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Program Number: F6-107
April 20, 1959

TITLE: Probit Analysis by Maximum Likelihood

AUTHOR: Richard A. Lamm
Lederle Laboratories
Pearl River, New York

DATE:  April 20, 1959

Purpose: To fit the log-normal tolerance distribution with quantal
responses by maximum likelihood.

Restrictions:

a. The total number of objects exposed (Z n) should not exceed 6400,
If the number is greater, the confidence limits on the log EDSO’ m,

and the EDSO will be incorrect. Other output should be correct.

b At least two r; must be partial responses, i.e., for at least two

doses 0K ry 7ni< 1.

c. Program uses normal deviates (t = Probit =5) rather than probits,
Therefore, probit intercept, a, is coded by =-5.

de If the magnitude of the expected t is greater than 5, the probit
weight (w) is set equal to zero, Its actual value is less than
0.00000771.

ee The probit slope, b, is iterated to 3 decimal digit accuracy
(11 binal places) or until 12 cycles of iteration are completed,
if the slope does not converge in fewer cycles, This accuracy .
may be altered by changing the b mask in Lo + 065l or by extending ‘
the cycles by changing the maximum cycle test in Lo + 0540,

f. Subroutines Required:

Routine Code Lo
Data Input No. 3 11.2 0300
Data Output No. 2 12,1 1300
Alphanumeric 19,0 1900
Square Root 15.0 1600
Logy X 18.0 1700
Exponential 17.0 2300
Antilog Printout LED-21 2100
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The program is stored in Lo to Lo + 0715. Data is loaded in
Lo + 0716 to Lo + 0719 + 3N, where N is the number of data
triplets (d,n,r).

METHOD:

The method outlined in D.J. Finney: Probit Analysis, Cambridge
University Press is used in this program. The notation used in
the program does not always follow that of the text, but an
appendix of notation equivalents is included at the end of this
"writeup". An initial estimation of a = O, b = O is used in the
iteration.

t
P = Q==%?= J e % dx is approximated

by a modification of a formula appearing in Hastings:

Approximations for Digital Computers. The approximation is:

2 .
P = 1 ei%r - N2 g 1 a; ut for t€ 0
N on 1=
) 5 .
=1 - 1 ej%{" Qﬁ'z N a, ut] for t 2 O
N on 1=
where u = [1 + ¢ | |]"l
a) = 0.2258368L46, a, = -0.,252128668
a3 = 1.259695130, &) = -1.287822153
ag = 0.94061,6070, q = 0.2316418883

CODING INFORMATION:

a, Storage. Program: 7 tracks plus 16 sectors (Lo to Lo + 0715)

Intermediate and Final Results: 6320 to 632k, 6331 to
6363.

Data: As required - Lo + 0716 to Lo + 0719 + 3N
b, Program Start. Lo
c. Input. Data tape includes for each assay
1. Compound name or number followed by a cond. stop.

2, 0+ 29 (Lo + 0716)'N'qd'qn'L'—OOOOOOO’
where N is the number of = data triplets (d,,n;,r;)
qq is the q »t which doses are entered
_as required)
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N 6 8 10 12
0-25 26~100 101-400  L01-1600 1601-6L00

provided no ny exceeds 29n. If so, use the next higher
even Qe

L = 0 if not the last assay.

1 for the last assay.

P+qq (Lo + 0720)'dy'dp' ... dy"~0000000!
O+q, (Lo + 0720 + N)'ny'np!' ...' ny'-0000000'

0+(qn +1)(Lo + 0720 + 2N)'r1'r2' ace! rN'-OOOOOOO"

Output. (See Example)

Constants, Most constants are located in Lo + 0645 to Lo + OTll.

Those which may require alteration according to needs

are:
Maximum cycle counter (12@ 29) Lo + 0540
Slope accuracy mask (wwww0000) Lo + 0654
Magnitude of t2/2 test (128 @ 8) Lo + 0652 %

Timing, This varies according to many factors. We have found the

average time to be 2,5 - 3.5 minutes per assay.

