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INTRODUCTION

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for
the HP fully programmable calculator user. This service is designed to save you time and programming effort.
As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in
terms of power and flexibility, but the real genie in the bottle is program solutions. HP’s introduction of the first
handheld programmable calculator in 1974 immediately led to a request for program solutions — hence the begin-
ning of the HP-65 Users’ Library. In order to save HP calculator customers time, users wrote their own programs
and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs
were accepted and made available. This overwhelming response indicated the value of the program library and a
Users’ Library was then established for the HP-67,/97 users.

To extend the value of the Users’ Library, Hewlett-Packard is introducing a unique service—a service designed
to save you time and money. The Users’ Library has collected the best programs in the most popular categories from
the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting
in substantial savings for our valued HP-67/97 users.

We feel this new software service will extend the capabilities of our programmable calculators and provide a
great benefit to our HP-67/97 users.

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic
cards are not included. The Program Description | page gives a basic description of the program. The Program
Description |l page provides a sample problem and the keystrokes used to solve it. The User Instructions page
contains a description of the keystrokes used to solve problems in general and the options which are available to
the user. The Program Listing | and Program Listing |l pages list the program steps necessary to operate the calcu-
lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent
information about data register contents, uses of labels and flags and the initial calculator status mode is also found
on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,
“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and
Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-97). If the calculator indicated differs from the calculator you will be using, consult
Appendix E of your Owner’s Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but
some differences do occur in the keycodes used to represent some of the functions. '

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,
several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner’s
Handbook for full instructions. A few points to remember:

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your
program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have
recorded the program. This simple step will protect the magnetic card and keep the program from being
inadvertently erased.

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.
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Program Deseription 1

<z )
Program Title DEMOGRAPHY: Estimates of Parameters/Rates of Increase

Contributor’s Name Hewlett-Packard Company

1000 N.E. Circle Boulevard

Address

City Corvallis State Oreogn Zip Code 97330
\. J
- )

Program Description, Equations, Variables Generation time is estimated using the formula:

w
,f o~ gxlxmx

Ro

where x is age, 1_ 1s the fractional survivorship to that age from age class zero,
m_ is the fecundity at age x, and RO is the net reproductive rate, computed from
the equation

w
R = ¥ 1m
o a XX

In both equations o is the age of first reproduction, and w is the age of last
reproduction. Any number of non-reproductive age classes is allowed, by simply
keying in a constant, k, that is added to each age of reproduction internally by
the program. This program is designed for use with another (next), which computes
much more accurate estimates of the intrinsic rate of increase by an iterative
process. This program estimates the intrinsic rate of increase, r, using the
following approximate relationship:

olla 4
r = logeRo
T

Using the estimate of r stored in R_,, and the products of the age-specific
survivorship and fecundity schedules stored in registers 1 through 7, the
program computes the sum w
Le™X1m
x=a X X

(Continued on next page)

Operating Limits and Warnings Only seven reproductive age classes are allowed and a

constant, k, indicates the number of non-reproductive age classes.

\_ /

This program has been verified only with respect to the numerical example given in Program Description /. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. /




Program Desecription |

4 )
Program Title

Contributor’'s Name

Address

City State Zip Code

\. b,

( N
where a is the age of first reproduction

Program Description, Equations, Variables
(1ym, is stored in R,) and w is the age of last reproduction. This sum should
be unity if the estimate of r is good. The program compares the sum with 1.00
and if it is too large the estimate of r is decreased (if the sum is too small,
the estimate of r is increased). The program then stores this new r in R. and
recalculates the new sum, which is compared with 1.00 again as before. Tﬁe
process is continued until the sum is unity (to two decimal places) and then the
program terminates and displays the intrinsic rate of increase. Each loop
requires about 10 seconds of calculator (computer?) time, and some parameter sets
may take up to about 2 minutes before r is displayed.

The program also displays the finite rate of increase, A, which is simply e,
If the user thinks the program is taking too long to compute r, it can be stopped

with the "CLx" button and Rg recalled to see what value of r was being used in the
last loop.

Operating Limits and Warnings

This program has been verified only with respect to the numerical example given in Program Description li. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL. J

-




Program Deseription 11

N
SAMPLE PROBLEM: A population has the following schedules of age-specific survivor-
ship and fecundity:
Age (x) Survivorship (lx) Fecundity (mx)
0 1.0 0.0
1 .9 0.0
2 .7 0.0
3 .5 0.0
4 (o) 4 1.0
5 .3 1.0
6 .2 1.5
L 7 .2 1.0
r 8 .1 1.0
9 .1 0.5
10 (w) .01 1.0

1. Compute the net reproductive rate, R , of this population and estimate
its mean generation time, %, and intfrinsic rate of natural increase, r.

Note that the data needed to compute these demographic parameters are
contained entirely in the last seven (reproductive) age classes. Therefore,
data are keyed in beginning with age class 4, which is the age of first
reproduction. In this example k = 3. Data above the dashed line may be
used with the next program in this series to compute demographic parameters
for non-reproductive age classes, such as expectation of life and
reproductive value.

2. Calculate the intrinsic rate of increase and the finite rate of increase
for the same population.

Solution(s) %0 : ;'225
r .3594 (an overestimate)

1. .4[ENTER ¢] 1 [ENTER 4] .3 [ENTER +] 1 [A]
.2[ENTER +] 1.5[ENTER 4] .2 [ENTER +] 1 [B]
.1[ENTER +] 1 [ENTER +] .1 [ENTER +] .5 [C]
.OL{ENTER 4] 1 [ENTER 4] 3 [D] [E] - 5.625¢

[R/S] - 0.3594
[RCL] [9] - 1.3600

2. [f] [A] - .0552 (r)
[£] [B] - 1.0568 (A)

\.

Reference (s) Mertz, D.B. 1970. Notes on methods used'in life-history studies. pp.4-17

in Connell, Mertz, and Murdoch's'Readings in ecology and ecological
genetics.' Harper & Row, New York, 397 p.

Pianka, E.R. 1974. Evolutionary ecology. Harper & Row. 356 pp.

Poocle, R.W. 1974. An introduction to quantitative ecology. McGraw-Hill.

This program is a modification of the Users' Library Programs #03637A

and #03638A submitted by Eric R. Pianka.
\. _/




User Instruetions

r>r A
‘1 DEMOGRAPHY I: ESTIMATE PARAMETERS/RATES OF INCREASE
Slgiln  glizm o 3o T, x
INSTRUCTIONS DATAONITS KEYS DATAUNITS
Load side 1 and side 2 L]
T
Enter data as shown for Survivorship/Fecundity| 1i [ENT || |
m | mrll
12 Ext |[ ]
Wy [a_J[ ]
I3 [ENT |[ |
m3 lENT [ [
Ly [EvT |1 |
my (3 I[ |
1s BNt |||
ms Ent |l |
1 [ENT J[ |
me Lc I[ ]
17 [ENT [ ]
my [ENT | [ ]
Enter age constant k k [D |[ ]
Compute T (e |1 ] T
I N
Compute T [R/S N | r
[
Recall R_ from R, [rReL |[ 9 | R
L0
Iterate the solution of r £ |l a | r
[ N
Compute the finite rate of increasing A\ [ fil [ B:W] A
B [
T
L1
[
I D
)
I
R B
I .
I N
I JLo ]
[ R
I




97 Program Listing I

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
g8l wiELn  ZI 1l @57 3 62
gez = -3=  Data entry 855 RCLE 3¢ &8

o

0 @03 T 853 s =g
604 -31 Bee X -35
Gas -2z 61 + -5z
S I & 862 RiL4 3 84
BT 4 863 4 a4
a8 2112 #64  RCLE 36 &z
Bz -35 855 + -55
Bié 5 64 BEE ¥ -33
@il -31 ae7 + -5z
@1z -32 #58  RCLS 36 8s
813 I3 8 BE9 5 és
#14 3 676 RCLS 36 8s
15 2113 871 + -z
616 -35 @7z -32
817 35 26 a3 5 -E2
Big -1 874 RCLE 5 8¢
T -3% a3 g &6
826 5 es 676 RCLE 3 &8
821 24 677 . -z=
62z Brs X -35
ars + -55
6z 686  ROLT 36 67
8z 881 7 &
62 852 RCLE I a8
g2 883 + -5
621 B34 -35
825 B85 -55
, 638 Bacg 36 85
‘ @31 887 -24
= G5 cy ~
834 896 :
635 831 E3Y -41
636 83z : -
@37 + 831 5708 5 Store £ in R
838 RiL3 834 RN Display T 8
635 ROLE 695 ¥ibLa II 16
646 RCLT 836 1
@41 : 897 GSEE 3
B4z + 89  RCLI 3%
643 Bas -

44
845
46
647
B4&
43

[« 2 ¥}
O G 5 U1 G S O O G OD0 M5 5 e P 51 PO e Gof obe

) P
i
NGy ) g e e P 05 By € be @ b b g €01

—
L
Lo G
+

[} [}

J
838 i8e  GSEBB &3
#3i 167 RCL3 36
a3z 18c A 35
@53 -3 185 + 33

654 = -35 116 4 84

8533 * -5o 111 GSRé £3 ge
85 RCOL3 36 82 i KCLL4 Jo &4

REGIS 1EHRD

0 1 5 6 7 8 9
o Lomg  [orimgss [Toromora [fot3mats 1 m Logsors| T | K a

=,
=]

S0 St S2 S3 S4 S5 S6 S7 S8 S9

A B C D E 1




97 Program Listing 11

6
STEP  KEY ENTR KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
113 =35
119 + =55 170 o
115 5 a5 w
116 G&5Ba 23 8¢
117 RCLS 36 &5
118 -35
118 + -53
128 & a&
21 GSE# I3 8E
122 RLLs 36 @&
123 i -33
124 + -55 180
125 7 &7
126  GSEE 23 88
127 ROLT 36 &r
128 X -35
128 + =55 Note: insertion of
138  EKT? =z an "R/S" here willl
131 EWT? =21 stop each loop
i3z i #i and display the
133 # Hg sum for user's
134 15 bg inspection (hit 190
135 EnT1 -Zi R/S to continue)
136 R+ -3l
137 ; =35
138 INT i 34
135 Rt ie-31
146  x=77 ie-33
41 6TGi 2Z 8l
14z R4 =31 A
143 R -31 w
144 1 ai 2%
15 - -45
146 . -5z
147 2 G&
148 -3Z
145 RCLS 36 &g
156 + =55
151 §708 33 6&
15¢  6Tda 2z i6 1
153 #LBLI £l 81
154  RCLB 36 a2 210
155 ETH 24
156 xLELE Zl aé
137 RCL# 3b &6 Age constant k
158 + -55
155  RCLE 36 &S
1eé kY -35
161 CHS -l
182 e* 33
163 kTN ia
164 *iBlbk 2i 16 if 220
165 a¥ 33 , -
166 RTH s |Display A
167 k-5 H
LABELS FLAGS SET STATUS
I R A T R T
L4 b 4 6 M ON OFF
S T - 3 = i o 0O ®| bEG ® | FIX ®
0 used 3 4 2 T O X GRAD O SCI [
y - - - - . 2 0 ® | RAD O ENG 0
30 3 n




Program Deseription |

-
Program Title DEMOGRAPHY: Expectation of Life and Reproductive Value

Contributor's Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330
\.

~

rp.—ogram Description, Equations, Variables After storing the intrinsic rate of increase r,

in register 1, the user enters age (x), age-specific survivorship (lx), and

age-specific fecundity (m,) sequentially, beginning with the oldest &dge class

and working toward the youngest age class. User-defined key "C" is punched

for each age class and the expectation of further life, E;, is displayed as

computed from the equation: %
E. =XX7J

X
X
Fisher's reproductive value is computed from the equation:

efX o

-rt
e
X 1x t=x lt m¢

After all age classes have been entered and E_ and vy for each has been computed -
and recorded, User-defined key D computes the net reproductive rate, R,, and the
finite rate of increase, A, from the equations
i r
Ry = X lxmx and A=e
o
Generation time is computed with the approximate formula:
w
T = gx:l'xmx
; R, ) v
(o is age of first reproduction and w is the age of last reproduction.)

