




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CV-166 
ANALftIa "C 0 N V It. I R PAGII eN 112-2 

REPORT NO. ZM 491 PlltEPARED IIY C. J. SWIP"T, Me COV HER ... wa .......... AL 1mI .... cCHIPOUno. 

D. SnrTMW''''Y IlAN DIEGO 
CHECKED BY flU A MODIIL 
RtVIS&D .v DATI: July 10, 1956 

It the point x, l' liea wi thin the same rectangle of the X7 grid as 

the previously used point, Jalcb ot the cODlpltation Is not repeated with 

a saving ot over halt in t_. 
II. SPECD'ICATIORSI 

A - - Loca ti-ona and Storage 

1. !be aubroutiDe 18 storediD cella 01000 - 0l24'6 �~�(�2�-�4�1�)�.� or 

(1 6 7)10 celle 

2. I S TeDlpOrar1ea need are cella 0000l to rxxrn phia (2 0 )8 owl!. 

tor each dependent twlctloza. 

3. Cells to be modifiedl {24,?)e • t»?)1Q 

4. Constanta not DKXi1t1edt noDe 

5. Intcm-.t1on atoNd on d:nua tor each .. t ottabl ... 

(.) .....,....,. aad a:JtU ..... , ..u. 
Ch) Para.tera a 1 c.U. 

(e) 'l'ellpOrarieal (24)10 o.lla 

(4) Tables ot �~� iDdepeDdet Y&rlablH x &D<i 1 aDd the 

depndeat ur1.ablea rll. 

B Code, PullDtera Imd �~� ......... Jee lor .... __ .t �~� Teblaa. 

1. j starter pro.graa 1"01]o-d -by �~� grid, -iDtcm.U. 'fGr..,h 

.. t ot tro. 1 -to S fUDctlona is stored in �M�D�~� . -1h1a optloul NO looe.t,ioD 

18 nov referred to as eella d. tbn (d + SO) 

2. 1m eubrout1De ill entered by tbe �~�s� 

d 

, 9-478 
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ANALYSIS CON V A I R PAGE eN 012-3 
REPORT NO. ZM 491 

MODEL 

PREPARED BY C. J. SWIFT, M. COVHER A DmIIO. Of' ••• 11tA&. DYIIAIIICS COVOUftOll 

C~ECKED BY D. SHUMWAY SAN DIECJO 

REVISED BY DATI! July 10, 1956 

CELL 
ADDRESS CONTENT UPWATIOI 

d + 2 75 3 (p+l) (01002) ) 

~ lDad current data 
d + 3 11 d . ... 4 00027 

d ... 4 45 00000 d He turn troll subroutine 

d ... 5 00 M 00000 M • DUmber or x yaluea 

d ... 6 00 II 00004 R • DWlber bt 7 value. 

d ... 7 (77 7'm6 77777) r (ini t1al ¥ =- -1) 

d ... 10 (00 00000 -00000) P 
d ... 11 00 (k + 1 at 219) 00000 [ • mmber of dependent ..... riables tabled 

d + 12 00 '1 00000 Ax • address or x table 

d + 13 00 A 
y 00000 A,- =- address of '1 table 

d ... 14 00 ¥ 00000 ) 
) &,ra =- address ot ~ table 

d ... 15 00 A,2 OOOOC ) 
) 

••••••••••••••• ~ 
d + 20 00 ipS 00000 J 

t.... 

d + 21 ) TelllpOrary atorage (current x,. '1 aDd 

••••• ~ 1nten.d1ata oODlpltatione that are 
) 

d + 50 
~ saved) 

d + 50 + (20)8 IC .1 
c Table FOrDe t 

The x and '1 tables Jalat be in JIIOnotonic ascending order. '!be functions 

pi! are stored eolWln wise each colWID corresponding to one Yalue or x. 
D- Results. - The results are stored aa tollowss 

(OOOOl) 

(00002) 

(00003) 

, 
A when partial differentiation occurs 

'1 (x,y) or /j - (; ;) or 

'2 (X,1) or,a· (if") or 

LJ -(14) 

1l.(tJ..5) 
"'1 
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C 0 N V A 

c. J. SWIFT, H.COVHER 
........ . " ..... 

"REPAR~D BY SAN DIEGO 

R PAGE eN 012-4 
REPORT NO. ZM 491 

CHECKED BY D. SHU~AY MODEL 

REVISED BY DATE July 10, 1956 .. .. 

«()()()04) '3 (x,;y) or Ll- J. 1=.3 
r:J X 

(00005) '4(x,y) or L\-,JF.,. 
~y 

(00006) '5 (x,;y) or fl·· d F.f 
oIx 

or 6' dF'.J 

or fj . fl-
;J 'j4. 

~ or • oJ h !!..5 
eJJ. 
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CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
SAN DIEGO. CALIFORNIA 

BIVARIATE INTERPOLATION 

01000 37 76000 76002 ALARM EXIT 
01001 45 00000 30000 EXIT 
01002 16 00027 01001 SET UP EXIT 

01003 11 00032 20000. COMPARE SIGMA 

01004 46 01030 01005 ~JI TH ZERO 

01005 11 00024 20000 TEST FOR X 

01006 42 00045 01023 AT CENTER 
01007 42 00046 01014 OF GRID 

01010 11 00032 20000 . TEST FOR 
01011 36 OOO~O 20000 UPPER 
01012 35 01230 20000 LIMIT OF 
01013 46 01030 01014 X TABLE 
01014 11 00025 20000 TEST FOR Y 

01015 42 00051 01025 AT CENTER 
01016 42 00052 01055 OF GRID 

()1017 11 0"O3~ 20000 TEST FOR 
01020 36 00031 20000 UPPER 

01021 35 01230 20000 LIMIT OF 
01022 46 01033 01055 Y TABLE 
01023 11 00032 20000 TEST FOR 
01024 41 01027 01014 ZERO SIGMA 
01025 11 00033 20000 TEST FOR 
01026 47 01032 01055 ZERO RHO 
01027 23 00032 01233 SIGMA MINUS TltJO 

01030 21 00032 01234 SIGMA PLUS ONE 

01031 45 00000 01034 JUMP TO NEW VALUES 
01032 23 00033 01233 RHO MINUS TWO 
01033 21 00033 01234 RHO PLUS ONE 
01034 37 01055 01110 SET S1:!ITCH AND JUMP 
01035 16 01226 01175 SET UP FOR 
01036 15 01233 01174 DENOM I N ft. TOR 
01037 37 01167 01155 JUMP TO PQ SUBR 

CV-166 PAGE eN 012-5 
REPORT Z14 491-I1 
MODEL 

DATE July 10, 1956 

O_AR1 



CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
SAN DIEGO. CALIFQRNIA 

BIVARIATE INTERPOtATIO~' 

01040 16 01227 01175 PARTIAL SWITCH TO NUM 

01041 16 '01237 01044 ZERO SET TO J AND I 

01042 16 01240 01646 RIJ SET TO ROO 

01043 15 01237 01044 PI SET TO PO 

01044 71 30015 30011 QJ 

01045 54 20000 OO.O~7 TIMES 

01046 11 20000 30054 PI 

01047 21 01046 01235 IJ PLUS ONE' 

OlO5e 43 01241 01055 JUMP TO NUM AFTER LAST 

01051 21 01()44 01234 J PLUS ONE 

01052 42 01242 01044 TEST FOR LAST J 

01053 21 01044 01235 I PLUS ONE 

01054 45 00007 01043 INTO LOOP AGAIN 
01055 37 01055 30000 'NUM DEN SW t TCH 

01056 15 01054 0117'4 SET uP FOR NUM 

01057 45 00000 01060 JUMP TO PQ SUBR 

01060 37 01.167 01155 SET PI TO PO 

~10el 16 01237 nl066 SET r 
01062 75 10005 01064 PICK UP 

01063 11 01236 00002 ZERO TO SUMS 

01064 15 01240 01067 00 TO rJ 
01065 15 01237 01066 SET J 
01066 71 30015 30011 OJ TIMES PI - 01067 73 30054 00007 DIVIDED ...0 BY RIJ 

...0 ..... 01070 11 01246 01076 -I 
0"-

01071 11 01232 00010 SEi UP N INDEX I 
0 
0 01012 15 01067 01074 SET 0" ...... 
t- 01013 21 01074 01232 F'N-tJ 
>< 
c... 01074 71 30074 00007 TIMES FN-IJ 

01075 54 20000 00047 PLUS 

"1076 35 30002 30002 FN SUM 

01077 21 01076 01231 IJK PLUS ONE 

IJ 

CV-166 
PAGE ON 012-6 
REPORT ZM 491-11 
MODEL 

DATE July 10, 1956 
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CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. CV-166 
SAN DIEGO. CALIFORNIA PAGE eN 012-7 

REPORT ZM 491-11 
MODEL 

DATE July 10, 1956 

BIVI'~qIA.TE I ~!TERP0LAT ION 

01100 21 00010 01232 N PLUS ONE 

01101 42 00034 01073 TEST FOR LAST N 

01102 21 01067 01234 RIJ PLUS ONE 

01103 21 01066 01234 arJ PLUS ONE 
01104 42 01242 01066 5 COMPARED TO J 

01105 21 01066 01235 PI PLUS ONE 

01106 42 01243 01065 5 COMPARED TO I 

01107 45 00037 01001 OUT OF INTERPOLATION 

01110 16 01244 011~1 SET COORDS\1ITCH 
01111 15 00035 01133 SET FIRST 

01112 21 0113~ 00032 X ADDRESS 
01113 15 00036 01135 SET FIRST 
01114 21 01135 00033 Y ADDRESS 

01115 54 00031 10071 COMPUTE 

01116 16 01240 01140 ADDRESS 

111117 15 01107 01121 OF 
01120 11 01232 00003 FIRST 

1"1121 15 30('00 1"1140 RO\'! 