Erasable Memory Locations. Anything outside of Lo to Lo + 0715 and

the required subroutines,

Program Stops. Lo + 0063 or Lo + 0100 indicates poor data, i.e.

|(p-P)/Z | or It + (p~P)/2| 2 16.
Lo + 0200 ol 2 16.
Lo + 053l =~ calculations completed,

Format: Set CR at 1 and Tabs at 11, 21, 31 with no automatic CR

in this range.

Breakpoint 16 (Lo + 0530).

UP - Stop after each assay,
DOWN -~ No stop until the last assay is completed.

*If this is enlarged to encompass higher integers, ie., I = 13, etc.
further values of _1 e~1 must be included in Lo + 0712 ... .

N 2n




D.J. Finney

Notation Changes

Program

Program Number: F¢-107
April 20, 1959

Remarks

i th dose

Expected probit t =Y - §

a of program is Finney's a - 5
Sum of weights

Sum of weighted squared deviations
from mean

Number of data triplets (d,n,r)
Standard error of m (Log EDSO)

Working probit. Coded same as a
in program.
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0037

:L ok @

Clear Z nw,
Inwx, 2Znwy,

[XX],[XY], [yy]

Read from

ncrement
L(x),L(n)
L(r)

ape compound
designation

N\
Data Input 3\\ —»
N, 945 a5 Ls
di, Dy, T3 ) L7250 %5 |
i Wi Xi ¥i
/ n: Wi X: Yi
Tnitialize (52,0, Tes e N A
di counter, 2
> dy 2
y No 0 ¥ 93
2 Zny Wi Vi
. Zi= L e—E% - j -
Xi=1og)od; e
Replace nj wi yi
d; by X &
L = Inj Wi yj
2
p.=f 1 L e Hat 4
~@y\ 2 2
ni wi xi ®
2
, Zni W:L Xl
Pi = r;/n; niWioXi
Increment Zn; Wi X4
L(d;) \4 ﬁ
i P
yi=t; * py - Py &1 "1
Zn; ws;
Set cycle Zl T
| counter bg, V IA
ag = 0 5
| = Zl
1z Wj_'
Py Q

0037
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X- _Znwx
_ Znw g
3 Towx Printout:
‘b #of cycles, b,a,
— X,y
§= Znwy Inw, Znwx,Znwy
. [xx], [xy], [yy]
v Inwy
y
%ﬁﬁiy= Chi-square
-X Inwy “Lylela]
[xx] =
Snux? d.f.=N-2
-X Znwy T
[yv] - V(m) = -
Z‘.r_lwy 1 1 (m-x)
b2
_ Ll
g+l [xx]
‘L > 053k
aj+1=y_bj+l
Replace
e - Aj+l bj by bj+l m—1.965
b'+l ¢
J m+ 1,965
ncrement intou
cycle 4 m,m-1.965,
counter 0235 m+ 1,965

