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INTRODUCTION

The life table analvsis computer program LIFE was
coded by the Desert Biome Data Processing Group in
response to a principal investigator’s request for data
analysis. The program handles both current and cohort life
tables in abridged and unabridged form, and generates
standard errors for three basic life table parameters. We

found programs available in the open literature -- such as
Biomedical Computer Programs (BMD) life table analysis --
to give a less general treatment to life table data. The
purpose of this report is to make the program more widely
available to the scientific community.

PROGRAM DESCRIPTION

Life tables may be either current or cohort type. A
current life table requires the age structure of organisms and
the number of deaths in each age-class as basic input data.
These data are a summary of the mortality experience of a
given population at one short instance in time. Census data
for the United States population where people are classified
according to age and whether or not they die in the given
vear of census constitute current life-table data. On the other
hand, a cohort life table follows one population from birth
until no member of the population is living, recording the
vears in which the individual members die. An example
would be the life dynamics of a laboratory-reared insect

hatch.

Either current or cohort life tables may be unabridged or
abridged. If unabridged, the basic unit of time for
classification of death is taken in equal increments
throughout the life cycle: 0-1, 1-2, 2-3, ete. The units are
arbitrary and depend to a large extent on the life span of the
organism; vears may be used for people while days may be
more appropriate for insects. An abridged life table allows
age intervals greater than the basic unit and, in general,

these may be unequal. For example, 0-1, 1-5, 5-10, 10-20,
ete.

It should be noted that the entities need not be organisms.
For example, if a cohort of books in a library is followed
through time until they are destroyed, lost or stolen, a life
table of book mortality may be meaningful. Also, in some
instances time may not be the independent variable. By
example, suppose a test part made from a metal alloy is
subjected to a bending fatigue test until the part breaks. The
life table may then appear with “age-classes” given by the
number of cyeles prior to failure: 0-6000, 6000-12,000,
12,000-18,000, etc.

The life tables calculated by LIFE are according to a
binomial probability model detailed in Chiang (1968, Ch.
9-10). Two previous papers by Chiang (1960a, 1960h)
contain additional relevant material. This report gives a
correspondence between the notation used by Chiang an
FORTRAN variables used in LIFE. Also included are the
sults of two test problems taken from Chiang (1968, 196U0;;
the reader will gain substantial understanding by comparing
these outputs with the originals.

TERMINOLOGY

The following is the correspondence between symbols
used by Chiang and the computer program LIFE. Type of
variable is either I = integer or F = decimal.

Symbol Variable Type Definition
Chiang LIFE
- ITYPE 1 Type of life table (current or cohort)
w NUM 1 Number of age-classes
Xj X 1 Lower age of age interval X(I) — X(I+1)
B, P I Mid-interval population in age interval
D; D I Number of deaths in age interval referenced to population P
1g RADIX I RADIX; 100000 is default value
1 L [ Number living at age X(I)
d; DD I Number of deaths referenced to L.
a; A 0 Fraction of last age interval of life for age X(I)

1

"o

Death rate in age interval
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Table, continued

Symbol Type of Definition
Variable
Chiang LIFE

a5 Q F Proportion dying in age interval

Sqj SQ I Sample standard error of Q

P POI F Proportion of survivors over age interval X(0) — X(I)
SPoi SPOI F Sample standard error of POI

¢ E F Observed expected life at age X(1)

Se; SE F Sample standard error of E

1

INPUT

For a current life table, values for X, P, D, A, and RADIX
must be read in. To illustrate, if there are 10 age-classes
(NUM = 10), the program will expect 10 values for each of
X, P and D. The variable A -- the fraction of last age interval
of life -- is programmed to default to 0.5 if no values of A are
read in. The reason for this is that in most cases it is
reasonable to expect that when many organisms die in a
given age interval, the fraction of the interval lived when
death occurs is one-half, or 0.5. An instance when this
is sometimes not reasonable is when considering death
among very young organisms. For example, death among
human infants in the first year of life often occurs shortly
after birth. When all infants dying in the first year of life are
considered we find that, on the average, approximately,
say, one-tenth of the first year is lived. Be this the case, a
value of 0.1 for A is more appropriate for the first year of
life.