01122 21 01140 01154 AND 

01123 72 10000 00032 FIRST 
01124 35 00033 01140 FUNcTION 
01125 45 00000 01126 SET TRANSFERS 

01126 35 00031 01142 FOR 
011.27 35 00031 01144 F -...0 01130 35 00031 01146 PICK UPS ...0 ..... 

'-' 01131 45 00000 30000 COORD SWITCH I 
0' 

01132 75 30004 I 01134 PICK UP 
8 
a- 01133 11 30000 00044 X S ..... 
r-
>< 01134 75 30004 01136 PICK UP 
0.. 

r"l1135 11 300('0 00050 Y $ 

01136 37 01131 01137 5\1 ITCH 
C'1137 75 30004 ~1141 PICK UP FN S 

9-483 



CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. CV-166 
SAN OtEGO. CA",IFORNIA PAGE eN 012-8 

REPORT ZM 491-11 
MODEL 

DATE July 10, 1956 

BIVARIATE INTERPOLATION 

01140 11 30000 00054 FN 
01141 75 30004 01143 FUNCTION 
01142 11 30000 00100 

01143 75 ~OOO4 01145 G 

01144 11 30000 00104 R 

01145 75 30004 01147 I 

01146 11 30000 00110 D 

"'1147 45 0('0"0 (11150 

01150 21 01121 01234 ADDRESS F 

01151 21 00003 01232 PLUS ~NE 
01152 42 00034 01121 REPEAT LOOP 
01153 45 00000 01003 JUMP TO BEGINNING 
01154 00 00000 00020 CONSTANT 
01155 11 00024 00007 W SET TO x 
01156 75 30004 01160 \tIN SET 

01157 11 00044 00002 TO XI 
01160 37 01225 01170 DO INNER LOOP 

01161 75 30004 01163 P S 
01162 11 00015 00011 IN PLACE 
01163 11 00025 00007 ~! SET TO Y 

01164 75 30004 01166 \~N SET 
01165 11 00050 00002 iO VJ 

01166 37 01225 01170 JUMP TO INNER LOOP 
01167 45 0000(' 30000 EXIT SUBR 
01170 11 00005 20000 W3 MINUS \t/O 

::;; 01171 36 00002 00010 EQUALS DELTA 
-..0 

~ 01172 16 01243 01217 PRESET 
I 

0"- 01173 75 10003 01175 COMPUTE I 
0 
0 01174 11 30000 00021 \AJ MINUS WN 0"-..... 
...... 

>< 
01175 75 30003 01212 OR WO MINUS WN 

c.. 01176 23 00021 00003 GIVING FACTORS 
01177 55 00026 00003 CONTROL WORD TO Q 
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CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. CV-166 
SAN DIEGO. CALIFORNIA PAGE eN 012-9 

REPORT ZM 491-11 
MODEL 
DATE July 10, 1956 

B I V A R I ATE I~!T ~ p DOL A T I () M 

°1200 If l~ 01201 "'1~12 TEST FOR PARTIAL 

01201 11 00010 00001 STORE DELTA FOR P,l\RT TAL 
01202 54 00021 00041 COr-1PUTE 
01203 73 00010 00,021 SU~J1 OF 
01204 54 0'0022 20041 PRODUCTS 

01205 73 00010 1(,,000 FOR 

01206 71 100('0 00023 PARTIAL f!/\CTOR 

01207 7~ 00021 00022 AND 
01210 72 10000 00023 NORf-1AL I ZE 
01211 45 00000 01217 JUMP TO STORE 
01212 54 00021.. 00041 COMPUTE 
01213 73 00010 20000 T-R !PLE 

012-14 71 20000 00022 PRODUCT 
01215 73 00010· 20000 AND 
01216 71 20000 00023 NORMALIZE 
01217 73 00010 30015 STORE OJ 
01220 11 00002 00006 ROTAT E 

01221 75 30004 01223 TH~ 

01222 11 ()OOO~ 00002 \1N 
01223 ?1 01217 01235 J PLUS ONE 

01224 42 01245 01173 TEST FOR LAST J 
01225 45 00000 3()OOO EXIT INNER LOOP 
01226 00 00000 01212 C 

-..0 
-..0 0122.7 00 00000 01177 0 ~ 

~ 

I 01230 00 00004 4000C N 0' 
I 

(l) 01231 00 nOOOl 00001 S 0 
0' 
~ 01232 00 00020 00000 T t-

><: ('11233 1"1(' """'02 ("t~OCHJ A 0.. 

01234 00 00001 0000(' N 

:"1235 00 00000 00001 T 
01236 ao 00000 00*- S 

"1237 1"1('1 (,(')"15 00011 
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CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. CV-166 
S"N OIEGO. C"I.-IFORNI" PAGE eN 012-10 

REPORT ZM 491-1I 
MODEL 

DATE July 10, 1956 

8IVA~tATE TNTEpPOL/\T!I"'\'" 

01240 00 1)0054 00054 

01241 11 20000 00074 

01242 71 00021"00000 

0124~ 71 00021 (lOO15 \...OtJST,!J.NT~. 

~1244 ,'"'0 ('\f:\(\on 01132 

01245 73 00010 00021 

0124t1 35 00002 00002 

--
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A ..... ~ CONVAIR 
PRaPARaD 8V D. SlIlJllAI & ..-...'_ ...... IL .,.wacs ' ...... 11 .. 

aAN DIEGO 

PAGK CN 813-1 
RIEIIO..,. NO. ZM 491 

MODIEL CHECKED BY C. J. SWIFT 
RIEVISD) rf 

POOR POD! UGIWI1I. DI'1'1WOl..l!lm J(Il 1IlV ARUB 
!DCt'IOI$ OR mu: z:aam'Tl'fII~ 2(rtDl) :pom) 

DATE JUDe 28, 195 

z'o SPECIFICATIONS. 

SlORAGla ". sub-routine i8 stored in cells 01000 - 01)05 and ., be 

relocated. BS verking storage 00002 - 00363 is u8ed. Tables ot an,- aize 

are DOrall;y on MD. 

ntS. Approx. 0.3 sec. Ilinilml + 0.15 sec. tor each change in 64 poiDt 

grid. 

IItJI)J). Tbird order interpolation i. ettected b;y the use ot the ~ange 

4 pOint interpolation torzmla tor 3 'Yarables. This passes a tunotion 

through a 64 pt. cubio array or &a4 ot pointe chosen from the XJS apace ot 

the table. 

II. IBSCRIPTIOR I 

It two quantit1es, '1 and '2, are tunctions ot three variable., x, 1, s 

and their 'Y&lues are given in tabular tora (not necessarily at equal 

intervals), tid. subroutine can evaluate '1 ana '2 or one or their partial 

d.~i~tift8 as specified by a control word. The 64 pt. grid i. first 

selected so that the interpolated poini (x, y, .) is as close to the center 

ot the grid .a possible. 'fbi. grid is then used tor interpolating '1 and 

'2 (or apecified partial derivative or same) in parallel. 

All tacton in the Lagrangian coetticients are norualised to 'Values ~ 1 

to obviate o'ftrfiov difriculti.s. It extrapolation is attempted too tar 

outside ot the outermost grid, a divide fault vU1 occur. 