of above with
Lederle Rout
21—
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PROBLEM: TRACK
. RZOB'T ANALYS'S -~ MAXlMQM L\KEL!HOOD 00
PROGRAM INPUT CODES 2 LOCATION opsm::::an?cil::n:ss g oiorg::::s NOTES
L1 ; L1l '
T T B I Y
T T R R 0,0,0 0} , nXJR; 1,.9.0.0|" -1 ALPHANUMERIC
| 1 L 10 41 ! J(lj ' q 0.0 ([?.0)
;,O.Q.O;O.O|01q’ : P 194212,0, 2.0 210 1.0
NN W S O LR o F.08, 4;613 Fl ' .
Lo L 40 4 L#ﬁ2—4‘éhf5:1’3 pAR " ComPounD’
I S B L 10,8 EZJ:]Chéﬂ\/KQA?.C)
A Y Y Y I L 10,6 4 X PnOlOlOO i Peint Compeonnt
O S L 49971 IX(IIO 0,0,01" From DATA TAPE
L T P 10 48 IXROBOS i rDATA ,NPUT'#B
O T TS T L 19049 1)(lJ C):3<D 0] (ShiE Frent SHEETI
T S B Lav a0 1B§015131| i 0719 \ FoiR FOKMQT) ‘-‘
T T S T S LTI B 1[qﬂ3f71||65 i PJ<:>21q
T S T N LT 17%()J3p31 '
R S 1 L gt a3 d3ﬁ3f7:| Wik 4:?&,69 29
O T S T S S K I R l)chﬂjlgléa '
T R S T LS B | lEich;ﬂall ' lgcr?'ﬂ
S T S B L gt g6 Jq%0124;1f1 : | @219
AN T S T LR YGC)C) [ q :
T U S S Lt 81y fy'o 0 2.5
O T W Y S LA lB[ d- @%A
TS S " L 12,0 1)@P€%‘N71244’ : L-OGQ{QJJL
O Y T T B - 12 g1 L 1X1L4 l:71ChC) ‘
O S T Loa2 421 g 1Z.r 111“] ' (IBO)
O T S S 112 43 1,LAJElﬁ9<3 CZEZ.;
S T S W T L1238 01 D+064L '@2 -T> QO}JL=/CL@LL_4
O W S S W FENTAN I S S 1r —— '
S NS B L1246 L1 JﬁggDL_JI C’_A
T N B ' L2 a7y g 'S C)C)S 2-'
S S {12 8 [ rr%OlCnBLC) .
TN S T T L 1249 L thCH<)1313
T S T W L 43401 4 I3¥)£)1‘f1
IR W N T S L a3 ! L1 1“*0101 ' Lé E—

F6-107

LPR 5124-1

SC 0502
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Proe T ANALYSIS 00
PROGRAM INPUT CODES g LOCATION OPERA‘:ISOTQRTCTA‘;,;RESS E OCFO:;.;:::Q NOTES
L1 T= T

O S T S S ! L L

L1 0:03 2] 4 LBTLL ] ' TEST FIR LAST dt‘.

L L1333 ] Q(lc.ré)l-g QL'

N LN 1X1C 63,61 CYCLE COUNTER =O

AT S T S T L3454 1XLC 6,3, blz bn::o

T S S S W L 43 46 4 leQL 3,0,3 2o =0

PO S S L 37 1XCé~,315 g ZNur =0

Y S S T L 13 48] QHC}GIB 5.9 ZNwX=0

Loy L 1349 IXIC%GJBLélo > n w’ﬁ'j =0

AN T TR B W L 40y |Y|C§G|31515 [xx]=0

TR T N LA B 1X1C%él31516 EX(;’PJ =0

O W B L 14,2 1X19{6713151'7 i [‘}b’l] e 9

T B Y T LR B 1-8%015131' i BO']I‘]

O T T S B S L 14 14 11nq022‘} | @ 29

O T T T L 14 a5t YJO 0 5 {

S T Y L 446 ] ) 1g07|b N@lq

I T TR W W LR >/ 0,0, b1

TN T W N T N LLE B! 1)’ ol 1 1

U T S T N B NI N A 0,7, 1.0 N @29

L L1540 4 1y 0, 0 Slq '

L LA N B! .[ L ] i Xi @LIL

TN S Y LS g2 Xy H 6,3, -5 3 TeMP- STORE 1N X Loc

3 N S T B W L 15 313 1 1>(1MC?3("2 s 4 bxx@g

L L1514 1X19114313 &3] **9“""!3)(6:1:2@8
' 0 S U R S L a5 Sy 4 1D%0461+18 '@4‘

TR S U Y N ' L 15 16§ ¢ X1H%63141(0

T S T S LaS a1 g 1&0161316 1 P’\Z RovTiNE

T Y S L1548 L1 1u1015|q’1q’ i )

WO S W S ' L 45 49 L1 IBI ] ' ri.@?,m‘”

I T Y S S L 16 4,0 ] 1[ 'Y\i,@%*v\-" 'p@l

T Y T S 116 4! 14x8631+5 P@l

TS S T W ' L 16420 4 1M§01611+L'7 @ 3

O S S W S LIS L X LD%6131’+1'+ Z®0 S—
LPR S124-2

@ CARRIAGE RETURN

CONDITIONAL STOP CODE
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[FrRosCEw: TRACK
Pros 1T ANALYsIS o1

rmoamam mrur cooes | 8| toeamon [ TT ST B] correns, NnoTes

L1 ; I '

