaC(AC)Y/N)

/AND OF COS(2%P1uC(AC)/N) FOR C(AC) < N/2+1

JENTRY: AC=INDEX OF LOOK UP
ZEXIT ¢+ COS(2#P1&#C{AC)/N) STORED AT "COSINE"™ AND

/ AG=VALUE OF SIN(2#PIsC(AC)/N),
TRIGET, §
DCA K /STORE C(AC)Y AT K,
MQL /CLEAR Mg
TAD K /FORK N/4<K,
cLL CIa
TAD NOVER4 e
DCA NO4MIK .
SZL 715 N/4=g<@? )
JMP QUADL /NO, FIRST QUADRANT ANGLE., . _ |
QUAD2, TAD NO4MIK /2ND GQUADRANT, GET =C08 AT KeN74, ’
CIA .
LSR /MAKE CORRECTIVE RIGHT SHIFT ON INDEX,
.0
SHL /FIND ON SINE TABLE FOR 3+MAXNU BY MULTIPLYING
SHFT1, HLT /INDEX BY 2+ (MAXNU=NU)Y, WHICA ¥s STORED RERE,
TAD SINLODC JLOCATE 1T IN MEMORY, )
DCA INDEX
TAD 1 INDEX .
ClA /2ND QUADRANT COS IS NEGATIVE,
BCA COSINE .
TAD NO4MIK JGET SIn AT N/2=-K .
TAD NOVER4 .
JMP SINRET
QUAD1, TAD NO4MIK JGET COS AT N/4=K, L
LSR
2
SHL )
SHFT2, HLT
TAD SINLOC
DCA INDEX
TAD | INDEX
DCA COSINE . \
TAD K JGET SIN AT K,
SINRET, LSR
2
SHL
SHFT3, HLT .
TAD SINLOC-
DCA INDEX .
TAD 1 INDEX /AC= SIN VALUE,
JMP I TRIGET .
NO4MIK, 0 /STORAGE FOR N/4=K
INDEX: @ JPOINTER TO SINE TABLE

e



/FFTS-REA.T (VERSION E) PALig  Vi4l 1«MAY~72 10227 PAGE 12

/THIS ROUTINE PERFORMS A SINGLE PRECISION ADD WITH ROUNDING. EACH ARGUMENT 1S -
/SHIFTED RIGHT ONCE TO PREVENT OVERFLOW OF BINARY POINY.(IF NECESSARY) .. -
/AND THEN CHECKED TO SEE IF IT CaN BE NORMALIZED >ﬂ4mm ADDITION ’
7ENTRY: AC=ADDEND,C(ADD2)=AUGEND

JEXIT : AC=RESULT, DIVIDED BY TWO I!F NECESSARY, .

1134 opdg ADDR, ?

1135 3373 DCA ADD1
- 1136 1p67 . TAD SHFLAG /SHOULD ADD BE DONE WITH SHIFT?
1137 7650 SNA CLA .
i14p 5356 JMP ADDWOS /N3, DO ADD WITH OUT SHIFY
{141 1373 TAD ADD1 /YES, GET ADDEND
1142 7415 ASR /D0 1 SIGNED RIGHT SHIFT
1143 2000 o - /MQ2=LOW ORDER (LOY OF ADDT
1144 3373 - DCA ADD1 . R
{145 1p41 TAD ADD2
1146 7415 ASR /MaF=L0(ADD2)
147 0000 B T /MO1=L0¢ADDD) - .
£150 3041 DCA aDD2
{151 7501 MQA /GET M3
1152 7904 RAL /L<=L0(ADD2): ACE<=L0(ADDL)
1153 70668 CMA CML /COMPLEMENT BOTH, )
1154 7720 SMA SNL CLA /1F BOTH WERE=1 (NEITHER=2), INTRODUCE A CARRY,
1155 7261 1AC )
1:56 1373 ADDWQS, TAD ADD1 . /DO THE ADDITION,
1157 1g41 TAD ADD2
11680 7421 MGL /STORE THE RESULT
{161 7501 MQA /CHECK T0 SEE IF ALREADY 20m3>ﬁwmmu.
1162 751p SPA /1S IT POSITIVE?
{163 7041 CIA /MAKE 1T POSITIVE,
{181 7904 RAL /GET BIT 1, WAS NORMALIZED IF =i
iies 7700 SMA CLA
1166 5371 JMP NOTNOR /NOT NORMALIZED., LEAVE SHFCHK ALONE,
1167 7001 IAC .
1172 3070 DCA SHFCHK /SET SHFCHK=1
1171 7501 NOTNOR, MQA .
. i172 5734 JMP 1 ADDR /AND EXIT
1173 2oop ADDL, @ /ADDEND STORAGE, ’

o e atet

W



/FFTS-REA_T (.ERSION

{229
1221
iz22
1223
1224
1225
1225
i227
. 1239
i23:
123z
1233
1234
1235
1235
1237
1242
124:

1242
1243
124+

1242
i24-
1257

125
125:2

1468
3049
14749
7459
2966
3867
7001
3035
1922
7164
3822
7049
1471
3471
1471
3472
1472
3473
1628
19065
Jg25
1065
7601
3026
1426
7941
3041
1465
4453
3425
2025
3425
1426
3041
1465
4453
3465
3426

1805
4455
7164
1365
34236
1936
7901
3837
1085

£) PAL

s

3 vi4t

1-MAY=-72

18227  PAGE 13

JTHIS PORTION OF THE PROGRAM CONSTRUCTS THE TRANSFORM OF THE M (=2aN)
/POINT REAL TRANSFORM FROM THE TRANSFORM OF THE SET WHIcH GONSISTS oF
/THO DATA VECTORS OF DIMENSION N (=M/2): ONE_COMPRISED OF THE EVEN

ELEMENTS OF THE FULL DATA SET, THE OTHER OF THE ODD ONES.

/POSITIONED

SYNTHT, TAD
DCA
TAD
SNA
1SZ
DCA
1AC
DCA
TAD
CLL
DCA
CMA
TAD
DCA
TAD
DCA
TAD
DCA
TAD
TAD
DCA
TAD
1AC
DCA
TAD
CIA
DCA
TAD
JMS
DCA
182
DCA
TAD
DCA
TAD
JMS
DCA
DCA

XTRACT, TAD
JMS
CLL
TAD
DCA
TAD
1AC
DCA
TAD

1 DOFFT
n 2
SHFCHK

SCALE
SHFLAG

L
NOVERA4
RAL
NOVER4

SHIFT1
SHIFTL
SHIFTL
SHIFT2
SHIFT2
SHIFT3

et el Bt Jod b et

M
XRLOC
QR
XRLOC

el
1 Ql

ADD2

1 XRLOC
I ADDER
I GR

aRr

I QR

I al
ADD2

I XALOC
ADDER
XRLOC
Ql

Pt gt ot

Lo

INVERT
RAL
XRLOC
BILR
BILR

BILI
L

/GET RETURN ADDRESS,
/SHOULD ADB BE DONE WIFH SHIFT?

/N0, INDEX EXPONENYT

/SET FLAG ACCORDINELY.

-

/START AT BOTTOM OF ARRAY (Ls=1),

/ADJUST SINE LbOKs(P PARAMETERS FOR
/FQR BASE BF 2aPI/M INSTEAD OF 2#PI/N,

/COMPUTE 8{@) ANB S(N)
/PODINTER TD REEXEINY]

/POINTER TH iMEX(B)]
/7= IMIX(D)1]

/RELX(E)Y .
ZRECX(D) 1=IMEXEE)]
/=RELS(N)I o
/POINTER TB IMESINYI,
/IMCS(N) 186
7IMIX(8)]

/RELX(2)1

/=RELS(B)]
7IMIS(2)1%]

/GET BIT INVERTED L

/POINTER To REEXtLYI

/FORM N=L



JFFTS-REA_I
izsz

{254
1255
i255
1257
1262
iz61
iz2e6z
1263
iz6¢
i=265
i26¢
1267

7041
1993
4455
7194
1065
3834
1234
7981
3p35
1436
3941
1434
4463
3051
1435
7841
3041
1437
4463
3052
1437
3841
1435
4463
3647
1436
7941
3841
1434
4463
3850
1985
4457
7098
3643
1047
4456
2044
3841
1059
4456
2243
1441
3027
14959
4456

u@44.