III. LOCATION AND STORAGE, 

The _in sub-routine i8 coded to operate in cells 01000 - 01265. It usee 

oe118 01266 - 01305 tor constant. and eella 00002 - 00363 in IS tor 

teaaporar1ee. 
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ANALYSIS 
CON V A R 

PREPAR£D BY D. SHUMWAY 
PAGE CN 013-2 

REPORT NO, ZM 491 
MODEL CI-!ECKEDBY C. J. SWIFT 

REVISED BY DATE June 28. 1956 

A starter programtollowed by cmrrent grid intor_tioD tor escheat of 

two functions lsstored 'in (.333)8 callaot MD. !hiB optional MD location is 

nov referred to as cells d thru d + 332. Initial set up of d thru d + 16 is 

as followss 

d 

d + 1 

d + 2 

d + 3 

d + 4 

d + 5 

d + 6 

75 30326 

11 00036 

75 30327 

11 d + 4 

45 

00 00000 

00 00000 

d+7 00 2J 

(30000) 

d + 5 

01002 

00035 

d 

• II • no. ot value. in x table 

n n • no. of values in y tabl_ 

00004 J, a no. of values in Z table 

d + 10 77 77776 "r'f7'n U". index ot current loea tioD in x table • 
iDttlal1y • 1 

d' + 11 0 --------.-----0 fJ. index ot current location in '1 tabl •• 
initially • 0 

d + 12 0 --------0 "f'. index or current location in • table 
initial1,. = 0 

d + 13 00 

d + 14 00 

d+ 15 00 

d + 16 11 

00000 Ax- location ot 1st x table value 

00000 'Y- location ot 1st y table value 

00000 As- location of 1st z table value 

00164 At- looation or 1st Fl table value 

Infonationin d + 17 - d + 332 1s generated by the sub-routine. In order 

to II1nW.. acces8 tbe, the tables should be stOred in the following sequence J 

1. All l[ 'Yalue"s :lit a8cending order 

2. All 1 values in ascending order 

). All. values in ascending order 

4. All'l and '2 values alternate, Fl (X1, 13' at), F2(Xi, 1j, Zt), -

'1(X1. "J' z k.l), F2(xi. yJ, xk+l), etc. with i the major, J the 
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ANALYSIS 
CON V'A R PAGE ON 013~3 

PREPARtD BY D. SHUMWAY 
CHECKED BY C. J. S'-1FT 
REVISED BY 

~"'N DllvO REPORT NO. ZM 491 
MODEL 

DATE June 28, 19~ 

intermediate and k the minor ordering subscript. 

Coordinates of the point to be interpolated ANl> a control word are 

entered: 

(000)1) • X 

(OOO32) :II Y 

(000)3) • z 
(00034)- Control ,word. 

For eomputing '1 and '2' the control word • 00 OOOOOOOOOO 
, dF' dF 

For computing A· ~ and d' ~ the control ward - 0""0---0 

For C01'lmt1 ting ~. a F, and A '. ~ Fa, the control word- ()()()()()444.4 -r- ())y d Y 

For computing ~. )~, and A. ~ the control word • 4OOOOOOOO444 
d~ dZ 

Entl7 to the subroutine isprogr..-ds 37 d+2 d. 

RESULTS. 

(00002) 

(00003) 

(00004) 

~ (in case or partial differentiation) 

'1 or 
A. ;If, 

~,)( or ~.~ 

'2 or A . ~~~ or A . SF; 
d)( y 

WHERE (00002) bas the scaling of the independent variable 

(00003) has the sealing of the '1 

(00004) bas the scaling of the '2 

or 

or 

6.. 

D.. • 

.) F, 
~ 

)F" 
~l 

'!be main subroutine is coded in standard torm fro. 01000 and can be 

assembly modified. 

Subroutine length (including constanta) 

ES Temporaries required 

Total IS working space 

No. ot words tor assembly mod. 

ru .. • a •• -" 

()06)8 • (198}10 

()62)8 • (242)10 

(670)8· (440)10 

(J01)a- (193)10 
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CONVAIR -"DIVISION OF GENERAL DYNAMICS CORP. 
SAN DIEGO. CALIFORNIA 

3 VARIABLE INTERPOLATION 

01000 37 16000 76002 ALARM EXIT 
0100l 45 00000 30000 EXIT 
01002 16 00035 01001 SET UP EXIT 
01003 11 00041 20000 COMPARE SIGMA 

01004 46 Ol041 01005 WITH ZERO 
01005 11 00031 20000 TEST FOR X 

01006 42 00051 01032 AT CENTER 
01001 42 00052 01014 OF· GRID 
01010 33 00036 00017 TEST FOR 
01011 35 00041 20000 UPPER 

01012 35 01266 20000 LIMIT OF 
01013 46 01041 01014 X TABLE 
01014 11 00032 20000 TEST FOR Y 

01015 42 00055 01034 AT CENTER 
01016 42 00056 0102' OF GRIO 

01011 3~ 00037 00017 TEST FOR 

01020 35 00042 20000 UPPER 
01021 35 01266 20000 LIMIT OF 
01022 46 -01044 0102' Y TABLE 
01023 11 00033 200CO TEST FOR l 

01024 42 00061 01036 AT CENTER 
01025 42 00062 01077 OF GRID 
01026 11 0004~ 20000 TEST FOR 
01027 32 01266 00001 UPPER 

01030 36 00040 20000 LIMIT OF 
01031 46 01047 01017 Z TA6lE 
01032 11 00041 20000 TEST FOR 
01033 47 01040 01014 ZERO SIGMA 
01034 11 00042 20000 TEST FOR 
01035 47 01043 01023 ZERO RHO 
01036 11 00043 20000 TEST FOR 
01037 47 01046 01077 ZERO TAU 

CV-167 
P AGE eN 013-4 
REPORT ZM 491-11 
MODEL 

DATE Ju~e 28, 1956 
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CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. CV-167 
SAN DIEGO. CALIFORNIA PAGE eN 013-5 

REPORT 2M 491-11 
MODEL 

DATE June 28, 1956 

3 VARIABLE INTERPOLATION 

01040 23 00041 01~03 SIGMA MINUS TWO 
01041 21 00041 01304 SIGMA PLUS ONE 

01042 45 00000 01050 JUMP TO NEW VALUES 

01043 23 00042 01303 RHO MINUS TWO 

01044 21 00042 01304 RHO PLUS ONE 
01045 45 00000 01050 JUMP TO NEW VALUES 

01046 23 00043 01303 TAU MINUS TWO 

01047 21 00043 01304 TAU PLUS ONE 

01050 37 01077 01137 SET SWITCH AND JUMP 

01051 16 01267 01235 SET UP FOR 

01052 15 01231 01234 DENOMINATOR 

01053 37 01227 01210 JUMP TO PQS SUBR 

01054 16 01275 01235 PARTIAL SWITCH TO NUM 

01055 16 01270 01060 PI SET TO PO 

01056 16 01271 01066 RIJK SET TO ROOO 

01057 15 01270 01060 QJ SET TO QO 

01060 71 30000 30000 QJ 

01061 54 20000 00047 TIMES 

01062 11 20000 10000 PI 
01063 16 01272 01064 SK SET TO SO 

01064 71 10000 30000 QJPI TIMES 
01065 54 20000 00047 SK EQUALS 

01066 11 20000 30000 RIJK 

01067 21 01066 01305 IJK PLUS ONE 
t-
...0 01070 43 01273 01077 JUMP TO NUM AFTER I.AST I JK P""'I 
'-' 

I 01071 21 01064 01305 K PLUS ONE a-
I 

0 01072 42 01274 01064 TEST FOR LAST K 0 
a-

01073 01060 01304 J PLUS ONE P""'I 21 t-

>< 01074 42 01275 01060 TEST FOR LAST J 
0.. 

01075 21 01060 01305 I PLUS ONE 

01076 45 00000 01057 INTO lOOP AGAIN 

01077 37 01077 30000 HUM-DEN SWITCH 

9-491 



CONVAiR - DIVISION OF GENERAL DYNAMiCS CORP. CV-167 
SAN DIEGO. CALIFORNIA PAGE eN 013-6 

REPORT ZM 491-11 
MODEL.. 

DATE June 28, 1956 

3 VARIABLE INtERPOLATION 

01100 15 01272 01234 SET UP FOR HUM 
01101 37 012'27 01207 JUMP TO PQS SUBR 

01102 16 01270 01110 SET PI TO PO 

01103 23 00003 20000 ZERO TO 

01104 11 20000 00004 SUM CELLS' 
01105 16 01273 01116 SET FI-IJK TO FI-oOO 

01106 15 01271 01115 SET RIJK TO RooO 

01107 15 01270 01110 SET QJ TO QO 

01110 71 30000 30000 QJ 

01111 54 20000 0004"6 TIMES 

01112 11 20000 00005 PI 

01113 16 01272 01114 SET SK TO SO 
()1114 71 00005 30000 QJPI TIMES SK 

01115 l' JOO()O 10000 DIVIDE BY Rt'JK 
01116 71 10000 30000 TIMES F1-t JK 

01117 54 20000 00050 PLUS 

01120 35 00003 00003 Fl SUM 
01121 21 Oll16 01305 l-IJK PLUS ONE 

01122 11 20000. 01123 TO GIVE 2-tJK 
01123 30 30000 30000 . TIMES F2-IJK 

0:124 54 20000 00050 PLUS 

01125 35 00004 00004 F2 SUM 

01126 21 01116 01305 NEXT Fl 
.-
t- 01121 43 01276 01001 EXIT AFTER LAST F ...0 ..... - 01130 21 01115 01304 I JK PLUS ONE I 
0"-

01131 21 01114 01305 K PLUS ONE I 

8 
0- 01132 42 01217 01114 TEST FOR LAST K ..... 
t-

01133 21 >< 01110 01304 J PLUS ONE 
a.. 