Operating Limits and Warnings Register 8 stores a sum that is used in each computation
of vy; hence an error in data entry at any age will throw off all subsequent

computations for younger age groups.

\_ J

4 N

This program has been veritied only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

. ' J




Program Deseription 11

rESkétch(es),

\_ —/

(;ampwihobwnﬂs) Compute expectation of life and Fisher's reproductive value for
each age group in a population with the following schedules of age-specific

survivorship and fecundity:

Age (x) Survivorship (1x) Fecundity (my)
0 1.0 0
1 .9 0
2 .7 0
he intrinsic rate 3 .5 0
{Ef natural increase.% 4 b 1
is known to be ,0552 5 .3 1
6 .2 1.5
7 .2 1
8 .1 1
9 .1 0.5
10 .01 1

Also caleulate net reproductive rate, the finite rate of increase and mean
generation time.

-0552 [A] 10 [ENTER +] .01 [ENTER +] 1 [B] - 10; [C]+1.000;[R/S]+1.000

Solution(s)
9[ENTER +] .1[ENTER +] .5[B] » 9; [C] - 1.100; [R/S] - 0.595
Repeat for 8 thru 0 to obtain values in table
Eq = 4.41, vg = 1.000
E;y = 3.79, v; = 1.174
Ey = 3.59, v, = 1.595
Bs = 3.62. vo = 2.361 [D] > 1.3600 (R.)
E, = 3.28, v, = 3.118 [R/S] - 1.0568 ())
E 3.03, vg = 2.985 ”
E. = 3.05, v, = 3.146 [E} > 5.625 ()
E; = 2.05, v, = 1.739
Eg = 2.10, vg = 1.563
Eg = 1.10, vg = 0.595 )
- Eio= 1.00, vig= 1.000

Reference(s) Fisher, R.A. 1930. The genetical theory of natural selection. Oxford.
Mertz, D.B. 1970. Notes on methods used in life-history studies, pp 4-17
in Connell, Mertz, and Murdoch's '"Readings in ecology and
ecological genetics." Harper & Row.
Pianka, E.R. 1974. Evolutionary ecology. Harper & Row.
Poole, R.W. 1974. An introduction to quantitative ecology. McGraw-Hill.

Wilson, E.0, and W. Bossert. 1971. A primer of populatio j .Sinaue
This program is a translation of the HP-65 Users' Library Program 30§&g&ggy

s _ 2
¥
.

submitted by Eric R, Pianka.




User Instruetions

‘1 DEMOGRAPHY II: E, and vy

i ' ' . ! : ; i
o . ; [
e e e e e e — e e e

i
[ S —"

; ; ) | [
. ! . I )
e e e — e e e e —— e e e e e
B : o i ' : ' ' R i ' i ' v
. . . : . I i :
!

—_—e—— e e ——— e — e —— — ——
|

' i
S,

S
STEP INSTRUCTIONS DATAONITS KEYS DA AUNITS
1 Read program (in "run'" mode!) - f__l
2 Enter intrinsic rate of increase in Rj r LA_“I lim |
— -
3 Key in age (x) of oldest age group first x [ + j
4 Key in survivorship of oldest age group, (1) 1, [; ]
first [ - L I
5 Key in fecundity of oldest age group (my) _ m FBE ”l (x)
first [ B :|
6 Compute and record expectation of life, E %-C 1] Ex
7 Compute and record reproductive value, vy R/S - v,
8 Repeat steps 3 through 7 for next oldest age [ I X
until all age classes have heen entered and l - 7I Ex
a complete sequence of values have heen | : ] Vx
obtained for Ey and vy, for all ages. i -
9 Calculate net reproductive rate, R, [ D. Ro
] _ l
10 Calculate finite rate of increase, A R/S A
11 Compute estimate of mean generation time, f E T




97 Program Listing |

10
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
! . é57 g [Disstay £,
< Clear registers 835 35 &
ges Store r in Rj @55 oX:
@?f 8s6 : Display A
805 85!
ade gez
gay Store my in Ry Bod
i Be4 24
#as Store 1y in R3 gES 5: Display f
glé . Hée i @7
Bil (o Bev 32
ais T N @868 JE b1
a1z 5757 g5 z -5
ais Ri & ‘ BT FTK 24 Display T
815 570: 35 82 | Store x in Ry ‘ @7i  RE =
gle  RCLi Jo !
ai7 : -3
dic
ais 3
ik S6 82
42 ] -5
B2s 33 d8
'E; 080
e
826 kS
627
8:5 :
625 +
g3e 57405
631 RCLE Display age x
83z RKTH
B33 *LELC £iid
834 Elle oE BE 090
a3s 36 8&
836 -4
837 5. |Display E,
a3t 36 &2
B35 r
84¢ o
841 36 g2
84z < 25
845 : b 8s
844 -38 100
645 RCLE 36 a3
846+ ss
@47 576G 35 BE
B4c  ROLE 36 8o
845 e” )
856 KCL3 36 a2 SET STATUS
451 z -24 FLAGS TRIG DISP
e ~x ~i Display v 0 ?S(§T DEG X FIX K
g3 kTN 5 PRy Vx ™o 'O GRAD O | sci O
854 Jh_th.Lf £ioud 2 0 R RAD [J ENG O
855 OSP4 -€F @84 5 0 K n_2
#56  kCL7 36 &7 REGISTERS
9
0 ' r Z x 3 1, Y omy ° rx ° Tly ’ Z1lymy E3)3"rxlxmX T x1 My
S0 S1 S2 S3 sS4 S5 S6 s7 S8 S9
A B C D E 1




Program Deseription |

11

Program Title DIVERSITY AND EQUITABILITY INDICES

Contributor’s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

% )

Program Description, Equations, Variables

Given a data set:
{nl, Dys Dgs oeo ni}
The program computes the following:

Diversity = 3.3219 (logjg N - — En;logignj)
N

Diversity
Equitability 3.3219 (1og10N)
Where:
nj = number of individuals of the i th group

N

total number of individuals in the collection

3.3219 = conversion factor logjp to logsy

City Corvallis State Oregon Zip Code 97330 )
. J
( )

Operating Limits and Warnings

n is a positive interger and n > 1,

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. ./




12

Program Deseription 11

Sketch(es)

L

—
Sample Problem(s)

Compute diversity and equitability for the following data:

{ 740; 11,000; 920; 180; 180; 740; 180}

water quality criteria: Bioscience, v. 18, p. 477-481.
Peet, R.K., 1974, The measurement of species diversity: Annual

Review of Ecology and Systematics, v. 5, p. 285-307.
This program is a modification of the Users' Library Program # 04754A

submitted by W. Thomas Shoaf.

Solution(s)
[A] 740 [B] 11,000 ([B] 920 [B] 180 [B] 180 [B]740 [B] 180 [B]
[D] 1.22
[E] 0.09

\.

( .

Reference(s) Wilhm, J.L. and Dorris, T.C., 1968, Biological parameters for




User Instruetions 2

DIVERSITY AND EQUITABILITY INDEX

data diver

Initial

correct

STEP INSTRUCTIONS DATAIONITS KEYS DA AONITS
| 1 | Enter program ] L;
L L
2 | Initialize [a J[ |
C
3 Perform step 3 for i =1, 2, ...x ni [ %;fl[::;;] i
(number of individuals of the i th group) [;;”J [”,,]
[ ]
4 To correct entry ni L,C,V][ ,"J i-1
L]
5 Compute diversity FE; J [ﬁ,i ] diversity
I R
6 Compute equitability [ E}{] equitabiit
(R
(For a new case go to step 2) | | ”]
I .
L]
A .
[
Lo
I
I R
L]
]
I N
I .
[ 10 ]
I
.
[
R N
I N
[ R
I .
I
.
[
N .
I I
I

y




97 Program Listing |

14
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
B81 xLELE i1l N A
apz (LR 16-53  Tnirdalize, press
ea3 Rk &4
884 %iBLE z1 1z No, Individuals in |o060
aas  STuE 3o 86 ith group,
gee  5T+Z 35-35 8< N=S+N
787 Lk i€ 32
8as RCLE 35 #6
Bas k4 =35 X =8 * log(s)
a1e 57T+3 35-55 83 Z=X+12Z
811 1 81
812 &§T+§ J35-35 8%
813 RCLS® 36 85
814 RTK 24 070
815 «&LBLD £l 14 Diversity
816 RCL3 It @3 Z/N
417 RCLZ 36 dz
gig = -Z4
a3 5704 30 B4
826 RCLZ 36 82
821 LOE ie 32
822 RCL4 3& &84
823 - ~45 Log (N)-(Z/N)
824 3 43 080
823 . -6
826 3 83
827 Z 8z
az8 I i
aze g as
838 5701 35 81
a3l X -35 3.3219*[log(N)-(Z/N
a3z ETH 24
833 «xLBLE Zi 1% Equitability
834 5TG7 35 &7 090
833 PRCOLZ 36 8:
836 LOG 16 32
837 RCLI 35 @i
838 X -35
a39  §T0E 35 88
848 RCL7 36 87
841 RCLE 36 88
842 2 -24
843 RTH 24
#44 xLBLC Z1 13 Correct 100
845 STDe 35 86
846 ST-2 35-45 @z
847 LOG e 3&
A48 RCLe 3& @86
g49 X -35
@58 ST-3 35-45 63 SET STATUS
851 1 6i FLAGS TRIG DISP
852 5T7-5 33-45 8% OE!]\J OéF DEG X FIX
- ; ~ 0 X
gf.j g”; ;‘j 110 1 0x| GrRapO | sci O
I S - 2 0 @ | RAD O [ ENG D
| | 3 0 R n
. REGISTERS
0 1 2 3 4 5 6 7 8 g9
Used IS ISlog$s Used S Used Used i
SO St S2 S3 S4 S5 S6 S7 S8 S9
A B D 1
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Program Desecription |
=

Program Title NICHE BREADTH AND OVERLAP AND SHANNON'S H AND HORN'S R0

Contributor's Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330.
\.

s : o )

Program Description, Equations, Variables Given resource utilization vectors for two species,
this program computes niche breadths for both species using Simpson's diversity
equation:

B = n—z— where the P; are the proportion of the
Lpy ith resource used and n is the total number

of resources.

Thus computed, B varies from 1/n to n, and can be standardized as a fraction of
the maximal possible value, By,y, which is equal to n, by dividing by n.

Overlap is computed using Pianka's (1974) formula:

2 2
./Zpi Iq§

where the sums are over all i from one to n, p; and q; are the proportional use
values of resource i by species A and B, respectively. Thus computed, overlap
varies from zero to one. For some purposes, the Arc sine of this value, which ~—
varies from 0° to 90°, is useful.

Gilven two vectors of proportional relative importance, pj and qy, thils program
computes Shannon's information theoretic index of diversity for each, according _

(Continued on next page)

Operating Limits and Warnings None; zero entries are permitted.

4 N
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. _/
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Program Deseription |

2 )
Program Title

Contributor’'s Name

Address

City , State Zip Code
. J
S * )

Program Description, Equations, Variables
to the formula:

Hp = -LpiLnpj or -Zqy LN qj. = Hq

Each H is expressed both as an absolute value and as a "J" value, which is a
fraction of the maximal possible H value, Hj ...

The program also computes Horn's (1966) measure of overlap, R, from a
simplified computational formula:

_ ((Hp + By /2) - Hp
° Ln 2

Overlap =R + 1

where H_ is computed from the p; and qj vectors, with rj = (pi + q4)/2
according to Shannon's formula (above). H is stored in register 6.