L1y L T S T H |

Ly L O lo0f | X LA}61311+16 ' WORKING PROBIT =5

L 1 L0 .x.H=613 S - . &4, TEMP. SToRE N T L]

Ly ] P 10,21 ) B0, 6 q‘ 51 | @ |

T I L 19431} tX[Séaq‘S' D> Q @I

Ly 1 L1941 1XLM|6 345

Ly L LR :D;O&qu'le i 1@ 2

T 1 p 10,6 4 X 1C G 3.2, i Teme. FrorE PQ @ 0O

L1y L L 19,7 1)(1B 03 Lq'lq’ i Z @0

Ly 1 L 10481 1)<1M 63 4.4

Ly ! LNEE lx;Déaz4 — W @O

Ly 1 LI IM'LI oA ni@q"n

Ly 1 LT B 1XH631114‘ i

Ly 1 L 1ty 1)(19 G, 3 5 8l

Loy L L1143 .Y 6473158 Z"nl,u)'\. @f»,‘

- ! Lot X I.B% 613121“{‘ '

T S 1 Loatgs ] o X 1M367131543 ' X, &4

T | [T 1/1H%é)l3 2,3

TR 1 Lt a7y 1X1A -3.5.9

Ly | L Va8 leQé35'<7 Z"L‘th‘/ @ %,,-0-‘4-

Ly \ LIS N Y. 9 Bé 3,23

Ly 1 L 1240 ) X M 63 5- 3

e | ea]. xAL3S5S

Ly 1 L1232 1XCG‘3155 an‘“‘r&x’{ @%“+8

L1y 1 L1243} _L_LB éél&q’,;

S | L1244 L. 1Mé3 51“1‘ ]

S T 1 L2 a5 leéz'Llil _

TR L L 12 46 4&816131‘2 O] -

T T ' 1 L1247 L Xy C(OBGO Z‘nivfi-{; @q’ﬂ‘fq‘

L1y 1 L 12 48 L X B 63 2,2 ! '

T S " 1 L 42494 4 -1M%613151'+ -

T 1 L a3 401 lx‘lﬂ}613l517

T L L3 ] X 1C16131517 i Z N "; @ Q‘V\+8

LPR B8124-1 ' @ CARRIAGE nt(IIuaN v L WAL fm Smnendt

CONDITIONAL STOP CODK
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PREPARED FOR: PAGE of
e LOP=30 REC-L000 USERS CROMIZATION - PUOL . AL
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[FROECTM: TAACK
Prop i1 AnaLysis 01

S | 1 BV | e

1 1 1 ; 1 | )

N B 1 N T T S R S

Ly 1 Ol 2| 1X|B;é’|312~13

N | L33 X M(o 3 51"" '

Ly 1 L1344 LAXIA("BS(O'

L1y I 1345 1XC(935 6l 2 nad Xoud @ant8

Ly ! L (346 131010 5.1 iy '

T T T L L 347y IS 00,32

T S B L AL IT 0, '1"{'1

Ly ! L 4348y .u O 1,2 ———— LAST X, ProceonCay

L1y L LA B 18 0,905l .

O T - ] LR L1 1u%oxo 4, 4 - —~— CQMPUTE FoRr NEXT Xt

L1y ] LR 1XLBJIGI3I~5:lq 2 nwx @%‘ﬂ"‘f

Ly 1 LT IXLD%47131518 i ‘Z'm,r@ (‘i‘}’vx

I N S 1 L 14 44 ] IXIH}6L31513 X @ e

Ly ! L4 s LXLMITéIBISICI I

L L ey xC 63,200 X 2 wX|@ Gn8

Ly 1 [T A 1X|B§@131Q10 p3 V‘“"a— @%w +4

L1 1 L4 8 171D}6131518

L 1 L4 49 LXIH%613151L'{' i 4 @ Lf.