01134 42 01275 01110 TEST FOR LAST J 

01135 21 01110 01305 I PLUS ONE 

01136 45 00000 01107 INTO LOOP AGAIN 
01137 16 01300 01162 SET COORD SWITCH 
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CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. CV-167 
SAN OIEGO, CAl.IFORNIA PAGE eN 013-7 

REPORT ZM 491-11 
MODEL 

DATE June 28, 1956 

3 VARIABLE INTERPOLATION 

01140 15 00044 01164 SET FIRST 

01141 21 01164 0004'1 X ADDRESS 

01142 15 00045, 01166 SET FIRST 

01143 21 01166 00042 y ADDRESS 

01144 15 00046 01170 SET FIRST 

01145 21 01170 00043' Z ADDRESS 

01146 11 01266 00006 SET LAVER INDEX 

01147 11 00047 01173 COMPUTE 

01150 54 00040 20Q70 ADDRESS OF 

01151 71- 20000 00042 ' FIRST FUNCTION 

01152 35 00043 00010 ON 

01153 71 10000 00037 FIRST 

01154 71 20000 00041 YZ 

01155 32 00010 00001 LAYER 

01156 35 01173 0117~ FOR FIRST 

01157 35 00040 01175 SECOND 

01160 35 00040 01177 THIRD 

01161 35 00040 01201 FOURTH ROW 

01162 45 00000 30000 COORD SWITCH 

01163 75 30004 01165 PICK UP 
01164 11 30000 00050 X COORD 

01165 75 30004 01167 PICK UP 

01166 11 30000 00054 V COORD 

r- 01167 75 30004 01171 PICK UP 
...0 
f"""'! 01170 11 30000 00060 Z COORD -.;... , 
0- 01111 37 01162 01172 SET COORD SWITCH , 
8 01172 75 30010 01174 PICK UP 0-
f"""'! 
r- 01173 30 30000 30000 FIRST ROW 
:><: 

01174 75 30010 01176 PICK UP 0.. 

01175 30 30000 30000 SECOND RO\oJ 

01176 75 30010 01200 PICK UP 

01177 30 30000 30000 THIRD ROW 

9--493 



CONVAIR - D!V!SION OF GENERAL DYNAMICS COlP. CV-167 
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REPORT ZM 491-II 
MODEL 

DATE June 28, 1956 

3 VARIABLE INTERPOLATION 

01200 75 ~OO10 01202 PICK UP 
01201 30 30000 30000 ,FOU,R TH ROW 
012,02 23 00006 01304 TEST FOR 

01203 42 01304 01003 ' LAST LAVER 

012Q4 31 10000 00013 SPACING TO 

01205 32 01305 00005 NEXT LAYER 
01206 45 00000 01156 INTO LOOP· AGAIN 

01207 11 00031 00010 W SET,TO X 

0121P 75 30004 01212 WN SeT TO 

01'211 11 ooo~o ("\0003 XI 
01212 37 01265 01230 JUMP TO INN£R, "LOOP 

01213 75 30004 01215 PI IN 
01214 11 00022 00012 PLACE 
01215 11 00032 00010 W $ET 10 y 

01216 75 30004 01220 WN- SET 
01217 11 00054 00003 TO y~ 

01220 37 01265 01230 JUMP TO INNER LOOP 

01221 75 30004 01223 QJ IN 
01222 11 00022 00016 PLACE 

0122~ 11 00033 00010 W SET TO Z 

01224 75 30004 01226 WN SET 
01225 11 00060 00003 TO ZK 

01226 37 01265 01230 JUMP TO INNER LOOP 
........ 01227 45 00000 30000 EXIT PQS SUB 
t-

'" W3 MINUS WO r-4 01230 11 00006 20000 -I 
0"- 01231 36 00003 00011 EQUALS f>ELTA 

I 
0 

01232 16 01272 01257 SET SK TO S~ 0 
0"-
r-4 

01233 75 10003 01235 COMPUTE t-

~ 01234 11 30000 00026 W MINUS WN 

01235 75 30003 30000 OR WO MINUS WN 
01236 23 00026 00004 GIVING ~ACTORS 
01237 55 00034 00003 CONTROL WORD TO Q 
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CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
SAN DIEGO. CALIFORNIA 

3 VARIABLE INTERPOLATION 

01240 44 01241 01252 TEST WHETHER PARTIAL 

01241 11 00011 00002 STORE DELTA FOR PARTIAL 

01242 54 00026 00041 COMPUTE 
01243 73 00011 00026 SUM OF 
01244 54 00027 20041 PRODUCTS 

01245 73 00011 10000 FOR 

01246 71 10000 00030 PARTIAL FACTOR 

01247 72 00026 00027 AND 

01250 72 10000 00030 NORMALIZE 

01251 45 00000 01257 JUMP TO STORE 

01252 54 00026 00041 COMPUTE 
01253 73 00011 10000 TRIPLE 

01254 71 10000 00027 PRODUCT 

01255 73 00011 10000 AND 

01256 71 10000 00030 NORMALIZE 

01257 73 00011 30000 STORE SK 
01260 11 00003 00007 ROTAT E 

01261 75 30004 01263 THE 

01262 11 00004 00003 vJN 

01263 21 01257 01305 K PLUS ONE 

01264 42 01302 01233 TEST FOR LAST K 

01265 45 00000 30000 EXIT INNER LOOP 

01266 00 00004 40000 C 

01267 00 00000 01252 0 

01270 00 00016 00012 N 
01271 00 00064 00064 S 

01272 00 00010 00022 T 

01273 11 20000 00164 A 

01274 71 10000 00026 N 
01275 71 00021 01237 T 

01276 71 10000 00364 S 

01277 71 00005 90026 

CV-167 
P AGE eN 013-9 
REPORT ZM 491-1I 
MODEL 

DATE June 28, 1956 
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CONVAIR - DIVISION OF GENERAL DYNAMICS CORP. 
SAN DIEGO. CALIFORNIA 

3 VARIABLE INTERPOLATION 

01300 00 00000 01163 

01301 11 00164 00164 

01302 73 00011 00026 

01303 00 00002 00000 

01304 00 00001 00000 

01305 00 00000 00 *1 

CV-167 
PAGE CK 013-10 
REPORT ZI~I 491-I1 
MODEL 

DATE June 78, 1956 
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ORGAN12..ATIOI~ OF Dlr-PARDm:If.l' 66 .. ],0 
__ ~ .. """"'~J':I;~~Il""""'~"I""'I!':.'W'';~''rUP3rTJ.~ .. r_ ...... ~ 

I. GENERAL OBJECTIVES 

A. The ultimate a..'tm is to estabJ.1.sh ])apQrt-ment (56.,..10 o.s Ol\() of the lea(JJng 
computing and da.ta. reduotion centers in th:ts coUntry 0 An a CO~lB9qucnc:e, 
the Missile Syntems Division "rill beNe at its d:Lopooal an important and 
prot!to.ble asset in mectiT18 :i.ts oblisatiOllG, in, L'1creasing its reputetioo 
and. in attrac.tl.tl8 bl.ls1.ltess. Furthormore I the rnaltheed Ai.rcx-a.f·t, Corrorat1on 
will be in an even bet'~or po::d.tlon t, :meet ita eo.mm:ttments, to increase 

B. 

its prod,,,at:f.y1:ty, to enhance its roputat1on and to better ita c(YJIlletltive 
positiooo 

1. Department 66 .. ,10 ohaJ~ perr·)l~m all Mtt.;j) volek faLling ~1.tb1Jl the E;Copft 

of it.s n.c;:t:tvit.i~s~ It l.,:,LU utlflertake the troiru..ng of 1m pr.!7.'3cIlnel 
in tJ,e appliC3'.t:t.OD of e.nQ1y t.:tca1. und numericaJ. lr.ethoda to the:lr 
individueJ. probJ~erruJ. 