Operating Limits and Warnings

— J

This program has been verified only with respect to the numerical example given in Program Description /l. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. S
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Program Deseription 11

Sketch(es)

\_

N

-

Sampwihobwnﬂs)lﬂ Two species (or individuals or populations or other organismic
units) use four resources (microhabitats, foods, or whatever) in the following

- proportions:
prop Resource 1 Resource 2 Resource 3 Resource 4

Species A 0.2 0.5 0.1 0.2
Species B 0.3 0.1 0.4 0.2

2. Two communities have a tetal of five species in the following proportional -
relative abundances (or importances);

Community A Community B
Species 1 .1 0.00
Species 2 .2 .4
Species 3 0.0 .2
Species 4 .5 .1
Species 5 .2 .3

What is the diversity of each and how much do they overlap?

Solution(s) 1. a. Initialize (zero all registers): [CL REG]
b. Key in pj, q4i data as follows:

0.2 [+] 0.3 [A]
0.5 [+] 0.1 [A]
0.1 [*] 0.4 [A]
0.2 [+] 0.2 [A]

c. Compute niche breadths: [B] 2.94 [R/S] 0.74 (Bp/n)

[R/S] 3.33 [R/S] 0.83 (Bq/n) T
d. Compute niche overlap: [C] 0.59, Arc sine: [R/S] 36.2
e. Check Sums of pj, qj: [D] 1.00, [R/S] 1.00

L (Continued on next page) R

~
fﬁe“”ence“) Simpson, E.H. 1949. Measurement of diversity. Nature 163: 688. )
Pianka, E.R. 1974. Niche overlap and diffuse competition. Proc. Nat.
Acad. Sci., USA 71: 2141-2145.
May, R.M. 1975. Some notes on measurements of the competition matix, a.
Ecology 56: 1in press.
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Program Deseription 11

Sketch(es)
\_ _/
s )

Sample Problem(s)

Solution(s) 2. a. Initialize (zero all registers): [CL REG]
b Key in the five sets of p; and qj data, letting i run from 1 to 5:
0.1 [+] 0.0 ([f] [A]
0.2 [+] 0.4 [£f] [A]
0.0 [*+] 0.2 [f] [A]
0.5 [+]1 0.1 [f] [A]
0.2 1 0.3 f{f} [A]

v s
Cad

c, Compute diversity of community A (Hp) : [£][B] 1.28, [R/S] 0.80(H/Hy4
d. Compute diversity of community B (H,): [f][C] 1.22, [R/S] 0.76 (H/Hpao
e. Compute community overlap, R, [f][D] 0.71

. : Y,

N
(Reference(s) Shannon, C.E. and W. Weaver, 1949. The mathematical theory of communication|
Univ. Illinois Press, Urbana.
Horn, H.S., 1966. Measurement of "overlap" in comparative ecological
studies. Amer. Naturalist 100: 419-424.
Lloyd, M.J.H.Zar, and J. Karr. 1968. On the calculation of information

- ,theoretical measures of diversity. Amer. Midlan Naturalist 79: 257-272.
This program is a modification of the Users' Library Programs # 02158A & #03150A

\submitted by Eric R. Pianka. ./

)
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User Instructions '
Hp’ Jp Hq’ Jq R
NICHE BREADTH and OVERLAP/SHANNON'S H and HORN'S Ry
By, Bq 0 Chk.
STEP INSTRUCTIONS D A'T'j\'ﬂ,’,f.,s Dl(\)TlfAT/S:rTS
1 Enter program [:::j [;;:]
2 Initialize (zero registers) [:::j éi—EEG
3 | For niche breadth and overlap, go to step 4.
For Shannon's H and Horn's R,, to to step 9.
4 | Enter pairs of data, pj, [ENTERt] T repeat til P4
then qy L finished q3
5 To remove erroneous data pairs, p;j [ENTERt] Pi
qi ki
6 | After all n data pairs have been entered,
compute niche breadth for first species B,
compute its standardized niche breadth B;/n
compute niche breadth for second species Bg
compute its standardized niche breadth By/n
7 | Compute niche overlap 0
compute Arc sin of overlap Arc sin(0)
8 | Check sum of pj to see if it is unity IpPy
check sum of gqi to see if it is unity a4
9 Enter data pairs Pi
qi
repeat 9 until all pairs of data are entered
10 | To remove erroneous data pairs, pj [ENTERt] P;
q4 9i
11 | Compute diviersity H_ -ZpiLNpj
12 | Compute J (H/Hpay) g;/Hmax
13 | Compute diversity H, -£q4LNq4
14 Compute J (H/Hpay) ) Ho/H
15 Calculate overlap R, D Ry




97 Program Listing |

20
STEP KEY ENTRY KEY CODE _COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
e ¥LBL& Z1it N 357 RCLI 36 81
gaz  SToT e 4 858  RTH 24
B8I  ST+4 35-55 84 859 ¥LELD 2114 Chk.
864 53 a68  RCLZ 36 az
A85  §T+5 35-55 @5 BEl RS 51
gae X2y -4i 862 RCL4 36 84
ga7  ST+2  35-55 8: BE3  RTN 4
aag 53 664 ¥LBi: 21 16 II Pt q
aRe  S5T+3 35-55 63 865  5T07 25 a7
@18 LSTX 16-63 B6E X2V -43
811  RCLT 36 B7 867  STOE 35 88
g1z -35 868  ST+4 35-55 a4
Bi3 ST+6 35-55 @6 860 g aa
814 i &1 678  x=v% i6-33
@15 5T+#1 35-55 @i 871 GT0! 2 61
Bi¢  ROLI 36 81 87z Ré -31
iIT RTH Z4 872  ENTt -21
B18 kLBLE Zi iz By, Bg 874 LK 3z
819 RCL3 36 83 7S -35
828 i-% 5z @76 S3T-5 35-45 85
21 k5 51 77 xlBLI Z1 81
827  RCLI 36 @i 878  RCLT 36 &7
22 z -24 @7¢  ST+2 35-55 @z
@24 RE 51 8s8 é B
B25 RCOLS & @85 881 E=v? i6-33
826 1% 52 #g?  GTOZ 2z @z
a27 RS 51 a3 Ry -31
828 RCLI 36 a1 Ba4  ENTt -21
8239 : -24 ags LK 3z
636 RTH Z4 ags -35
871 *LBLC Z1 13 0 ggr  §T-3 35-45 &3
32 RCLT 36 B3 BSS xLBLZ i o8z
833 RCLS 36 85 885 R{LS I6 8&
A34 -35 898  RCLT 36 87
a3s N5y 54 891 + -85
83¢ RCLE It @6 aaz z az
837 KXV -41 833 z -2
83e z -24 894 € a6
38 RS 5] 83=  5=v7 16-33
848  SIN- 16 41 Takes Arc sin of 0 asc G703 27 83
a41 RTN 4 as7 Ré -31
842 xLBLE 21 15 Error 895 ENT# -Zi
843 §T0F 35 @7 a9a LN 3z
B44 ST-4 35-45 @4 188 X -35
a45 Xe 53 181 §T-6 35-45 86
B46  ST-5 35-45 @5 162 ¥LBLZ Z1 &3
a47  E2Y -4] 183 :
48 5T-2 35-45 é: 184 ST+ 35-55 @i
449 NE 53 185 RCL! 36 81
58 ST-3 35-45 &3 186 RIN z4
@51 LSTY 16-63 167 *LBib 21 16 1Z Hp, J,
852 RCLT 36 87 188 RCL3 36 83
853 X -35 188 R-§ 5]
@54 ST-¢ 35-45 @6 118 RCL! 36 @i
55 1 éi 111 LN iz
@56 ST-1 35-45 @i =G .. 112 sToF 35 &7
0 ''n ? Epg Srpi2  |* zas " zqs?  |°pias | Used ° °
n Lqi ~IqiLNqi| Zpj ~LpiLNpj| -Er{LNr; | last q4 | last ps
) |5 S2 S3 4 S5 S6 S7 S8 S9
A B C D E I




97 Program Listing 11

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 z 24 169 ENTt -21
114 RTN 29 78 LN 32
115 #lBLc¢ 21 16 13 Hy» J 171 X -35
116  RCLS 36 85 q 172 ST+ 35-55 66
1y Rs5 a1 : 173 alBL6 21 @6
118 RCL7 3& 87 174 i 8l
1139 * -24 175 ST-1 35-45 81
126 RTN 24 176  RCL1 36 81
121 #LBLd 21 i6 14 R 177 RIN 24
122 RCL3 36 83 ° 178 RS 51
123 RCLS 36 a5
124 + -53 180
125 2 8z
126 z -24 -

127 RCi6 36 86

128 - -45

129 z z

138 LN 3z

131 z -24

132 1 61

133 + -55

134 RTH 24 190

135 xLBle 21 16 15 Error

136 STO7 35 67

137 XY -41

138 8708 35 @&

139 5T-4 35-45 84

148 a 66

141 X=y© 16-33

142 6704 22 84

143 Ré -31

144 ENT? -2i 200

145 LN 3z

146 X -35

147 ST+5 35-55 &5

148 xiBL4 21 84

148 RCLT 36 &7

158 ST-2 35-45 82

151 8 aa

152 X=Y? 16-33

153 6105 22 85

154 Re -31 210

155  ENT? -21

156 LN 3z

157 x -35

158 §T+3 35-55 &3

159 xLBLS 21 85

168 RCLS 36 65

161 RCL? 36 &7

162 + -55

163 b 8z

164 z -24 220

165 é 8a

166  X=v? 16-33

167 G706 z2 86

168 Ré -31

LABELS FLAGS SET STATUS
Aprqi [PBp, Bq  [°0,Arc sinl’zpy, zqi If pitqy | FLAGS TRIG DISP
a b c d e 1 ON OFF
Pi» 9i | Hp, Jp He, Jg Ra Error o OK| DEG K | FIX X

0 ' Used ? Used ° Used ‘ Used : ; g g 2230 B grc\:llG 8
S Used 6 Used 8 o 3 3 08 n
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Program Description |

~ ™
Program Title POPULATION SIZE ESTIMATE (JOLLY'S METHOD)

Contributor's Name  Hewlett-Packard Company
Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330
\.

( . )
Program Description, Equations, Variables Using Jolly's (1965) symbols, let

n = number in sample (at time t)
m = number of marked individuals in sample at time t (recaptures)
s = number of marked individuals released from sample (need not be all)

r = number of marked individuals released from sample which are subsequently
captured again at least once (known to be alive later)

z = number of individuals marked prior to sample, but not captured in
sample, and which are subsequently captured in later samples (hence
the individuals known to be alive at time of sample).

The estimated size of the marked portion of the population at time t is given by

s
M=m+ z —
T

~

Estimated population size, N, is simply M times the ratio of marked plus

unmarked individuals in the sample (n) to marked individuals in the sample (m):
N=M- 2
m

Jolly's formula for the standard error of the population size is as follows:

_ . Memts (11 1 3
S- E.I’\‘] = N(N - r){—ﬁ-— (-IT - ;)+(E - -r—l)}

Operating Limits and Warnings The following inequalities must be met:

n> m>s 3r

This program has been verified only with respect to the numerical example given in Program Description Ii. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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N
Sketch(es)
\¥ J
-
Sample Problem(s) Suppose you collect a sample of 100 isopods from a marked
population and recover 64 marked animals. Of these 64 you retain 16 gravid
females for further observation of fecundity-size relationships (this means
that 48 are released). Subsequent sampling of the population produces
28 recaptures of these 48 animals. Lastly, you knew that you had only
80 marked animals in the study plot, so that you collected all but 16 of the
marked individuals. Hence Jolly's input values are
n = 100
m = 64
s = 48
r = 28
z = 16
Estimate the population size and its standard error.
Solution(s)
100 [ENTER t] 64 [A] 48 [ENTER +] 28 [ENTER +] 16 [B]
[c] » 142.86 (N)
[R/S] - 10.47 (SE)
[D] »  91.43 (M)
\_ W,
( N
Reference(s) J9lly, G.M. 1965. Explicit estimates from capture-recapture data
with both death and dilution —- stochastic model.
Biometrika 52: 225-247.
Poole, R.W. 1974. An introduction to quantitative ecology. McGraw-Hill.
(pp. 307-312.)
This program is a translation of the HP-65 Users' Library
Program # 03257A submitted by Eric R. Pianka. J
\.
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INPUT KEYS OUTPUT
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97 Program Listing |

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

Store M

=3

Store

Display M

#LELE

=y 4
A
b
- s
Sb o
-45
o
- o=
G0 Cu
-4
Tl
4
-
Ry

070

080

090

100

SET STATUS

FLAGS

TRIG

DISP

110

ON OFF

wWN - o
oo

& 6d B

DEG R
GRAD O
RAD 0O

FIX &
scl O
ENG O
n—2

REGISTERS

5

Z

=

SO

S1

S3

S4

S5

S6

57

S8 S9

D
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Program Deseription |

Contributor’'s Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330
\.