3241
1347
4456
2243
7941
1941
3439
1351

(.ERSION E) PAL1p

SGNX,

.TAD 1

V141

CIA

TAD N

JMS 1 INVERT
CLL RAL

TAD XRLOC
DCA BINMLR
TAD BINMLR
1AC

DCA BINMLI
TAD I BILR
DCA ADD2

TAD I BINMLR
JMS I XTRADD
DCA AR

TAD I BINMLI
CIA

DCA ADD2

TAD I BILI
JMS I XTRADD
DCA Al

TAD I BILI
DCA ADD2

TAD I BINMLI
JMS T XTRADD
OCA BR

1-MAY=-72

BILR
CIA

DCA ADD2

TAD I BINMLR
JMS 1 XTRADD
DCA Bl

TAD L

JMS I GETRIG
NOP

DCA SINE

TAD BR

JMS 1 MULT
COSINE

DCA ADD2

TAD BI

JMS 1 MULT
SINE

TAD aDnD2

uwA PR

TAD BI1

JMS T MULT
COSINE

DCA ADD2

TAD BR

JMS 1 MULT
SINE

CIA

TAD ADD2

0CA P1

TAD AR

18127  PAGE 13-

/FORM BIT INVERTED NeL
/POINTER TB REEXEN=~L)]

/POINTER TD IMEXEN~L)2
/COMPUTE RELA(L) T,
/RECACLIISCRELX (L) Y+REEXINaL) I>/2

/sRELACLY]

ZIMCACLY I¢IMIX(L) 3= IMEXINaL)Y 1>/2

/RECB(L)YIR¢IMIX{L ) n+IMEXINaL) 1>/2

/ZIMIB(L)IS¢RELX{N=L) I=RELXTIL) ID/2

ZFIND Wel
/SELECT SI§N OF SINE VALUE,

Q3
/FORM B(L)aWeL. REAL PART FIRST,

/RZ[P1=BR#%0S INE4+BT#SINE

/IMIPI1=B1#{0SINE~BR#SINE
/FORM S(L) {=AlLY+B(L)aWILEA(LY+P)



JFFT5~-R4_1 (vERSION E) PAL1g

1342
1243
1344
1345
1346
1347
1357
izs51
1352
1353
1354
1353
1356
1357
1387
1381
1382
1383
i384
i385
ize6
1387
1370
1371
1372
1373
1374

341
1827
4453
34356
1952
3241
1230
4453
3437
1951
3041
1827
79841
4453
3434
1952
7041
3041
1938
4453
3435
1224
1685
7658
5449
2025
5242

vidi

DCA
TAD
JUS
DCA
TAD
DCA
TAD
JHUS
DCA
TAD
DCA
TAD
CIA
JMS
DCA
TAD

CIA -

DCA
TAD
JH#S
DCA
TAD
TAD
SNA
JHP
152
JMP

1-HMAY=72

ADD2

PR

I ADDER
1 BILR

Al

ADD2

PI

I ADDER
I BILI

AR

ADD2

PR

I ADDER
I BINMLR
Al

ADD2

Pl

I ADDER
I BINMLI
MNQVR2
L

CLA

I C

L

XTRACT

10:27  PABE 13«3
/RE[S(L)I=RECACLYISRELP]

ZIMIS(LYI=IMEALL
€

1= 1Ml 1+1MLED
/S (N~L)=COMP, .

3] )
ONJ. OF <A(L)=P>

/RELS(N=L)4=REEACLII=RELP]

/IMESIN=L)dsaciMEAtLYIniNCR D>
/18 L=N/22

/YES, DONE, EXIT’
/NO, NEXT [
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/FFTS-REA 3

1375
1376
1377
1439

1432
1433
1434
1435
1435
i4g7
1410
1411
1412
1413
1414
1415
1446
1417
1429
1421
1422
1423
1424
1425
1425
1427
1439
1431
1432
1433
1434
1435
14356
1437
1444
1443
1442
i443
1444

e

Ioode 2o b I
H DD
4

(VIRVIRVIRV VIRV RV
[N A N T Y

i okl el ol o
Js

Hobnod

uoeg
2996
2015
2923
pp3L
a837
go4a6
9054
7062
2871
0877
21985
8113
g122
2139
8136
9144
8153
2161
2167
8176
2294
@212
02208
@227
2235
2243
@251
g260
p266
g274
p3g2
#2311
2317
0325
2333
@342
259
2350
2364
B373
B401
Q407
2415
D424
2432
g448
d446
2455
B463

¢(.ERSION E) PAL1p

/TABLE

vidi

1~-MAY-72

/8 To 5i2 INCLUSIVE,

SINTAB,

2200
pB26
2815
P23
2931
2937
2046
P854
2962
2871
2077
p105
2113
@122
2139
2136
2144
?1.53
@161/
2167
?176
p204
@212
3220
@227
§235
@243
3251
6260
8266
§274
2302
2311
B317
9325
2333
#9342
#3508
@356
3364
§373
3401
g407
B415
2424
7432
74409
2446
3455
9463

18:27

PAGE 14

DF VALUES OF SIN(2#3,14159%1/2048) FOR | FROM



2

/FF

-4

n

1)