20 Depa."t't;mOtt.t 66,,·1() 'tv:i~\ coai~i',~ue to absorb the tP..lCCeGB (J:£ OOZ.!?11ti:nC end 
data. redu.a..?;lo~> loads g~.1(31~9,tc~d by oth.'Sr l...,ockheed di vloiona. Ito 
Appllod. ~!athentt6ti(;fJ S'i;at':4? 'W'.1.1l b~ avtdlable .~ li.elp solve dif'fi(n.u.t 
cOltpt.\tational pl"O\'lemn ~ -;;:0· ~l(-+vt'''f lop ne".( simu.lo.t10P- l'ile"l'thods, to e!';~ltta.t(~ 
eomp1.\'i;ing i?l"O{".e(lUl~CS 'Used. i!l :ll'!UOunt:ttlg Qn.d to j. dvp.at:tgn,i.e 'l~be' faaG1 ... 
bi11t.y ,of :r:u~ther nroc:ooydzQ.t:;.on of I..ocltbeed lluH.il1eas prol')l~av The 
A:ppl:l~..d ri.~theni.e3~ieG Sta.f~:r or DepartU}~nt 66-..10 ,dJ~ be a. nOUXl!C (Jf 
aatb€:mntiCf.'tl c~nsuJ..tant f;!,(l"!Ji(,~e j.'"ead:tly ave,ilo,ble to the (:'ntixe (!orpora."'" 
t1oo. 

3v The E"~xtra. c·a!w:.eity of Dc:&artri£lli::: 66-10 requi:t'ed tel" pealt loods ,,1.11 be 
appl:J.ed to outs!.de bUS:f.lV~OG.. '£hia pol'.<:y ~,!1J. avoi d l~G'~-:Y r: ~'Innoicn 
and nu.nimi:;&e ovcrt;me follotdng the a1·ro.rd or lm"ge CC'll'l1;I'tlC:(j~ outs1do 
bua1b.eSt3 Si.~rv€·s to GlUootb. Oll1:; j;'"l.uct"UE~t1ons in :urtemal d(~:T'~ 
DepaJ; .. tment 66u lO, to (1.ivQ:;7·sify If£D fle;·tiviiliea trott tc ua.1n~ p" ,!~.'l1; for 
the eomp~.n;.y 0 

;; c. ~he reput,at1ctl or DepalJtmen:li 66 .... )"O,{,ylll be based on '-to l>ertOl'ill:'1lJCe and 
not on its alz·e; Ol~ jurisQ.!et:i.on. 'lb bavo satisfied. clwtonta"u iz (l1.n of 
tile moat ~rtallt goals tOl-- De.pti.l .. tli'!en~ G6 .... 10.~ 

C\J 

-I 

~ D. 
o 
o 
0"­
r-f 
t-

>< 
0.. 

For 1 ts 6~ri vol,l, Depal'tmant 66 .... 10 rau">t be able 'i;o recrui to the sl)le:rt $ 

best prepared and most decU~J.tE:d young men aud 'WOIOOn into 1 tb Bel:-vice ~ 
To attrat."t and hold 81.\ch pEllll.ll.e, the pr'1Diae of e career or 11vellhcod 
or of eeono.m:I.c 3uncess 13 not (.lnougho The DeptIr·tment must 0.100 give t.hem. 
esprit. de COl"ps. 
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Page i\:o 

II. (JDrnIAL ft'IIr!IPL'lS ANI) OPwnm PROCKDtlft'!,q 

A. l~od;T ~ld bMre ouJ~ ODe supervisor (e.xeept tecba1¢sJ. eupervtn1<m 
on short proJP.~tR). 

B. If1lere flhOuld be reaao.n:l.ble ~port\1nl ties :tor a6.vaoceaeat. 

c. 
1 All m.ember" ot the clflpt.:rillnnt are eDC!OUl-age4 to Vl'lte tecbrd.cal. 

a~1cles for pub11~n.t1on by )18D or in scientifto 3ouroslso 

2. It, 1s in the lnte~t (j·r the fl.ept»vt:ment th£\t members t.tteod sci_Ut1a 
Ia!..tinge to furtha~ their C'.JWl\ specialized kuO"lI1edge :to the int"erest of 
leD and to· lfsrD s";aou1; DE-V de/el.opmonta ~'ls_here. '~he DUd}P-r of 
employees tr(1Il MaD atterad.1us aoy ODeS! veIl scientif1c meeting 10 

netricted by HID po},.:lq. 

3. It 18 in the interent of the d.ep&r'but:mt that 1 ts me.uibtr8 tr:r to 
:rurther tbeir OWD ethlcat:l.on QJld obta1D advan.ced degr'(!8S. 

D. Since frequeAt change.s Qf. eql!i~!,t tor Departltent 6G-l.O wUl be DetlelJtJ&17 , 
the depa.rtment ,should 'br..t OT&8m.se.l e.oeor<11Dg to tunet1cao aDd not ~~0ua4 
'ex:lat1Dg 0Ir proposed e:pl1prieJ::t; thtl9, no rGOrgEm.zat1on l1Ul- be reqrdred 
vbeIl such equ1pmmt cbal1(~ ere Jl'Qt\e. 

:I. DeolB10D8 ahould be 1JIJ1dt3 at tht.t low(tS"\; possible l.evel 'b7 8Up~eor.~J of 
the anaUest organ1ze.t1oual tD.1.ts eol.eq aft'ected b;r the Br·c:181r.11 • 

.,. Dart ~t 81t0W.4 'be the l-JWOOt ulll t tor ailm1D1str&t1.ve ecn1;roJ. troll 
above. Within the dep&T'tlllf:D.t~, tb!!. work should bebrokal dOlr-n along 
fUnotiOD8l J.1l)ea~ 

o. ».t.ch orgwzatlor18l group ebt,uld "':e provided "5,,th 1lltOrJDeitlen it na<ids to 
meuur-e 1 ta C*n perfOnlflllce. lhcth aer:tton shou14 b8ve tl::e meeDS . ot 
~ ita own prcdaltl0D4h1i.ne activities" 

H. Inter.cal:records 84d cont.rolG should be rdn1nrlr~o Onq records which 
e.Te of 'V&1u.e eboul.d be ltept. IlIter:u.1 COIl"trolu should cost lesa; thin 
Yb&t tl1e7 are supposed to save. . 

Ifbe ¥ark· otthe depar·tm.~A\1r sl:.O'.ald be divided into d1f'f~nt leveu.ao 
I'«raaImel v1th the1dS.'tUt tc:'Clm1eal c.].'llL1.it1Cl.t1ou abc.wd\."'QTk. otlly at 
the h1&hMt level. lor ea&2:mpl.~, in geaeral, 8; PhoD. -..thesaetio1an sbould 
not cod. probl .... 8D4 .. eletftx'otl1c engineer ellOUl4 DOt :partona r~·t1na 
M'1D1;eaaaoe. ~WY.', 1n eJDftrfJellC! .• , It .- be l'1f:oe8f.tl.TJ for wen h1gblJr 
CJ.U&I.1t1ed tecbldta1. peracmnel teLtj:JOxwl1y to perform duties vh1ch should, 
UDder DOral e1rCJU1D8tanOl~, be ua161ted to p«'Jr8Cllllel \litb. letS. taeh~J.cal 
'b&aks:rouD4 or e:aper1t:l10q 0 
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ORGANIZATION OF DEPARTMEi1T 66 ... 10 

J. Prospective customers should. be bothered as little as possible with paper 
work lThen they want Department 66-10 to help them. solve one of their 
problems. Beyond stating ex.p'.1eltly what he wants Department 66-10 to 
do for' him" a prospec·taive customer should onq need h1s' 0m1 department t s 
opprovel of eo Department 6&..10 est:J.ma.te I but he should not be asked to 
participa.te in cny more paper vork. "lovever, e wr1 tten problem statement 
by tho prospective sponsor is suftioient e.tlthorization to stezt the problem 
1mnted1.ately on an interim ba.sis until the oiImin1strat1ve problema h~ve 
been resoJ.ved. 

K. During the move to the Ba.y Area, the d....~artm.ent may be forced to depart 
tem:,porarily from some of the general p~inciples end operating procedures 
it 'tfOuld like to fol~ow. 

A. Obtain e.ualytical or numerical Golut1011Sto problems as a, service tunctlone 
It is usually not sufficient -that an Q'i.lSVer to {1 problem. is found, but 1 t 
must 'be furnished on time. A considera.bJ.e amount of me.theuatie!'~ ~1'lort 
by the depertmen-:; 1lU\Y be involVed in tho f01~etion of mathematical models 
of' the selection of numerical proceduroo or the error aualyGis of' some of 
these p~blems 0 

B. Reduce flight test and o·'her eA-perimenta.l datal :ral·tic1pate in the pre .... 
flight systems <meck.out and -the analysis of the rec11JCed da.te.o 

C. Operate and, it' necessarYI main·tain the cOll!9util.'tg e~ipment assigned. to 
Depa1"tment 66-10. 

D. 