Program Description, Equations, Variables
Where ng; = the number of cells in Gl phase

ng = the number of cells in S phase
ng2 = the number of cells in G2 phase
ny = the number of cells in M phase
n = ng) * ngy + ny = total number of cells.

The proportion of cells in each phase N = X is computed. The proportion
of cells in each stage is related to the t Tme required for completion of
that phase: Tx

Ny =2T -1

where Ty is the phase time and T is the cell cycle time.

Given a starting concentration of cells, n,, and a subsequent concentration
of cells, n, after a measured amount of time, t, has elapsed, the program
computes the cell cycle time, T, from the equation:

L

n = no2T

1 )

Operating Limits and Warnings Date must be obtained from cells growing in the logarithmic
growth phase. Viability of the cells should be confirmed as no adjustment is
made for cell death. Please note that the sketches drawn employing circles to
represent cell cycles are used for simplicity of expression. However, the
relationship between the proportion of cells in a given phase and the amount
of the cell cycle time used is not linear.

J

This program has been verified only with respect to the numerical example given in Program Description /. User acc_epts and.uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

N
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Sample Problem(s)
1. In a randomly dividing cell culture with a cell cycle time of 24 hours,
a sample is evaluated and 500 cells are found in M, 1000 in G2, 500 in
S, and 1500 in Gl phase. Calculate the time spent in each phase:
TGl, TS, TG2, and TM.
2. 1In this culture the cells in mitosis were examined, and it was found
that 30 cells were in telophase, 50 in anaphase, 70 in metaphase, and
350 in prophase. As above, the cell cycle time is 24 hours and the
total number of cells counted is 3500. Calculate the time spent in
each phase of mitosis:
Toro> Tmeta» Tana» 2nd Tieqo-
(Continued on next page)
Solution(s)
1. 24 [ENTERt] 3500 [f][A] 1. Tgp = 8.35 hours
1500[ENTERt ] 500[ENTERt ] 1000[ENTERt ] 500[A} 3500 Tg = 3.30 hours
[B] - 8.35 hours Tgo = 7.73 hours
[C] > 3.30 hours TM = 4.62 hours
[D] > 7.73 hours
[E} - 4.62 hours
2. 350 [ENTERt ] 70[ENTER* ] SO[ENTER+ ] 30[A] - 500 2. Tpro = 3.17 -heurs
[B] -~ 3.17 hours meta = 0.67 hours
[C] » 0.67 hours Tana = 0.49 hours
[D] - 0.49 hours Trelo = 0-30 hours
[E] - 0.30 hours
\. J
7
Reference(s) Puck, Theodore T., and Steffen, Jan. Life cycle analysis of
mammalian cells. 1I. Biophysical Journal 3: 379-397. 1963
This program is a modification of the Users' Library Programs
#01522A and #01630A submitted by James M. Mason.
\. _/
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Sketch(es)
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Sample Problem(s)
3. Find the cell cycle time, T, of cultured cells (represented above) where

a starting concentration of cells, ngy, a subsequent concentration of cells,

n, and the elapsed time, t, are given:

100,000 cells/ml
500,000 cells/ml
48 hours

o

n

Solution(s)
3. T = 20.67 hours
48 [ENTERt ] 1[EEX] S5[ENTER+ ] 5[EEX] 5[f][B] > 20.67 hours
s
Reference(s)
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User Instruetions 29
T + Total ¢t,n,,n>T
‘1 CELL PHASE AND CYCLE TIMES
E% G1,S,G2,M
STEP INSTRUCTIONS DA'II'TSL‘JJ'IITS DI:)TUIJS:ITS
1 Load side 1 [:::]
2 If cell cycle time is known go to step 3 [:::]
If cell cycle time is to be calculate L__;j
go to step 5 [:jij
3 | Enter cell cycle time T 4+
Enter total number of cells
total £ T
4 | Go to step 7
5 Enter total number of cells n total f
6 | Enter elapsed time t +
Enter starting concentration of cells n, +
Enter subsequent concentration of cells n f T
7 | Enter number of cells in four phases:
# cells in Gl phase or prophase ng] Oor n pro 4+
# cells in S phase or metaphase ng or n meta 4
# cells in G2 phase or anaphase ng Or n ana +
# cells in M phase or telophase ny or n telo A botal 4 phg
8 | Compute time for Gl or prophase B T
Compute time for S or metaphase o T,
10 | Compute time for G2 or anaphase D T3
11 | Compute time for M or telophase E T,
12 | Find T3 + Tp + T4 + T4 RCL 2Ty
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
861 *LEBiLn Fi il Enter cell counts 857 RCLS 36 85
ga:  sST0! 35 &1 858 - -45
gaz * 9 853 RN 24
aa4 8T6z 35 8z @6@ RLELD 21 i4 T
aes + =35 @61  RCL1 36 81
@8c  ST03 35 az @62  GSEA 23 8@
aar ¥ -33 863  STGS 35 @5
aes STG4 35 84 864 RCLE 36 87
aes KTH 24 865 GSEE 23 @
a18 xLBlo 2! € 1i Enter T and n total 856  RCLS 35 85
#11  STO08 35 8g BET - -45
812 x&V -4 @68 RTN 24
613 STOs 35 &6 869 ¥LBLE 1 13 T,
614 KTN 24 878 RCLI 36 8i
815 LBl 21 16 iz Cell cycle time(T) - B L 23 88
16 L0 i€ 3z 72 RTN 24
817 XY -41 872 RS 51
818 LOG 16 3z
819 - -45
828  5T06 35 a6
821 R -31
22 z 8z
23 LO& 16 32
824 x -35 080
825 RCLE 36 86
B2E = -24
827  STOE 35 a6 Stores cycle time
28 RIN 24
829 «xLBLA 21 ve Computational loop
@38 FRCLB 36 8t
a31 z -24
a3z 1 a1
a33 + -55
834  LO& 16 3z 090
835 z 8:
836  LOG i6 32
837 z -24
838 RCLE 36 86
832 X -35
a48  RTN z
841 LBLB 21 1z Ty
A42  RCL3 36 83
843  GSE8 23 86
844 5705 35 85 100
845 RCL4 36 84
646  GSBe 23 Be
B47  STOT 35 o7 Total of Ty,T),T3,T
848 RCLS 35 &5
849 - -45
#5a RTN 24 SET STATUS
851 &LBLC 21 13 Ty FLAGS TRIG DISP
852 RCL2 36 @: 051 %F]F ee @ x ®
= >3 B@
ggf 2‘;52 ;g gﬂ 110 S o0& | crepn | s O
el o uY 2 O X RAD O EN(,}D
855 RCL3 36 83 30X n
#5¢  GSkEe 23 68 CEGISTERS
7 8 9
° "n,  [fng + g [Pngimg #'ne + 03 seratenl® cell i ry wrpe [ foral
ny + np 0] kylations| time T3 +T4 pf cells
50 S1 52 S3 S4 S5 S6 S7 S8 S9
A B C D f
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4 )
Program Title CROSSOVER: LOCATIONS/PRODUCTS

Contributor’s Name Hewlett-Packard Company

Address 1000 N. E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330

\. ,

a4 , )

Program Description, Equations, Variables Lnis program calculates the locations of all
crossovers which must occur to produce a given progeny chromatid. Two-strand
crossovers between complementary parental homologues are assumed. Following
a decimal point, the presence or absence of dominant alleles are represented
by '1' or '0' respectively. A chromatid with alleles AbcdEFgh is expressed
as .10001100. Crossover regions are numbered consecutively 1, 2, ..., n,
from left to right. Crossover region 1 is the region between the two digits
nearest the decimal point; region n is between the two digits farthest from
the decimal point. After entering parental genotype, progeny genotype and,
the total number of crossover regions, n, the program specifies each region
in which a crossover occurred to produce the progeny chromatid. The presence
of a crossover in region 1 is represented by 1l; a crossover in region n, by
n. Absence of a crossover in a region is denoted by 0. Crossover locations
are calculated by an algorithm which successively compares adjacent and
progeny gene pairs and determines whether progeny genes are in parental or
crossover configurations.

(Continued on next page)

Operating Limits and Warnings The maximum number of testable loci is 10. The decimal

point must always be entered before the binary equivalent genotype is entered.
Use only 1's and 0's. To prevent logarithmic conversion errors produced in
the algorithm from appearing in the results, results must be read with
calculator set to DSP 0.

4 )

This program has been verified only with respect to the numerical example given in Program Description Ii. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.
NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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Program Title

Contributor’s Name
Address

City
\.

State Zip Code

( )
Program Description, Equations, Variables The program calculates the genotype of a chromatid

produced by crossovers between specified loci of a parental chromatid and its
complementary homologue. The presence or absence of a dominant pareﬁtal
allele is represented by 'l' or '0' respectively. The parental chromatid

with alleles AbcdEFgh is expressed as 10001100; its complementary homologue
with alleles ABCDefGH, as 11110011. Crossover regions are numbered

consecutively 1, 2, ..., n, from left to right. Crossover region 1 is the
region between the leftmost two digits and crossover region n 1is between
the rightmost two digits. After specifying crossover regions, the program
provides the genotype resulting from crossovers in the designated regions.
The new genotype is shown as a number consisting of 1's and 0's (a binary
equivalent) with length equal to the number of parental alleles. The
new genotype is calculated by means of an algorithm which successively
produces binary complements of the parental strand to the right of the

crossover regions specified.

Operating Limits and Warnings

The number of genes, g, must be entered before

calculations can be effected. Parental genes limited:

The first digit of the parental genotype should be 1.

10..

2 <8<«

No more than

3 crossover regions can be specified for a single calculation.

( )
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATER!AL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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( SKETCH (ES) T
1. Regions: 1234567 2. 1234567
1 AbcdEFgh Abc¢dEFgh
aBCDefGH "ABCDefGH
Fl: ~ AbcDEIEfGH
Fl: abCDefGH J
\_
— ~

Sample Problem(s) 1. Given the paternal chromatids, Pl, observed progeny chromatids, . .
Fl, and 7 crossover regions as shown above: a) In what regions did crossovers
occur producing the progeny chromatid with the genotype AbcDEfGh? b) The

progeny chromatid with the genotype abCDefGH?

, 2. Given the parental chromatids above; a) What is the genotype _
of the progeny chromatid resulting from crossovers occurring in regions
2,3 and 57 b) In regions 1, 4 and 67 :

.10001100 [ENTERt] .10011010 [A]

7 [B] -+ 34507

Crossovers occur in regions 3, 4, 5, and 7
b) .01110011 [ENTERt] .00110011 [A]

7 [B] - 1200000

Crossovers occur in regions 1 and 2.