R T 1 11540 IXIM%6131610 i i

L1y L Lo a5t ] 1X1C%é’1312|' qu'"“"& s %M*g

Lo 1 L a5 2] 4 X S é‘ 3,6,0

L1 1 115 43 11X MI 63, 5 3

T W J 115 14} 3 1X1)q G356 —
TR L1518 ,#LMLXLC 63,56 L‘«?j; Zx kY~ XLmrg,. @-l?,ﬁS

Ly 1 L1516 1Y1b 4'131J15

S S ! LS 17 L X 5'637‘0

P | L5 8] 1K1C§(’1315-15 [-)()(J @ 'g'n‘fg

T B G S 1 L 15 49 | AXLB%6131517

T T L L1640 1)(13%69131111

Ly L L 16 1]y 1X1C—}é131517 [';’yf]@ %"*8

T S L L 16,2 |XIB=6131516

PR ) el 1[‘1%01614.8 DY

ROTAL WCOEE, ATWENS, 0103833 %

= CONDITIONAL B8TOP CODE
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PROBLEM: TRACK
f‘ Proe T _ANALYSIS 01

moanam mrur cooes | §| oeamion [t B R B o Neneas

L1 ; ! '

L1y ! [ T T N

Ly L Q120 0} | IXLD%613L515. ' > 53’94

I 1 L 104! L1 1E=0161514 - |WwWWo000

Ly 1 L 102ty X 1H{§1314'13 ’

L1y | L 1943 IXIM%613I513 _

Ly 1 L 10 4 1)(1(:(‘-’34'2- i bj#lx @838

L ! L 1945 ¢ lxlBé354 ' %@4’

I ! L 19,6} MOG*% ,@4'

Loy 1 L 107 ]y AX1S%6131411 i

L1y L L 1948 ] leC}él3l(313 | Xt @8

T "t L L 10491 1X151r613xé'13

L1y | ENLATL I IXAD}6131413 .

Ly L ST B 1X1C=bl31510 v =lonBD50 @ Y

Ly L Lty g 1X1‘B‘4613161, INCREMENT

Ly L Lt a3 nq%ollrllc‘l | @ 29 CycLE

Ly . R 1x1C%C-=13,(91| )  CouNTER

T S T 1 (LRI 1x18}é131612 bj @‘/’

Ly ! TR AL 1)(15%@'131%13 bje) ®4

L I Lty 1'1T%O111111 — bj*l # bi

Ly ! p V8 1XLB'LGL_3.LI’,L3_;

O L LIS lg_XIS{(91316,13_,,_L

L | L 1240 lTLO 222 — L’i‘fl% L'

Ly ! a2y 1u 02,35 | bl‘ll"’b S To QUT PUT]

O L a2z | X B é"J_lLf 3 . 1 R(.QLALE b bg

Ly 1 L1213 L,AL)_(,-C(.DS |- b‘3+l

Ly 1 L2 4]y X 18}613161' —

L1y 1 o245 0 1 15}0151410 ’

T 1 L 12 46} _1,_J+QL2.12,18 - ——

[ L L 4247 1u%01:¢3,15 N CY'CLCS'-‘-VJ\"'TO OuT PV

L1y 1 L 12 48 15('.!;% [.6©0.0] | <!

Ly 1 L 12,9 L 1)(12.%010101' _

. 1 L 4340 4 X 1B%613Ll+13

T L N lxR%l,3.OIS DaTtp Oulpﬁq‘r:f‘l
LPR B5124-10

@ CARRIAGE RETURN

= CONDITIONAL STOP CODK
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[FROBLEM: TRACK
ProsiT ANALYSIS 02
rmoamam mrur coves | B | ocarion [T (B comments NoTEs
[ ; | '
Ly TR B : _
N S T 0,23 2| , X M; 3,0,0 lPﬁ""—r b For
I L3 3] IXIZ}OI'IOIL{' ' cycLeE
L Loy W07 M ——> Creat Qee, S1aRT NEW ITERAT
T T T S L 135 ] ) 1)(1& 1,9,0,0}" Acpnanumecie OQutey
e o IR H I 3 16| mu% 1,9.0,0 C I?"’)