1. PrO'V'ide e. methGmll-tj .. cal co.."rlSw .. ting service by loaning members of the 
Au.Plied Mathematics Staff to projects requiring the ser,,~ces of high­
level mthenw.tieians. 

2. Pl"Ovide c* consul-t,ing service 011 ne~, applications of digital and an.alog 
Computers both for the, mechzmize.ti()n of scientific engineezrJ.ng and 
business problem and for the simulation of complex Gyatems. 

3. P1'"OVide e. consulting service to proJects and other depar.-tments on data. 
processl~g problems regarding instrumentation cmd data a.equisi ti011 
roquireme5lts. 

M 
C\J .. E. 
0- Conduct origj.nel research as e, support:tng 1\m.ct1on and directed tOtfard 

possible application to the solution at acientiftc.. engiueering and business 
problems COllfront1Dg Department 66~O, MSD or the Loekheed Cor,poratiOD. 

'-' 
J 

0-
J 

o o 

"" ..... 
t--

~ 
• 
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1. !O 1BI8geIIalt on :poUC7 matters 4ft_ott. De,pavta.urb 66-10. 

2. ~ ~t 1'or new or imDroved comput1Ds cm4 c1ata re4nct1aD e.p1JMDt. 

G. Prov14e the services of" e. poo.1 of' desk ~ OIl a loaD bea18 to sboJ:1i... 
tena proJects. 

B. I'eep 1r.P to date on nev developments in mathematics eD4 the fields or 
CGIlPlt1Da, 1rlat:rum.entation and de;ta :grocessiDs. 

.. 
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rage Sis 

A. 'Ihe bM4 of the ~t aercd.aes scmaNl ...,ntltrat1'ft!1 8D4 techrd.oa1 
~. 

, B. 

' ..... 
C'J 
C\I .. 
0-
"-' 

I 
a-

I 
<:> 
0 
0"-
r.-f 
r-
~ 
a.. 

1. 'lbt AD&'Ip18 aa4 P".tOQt8IDilDa BecttOll 18 NQ0D8lble tor 'the JiIrOII"'W"OC 
aDd eoa1nS ot·all. probl.e. solved em. the Cblj;art.at'. general. plI'lM)B8 
41&1ta1 8114 aualOS COJI,paters. Ia eW:t1aD., l' 18 ft8JCD81ble ~ the 
8Ol.ut1ca of aU COl!I~utat1crUU. problea _eDt to ~t 66-10 with 
the ezaept1cG ,of date. Nduot1on prob1ema. 

a. &0 t'b.e B1&tems Developa!ct G~ 1s respcmalb1e tor eettiDs up IID4 
1mproviDg cod11Je; procedures aud tor 1m.Proving the OJ.ler8t1on or .... 
ADalye 1.8 and h-cgamadns Sect1oa. It does DOt tak.e part 18 tbI 
solution or oui;s1de pl'Oblems sent to De,partment 66-10. 

b. Through the Syat.ems Developaent Group, the .Aaal.;ys18 aDd P.roglaadtns 
Sectloa 1s also responsible tor keep1Dg up to <late on .. .r eoo,pera­
'ttve co'1ng ef"rorts, such as PAC'l, 8BA!t'l1 UBI and others &lid for 
cc.!ltr1'bu't1b&to them as. fea.slble. It should ainta1n l1a1soD vith 
px"OgrAumlDS grOtiPS a~ other 1Dst&l.la.t1oas &ad mintaiD u.p-to-date' 
descript10ns cxe d.:1ft'erent coding pr~~s ad a 11brar7 ar 
subroutines. 

3. !'he tour progr&8D1.t\E; sroups sbould have competence ~ 1n the 
aoJ.ut:1ora of probl61S su1 table tor 8IJ8l.os CODpltatiOll', trafectory 
problems, ] inear P.-cible!D8 ODd data-benlIl;f as pro'blaD8. '.l'he Data . _ 
SectiOD baa t11....-t priority on the services of the data-handling. pro­
gr8JWdng sroup. 

4. !'he.Analog ~sia Groll9 performs the to.1.J.cJwiog functions: 

a. Program problet1lS tor tho analog computers. 

b. 

o. 

do 

e. 

~tc, end ma:tnta.tn tbe analog computers 8.Bs1gned to Department 66-10. 

a:tr&taln gener31. supervision a'ler physical equipment used ill con-
3unction With "he- analog computers of Depez1aaent 66-10. 

IiUnta1n state·-cd'-tbe-art 1moWlecJge and make recommen4a.t1ons oa. 
future t&e1ll t:tue ad. equ1P1Jle1lt ~u1rementa. 

CoOgerate 1B tlv~ acquisition,. operat11)D.' 8rl4 -.1nten3DCO ot tm¥ 
8Daloa-to-d1g1"UYo and 'd:lg1:tal-to-analog conversion equ1pment when 
such equ1pnent ta intended tor use With the aDalog OOJIWuter. 
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Pag(! Seven 

,. Promising members at the prog:rsQrnj ng groups should have an opporturd ty 
to contribute both to the m>rk of' the Bystema Developnent Group aDd to 
the DIl:theDatical and numerical. ana.\yai8 ot problems which voul4 
usually be C&tTled out by m.e!ljl)~9 of the AppUed tethematlcs Stan'. 
Each group leader should mo.1nta1n close lUdson with the Applied 
M!\theDi.tles Sta:rt and the Sys-t<:IDa Devel.opnent Group and, wenever 
possible, contribute to either one ot theso two aci~lv1tles. 

c. ~ Data Section 1a respon81ble tor the tol.l.ow1Dg functions: 

1. '!he processing ot data as requested. 

2. Participation in instrumentation checkout operatl00s and eve~U&tlon 
of tre t1Dal laborato.l7 caUbrat1cms. 

3. Production of a ~17 z,r,;;port deacrlbiDg.the resuts of systerra 
c.beckaut nma eoDthlct.ed prlar to shipuent of a veh1cl.e to the test alte. 

4. fite publication of fA, poetCDfllp.l1t conference ft quick look" night elata 
'rexJOrt and condu.ct:l.ng the post .. rught conference, os well as ed.tt1Dg 
minutes of the post-flight 6'01.d"erence I 1Dclud1ng S1JIID1\l'Y and ccucluslou 
drawn. 

5. ~ publie.atlon or the f1ritll night test datA report (when require/, 
covering a.ll date. reducedc 

6. ~s at telemeter performmee to keep iDstrurJJeD.tation personnel 
informed of the per.romsn~e ot their equipment I incl\Xd.1ng a.cc.'\J.l"8C1' 
determinations 0 

7. Aetas ecmsultants f(.~ tuture da.ta aequisition requirements to ,all 
cnstaners re<PJiriDg this se1',,...lceo 

80 !rhe aintenance of the fl1ght dJ!tB tUe on all proJectso 

9. 1'he a,perad.on and lCa.1ntP.Uallce of: all special purpose data-hand11 ng 
equipment assigned to the se(rtion. 

10. Hainta1n state-ot .. the-e.rt knovledge and IInlke ret..~d&tilons on future 
tac1l1 ties and equlpmetlt requirements 0 

In arc1er to eva.1.ua.1ie and improve its own opera.tiDg ~, the Da.t& 
Section w1ll have a opecillJ. account supporting 8QVC~ «tV}loyees 111 the 
Data Systems Dev'el.o,pMnt Group for: thls purposG on a tull-t1mc be.sis 
wtolde of all production Qc:tivitieso 
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Page Eig.'bt 

B. TIle Operations Section ill l",spol'J'ible tor the t)l1ov1ng fUnct10nsi 

1. The sehedulJ.ng, a:pe:mtj .. on ar.d, if nece09at'" the ma.tntenanoe of the 
general purpose digital. COUIJ;luttng equ1pnev.t. Ms1gned to ~t 66-10. 

2. ~ma1nta1n1ng of' _chine reeo:;"lll and the preptl.1:"&tion of nnoblne 
perf'ormrmce and usa~ reports. 

3. Supervision of the mt\~dne e:rC:~.3 .'1) well t'B ot key punching and 4esk 
computer services both witbin the department and for outside sponsors. 

4. Coardinat1on of the re<t,.ommendat:lons 88 to detailed. speolf1ea.t1ons tor 
new general purpose dis! tal C<Dj}uting equipj"lEnt baac on future neec1a. 