2. a) 8 [E]
10001100 [ENTERt] 2 [ENTERt] 3 [ENTERt ] 5 [C] -+ 10101011 (AbCAEfGH)
b) 10001100 [ENTERt] 1 [ENTER+] 4 [ENTERt] 6 [C) - 11111111{ABCDEFGH)

Solution(s) 1 @)

. _J
~
Reference (s) Srb, A. M., R, D. Owen and R. S. Edgar. General Genetics, 2nd Ed.,
1965. W. H. Freeman and Co., San Francisco. Chapter 6.
This program is a modification of the Users' Library Programs
#01523A and #01524A submitted by James N. Adams.
J




User Instruetions

CROSSOVER: LOCATIONS/PRODUCTS

Pl +.,F1 mult

INPUT OUTPUT

Load side 1 and side 2

For crossover locations go to step 3.

For crossover products go to step 7. L___][, l

Input parental genotype, Pl, following a

decimal point. Use 1 for a dominant and 0

for a recessive allele .P1

Input total crossover regions n (number of

[

l
Input progeny genotype, F1 .F1 ( A

{ﬂ

|

genes -1 = n) and calculate regions n Xo's

in which crossovers occur (Xo's) (C's in

result are ignored. E. g. Xo's=1004067 means

crossovers in regions 1, 4, 6 and 7.)

For new case go to step 3.

Input number of genes, g, in parental chromatiffi g

Input genotype, P1l, using 1 for dominant and

0 for recessive.

P1

P1

(For multiple crossovers go to step 12)

Specify desired crossover region, Xo

Xo

10

Calculate Fl genotype

F1l

11

For an additional single Xo, go to 9

or

Fot a new parental type, go to 8

or

For a new case go to 7

12

Specify first crossover region, Xol

Xol

13

Specify second crossover region, Xo2

or 0 for none

Xo2

14

Specify third crossover region, Xo3

or 0 for none

Xo3

15

Calculate F1l genotype

16

For an additional single Xo go to 9

F1

or

For additional multiple Xo's go to 12

or

For a new parental type go to 8

or

For a new case go to 7




&

97 Program Listing |

35
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
‘E’*-'* FLEL STO F1 _"-i 'Pf(:‘;l_ ‘?E ?i Get new genes
da ‘i'ft_' eobs <o L. for comparison
Gas 855 5TGI 35 8!
G @58 RCLZ 36 6z
B35 35 81 STO P1 @61  E5E7 Z3 @r
a6 g6z 5TaZ 35 BZ
aar 863 D82 16 25 48
é @c4 G105 2 8s
ai STO n, estab.counte Be5  RCLs e b4
@ 866 RTN 24
g B67  ¥LbLe 2i & Shift left one gene
B 068 i H
@ BES & G
! ara p -35
8i a7l INT 15 34
@ Gene comparison erz R”j - ;l'
61 algorithm Bi’f ¥LBL7 2l €7 Ishift left total
gle i i bi
aie Get P1 gene 1 Al a o genotype 1 gene
hZd Get Fl gene 1 are - -3%
= Compare érr FRL 1e 4%
4 7 ‘TH 24
023 ers el il Store Xo3
624 asé 33 46
] Get P1 gene 2 81 -3l
B2E _‘LE";' 55 60 Store Xo2
az7 (T -3i
628 Get F1 gene 2 684 €5 i% |calculate Xol
Bes 885 36 6.
636 age eé
634 Compare B&7 l6-35 Test for Xo2
@3s ¥ 8sg '
B33 ks 88s
B34 L 8%
@35 F 631 CEBD &3 14 Calculate Xo2
836 &7 83z RCLL 36 46
637 6T 893 8 8¢
B35  #LE. 894 K=77 1g-33 Test for Xo3
@3s F B9 ET0S 2& §e
648 &T0 896 RCLS 3 65
S T 887 RCLI J€ 4
@42 ¥LEL Crossover occured 838  GSEL 23 14 Calculate Xo3
Be3 £ record; no g3 KTh 24
844 BTG crossover get 186 ¥LELD &l 14 Single Xo logorithm
845 ET0 new gene 8t RCie S0 8¢ Test for region
#4¢  ¥LBL Crossover occured 18z A& -4l not to be comple-
@47 KL 183 - B mented
848 a4 &TG: 35 6z
B35 185 kg -4
asé i 186 5701 35 &1l
851  ROLT Calculate region ia7 6 ad
@57  ROLI of crossover 186 5703 33 &l
653 185 RCLI 36 @
#54 116 KCiz 36 62
@55 ST+4 Store res. of cross 111 z s CZ§§§§t antilog
- Qoo = - s
836 #LBL4 REGISTERs 1% i
0 Used 4 Used > If-:i GIFJied 7Used %csnégter 9Used
SO St 52 S3 S4 S5 S6 S7 S8 S9
A C D E 1




97 Program Listing 11

36
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 ig* s 33
114 EEX ~23 170
1158 ] g5 )
116 X -35
117 5704 35 B4
lig 2 -24
118 IRT ie 34
128 RCL4 36 g4
121 X -39
122 5765 33 85 Store non-comp.reg.
123 #LELZ Z2i 82 To determine if
124  RiLi 36 &1 gene is to be 180
125 £ gz complemented
126 3 -24
127 FRL 16 44
128 7] g8
129 R#EYT 16-32
138 G6T0G 2e 8g
131 RCL3 36 63 Place uncomplementefl
132 ) 85 gene value in
133 - -45 storage
134 18% i€ 33 190
133 EEX -Z3
136 ) (5453
137 X ~-35
136 ST+5 35-55 &5
139 %iBLS Zi 88 Place complemented
148 b H gene value in
141 §7T+3 35-55 @2 storage
142  RCLZ 36 &2
143 KCL3 36 83
144  x=v? i6-33 Test completion Xo'R%
145 6705 e 6%
146 RCLI 36 6 Get new gene
147 i 6i
148 3] &6
145 z -4
158 INT 16 34
151 5701 35 61
132 6702 ee 8e
153 ¥LEBLE 21 i Store number of
154 OSF6  -63 68 genes in P1 and  [2'°
155 5706 35 85 set display
156 RTN 24
157 %iBL9 Z1 83 Show Result
158 RCLS 36 @5 Stop
158 RTN 4
166 f-5 51
220
- - LABELS FLAGS SET STATUS
B i C 10x dec. [D E )
AR A e racs o _owr
2 b C d e 1 Used o OR | DEG ® | FIX K
0 1 2 3 4 2 Used 1 DK | GrRADDO | sct O
2 0 R RAD O ENG O
5 6 7 8 9 3 3 O R n_2
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Program Title CHROMOSOME CLEAVAGE

Contributor's Name Hewlett-Packard Company '

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330
\
( Chromosome cleavage is a powerful experimental R

Program Description, Equations, Variables
genetic technique which has yielded a wealth of knowledge concerning gene loci on

the chromosomal DNA code. The progvam simulates chromosome models consisting
of even hundreds or thousands of unique individually identifiable genes in
linear array. By noting what happens to any two genes after chromosomal
fragmentation at arbitrary break-points, entire chromosomal gene sequences may -
be reconstructed experimentally.

The genetic sequences are based upon the ability of a prime P, of form (8k+3)
or (8k+5) for some integer k, to reproduce all integers from 1 to (P-1) in any
(P-1) consecutive passes of the formula (Sj4+; = 2Sj module P), starting from
any S7(1 < S3g§ (P-1). Permissable chromosome lengths for n g 100 genes are
10, 12, 18, 28, 36, 42, 52, 58, 60, 66, 82, 100. For example, for n=100,
P=101 = (8 - (12) + 5) is a prime of form (8k + 5).

Copies of particular chromosomes are repeatedly split (each copy once) to

build a statistical experimental pattern for any two genes on a chromosome.

The program assumes that the lst fragment (Fy) is identifiable — e.g. by end

point radioisotope labeling - and computes how many (0, 1, 2) but not

necessarily which of the two genes g and g) are contained in F; for each
-cleavage., Powerful statistical inferences (see examples) are possible, and s
ultimately the whole chromosomal genes sequence may be reconstructed.

Operating Limits and Warnings

\_

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program materiat AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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rfSkefch(es)M‘”

Sample Problem(s) Do a gene-pair analysis for a chromosome of length 10 in a
chromosomal DNA chain in an unknown sequence. Use .456 as the initial seed
and do 10 comsecutive chromosomal cleavages for each of the pairs (1,6),
(1,8), and (6,9). Obtain the true gene separation for each pair and

finally the true gene sequence.

Solution(s) .456 [f][A] 10 [A] 1 [ENTERt] 6 [B]

Press [C] 10 times and get the sequence 2, 0, 2, 2, 2, 0, 1, 2, 2,
[Dl = 0

1 [ENTER+] 8 [B]; Press [C] 10 times -~ 1, 2, 1, 2, 2, 2, 2, 2, 1, 2
[D] ~ -2[Disregard the sign]

6 [ENTERt] 9 [B]; Press [C] 10 times - 1, O, 1, 1, 1, 1, 1, 0, 0, O
[D] > ~6 [Disregard the sign]
[El -7, 3, 6, 1, 2, 4, 8, 5, 10, 9 True Gene Sequence

\.

7
Reference(s) This program is a modification of the Users' Library Program

#04138A submitted by Mordecai Schwartz, M.D.




v
User Instructions *
Seed
1 CHROMOSOME CLEAVAGE Z}
81:82 BREAK
STEP INSTRUCTIONS D A'T'::S;ITS KEYS D SZE‘;LS

1 | Load side 1 and side 2 L0 ]

2 (Optional: enter random seed 0 < S < 1) S |I} [II

3 Select chromosome of desired length = no. of [:I [;;ﬂ]
genes, n, in linear sequence. n V:J
(Note: (n+l) must be a prime of form (8k+3) f, ,,] Li i
or (8k+5) for some integer k. The valid . i' :‘}

chromosome lengths for n<100 are n = 10, 12 [A j [;]
18, 28, 36, 42, 52, 58, 60, 66, 82, and 100) 1]

4 | Select 2 genes, g and gy, for study(lgg;sn) g1 [ENT# | 1777]

(Note: If gy=7, for example, the '7' is g9 [B [ ]
simply an identifying label (think of it as [ ] ]
the 7th gene discovered in that chromosome) Liiﬁl [j
and does not necessarily indicate its [7;] [ﬂ ] ]
position in the chromosome's gene sequence. [77'77 [7 J

5 | Cleave the chromosome at an arbitrary break- [ )] 0,1, 2 =
point. [c 1] "# of genes

6 | Repeat 5 as often as desired, with additional [ ] on lst frag.
chromosome copies, to obtain an experimental [ o ,l Li,]
statistical pattern for gj, go separation. [7 7] Lj;]

7 | When ready, see actual no. of genes intervening L ) || J g1 o
between gj and gy for comparison with [ ‘} L,] separatior]
deduced value. [ I | |ignore sign

8 For another gene pair on same chromosome, [,jJ l 7]
go to step 4. [ H l

9 When experimentation is complete - ideally [ ) I [ 7J
with step 7 omitted — For all desired gene [ 10 ]
pairs, compare complete chromosome with I i ] l ;]
your reconstruction. [E ] ]

10 | For a chromosome of different length go [ ] ]
to step 3. R

I R
.
]
.
SET STATUS
FLAGS TRIG DISP
ON OFF
0o 0 X DEG FIX K
10X GRAD 3 sci O
2 0O Rx RAD O ENG O
3 0K n2
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