The user can override the default value by reading in A
values as follows. The order in which the A’s are read in is,
correspondingly, from youngest to oldest age intervals. For
example, if three values of A are read in these will be
assigned in order to the first, second and third intervals of
the life table; all values for intervals greater than the third
will default to 0.5.

A final clarification concerns the variable RADIX. A
current life table contains a column labeled 1; (or L) which

is the “number living at age X(I).” The numbers in this
column are based on an artificial population in which the
number of organisms in the first age interval is arbitrarily set
equal to the variable RADIX. The death rates obtained from
the input life-table data are then used to obtain the 1; values
for the remaining, older age intervals. Thus, the 1; column
represents the mortality pattern obtained from the input
data as imposed on a fictitious population. The LIFE
program uses a default value of RADIX = 100000. This
default value can be overridden to the extent that the user is
given the option of specifying a smaller value (less than
100000).

Input format for LIFE follows. Integer entries are
symbolized by I. Right-adjust integers within field. Decimal
variables are denoted by F. If the decimal is punched they
can be located anywhere within the field; otherwise,
observe the given format.

Whether a given life table is current or cohort type is
specified on Card Type 1. The choice of abridged or
unabridged life table is implicit in the statement of age-class
intervals on Card Type III. There is one card per case for
Card Type I. Card Type 11 is used only if the user is reading
in A values. If a given card of Card Type II becomes filled,
continue onto a subsequent card. There is one Card Type III
card for each age-class interval. These are ordered from
youngest to oldest ages.

Card Type I
Columns Variable Type Description
5 I ITYPE. Enter type of life table: 0 — current; 1 — cohort
6 — 10 I NUM. Enter number of age intervals
11 — 15 I IA. Number of A values to be read in
16 — 20 I RADIX. An entry of 0 causes the default value RADIX = 100000 to be used.

If a smaller value is desired it should be entered. RADIX is only required for a
a current life table. If life table is cohort type, there will be no entry for RADIX.
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Card Type II (use this card only if IA on Card Type I is greater than zero. Format is 20F 4.3)

Columns

Variable Type

Description

1 — 4
5 — 8
9 — 12
76 — 80

The value of A for the first age interval
The value of A for the second age interval
The value of A for the third age interval

Card Type III (one card for each interval)

Columns

Variable Type

Description

1 — 5
11 — 20
21 30

X(I) Lower age of age interval, X(I) — X(I+1). Note that when I=1, X(1)=0
If life table is current (ITYPE=0), enter P, “"mid-interval population in age
interval.” I life table is cohort (ITYPE = 1). enter L, “number living at age X(1).”
If life table is current (ITYPE=0). enter D. “number of deaths in age interval
referenced to population P71 life table is cohort (ITYPE=1). no entry is
required.

TEST PROBLEMS

Two test problems are shown below. The first is an  Card Type II:
abridged current life table for the total 1960 United States 010 033 046 054 057 A4F 050 052 AS4 0S4 054 0S3 052 052 052 0SL 0S| 043 045 041
population. This example is worked out in Chiang (1968,
Ch. 9, Tables 4, 5, 6, 7, and 8). The second example from Card Type I1I:

Chiang (1960b) is an abridged cohort life table for male

o 4126560 110873
: ; " .
Drosophila melanogaster raised in the laboratory. For each 3oenman e
test problem, a listing of the input cards and a listing of the i frogms i
output are shown. 20 10803155 13342
25 10370326 14214
30 11951709 13200
" < - ‘ 35 12508315 29161
INPUT LISTING FOR ABRIDGED CURRENT 40 lisereis  aze
' s0 90592
LIFE TABLE 50 903
&0
65
70
B B 7 .3 . 75
Card Type I: ™
021 20 as
an
95
OUTPUT FOR ABRIDGED CURRENT LIFE TABLE
I x(l)=xtle1) P o M A ] sQ L uu £ SE Pul srul
R R R S e R R R e e R R R e T e g R
1 0 1 4126560 110873 Usu2687 0410 002623 0000078 100000 2623 6Y465 VeQ1177 14000 Qeuuluo
2 1 5 16195304 17682 Qey0109 0439 000436 01000033 973yt 424 TueS3 0:01065 0a974 vauuouy
3 5 10 lees59lsl 9le63 0400049 Qudsb 0400245 04000028 96952 238 6o0s8) 0.01048 0.970 0,000vg
“ 10 13 16815965 Taty 0euQOad 054 0400219 0000025 96715 zl2 6iavy Ue01035 01967 QaQuOvy
5 15 20 132087434 12185 0200092 04537 0400458 00000041 96503 442 57412 Us01026 0965  VUOQUY
6 20 25 10803165 13348 0400124 0,49  0,00618 0:000053 96Ul 592 54,37 0401005 04961  0,00010
7 25 30 1o087p38e 14214 Usw0ldl 0s50 04000652 0:000054 93470 622 TELY] 000975 0955 Ua00011
L] 30 35 11951709 19200 0vu0l6l Q52 000800 0+000058 94848 75% Lea 97 000950 [ERTT:] veguoiz
¥ 35 w0 12508316 29161 0su0233 0454 0.01159% 0s000068 94089 1091 38.30 V00928  0.Y41 Uapuoll
10 40 45 115672106 42942 0sv03T1 054 0.01840 0:000088 92998 1712 33472 0400906 0930  0e000L3
1 45 50 109288678 64283  0+yQ5HBY 054 0402902 04000113  ¥l28é 2649 2v.430 (00878 04913 000016
12 50 55 9696502 90593 QeyuQY3s Qo523 0404571 Qe000L48 88637 w052 29409 uiopB4T 0+8d6  WeubOLY
13 55 60 8595947 116753 0ey1358 Q52 0406577 04000186 84586 5563 21047 Us00BUB 0846 0400022
14 60 &5 111897 1534464 01y2158 pas2 0410257 04000248 79023 8105 17a48 01007069 0s7%0 Oaub0co
te o gw 70 6186763 196605  veu3L7B UeS2 0414763 09000307 70917 10670  lasl@ 0400725  0.70Y  UsOUO3L
16 70 75 4661130 223707 0eQu799 0e51  0.21472 0s000402 60448 12979  11sl8 0100695  Usoud 0004
17 5 80 2977347 219978  0su7388 Q.51 0:31280 04000553 47468  1abug DS54 UsQOBE3 Q475 Us00036
18 L] 85 1518208 18523; VL2201 Qe48  0.46312 09000788 32620 15107 627 V00704 0:326  Us0LOOSS
19 85 90 648581 120366 V18558 0445 O0s6l4s7 0Ce001100 17513 10760 witd  0.00774 0,175  G,uulsg
20 90 95 170653 Sp278 Urg9a62 Qedl 0478812 o0wpolold 6754 5323 ded0 0400996 0sGoB UsoouEd
21 95 44551 13882  vsalibo 1.00000 1431 1431 asil 0:014  UeguOl2
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INPUT LISTING FOR ABRIDGED COHORT LIFE TABLE
Card Type It

i 0 Ly

Card Type II:

n 270

s A q
i a6 2
15 261 7
K 254 3
a5 251 3
30 Zda 1e
35 232 L
an 166 36
45 130 s4
<0 7E 4

I wgly=xtlel) L 00 A y 30 3 SE rol spol
i 0 5 210 Z 05 000741 0.005218 43419 Vsb9929 14000 0eQ0000C
2 5 10 268 4 0.5u  0,01493  0,007407 38449  0.67074 04993  0.00522
3 10 1% 264 3 0+50¢  Qe0ll3e 0.006923 34103 0062303 0976 0sQOB97
] 15 20 261 7T 03y 0402682 04010000 29440 059401 0:9067 ue01092
5 20 25 254 3 0s5¢ 0401181 0,006779 25414  0.24Q28  0.94] veQ1437
6 25 30 251 3 0+50 0401195 04006859  20+41 0452367 04930 001557
7 30 35 2448 16 0450 0:06452 04015600 15463 051485 Q919 wel1665
8 35 w0 232 66 0+5u 0s28u4b 04029021 11+53  0e49815 0+859  ye021106
9 a0 45 166 36 0+5y 0s21687 (04031986 1012 OskbplL7? 0e615 vsQ2962
10 45 S0 130 54 0+50 0s41530 0.043220 7423 0443280  0+4BL L0304
11 50 55 76 42 0+30 0155264 04057035 5259 oe4dso7 0281 02737
12 55 60 34 21 0+5u  0:61765 0.083342 4ekl Q41671 Qel26  Ue0201Y
13 60 13 13 1.00000 2450 0s088  we01303
SUMMARY LITERATURE CITED
The main value of Chiang’s (1968) life table model is the ~ Cuiane, C. L. 1960a. A stochastic study of the life table and
standard errors generated for q;, p; and e;. These are useful its application: I. Probability distributions of the bio-
for assessing the inherent uncertainty in the estimators. The metric function. Biometrics 16:618-635.