5. Accepttlnce teats on n~l. tigttBl equipment. 

r. J4Gmbers ~~ the Applied lh-tlltlJlGtic8 8tR.tt, in ge'3€1"&l~ spend at leaat halt 

o. 

at their tits on problems vent to Department £6 .. 10 tor solution on " service 
basis. The rtmR'...1ll1n8 t:ls, shoul.d be divided l,eb,-een the tol.J.ov1D.g fuuct1QQ8Z 

1 •. Eesearch in tha1r own chose,t;. fi(~ld with pro~r npproval. 'J!b1s tY.Pe of 
research wrk must be l~~r elo$e to ):,3.'0 amuica.ticms and f'\m.da 
have to be a'V8.1lable fl~Ol11 tr-e M9D genel"'Bl. ~;:,seerch fUnd for this purpose. 

2. It keeps up to (late <»1 nell' ~;um.eJ~ieall11Otlx:d3 and mathennt1cal procedures 
CD digital or analog C(~mputEi.~. The secw:ing ot reSUlts from research 
ill matb.cmatical model!) fox- JjJlysical, data r 3Gnction and bus1nesG 
probl.e1ls as well as f:rcam J'l'Ull:e:ri(!M methodts ,lJ1d eJ."TOr anaJ.yoia for 
both dig1ta1. and ana.:tJ'E; OOJft.t,utoo,·s 1s incl'WJ:ad 11'1 this tuuetiO!1. 

3. L1a:I.son with untllernatiCf1l cmaQr3il~ groups at other cO!lJ!)uting centers. 

4. Members of the Applied Ifa.tbe·maties Stc.t't my be loaned to organizations 
outside of De,partmeut &;.:.10 to lrork on spec1fie problems for a spcse1f'1.t 
leagth ot time. 

1. Even t.bou8h the k~tXl Ma.t):ema;:;i·;:e Staff cloes, ·in senereJ., not requh--e 
~. teabn1caJ. o1lper\~'J;i.~)n, ita o1!~e does tn ire it imperative to have e. 
representative who Bel"'\reS ~ a oellior sta.f:t n!Jliiliber tor the App:U nd 
Mathematics Starr. 

2. Uelibe:rs o't the Appl1(1(i lofa.th~ma.t~.cll Staff (~re a.vailable fOl" COllsul:tatiOll 
an techuical p:eobleuw by any mt.t!i1ber at Derua:rtment 66-10 vltbout any 
tGnJBl.1tles .. 
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CUMULATIVE ERRATA 

Programming and Operating Conven-ciolls 

Paragraphs 6, 8, and 9 should be deleted. 

CMP-O 10/ /55 

Pages 8A and 10 dated '4/18/56 should be included. 

Page 8 - delete from "Subroutines" to end of page. 

Page 9 - delete first three lines. 

9:25 

Pg. 1 of 3 
06/01/56 

Page 9, paragraph two i and page 10, paragraph numbered 4 - should 

read "prints 'CMP-O,1t and not fTprints 'check sum fails I II. 

CVF-O 11/14/55 

Page 5, line 12 from the bottom should read lin (50000b ) n and not 

"n + 1 = (50000b)". 

DIE -07/26/55 

Page 4, last line should read: b = (~).n'2-4 and not b = (~).n'24 

EGN-O 5/1/56 

Page 8, line 14 should start "~ the ERA paper tape reader) ...•.. 11 

Page 16 line 7 should start "if n ~38 , .•••. 

EXP-3 8/10/55 

Page 1, drum assignment should read 1163766 b through 64044 b." 

~ YPF-O 5/25/56 
I 

0' 
I 

o o 
0' ...... 
t-

>< 
0.. 

Should include SNAP page 6 dated 5/10/56. 

SNAP, page 5,/last sentence should read: "If it is desired to read 

in less than four numbers per card, then the associated address field of the 

decimal number to be ignored must be left blank". 

SNAP, page 6, first line below table "should start "If the exponent or 

the mantissa ..•.. " 
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Pg. 2 of 3 
06/01/56 

SNAP Smapler trace, page 1, the last sentence of paragraph b should be 

replaced by: "Restoring the library from magnetic tape loads an all zero word 

into cell 71777b. If this word is not changed, a complete trace of all SNAP 

commands is automatically performed. 1I 

FRI-O 12/9/55 

Page 4, following paragraph numbered 5, add "Note: If there is a 

s~th level punch in the second of two consecutive frames having seventh 

level punches the stop is bypassed. The check sum is cleared and the reading 

continues. This will still be an illegal combination which will halt an ERA 

photo -electric reader II • 

HTO-O 7/25/55 

Page 1, drum assignment should read "62504 b through 63037 b ll
• 

MDP-2 12/9/55 

Page .. 1, opposite TYPE add Itobsolete. available on symbolic cards" 

Page 2, first sentence below the list of card column assignments 

should read: tlADy card is omitted if each of the four words to be punched 

consists of 36 zeros or 36 ones, and in this event the next card produced carries 

a punch in the l2 row of column 9". 

Page 2, line 12, reference to MDP-2 should read MDP-4. 

Page 2, line 14, should start !leach card contains s.ix cards!!. 

9/12/55 

Page 2, under programming instructions add: tiThe ranges of the 

reaults are the principal values, defined as follows: 

- 1(/2 ~arcsine &£ '1(/2 

o '=arcosine &b rc " 
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Pg. 3 of 3 
06/01/56 

Page 2, under programming instructions add: "The ranges of the results 

are the principal values, defined as follows: 

- 1(/2 ~arcsine g.Ln/2 

O~arcosine g.~lt " 

TNI-l 8/10/55 

Page 2, under programming instructiQns add: tiThe range of the result 

is the principal value, defined as follows: 

_ 3(/2~rctangent x.L'1(/2 11 

UBT-l 10/3/55 

I.() 
C"Il 

0' --I 
0' 
• o o 

0"­..... 
r-
>< c.. 

Page 2 following paragraph six add liES is cleared". 
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PSEUDO-RANDOM NUMBER GENERATOR SUBROUTINE 
by - Harold Dahlbeck 

The basic method used- in this subroutine was described by D. H~- Lehmer in 
The Annals of the Computation Laboratory of Harvard University, Volume XXVI, 
Proceedings of a Second Symposium of Large-Scale Digital Calculating Machinery 
Harvard University Press, Cambridge, Yassachusetts, 1951. 

The method itself requires the following simple form to be used as the iteration 
formula: 

Xi + 1 = eXi (mod p) i = 1, 2, 3, - - -

Although this method is considered to be quite optimal in guaranteeing both 
maximum randomness and greatest periodicity of the Xi, there are considerable problems 
involved in the obtaining of c and p subject to the following conditions: 

1. P should be the largest prime number which can be contained in a register. 
2. c must be of the form Rl when R is required to be a primi ti ve root of p 

and l has to be relatively prime to p-1. In addition c should be as large 
as possible. 

The following twdnumbers satisfy the above conditions: 

p = 235 - 31 = 34, 359, 738, 337 

c = 513 = 1, 220, 703, 125 

A subroutine for generating the Xi is given below. The periodicity of the Xi 
will be p - 1 = 232 - 32 = 34, 359, 738, 336. Any positive number may be used 
as a starting-point for this series. 

1l0J Subroutine for Pseudo-Random Numbers 

~01000 71 01777 01776 513 Rl 
(51~.R1) 1 A 

01775 10000 mod p---) A 
20000 01777 A mod p ) Rl 

601001 73 
~ 01002 11 .... 

77777 77741 235 - 31 
10604 71625 5

13 

t-

><: 01775 37 
~ 01776 01 

01777 00 00000 00001 Ri 

9-511 



9:26 

A Linear Pro,ramming Routine for the 1103 Computer 

General Remarks, 

A working draft ot a linear progr8.DJDJ1ng routine for the llO) is now in 
operation. The routine finds a basic set of values of the variables in a 
linear form, which will max1mj ze or minimize the value of that llne~ form, 
(hereafter called "profit function"), subject to a set of linear reetrainte. 
bee restraints fDa:y be equations or inequalities, and are acceptable with 
or without slack variables. Rovner, it slack varlablee are included, they 
ehould be clearly labelled aesuchJ if they are omitted, the sense ot the 
inequali ties must be indicated. 

The method followed is the Alternate Algorithm of' the Revised Simplex 
Method ot Imltzig, as deecribed ,in Rand Corporation manual RM-1268, with 
certain modifications. Since zero suppression is ueed throughout, the size 
of the problem which can be handled by this program will depend upon the 
number ot zeros in the original matrix of coefficients and in the columns 
etored tor the inverse matrix in product form. In an:y case, the number of 
restraint. cannot exceed 106, the number of variables, including slack 
variables, must be le68 than 258, and the product of the two dimensions should 
not exceed about 15,000. 