881 #LBic. i1 16 I} STORE seed a7 + ~-55 (8k+3) or
a82  STG7 35 87 858  5T0f 35 86 (8k+5) for some
eaz ETH 24 ass z -24 integer k \
84 ¥iBLA 211 Store length 868 FRC 16 44 ger K. a
BB  DEFé -63 @& B6! RCLs 36 86
ges 8763 35 B3 BE2 =35
aar RETH 24 853 . -6 . for matching
8es  xLELE 2l iz Store gene pair 8s4 H 1 purposes
egs  s10Z 28 Bz 265 + -35
a18 5y 4] Bee INT it 34
81!  5Tod 35 81 857 5704 25 84 Leave S; in Ry & X
g1z ETN 24 BSE ETH 24
@13 #LBLD 21 14 So=(n-1) at start #69 %LBLC 21 13 Break chrom. at Ranfl pt
B14 RCLZ 36 83 of $1+S, gene g7é  RCL? 26 @7 Rand i in Ry =
e1s i 3 sequence év1 Fi 1624 first part of
g1é - -45 erz + -55 (R andj_1 + m)°>
a1z Hi 35 84 ar3 5 5
a1g é bé Reset gene _ 874 ¥ 31
#18  57CI 33 48 separation counter| 8rs FRC le 44
628 «xLBELB 21 e No gjorgs match loo} 87’6 3707 33 a7
821 RCLI Jo 81 When the lst match | 677 RCL3 36 83 Use-Rand to obtain
822  G5BS zZ3 &5 is found for eitheg e’ 1 gl an arbitrary
823  ¥=Y¢ 16-33 g1 or g, in the I asg - -45 integer from
824  GTal 2z 81 S17Sn gene | gee  ST04 5 a4 1 to (n-1) to
25 RCLZ 36 87 sequence, go to asi kY =33 correspond to one
B2E  HEY? le-3z LBL1. aez 1 5 of the (n-1)
827  EToa 2z B& | 883 + -39 possible break-pts|.
B28 xLBLI Zi el No. 2nd match loop | 884 INT 16 34 in a chromosome of
829  RCL! 36 @1 When the 2nd of | @85 ST0I 3546  gene length n
838  GSES 23 85 g1 or g2 have been| ags & #e Reset gig, gene
831 §=v? 16-33 matched in the t es7  sT0S 35 85 match colnter
asz ETOs 22 83 S17>5n gene sequenc 888 xLBLZ 21 Bz Loop to test all
833 RCLZ 36 82 display no. of I #E8  ESES 23 B3 genes on lst frag.F;
a34  X=Y? 16-33 genes between gj &l asa  RCL1 36 81 g1 appears on F;
8335 BT0Z P X g2 (ignore sign) 891 x=Y7 16-33
836 DSZ1 16 25 4€ If 2nd gene has not} 892  ESR4 Z3 8%
837 &T0l 22 81 been matched, inc.H 883  RCL4 36 a4 8y appears on Fj
@38 &703 22 85 loop for nxt gene | 894 RCLZ 36 8z
839 ¥LBLE 21 15 True sequence ges  §=Y¢ i6-32
848 RCLZ 36 83 @95  65F4 23 @4
841  ST0I 33 46 | 857  DSZI 16 25 46 If break-pt has not
842 1 ai ! esg  Er0: 22 8z been reached,test pext
a43 - -43 | 838 RCLS 36 83 All F] genes tested.
844  5T04 35 84 188 RTH 24 Display no. g3g9
845 xlBlLe £l Bé 181 «iBL3 21 82 on Fqp
846  GSBS 23 83 i 182 RCLI 36 4¢
847  PRTN -14 | 183 RTH 24
843 DSZi 16 &5 4p | 184 xLBL4 21 a4 Match counter is
848 G106 22 a6 I 185 1 81 incremented
as8 RTH 24 i 186  ST+5 35-55 @8
@51 ®LBLS 21 B3 Obtain next gene,Sjt 187 RN 24
852 RCL4 36 84 8;728;_1 Mod. (n+l) 168 E-8 51
833 z é: When (n+l) in T |
854 X =35 R. is a prime of i
855 RCL3 36 83 form l
836 1 el REGISTERS

0 'g81 genel’g 5n no. [|* Sj ith |%,1,2 nof® (ntl) |/ 8eparat. |°

2 gene ené of hold = ¢

- st chosem 94 ¢, gfl gﬁggg.gene chro.r?lic ]._g%1 modules Rand Eggn g

SQ S1 2 3 S4 S5 S6 s7 8 59

A B c D £ I
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Program Title RECESSIVE GENE FREQUENCY AFTER SELECTION, MUTATION, AND INBREEDING

Contributor’'s Name Hewlett—-Packard Company
Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330
\.
3 3 r j
Program Description, Equations, Variables The following selection and mutation model
was used:
production of gametes -r—aﬂc.ﬁn-)production of zygotes
mating
selection
mutation may occur survividg individuals

reach maturity
From this model (see Operating Limits & Warnings) can be derived:

q2 (ht+wht-t) + g, (1-ht-u-wht) + u

ntl 1 - Zht q, + q2 (2ht-1)
where:
u = mutation rate q = recessive or mutant gene frequency
(1-t) = mutant homozygote fitness n = no. of generations.
(1-ht) = mutant heterozygote fitness qy = initial gene frequency and equilibri

gene frequency
qe is attained when qp+] = q, (see pg 4, step 6 comment).

(Continued on next page)

Operating Limits and Warnings 1he following simplifying assumptions were made:
a) infinite population size
b) no. inbreeding, and random mating
c) mutational effects are irreversible

d) only autosomal genes are involved.

\. J

( N

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ _/
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r )
Program Title
Contributor’'s Name
Address
City State Zip Code o
\. y,
( N
Program Description, Equations, Variables Using simplifying assumptions (see below)
and the following model,
production of gametes P mutation
inbreeding \I/and random mating ~ may occur
. selection surviving individuals
production of zygotes —— reach maturity
the following equation may be derived, qp+7 = A(l-u) + u, where
(1-F) (ht-1) [q3(2-t) - qu] + qn F(1-t)
(1-qpF) - (1-F)[q3(2+2ht-t) - 2quht] + g F(1-t)
where:
(1-t) = fitness of recessive homozygote
(1-ht) = fitness of heterozygote (fitness of normal homozygote
is assumed as unity)
u- = mutation rate for recessive gene
F = inbreeding coefficient
qQ, = recessive gene frequency after n-generations(q,=initial frequency)
de = equilibrium gene frequency
Operating Limits and Warnings The following simplifying assumptions apply:
1) infinite population size
2) only autosomal genes involved
3) mutation is irreversible
4) only two alleles per locus.
\_
4 )

This program has been verified only with respect to the numerical example given in Program Description /l. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. _/
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g TN
rESke!ch(es) .
\ J
~ )

Sample Problem(s) S

1. Given the genetic parameters: h=0.1, t=0.5, u=10"%, q,=1073, calculate
the equilibrium gene frequency, qo, and estimate the no. of generatioms
to -attain this frequency.
2. - Given the -genetic parameters: h=0.5, t=1, u=qo=10—6, compute the
values of q, and qg.
3. Using the following values: qg=u=1 X 1073, h=0.1, F=0.1, t=i,
calculate d2, 410> qe, and estlmate the value of n to attain da- - _
(Note that when qe is computed directly after qjg was computed,
the value of n = 10 + IrRg|).
Solution(s) 1. O [STO][8] .1 [+]..5[+1 [EEX] 4 [CHS][+][EEX] 3 [CHS]
[A]l> q¢ = 1.97 X 10-3 (ca. 10 min. of running time)
[RCL] 7 » n=150
2. 2 [sT0][8] .5 [*] 1 [*][EEX] 6 [CHS][t][A] + q2=1.75 X 107®
0 [sTO][8] [R/S] » q¢ = 2.00 X 10-%
3. [EEX] 5 {cHS}{SsTO} 1 [STO}[5] 2 [STO] [1]
1] .1[*] .1 [E] » qp = 2.47 X 10-3 _
8 [STO][I] [R/S] + qig9 = 4.74 X 107>
0 [STOI[I] [R/S] + q¢ = 5.26 X 10~> (ca. 3 min. running time)
[I] [ABS] 10 + » n = 47 generations. —

\.

( .

Reference (s) Cavalli - Sforza, L.L. and Bodmer, W.F., The Genetics of Human

Populations, pgs. 82-88, 365, W.H. Freeman, 1971.
This program is a modification of the Users' Library Programs
#04531A and #04679A submitted by Dr. Leo S. Reich.
W,
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“ User Instruetions
RECESSIVE GENE FREQUENCY
STEP INSTRUCTIONS DA'T'X'/DS,I,TS KEYS olefAT/slrleTs
1 | Load side 1 and side 2 I
2 For freq. after selection and muta., go to step 3 L_fij _—
For freq, after sel.,mut., and inbreed, go to gtep 7 L___ill,::J
3 If equilibrium recessive gene frequency, q,, 0 [:::J ;::fj
is desired outright, enter 0 + Rg, otherwise or l§:971[,8;;J
if q,, is desired, enter n - Rg n [ ,ff}l j
4 | Enter in stack in the following order: h féﬁigj[ TiJ
b, € u, g ‘ E
u (i,, ny7ﬁ,1
46 [ L
5 Press key A to obtain desired q - value [iéﬁ,]‘ 7W:J de O dn
6 Press RCL 7 to obtain value of n required L ‘I 7#,1
to obtain displayed q, IRﬂL,][,Z””J n
Note: o
[The value of n corresponding to qo is based [, || 77}
on a percentage deviation between the [ ][ 'J
displayed qgzand preceding—caled. value of I ) ""]
e o0f 0.001 or less.] ] ILW;;T
[After qn is calculated and dps is next | It
desired (n'>n), enter n' - Rg and press [ 'ﬂ][ifmw
R/8+—If ¢ is desiredafter qg s dtsplayet; i 7’| S
enter () - Rg and press R/S.] S ) Sp—
7 9o > Ry; u > Rg; if q, desired, enter qd, ISTO,J[i; 7J
0 + Rg while if q, desired u lsto J[ 5 |
enter n > Rg 0 orn [STQ,][ §;_J
8 Enter in stack in order: t [ + llmﬁ,
t, h, and F h [+ 10 ]
F I ]
9 | Press [E] to obtain qe Or q [;g;i][iﬁ ] de Or qp
L [
[After q, has been computed, q,' may next be 1]
calculated by entering (a'-n) - Rg, where L J
Alan and-precainae R/S Tf a ig deaired — -
It Iy arG—prCOooTIl 5 X7 OU% g o Utsrea . S—
after g, has been computed, enter 0 > Rg l 'i;l[, J
and press R/S]. [, ]LW”fW]
(RN - 2 tad A3 £1 {03 -\ o [ ][,,_ J
winen g8 computea—<arrectiy (o> Ny the l - ] [* ]
value of n may be obtained by using the e
absolute value of Rg. When q, is estimated fﬁﬁ A]Lf?,]
after calculating q,", then n is equal to { ]{ . w
IRB{ +nl—TFhe—~value—of ¢ computed—is l B ] [4 - ]
_based upon a percentage deviation from a ' b
preceding value of qg of about 0.001 or less] [ I ]
I ]
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45