standard errors also make possible tests of hypotheses
concerning life tables for two or more populations. For  Cuiang, C. L. 1960b. A stochastic study of the life table and

example, the hypothesis that the true expected life at a given its applications: II. Sample variance of the observed
age is the same for two populations can be tested. Chiang expectation of life and other biometric functions. Human
(1960b) gives a worked example of the hypothesis testing Biol. 32:221-238.

procedure.

Cuiancg, C. L. 1968. Introduction to stochastic processes in
hiology. John Wiley and Sons, New York.
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APPENDIX 1

FORTRAN Listinc oF LIFE Procram

SeFTLES,UNTT=DISKPACK,RFCORNa18,BLOCKING=I0

EaFTLEASUNITaPRINTFRsRFCARNED2

REAL AC100)M0100)aLE1001,NNE100),001001,500100),
POTLI00Y,SFOLCIN0Y.ECINO)SSF{100)

INTFGER X(100)aPC10NYS0(100)

REANISH100,FNDuS) [TYPFaNUMSTAWRADTX

IF (RADIX JEQ« N) RANIX=}OONND

DO 2 l=(la ¢ 1)aNUm

AC11=0. %

IF €1A o6T. 0) RFANCS21001) (a(Tdeinlaluy

REANIS,102) (XCTY,PITIaNeIdaTatshun)

CALl LIFFOITYPFanUMaRADT X aXodaPsDaLo0DaMsGaSQPNTLSPNILFLSF)

IF (ITYPF .E@: 11 GN TO &

WRITF(hAs100)

RRITECAL200) (TaxCIvaX{Tad daPCIsOCIdamcldrallaQeINas0CIdsLCIs
COCT)aFcIYsSECTV,PAICINaSPAT(T)plalsthumM = 1))

WRITFCA2200) NUMaXCNUM)SPINUM) ,O(NLNIsMINUMISRCNUMYIaL(NUM)5DDCNUND
FECNUMY PR ONINY, SPOTINUNY

G0 Tr ot

WRITF(&.301)

WRITF(AS202) (Tax(TVaxClaldst CL2sONCI)sallda0(IN0500T),
FCYYSFULaPOICT)aSPOlET)alalalhun = 1)

RRITFCA203) NUMaXONUM)SLCNUM)ZODENUM) S OCNUMIAFENUNY,
POVCHUM)SSPOIENUM)

GC Tr 1

ST0P

FORMaT(4]S)

FORPWAlfPNFa4}d)

FORwAT(ISs2110)
FORMATCITIS22110:0F1005:F842,F10:52110060218,FR:2.F10:5,F8,3,F10.5)
FORMATEZTI5:5%2 21102 F1045sF15:5:10x218sFB8:2510xaFRIIF1045)

FOAMAT(3I5,2110.F6425F10,54F10.6sFA,2,F10,5,FB8,1,F10,5)
FORMaT(215,9%02T10F 16458510 04FA2,10K,FA43,F10,8)

FoRMATC'Y T x(T)=w{lsl) P [}

50 L

ro P0( ' amamanty)

FORMATC ) I xdT)=x(I+t) L

PNl

PNl

on L SF

Do
sPOl v 2 0
FND

SURKPUTINF LIFFOTITYPF ,AUMRANI X asPan,laln,
MaGaSOPRTSPNTWFWSF)

"NIFGER x(100)sPC10n)sDC100)