The time required tor solving a partiCular system depends upon the size 
ot the matrix, the number of non-zero elements, and the number of iterati va 
cycle. performed in reaching a solution. In general, the time will range from 
a rew minutes tor a emall aystem to about 2t hours for the largest system 
ao1yable by thia program. High speed has been achieved by confining the CYClic 
program and vector storage to the rapid-access memory and the magnetic drum 
(helloe the limitation on size ot the systea). Magnetio tape units supply 
progra.me tor input, computation, and output, and receive intermittent dumps 
ot the entire oontents of rapid-aoce6s storage and drum as protection against 
l1Jlt ..... n interruption, and to prO'Yide tor output ot re8Ults ot previous cycles. 
The program mal ot course be moditied to handle larger systeme by using magnetic 
tape ... torage during cyclic computationaJ however, th18 will considerably increase 
production time on the 110.3. Some actual computation times are as tollows. 

lumber of lumber ot Variables Bumber ot Computation Total Time, Incl. 
"'''-1nt. Including Slack lteratlone Time Input and Output 

24 49 21 2 minutes 4.5 Minutes 
26 37 33 .3.3 " 6.2 n 

27 59 31 4 ft 6.5 " 63 88 59 1l.7 • 15.6 " 
The present program calls tor input data on punched paper tape in Flexowr1 ter 

oode. The matrix is read in by rowe just ae they appear on the matrix sheet, with 
the profit function as the tirst row. A detailed description of input format 
18 attached. While the paper tape is being read into the computer, the input program 
convert. the decimal numbers to binary, as~1gns a slack variable ot appropriate sign 
to eaoh inequat10n and ecales the elements of each row according to the numerically 
largest coefficient in that row. The ll'I8trix is then transposed, and each column is 
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a88igned a scaling based on the numerically largest element in that column. 
The program then packs each oolumn vector by retaining only its non-zero 
elements, in sequence, preceded b,y three code-words displaying the pattern ot 
zero and 'non-zero element. in the column. Packed oolumna are then stored in 
sequence on the drum, and a directory is prepared which records the starting 
addres8 and ecal1ng or each column vector. 

Artificial variables are assumed where needed, but their oolumns are not 
storea, and should not be included in the matrix. The input program prepares 
the redundant equation which serves to eliminate the artificial variables during 
the first phase ot computation. 

Cgmwktigpa 

Ploating vector arithmetic is used for addition and soalar multiplication 
ot two vectors and for multiplying a vector b.Y a constant. This greatly reduces 
computation time as oompared with tloating point arithmetic, yet avoids the 
overflow problems and 10S8 of significance which arise in fixed point arithmetic. 
Significance retained in final answers will depend, of course, upon the amount 
of computation necessary to reach the anevere ; results to date have been 
exoellent, with all answers correct to at least ri~ significant digits. 

The computation proceeds through two phases I Phase I eliminates artificial 
variables b7 maxi m:i zing the artificial variable in the redundant equation. When 
feasible solutions exist, ccmputation then proceeds into phase II, which maximizes 
(or minimizes) the profit !unction itself. Detaileof the method may be found in 
the Rand Corporation literature. 

OutPUts 

The type or output will vary with the nature ot the conolusions reached. 
In most oases, an optimum feasible solution will result; the values and identifying 
indicee ot the basic variables will be printed, as will the shadow prices, the 
baok solution, and the quantities labelled delta-sub-J in the',notation otRM-1268. 

The inverse matrix i tselt is stored in the convenient product form. Thus, at 
the end of the computational program, the inverse matrix as it lNould appear at the 

.,0 end ot AD.'t apecitied cycle is still available. Except for the inverse matrix, re5Ults 
C\l ot previoua cycles are not retained. If these are desired, the program provides for 
~ output after specified cycles. It is recommended that output be kept to a reasonable 
'-' d- minimum, to r;ave computer time. 

I 
o 
o 
~ 
~ 

t-

In caee an infinite solution is indicated, the output program will identify at 
least one varia.ble which is unbounded. 

><: 
0... It the original Bystem contains inoompatible restraints, computation will halt 

when this is recognized through an unfeasible maximum or minimum. At lesGt one 
restraint will be identified b.1 the presence or a non-zero artificial variable as 
being inconsistent with others in the system. 

In case of linear dependence among restraints, the program will proceed exactly 
, a8 in the case of an optimum feasible solution, except that one or more artificial 

variables will be listed in the final basic solution, with assigned va1uP!l of zero. 
Theee serve to identity redundant restraints which may then be deleted by the anal~E,t, 
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though they do no harm other than to increase computation time. 

ProgrQPP&" Comment •• 

The linear program described above i. presented as a working draft, rather 
than as a compl.ted product. It will be expanded and adapted to the needs of 
customere ae we become more f'smiliar with these needs. As the result of' experience 
gained in cheoking out and using the program, certain possibilities for improvement 
have become evident and will be incorporated in the program as soon as possible. 
One .pecific. change contemplated in the present 1103 version is the add! tion of 
th.·tacil1ty tor finding alternate solutions b~ imposing increments upon specified 
quantities and continuing the computational cyole. This is recognized 85 highly 
desirable and will be added as .oon a. possible. 

Suggestione a8 to other service' which milht be inoorporated in the linear 
program rill be 8J.:preciated. ·We will of course be happy to ansver any questions· 
which .aight sri se concerning the program. 

PM or the Program on the llOlA I 

The 110) program ia available in a slightly altered form for use on the llO)A. 
The only changes are in the addressing ot the accumulator and quotient regi:::ter, and in 
the referencea to magnetic tap.; only lO24 vords of core memory are ueed. Thus, running 
time on the nOlA with this program will be approximately the same as on the nO). 
Thi8 time is governed to a large extent b.y the number of' references to the I~et1e 
drum. At present, the entire c~cl1c program, the floating vector subroutines, and the 
directory which Uete vector 8torage locations, are kept on the drum beec;.u~e of llmi'ted 
epace in the 1024 word rapid-access storage ot the 1103. Portions of the program are 
then transterred from the drum to the core storage as needed. 

A complete rewriting ot the Linear Programming Routine tor the 1103A has been 
initiated. Since the 4096-vord core memory provides space for everything except the 
vectors themselves, at least halt ot the drum references will be eliminated, which in 
turn will reduce computation time. by an estimated 40 or 45 percent. 
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70765 01033 73 

70766 01034 11 

70767 01035 36 

70770 01036 35 

70771 01037 73 

70772 01040, 23 

70773 01041 31 

70774 01042 11 

70775 01043 31 

70776 01044 36 

70777 01045 45 

71000 01046 00 

71001 01047 37 

71002 01050 20 

71003 01051 37 

71004 01052 20 

71005 01053 15 

71006 01054 15 

71007 01055 11 

71010 01056 11 

71011 01057 53 

71012 01060 11 

0"- 71013 01061 11 
CIj 
'-' 71014 01062 47 I 
0"-
6 71015 01063 11 
0 
~ 71016 01064 47 
t-
>< 71017 01065 11 
c.. 

71020 01066 53 

71021 01067 11 

71022 01070 75 

71023 01071 11 

710 24 010 72 11 
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01247 

20000 

01212 

01242 

01242 

01270 

01266 

20000 

01266 

01213 

00000 

00000 

00540 

00000 

00540 

00000 

010'00 

01000 

00777 

01250 

01251 

00537 

01260 

01072 

01271 

01065 

01250 

01271 

01270 

10002 

01267 

01246 

SAN OiEGO. CALIi'"ORINiA PAGE Ie 004-7 
REPORT ZM 491 
MODEL All 

10000 

01266 

01267 

20000 

01270 

01213 

00020 

01271 

00001 

0127~ 

01047 

00140 

00540 

0000 

00540 

0000 

01077 

01107 

01264 

10000 

01076 

01207 

20000 

0'1063 

20000 

01072 

10000 

01076 

01254 

01075 

01252 

01252 

EXPLANATION 

R = RE~/1A I NDER ) (A) 

STORE R 

STORE R-1 

R+4-+(A) 

STORE R+4 DIVIDED BY 5 

STORE R+ 4 DIVIDED BY 5 

STORE 

2R X 2's 

STORE 

2R-l 

POSITION 
CARD 

TO 

PUNCH 

SET INITIAL 

DATA ADDRESS 

SET COLUMN INDEX = M 

MASK ----+- (Q ) 

SET BLOCK TRANSFER 

STORE 310 OCTAL 

INDEX = o? 
YES: 

R = O? 
NO: MASK~ (Q) 

SET BLOCK TRANSFER 

SET CARD INDEX 

SET 

NUMBER INDICES 

DATE 2/22/55 
Revised: 6/22/56 

t"1INUS 1 

NO: SET BLOCK BY COL. TRANSFE~ INDEX 

9-515 