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

B@E ”‘Li"}f =4 1‘_ Clear Ry and store 857 A3Y "”,

ae: atd e various parameters 858 % -2

aas  LsPc -o3 & a3  570¢ 35 @6

884  STGS 35 B85 8ce 1 8i

2as R4 -3i 861 &§T+7 35-55 @r Counter for no. of

gee 570N I5 8l T < 36 87 generations, n

Ber K+ -3l 863 RCLE 36 @&

#eg 574z 35 B 864 a g6

gas -3& Bes  x=Y*% 16-33

ate 8703 35 63 8c6 G102 22 82

a1l RCL 36 81 867 Ré -3i

a12 X =35 B68  X#Y? 16-3Z

813 5T 33 a4 86’ ETO3 2: a3

814 f ae 878 RCLE 36 86 Display qp

815 5747 35 87 er! R-5 3l

B8le wLBLI Z21 a1l Calculate various 78 ET03 22 83

817 ROLZ 36 &3 values for gq 873 wlBLZ 21 ez Calculate value

81§ RCL4 Je 84 874 RCLE 26 86 of qu

as + -55 @75 FRCLS 36 85

28 R{LZ 36 8z 876 - -45

azi - -4Z A77  RCLS 36 85

22 RLLS 36 85 878 3 -2

827 ENT? -Zi 8ra aBs 16 31

824 -35 age EEX -23

25 =35 881 5 a3

B2€ ai aa2 CHS -2z

27 RCLS 36 B2 883  x&Y7 16-35

28 ~-45 824 €703 =2 83

a2s  RoLl 36 #1 885 RCLe 36 a6 Display q,

éza - -45 ese k-5 51

831  RCL4 36 B4 887 =LBL3 21 83

B3z - -45 888 RCLe 36 8o

833 fis 36 B 889 8705 35 85

834 X -35 a9@ G101 22 8l

835 + -95 891 =xLELE 21 13 Store F, h, and t

836 RCLI 36 &l a9z 5C1 -1z

a7 + =58 833 Dspz -63 82

B38  S5TOS 35 8t 894 5702 35 8z

38 1 ai 895 Ri -3

a48 RCLZ ab ds 89 5703 35 83

ad] 2 g asr R =31

842 ¥ -35 a9g8  STO4 35 64

p42  ECLS 36 85 899 wlEL4 21 84

844 % -33 186 1 g1

845 - -43 181 RCL1 e #i

a46  RCLI 3¢ 83 182 RCLZ2 36 ez

847 z acz 183 -3

a48  x -35 184 - -45

848 RCLZ 35 8z 1e5 1 81

aca - 45 186 RCL4 3Je 04

851 RCLS 36 &S 197 - -45

85 ENT? -Z1 188 KCLi 36 81

853 X -33 189 X =33

854 ¥ -35 118 RCLZ 36 8z

835 + =34 111 x =35

85¢ RlLe Je @c 112 §TO0¢ 35 86

REGISicn> - =

0 1 q 2 F ¥ ) ° u ° Used ’ Used Used
) S1 S2 S3 S4 S5 56 S7 S8 S9
A D E I
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 + -52 169 GICS 2 85
114 2 az 78 RCLE 36 65 q. - value
115 RCLE 36 84 171 RS 51 displayed
;15 - -45 172 wLBLS 21 85 |calculate q or
7 z az 173 RCLA 35 81 i
118 RCL3 36 83 174 - -45 ﬁg Eesz?izng on
119 RCL4 36 84 175 RCLI 36 &l
126 x -35 176 z -24
121 x -35 177 ABS 16 31
122 §TCF 35 &7 178 EEY -23
123 + -55 179 c 85
124 RCL! 3¢ 81 188 CHS -2z
125  ENTt -1 181 EY? 16-35
126 X -35 182 GTO6 2 a6
127 X -3 183 FRCLE J& 86 q. — value
128 RCL? 36 67 184 RS 51 displayed
129 RCL! 36 81 185 xLBLE 21 @6
138 X -35 186 RCLE 76 85
131 - -45 187 §T01 I5 &1
132 1 81 188 GT04 2 84
133 FRCLZ 3¢ a2 189 R-S 53
134 - -45 190
135 ¥ -35
136 - -45
137 8107 35 &7
138 RCL! 36 81
139 ENT? -1
148 x -3
141 2 z
142 RCL4 36 04
143 - -45
144 e -35 200
145  FRCL! 36 ai
146 - -45
147 i ai
148 RCLZ 3¢ &:
149 - -45
158 X -35
151 RCLZ 35 83
152  RCL4 36 64
153 % -35
154 1 &1 270
155 - -45
156 x -35
157  RCLE I€ 86
158 + -55
159  RCLT 36 67
168 z -Z4 Value of A calculathk
161 1 g1
162 RCLS 36 85
163 - -45
164 x -33 220
165 RCLS 36 85
166 + -55 Qn — value calculatp
167 5TG6 35 8
168 DSZI 16 25 46
" LABELS FLAGS SET STATUS
A B C D E 0
S - M S ~M-~-1 FLAGS TRIG DISP
a b c d 3 1 ON OFF
o0 ®| bEG T | FIX IR
0 1 2 3 4 2 Tt 0 X GRAD O sCl O
2 O X RAD O EN 0
5 6 7 8 9 3 3 0 m n %
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~
Program Title SELECTION AND GENE FREQUENCY

Contributor’'s Name Hewlett-Packard Company

Program Description, Equations, Variables From adaptive values (W) of various genotypes,
number of generations (n), and initial recessive gene frequency (q,), the

equilibrium recessive gene frequency (q) and the recessive gene frequency
after n-generations may be computed. Conversely, from the recessive gene
frequency (q') may be calculated n (see Operating Limits and Warnings).

The following equations were used in the program:

1 - qpWo + q% (W3-Ws) o Wy - W2
ntl = 3 =
W1 + 2q,(Wp-W1) + qf (Wy+W3-2W,) ° d W, + W3 -~ 2Wy

Where:

Wy, W2, W3 denote adaptive values for genotypes AA, Aa, aa, respectively
(A = dominant and a = recessive gene)
equilibrium frequency for the recessive gene
q = recessive gene frequency after n-generations
(qo = initial recessive gene frequency)

~

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330

\_

s ™)

Operating Limits and Warnings When it is desired to compute the number of generations
(n) required to attain a given recessive gene frequency (q'), the value of
n denotes the nearest whole number of generations which will yield a gene

frequency equal to or less than q'.

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\__
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1975.

This program is a translation of the HP-65 Users' Library Program
# 04332A submitted by Dr. Leo S. Reich.

~N
rfsketch(es)
L D
- ™)
Sample Problem(s) (A) Given: q, = 0.90, Wy = 0.5, Wy =1, W3 = 0.4,
calculate q,, for n = 5, and q.
(B) Given: q4 = 0.90, W1 = 0.5, W, =1, W3 = 0.4,
) calculate n for q' = 0.48, and q.
(C) Given: W1 = 0.5, W, = 1, W3 = 0.4,
calculate a only.
Solution(s) () 5[E] 0.9 [*] 0.5 [£]1 1 [+] 0.4 [A] ~ q5 = 0.520
[C] - q = 0.455
(B) 0.48 [E] 0.9 [+] 0.5 *] 1 [+] 0.4 [B] »n =7
[C] » q = 0.455
(€) 0.5 [*] 6.5 [+] 1 [+] 0.4 [A][C] » g = 0.455
0.5 [*+] 0.5 [*1 1 [*] 0.4 [B][C] » q = 0.455
\.
r N
Reference (s) Gardner, E.J., Principles of Genetics, fifth edition, J. Wiley & Sons,




v
User Instruetions “9
SELECTION AND GENE FREQUENCY
n q
STEP INSTRUCTIONS DA-';'X?S,I,TS KEYS DBT%SLP:ITS
1 | Enter program '::] D
]
2 | Enter n or q' n [.:I [ ]
whichever is available or q' [: D
] I
3 Press E to clear registers and store n [EL,J L —] n or q'
or q' in Ry [0 .
.
4 | Enter in order: qo, Wy, Wo, Wi 40 [+ 1T ]
Wy R
W, Ao
Wg ]
I
5 If n is given and q, is to be computed, press H ]
A; if q' is given and n is to be calculated, Al | q,
press B B ] | 7 ] n
I
6 After n or qn has been computed, calculate 7 ] [7 ]
a by pressing C c H ] ci
R
7 | 1f q alone is desired, enter in order: W1 I |
Wi, W,, W,, W3 and press A C (or B C) w1 1 |
{(Note: if the machine runs unduly long Wy H i ]
after pressing A (or B), press R/S and W Il ¢ | q
C to obtain q). or Il ¢ q

v Co | Coo W e > >

|
L
i
)

. : i P
— e e e e e e L L

,_,__.._.__.,_
| f
i '
i ' ' |
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STEP KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
661 ¥LBLE el 13 Clear registers 837 RCLS e @&
Bez  [LRG ie-53 and store n or as8 Xxye 16-34
aez 5107 39 87 q' in Ry 858 6701 22 al
aa4 FTH 24 868 RCLE 36 @6
885 xLBLn i 1i Given n, calculate 861 R85 51
ge¢ DsSFZ -63 83 q' (apn) 852  ETO1 22 8i
aer7 5F1 Ie 21 61 863 xLBLE& 21 @6
885 xiEBLZ 21 &8z 864 RCLE 36 86
gas 5703 35 83 865 RCLY 36 87
ale K -3i fes  XxTF 16-34
a1l 5102 35 B g67  6TG3 & 83
a1z i -3 868 RCLS 36 86
813 570! 35 81 869 | N
814 R -3i @78 xLBL3 2l 83
815 xlBL1 21 8i 8r1 RCLE 36 @&
Bie  ST04 33 @5 @7z ETO1 & oai
817 RCLI 36 #i 873 xLBLE 2l 1z Given q', calculate
818 RCL3 36 B3 874 D5F6 -63 88
8139 + -35 ars CF1 16 22 61
28 ROLZ 36 B2 a6 8102 22 B .
21 Z &2 877 =xLEBLC £l id Calculate q
2 S -3& 878 DSFP3 ~-t3 B2
823 - -45 879  FCL1 36 af
24 STOS 39 85 age RCLZ 36 82
825 X -35 aei - -45
826 RCL4 Jb B4 g8z RCLS 36 85
az7 X =35 ae3 = =24
826 RCL4 36 B4 as4 RTH 24
a29 z 8z ags k& 3i
a3i 4 =33
831 RCLZ 36 8z
83z RCLI J6 61
aiz - -45
834 X -35 090
a3s + -55
836 RCLI 36 8i
837 + =55
8386 RCL3 36 B3
833 RCLZ Jo 82
848 - -45
841 gCL4 36 d¢
842 ENT?T =2
843 X ~35
844 X =35 100
845 RCLZ 36 Bz
846 RCL J& 64
a47 X -35
848 + -35
a49 Xy -4]
asa = -4 SET STATUS
asi 8168 35 8& FLAGS TRIG DISP
axz 1 ai ON OFF
853 ST+6 35-35 b o O & DEG & FIX ®
as4 Fi? 1s 23 81 19 10 & GRAD E] SS|G g
855 GToe 22 g 2 O X | RAD 5
@5¢ RCL7 3¢ 67 s 0 @ i
REGISTERS
0 1 2 3 4 5 3 7 8 9
Wy W, W3 9 Used Counter |n or q' Used
S0 S1 S2 S3 54 S5 S6 S7 S8 S9
A B C D E 1

S
‘ﬁ
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Program Desecription |

rp,og,am Titte  GENETIC INFERENCE FROM TRUNCATE DATA

Contributor's Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard -
City Corvallis State Oregon ZipCode 97330
\.

s —]

Program Description, Equations, Variables A problem often encountered by geneticists in

attempting a complete ascertainment for a recessive trait stems from

an inability to identify the sibships with all normal offspring (the -

affected offspring are only identifiable). This program corrects the
resulting truncate data by the so-called direct "A priori" method

(the parental genotypes are assumed). _In this manner are calculated: -
the proportion of affected offspring (q), the goodness of fit of the
assumption made, e.g., for the existence of heterozygous parents (x2,
chi-square), and the probability that any deviation between observed

and expected values of affected offspring would arise by chance alone

(P) [see Operating Limits and Warnings].

The equations employed are:
D . AB

1= S 3 T, = A 3 LT.(1-p) = ID (expected) ;
- 2
X2 = 64)] mkmg y P e
IDexp
where: T
T. = corrected total data D and Dexp. = observed and expected
A = sibship size affected for one set of datﬁ
B = number of sibships, p = proportion of normal
offspring T

Operating Limits and Warnings The calculation of x2 (for one degree of freedom) is
accurate; however, the value of P corresponding to x? is only approximate

at the high values of P(ca.0.9) and at intermediate values (ca.0.5).

\. J/

4 Y

This program has been verified only with respect to the numerical example given in Program Description li. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\_ J
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Sketch(es)

\.

—
Sample Problem(s) In six families found to have cases of spongy type polycystic.

kidneys of early onset, the following data was obtained. Assuming that

parental heterozygotes exist for this recessive trait (p=0.75,

g=1l-p = 0.25) compute a, x%, P. ; j
Data Set No. 1 2 3
Total affected 3 4 | 2
No. Sibships 3 2 1
Sibship size 2 4 7
Solution(s)

75 [E} 3 #] 3 [+] 2 [A) 4 b1 2 ] 4 [A] 2 411 [*] 7 [A]
[B] ~ q = 0.269, [C] -+ x? = 0.047,
[D] - P ~ 0.853

.