"

B

! {.ERSION E) PALZ1Y

1157
1263
1461
1362
1463
1444
1485
14465
1487
272
1271
1+72
1573
1434
1473
1475
14377
isgs
1591
1522
1583
15¢4
1535
1536
15g7
1513
1531
1552
1513
15314
1515
1515
15417
1522
1521
is22
1523
i324
is2s
152
152/
1532
1533,
1532
1533
1532
1535
153
153"
1: 47
1341
1542
1343
154w
1542

2471
8477
£595
2514
9522
D330
8536
@544
2353
8561
2567
3575
26083
611
8620
p626
8634
8642
2650
2656
2664
8673
2781
2787
8715
8723
8731
8737
2745
8754
8762
2779
8776
1904
1912
1229
1826
1834
1842
3952
1856
1864
14972
1109
11086
1114
1123
1131
1137
1145
1153
1162
1166
1174
1282

Vi41i

2471
8477
2595
p514
522
72530
p536
p544
3553
2561
3567
8575
p603
geol1l
7629

pé626

p634
9642
9659
p656
2664
g673
3791
§797
8715

‘@723

g731
8737
%745
g754
3762
8778
g776
1284
1812
1422
1926
1234
1942

1272

1-MAY=-72

181327

PA

¢

E

1

4

1
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/FFT2-2ZA .1 ¢/ERSION E£) PALLy

134,
154°
1350
1551
1552
1554
1554
1555
{352
1557
i569
is61
is62
i563
is64
1585

¥ BB B b A A hy b Ry A A A
o RN RE RV R R RV RVIRVIRY )

&R NONNONEONCNNN G
NGOV R W OO

T
oo
Qe
N

UL OGO G O O O
LAV A Rl *AR A 1 B A Sl R

(LN SRR VIR L & S
DN ANENN P R P P R

[V
N

Se VN oy

e e et L LT Y O PT ey

[
o
N

1532
1531
1532
1633
1534

1218
1216
1224
1232
1249
1246
1254
1262
1278
1276

1364 -

1312
1317
1325
1333
1341
1347
1355
1363
1379
1376
1404
1412
1429
1426
1433
1441
1447
1455
1462
1479
1476
1504
1511
1517
1525
1533
1549
1546
1554
1561
1567
1575
1692
1619
1616
1623
1631
1636
1644
1652
1657
1665
1672
1720

vi41i

1219
1216
1224
1232
1249
1246
1254
1262
1279
1276
1384
1312
1317
1325
1333
1341
1347
1355
1363
1370
1376
1404
1412
1429
1426
1433
1441
1447
1455
1462
1479
1476
1504
1511
1517
1525
1533
1549
1546
1554
1561
1567
1575
1682
1610
1616
1623
1631
1636
1644
1652
1657
1665
1672
1708

1-MAY=-72

18127

PAGE 14-2
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1535 1785 1785
1635 1713 1713
1537 1720 1729 .
1542 1726 1726
1641 1734 1734
1542 1741 1741
1543 1747 1747
i64¢ 1754 1754
is45 1761 1761
1545 1767 1767
1547 1774 1774
1652 2982 2902
1551 2097 2807
is552 2915 2015
1583 2p22 2822
1654 2027 2027
1555 2935 : 2835
is56 2842 242
1657 285¢ 2058 . )
15656 2055 2055
is61 2@62 2062
1562 2070 2070
1663 2075 2075
is6¢ 2182 2102
1665 2118 2110
1665 2115 2115
1667 2122 2122
1578 2130 2138
1671 2135 2135
1672 2142 2142
1673 2147 2147 :
1574 2155 2155
1675 2162 2162
1676 -2167 2167
187 2174 2174
i7gs 2201 2201
179 2207 2207
1792 2214 2214
i7g3 2221 2221
172¢ 2226 2226
17@5 2233 2233
17g5 224p 2248
17@7 2246 2246
1719 2253 2253
1°1: 2268 2269
1712 2265 2265
1713 2272 2272
1731~ 2277 2277
1715 2304 204
173. 2311 2311
171 2316 2316
1725 2323 2323
172 233p 2338
1722 2335 2335 .
125 2342 2342
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A

! (YERSION E) PAL%:
1724

1723
1724
1727

1739

1731
1732
1733
1734
1735
1735
1737
1742
174z
1742
1743
1744
1745
1746
1747
1759
1751
1752
1753
1754
i755
1756
1757
1760
176:
1762
{763
1764
1765
176¢
17¢7
1776
175:
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