}10.12,0,0,0,0,7 L1317 210||18;61 Fil
e S L 43 48 élFlolj}llelvllF— i - Cyeies qgl—?PE‘"
T L3 19”31017LF%01J1"'1L1(‘: i CiviER e fT
T SR S L thl'“flf:}Bnollll i
L 41 14! 317\151,:}%1}:.1'1? '

T S B L QIFI%JF%L{IZJS'IF i

T T T T L a4 3 12,0, 118}\/16)1010

T S T B LN Y. lBJ'éLil-CQIJ

T T S N W 1 4A S 1)\’13(”131015 ' A

T S S W L a4 g6 1)(1&1%]131010 ) (\ DaTtA v

T T S | LR Y. 1%.;01' 129 ’f OuoTipvr *2
RS T W T W L a4 8 ) X 12%011101"} ! C’lv‘)

T S S S B L a4 49 ] 1’&2;01,1018 ' J

Ly Casao | oGR19.0.0] Y Al pHh NUmERIC
L4 S gt I 1>(1u#‘1q1010 J( ([fl_(”)

) 101010%010105 ‘ L4542 2101210+' 3, 1,0 S— — _]
S S Y S S 115 13 310101A%310101A X "(',/' .
S Y T W T T S L 45 1 4 101018}3101‘%9

‘S S O W T S T 145 15<3@~@%2101 [ 18
Lo b1 115 16 3101\/1@%010[010
O W T S W' L5 7 ] :X16}4”131513 i
TR S S S L 15 (8] 4 LXLR% '131015 i 2 DatA
T T W B 115439 lx-lu% 1,300 ( OuvtPuT -}t'z.

S S A S T T 1 16,0 L IXIZ%OID\IO nL"' ) (12-‘)
T A T . Lo a6 gV 1X1R1Ll1qxolo ) ALPHANYMERIC
G S T T ' L 18 321 1XLLJ1f11q1010 (’9'0)
)lolol o%qoiol7 L 16,7 210121()1{ ,181 Ilo oA WL, AT, G I TTTR
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FRoRCENT TRACK
ProBIT ANALYSIS 03
moanaw mrur cooes | B | roeamion [ mE ST B conrenTy,
L1y ; L1 i
AN Y B S B [ O T _ _
TR T T T 0,30 0 L(—H‘O,S 3 2,7, J|- Z Nwr .
NS S T W S L 40411301, Oq‘“*'olg ' Y nuwx
T S L 10 42 11171\) “fH30' "g‘hw’g“
A T T S L 10,3 Lot414;018|317— : v
BT T W W L 40 44 7\71 2 2,0, 1 8"
N T T W T W L 10,5 VlQloOOOOO'
N G T T LA anO 541 x 20[00
S S S T LR H{Olr’lllg i 4;"‘@23
L UL S 1Y%O|31115 i
S S L 1949 4 1B1012 6,0| x£20204
O Y Y Y B (LTSN lAlO7 2],
TR T T S LTI S| 1)’101—4 16
U T S T S S Lot g2] 1)(186 3 5.8
O T T L 413 1X1R1’1-a105 —\
A TS Y L N 1><M 1,4,9,90]" ( Datp Ourur # 2
T BN N Y W W L) Lo 12—[0"1(‘?1-’?1'1] ' (I:ZJ)
T Y N [T AL 12?:0'1'“{*?"] ' wd
L LR IXJR 1,.9.0,0]" 1{ ALPHA NUMER(C
S S T Y W L 1V, 8] lxlu 1,9.9.0 2 (‘1'0)
)LO O 05010101'7 ! LR ] 210120 1,31 0,, _
T T S St L 1240 34:'084’[‘]{'9 ’[X)‘J“
T Y B L2 1,02, Alle-J)(a LXjJ
U W WY T S W 11212051M'1)’0_ _ r%%j
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