REAL ACI00)LCI0RYnNCI00)anEInd)agclOnys
SQOICN)PrICINMAY,SPNTCINAY«FE100),8FC1N0)

GER VARTARLE DFFINITIONS
F = TYPF NOF TARIF1 O=CURRFNT, 18CLHART
= NUMRFR OF AGF CLASSFS
= LOWFR AGF NF AGF INTFRVAL ¥(l) = X(le1)
= wIN=INTERVAl POPULATION TN AGE INTFAVAL
= KUMBFAR OF NFATHS IN AGF INTERVAL
RFFFRENCFD TN POPULATINN P
X = RANIX} 100000 AFFAULT
“ NUMBFR LIVING AT AGF x
= NUMRFR OF NFATHS RFFFAFNCEN Tn L
VARIABLF REFINITINNS
= FRACTINN OF LAST AGF INTFRVAL [F LIFE
FOR AGE
= NEATH RATE IN AGF INTERVEL
= PRNPARTION NYING IN AGF INTERVAL
= SAMPLE STANNARN FRANR NF @
~ PRNPNRTION nf SURVIVNRS NVFR AGF INTERVAL
= SAMPLF STANNARN FRANR NF Pnl
= NESFRVFD FYPFCTINN NF LIFE 4T AGE ¥

L R N N B R R e A

o

w
-

CURR
IN

QUTFUT

® SAMPLF STANNARN FRANR NF F

FNT LIFE TaBLE

PUTH  NNN=4RRAY VAQTABLFSI ITYPEsnUMsRANIX
ARRAY VARTABLFS: ¥» Pa D

POl

ARRAY VARTABLFSI S50

Fa

Ms Qs 0D

SPOLs

La
SF

COHORT LTFF TARLF

In

ou

PUTI  NON-ARRAY vARIABLFSI

ERRAY VARTAALFST X,

ITYPEs NUM
A

Ls
TPUTY

ARRAY VARTARLFS) 0,
Fa

sas Ls 0. POI, SPOI,
5F

IF ¢TTYPF LfQu ') RADIXSP(1)
IF tRADIY JEQs n) RFTURAN
BC * Ta2.nLw
Jal = |
INaXE]Y - x(uy
IF CITY®F JFo. 13 GN Tn 1
MOJ)mFLOATIDCUY)/FLNATEP(UY )

COMPLTF POPULATINN 4T START nF INTFRVAL

PRaFLOATIPCU ) /XneFLOATENCUN) (140 =
Gn Tn >
PtadaPeyy =
PRP=P(J)
GfudsFLOATIDCUYY/RNP
SACL1=0L) * (1,0 =
LtddsRrantx
NNESI=RARLY « B(JY
Arnla=ranly = Apca)

CONTINUF

GCNIwJel .0

MONIWIaFLOATCDCNUMYII/FLOATIPINLIND)

LENuw)aRADTX

DUCNLMI=RAR]X

IF (TTYPF £Q. 1Y GN TN &

TYFARS =L (NUMI/MINYMY

6C TC S

TYEARSEFLOATCPENUMYY & ACKLMY

(XCNUMY = X(Nuw = 1))

FONUM ) mTYFARS/ZL EWUNY

SvARe0

DC A lets(hum = 1)
JEhUM = |
ANGX(J & 1) = ¥(J)
TYFARS=TYEARS + XN

ALY = 1400
Ete)aTYEARS/LIJ)
SVLR=SVAR + Lfd) =

CECJ + 1) & XN »
SFUJIaSYAR/(LEL) »

CONTINUF

SVARRQ

XN=1,0/LE0)

oo 7 Imls(huM = 1)
PATCIY=L (1) o uN
SPNICIY=SQRT(PNICT) o POICT) » SVAR)
SVARaSVAR + SoCI)/(140 = arly)=s?
Socl)=SORT(S0rT))
SFEIIaSQRTCSFeT )Y

COKTINUF

POICKUMYRL(NUMYe XN

SPOTCNUMI=SQRT(PNI(NUM)

RETURN

ACJdy)

FeT)

et/POP

* (LCJY + DOCUY #

LIJY & SQ(d)
Clafl = 4CJ2)3ae2
Ltd)y

e PNTCNUM) = SVAR)
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