7
Reference(s) Levitan, M. and Montagu, A., Textbook of Human Genetics, second
printing, Oxford University Press, 1973, pages 422 ff.

This program is a translation of the HP-65 Users' Library Program

#04331A submitted by Dr. Leo S. Reich.




(Note: the value of P is approximate at high

P-values, - see Operating Limits and Warnings)

v
User Instruetions i
x2 P
STEP INSTRUCTIONS DA'T'SS,I,TS KEYS DA?TT/E:ITTS
1 Enter program [:::] [:::]
2 | Clear registers and store p (assumed [___] Lgffl
proportion of normal offspring) in Ry p [jigg [:::j
* 1l
3 | For each set of data, enter D (totally D Lim;J fﬂfwl
affected), B (number of sibships), B [;7 Jl ; J
and A (sibship size) and press key A A [#AW,J{W 7 I 2228 ggggr
]
4 | Repeat step 3 for each set of data until the ]
value of the counter (n) is equal to all 74]{7 7]
the sets of data which are to be entered 77][ﬂ71;
L]
5 | Calculate the corrected proportion of the ]
affected offspring (q) by pressing B B [ q
I
6 Calculate the goodness of fit between the 77][ "7W]
observed total of affected and the H |
expected total of affected (x2) by press C c ]’ﬂ, J x?
S
7 Calculate the value of P corresponding to y? ]’
(probability that any deviation is due to I!
chance alone) ,D,J[ P
i
Il
l’,',
l
[
i
I

: i : o i
* T Ol N : P
[N S S S A SO I O S S S S SRS S DU S S

R A

; : b

‘ P ;
I

I
|
; i I
S Y VS UUD U U G S O
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STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
gg’i‘ ”L:tgr"-‘g _é.é ‘g Clear registers 837 . "5‘3
BA3  CLRC 16-53 and store p in Rj ggg :_j g:'_’
84  STOI 35 81 BER . 5=
GG!_S: ‘Lm[f' :‘ l_l Calculate 862 e¥ i3
a7 RCL-io 36 6l intermédiate value 863 RIN 24
gog et m4 @64 *LBLI 1 @l
pga  ST0Z 35 62 065 X7 iy
gie ¥ 2 ast 2 8z
811 1 b1 867 . -62
1z - 4 868 4 84
@1:: LHC’ - 969 3 53
14 = med 478 x -35
@15 RCL? 35 8z 671 ] &
815 X -35 -=n ~
@17 103 35 83 R o
818  ST+7 35-55 @7 A7d c .
819 u2v -4} i . _s=
821 RCLZ 3¢ 83 ek o 32
8zz ! 81 478 RN 24
23 RCL1 & Bl 87 R-< 5i
24 - -45
25 -35
826 ST+4 35-55 @4
az7 1 ai
@28 ST+5 35-55 @5
829 RLLS i€ 85 Counter
@38 RS 5]
831 #LELB 21 if o
g3 Rl 36 s | corevlated )
@33 RCL? 36 87
a34 < -24 090
835  PTHN 24
836 *LBLC 2113 Calculate y2
837 RCLé 6 85
@38  RCL4 36 84
g39 - -45
848  ENT? -21
841 ¥ =35
a4?  RCL4 36 B84
243 % -24
@44 RTN 24 o
g;g *LBLD l‘bl_éi Calculate P for
a47 p o4 1 degree of freedo
a4g 5 85
849 KyT 16-34
856 &£TO1 2z 8l SET STATUS
ggi AeY 'ﬂ FLAGS TRIG DISP
£ . bt <7
P - - ON OFF
833 6 a6 o0 ®| DEG ™| FIX X
854 2 63 110 1 0| GRADO | sci O
@55 g as > 0 X| RaD O | ENG O
ase % -35 3 0 ® n2
REGISTERS
0 1 2 3 4 5 6 7 8 9
P A Te D(exp) | Counter | ID 2Te 0
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I
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r
Program Title ~ POSITIVE ASSORTATIVE MATING FOR A RECESSIVE PHENOTYPE <1

Contributor's Name Hewlett-Packard Company

Address 1000 N.E. Circle Boulevard

City Corvallis State Oregon Zip Code 97330
\.

~
(Program Description, Equations, Variables Recessive phenotype frequencies may be computed
after any specified number of generations of random and concurrent positive
assortative mating. Equilibrium values may also be calculated. Equal
viability and fertility are assumed for the two types of mating. Then,
assuming a two allele locus consisting of the dominant and recessive
genes, A and a, respectively, and that a proportion, r, of assortative
matings are either A x A (AA x AA, AA x Aa, Aa x Aa) or a x a (aa x aa)
with frequencies equal to those of the dominant and recessive phenotype,
(1-R¢) and Ry, respectively, at generation t, the following expression
can be derived:

[q%2 + Rg (1-29)]
1 -R,

Re41 = (1-r)q? + r

where:

q = recessive gene frequency

(1-r)

fraction of population mating at random.

Operating Limits and Warnings

This program has been verified only with respect to the numerical example given in Program Description li. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. _/
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\.

( Sketch(es)

rSampIe Problem(s) Given the following values: 1initial recessive phenotype

frequency = Ry, = .01, r = 0.75, q = 0.10,

Calculate a) recessive phenotype frequency after 4 generations

(t=4)

b) equilibrium recessive phenotype frequency (R).

\.

Solution(s)

a) .01 [t] .75 [+] .1 [*] &4 [A] -~ R4 = .0239
b) [R/S] - R = .0266

s

Reference(s) Cavalli-Sforza, L.L. and Bodmer, W.F., The Genetics of Human

Populations, pgs. 538-540, W.H. Freeman, 1971.
This program is a translation of the HP-65 Users' Library Program

#04846A submitted by Dr. Leo S. Reich.




User Instruections 7
‘1 POSITIVE ASSORTATIVE MATING FOR A RECESSIVE PHENOTYPE z’
calc.
STEP INSTRUCTIONS DATAUNITS KEYS DATAONITS
1 Enter program l:] Ej
L]

2 Enter in order: Ry (initial value), Ro + JL ]
r, q, t r (|
q [+ 10 _ ]
t L]
o

3 Compute R, by pressing A [(A% [[{ R¢
4 Compute equilibrium value, R, by then [ ] [ . j

pressing R/S {[B/S; [[ } R
[When R is desired outright, set t=0 in [ ]
step 2 and press A]. [ l [ = J
I
I
I
I .
I
I
I
.
]
| I
I
I .
I P
.
L]
L]
.
[
I R
I
.
]
N
I
L]
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STEP  KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
bé1  ¥LBLk e {% Store values in 857 R<YY 16-35
88z  DEF4 63 U% R R ase  €Toz 22 8
883  STOS 35 85 R5y R1s R2s 23 @59  RCL4 35 84 Display recessive ‘
aed E% _ =31 recessive pheno- 8ce RS 51 phenotype frequengy
ees 5101 35 8l type frequency 861 =LBLZ? 21 a: at equilibrium
Beé R4 -31 862 RCL4 35 B4
agy  sTG2 35 8z 863 ET01 22 @1
aae R4 =31 A64 xLBL3 Zi 83
aag # g8 a65  S5T03 33 83
g18  sT0I 35 46 acc  RCLY Jo 8i
11 ki -31 867 RTH 24
812 xlBLI 21 el ase R8s 51
B1Z DSZI 1€ 25 46
214 BSBE3 22 &3 070
RIS ENTY ~Z1
) ¥ -33
ai7 i a1
18 ENTt =21
813 2 8
P28 RCL! 3& 61
821 ¥ -35
822 - -45
823 RCL3 3o 83
824 X -3 080
25 + ~55
126 1 ai
827 RCL3 36 B8z
B2g - 43
829 = -&¢
838 RCLZ 36 &
B31 ® =35
a32 1 a1
33 Rf‘” 36 82
834 -4 090
a3z RCLI 36 Bl
836 ENT? -21
837 X -35
a83e X -35
839 + -55
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Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully
programmable calculators is nearly limitless. And in order to see the practical side of this potential,
we have several different types of software to help save you time and programming effort. Every one of
our software solutions has been carefully selected to effectively increase your problem-solving poten-
tial. Chances are, we already have the solutions you’re looking for.

Application Pacs

To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex-
tensive library of ““Application Pacs”. These programs transform your HP-67 and HP-97 into specialized
calculators in seconds. Each program in a pac is fully documented with commented program listing,
allowing the adoption of programming techniques useful to each application area. The pacs contain 20
or more programs in the form of prerecorded cards, a detailed manual, and a program card holder.
Every Application Pac has been designed to extend the capabilities of our fully programmable models
to increase your problem-solving potential.

You can choose from:

Statistics Mechanical Engineering
Mathematics Surveying
Electrical Engineering Civil Engineering
Business Decisions Navigation

Clinical Lab and Nuclear Medicine

Users’ Library

The main objective of our Users’ Library is dedicated to making selected program solutions contri-
buted by our HP-67 and HP-97 users available to you. By subscribing to our Users’ Library, you'll have
at your fingertips, literally hundreds of different programs. No longer will you have to: research the
application; program the solution; debug the program; or complete the documentation. Simply key
your program to obtain your solution. In addition, programs from the library may be used as a source
of programming techniques in your application area.

A one-year subscription to the Library costs $9.00. You receive: a catalog of contributed programs:
catalog updates; and coupons for three programs of your choice (a $9.00 value).

Users’ Library Solutions Books

Hewlett-Packard recently added a unique problem-solving contribution to its existing software
line. The new series of software solutions are a collection of programs provided by our programmable
calculator users. Hewlett-Packard has currently accepted over 6,000 programs for our Users’ Libraries.
The best of these programs have been compiled into 40 Library Solutions Books covering 39 application
areas (including two game books).

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up
to $35.00 over single copy cost.

The Users’ Library Solutions Books will compliment our other applications of software and provide
you with a valuable new tool for program solutions.

Options/Technical Stock Analysis Medical Practitioner
Portfolio Management/Bonds & Notes Anesthesia
Real Estate Investment Cardiac
Taxes Pulmonary
Home Construction Estimating Chemistry
Marketing,/Sales Optics
Home Management Physics
Small Business Earth Sciences
Antennas Energy Conservation
Butterworth and Chebyshev Filters Space Science
Thermal and Transport Sciences Biology
EE (Lab) Games
Industrial Engineering Games of Chance
Aeronautical Engineering Aircraft Operation
Control Systems Avigation
Beams and Columns Calendars
High-Level Math Photo Dark Room
Test Statistics COGO-Surveying
Geometry Astrology

Reliability/ QA Forestry



BIOLOGY 'd

Demography, ecology, and genetics are included in these twelve programs
from the biology category. Many of these programs have been formed by
combining two HP-65 programs into one HP-67/97 program.

DEMOGRAPHY |: ESTIMATES OF PARAMETERS/RATES OF
INCREASE

DEMOGRAPHY II: EXPECTATION OF LIFE AND REPRODUCTIVE
VALUE

DIVERSITY AND EQUITABILITY INDICES

NICHE BREADTH AND OVERLAP/SHANNON'S H AND
HORN’S RO

POPULATION SIZE ESTIMATE (JOLLY’'S ESTIMATE)
CELL PHASE AND CYCLE TIMES

CROSSOVER: LOCATION/PRODUCTS
CHROMOSOME CLEAVAGE

RECESSIVE GENE FREQUENCY AFTER SELECTION,
MUTATION, AND INBREEDING

SELECTION AND GENE FREQUENCY
GENETIC INFERENCE FROM TRUNCATE DATA q

POSITIVE ASSORTATIVE MATING FOR A RECESSIVE
PHENOTYPE
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