
Mimeographed document on the « Pyramide de survie ».

The of ficial reference of this document is "Document pédagogique de l'Institut
de formation et de recherches démographiques (IFORD/Nations Unies , 
Yaoundé, Cameroun) N°60. DED.2. Février 1984, Année universitaire 1983-
1984. Nicolas Brouard. Corrigé des Travaux Dirigés N° 2. 8p."

This exercise is the "discrete" version of the theorem on the equality of the 
time lived and time left in stationary population and its property which will be 
published in 1989 in the book « Mouvements et modèles de population »

The students of Iford did not all master integration and demographic concepts
in continuous time. Therefore in the early years of my lecture (since 1980), I 
was teaching demography in discrete time. But with the notion of Population 
Vector and Population Density, I moved to continuous time 

At this time of February 1984, I called "pyramide de survie" what I will call 
“pyramide des années à vivre" in the 1986 publication.

You will see that the exercise also addresses the stable populations by 
providing a simple formulation where Tx is the classical accumulation of 
populations by five-year age (a=5), and r is the growth rate. I am attaching an
OpenOf fice spreadsheet to check the former calculations. In Feb 1984, 
spreadsheets did not exist or were just starting and I did the computations in 
Fortran at Ined on the first Vax DEC computers. Unfortunately, all my old 
computer programs are lost. I still have some magnetic tapes… This is the 
reason why Tx is shifted up of one age group (easier to print in Fortran in one
loop). 

At the end of the exercise, I approached the limit of the time left pyramid of a 
stable population which tends to the distribution of deaths (of the life table) 
when growth tends to in finity.

The PDF includes three documents :
1. a photo of the mimeographed documents of IFord that I found in my 

archives in January 2018 at INED ;
2. The correction of the Travaux dirigés N°2. Unfortunately, I do not have 

the statement of this Travaux dirigés N° 2, but only its correction.
3. The LaTeX version in French of this TDN°2 with less typographical 

errors (January 2018);
4. The LaTeX version in English of this TD N°2 (January 2018).
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AX6PX_X.X @ �LL11 lLAo1_aAh�A_1 RN3j@RN39
.1.Xk

.Q+mK2Mi Sû/�;Q;B[m2 Lê ey @ 6ûp`B2` RN39
JPlo1J1Lha 1h JP.1G1a .1

SPSlG�hAPL
ULX "_Pl�_.V

*P__A:1 .1a h_�o�ls .A_A:1a Lê k

R 1t2`+B+2 A
RX G2 MQK#`2 /2 M�Bbb�M+2b 2bi +QMbi�Mi /�Mb mM2 TQTmH�iBQM bi�iBQM@

M�B`2X aB S0 p�mi Ry yyy- H2 MQK#`2 /2b D2mM2b }HH2b �v�Mi 2Mi`2 y 2i 9
�Mb `ûpQHm2b 2bi

Z0 =
S0 + S5

2
, /2 KāK2 Zx =

Sx + Sx+5

2
,

kX @ G� bQKK2 /2b i�mt /2 7û+QM/Biû T�` �;2 p�mi R-R9j- H� bQKK2 /2b
M�Bbb�M+2b `û/mBi2b p�mi /QM+ 8 7QBb THmb UH2b i�mt bQMi [mBM[m2MM�mtV
bQBi 8-dR8 2M7�Mib T�` 72KK2X G2b i�mt M2ib /2 7û+QM/Biû bQMi Q#i2Mmb
2M KmHiBTHB�Mi H2b i�mt #`mib T�` H� T`Q#�#BHBiû /2 bm`pB2 2M KBHB2m /2
Tû`BQ/2 bQBi Zx · FxX 1M i2M�Mi +QKTi2 /2 H� KQ`i�HBiû- mM2 72KK2
M¨ 7�Bi /QM+ THmb [m2 8-kR 2M7�Mib 2M KQv2MM2- 2i HǶ�;2 KQv2M ¨ H�
K�i2`MBiû 2bi /2 k3-3 �MbX
G2 i�mt BMbi�Mi�Mû /2 GQiF� p�mi �HQ`b r = GQ;(R0)

ā - bQBi r = GQ;(2,54)
28,8 =

3, 23 WX G2 i�mt M2i /2 `2T`Q/m+iBQM p�mi 2M 2z2i 5, 21 · 100
205 = 2, 54

jX e-k 2M7�Mib T�` ?QKK2 +Q``2bTQM/2Mi ¨ 6, 2105
205 = 3, 17 ;�`ÏQMb bm`@

pBp�Mib T�` ?QKK2X GǶ�;2 KQv2M ¨ H� T�i2`MBiû /QBi /QM+ āi`2 /2
GQ;(2,54)
0,0323 = 35, 8 �MbX

9X G� TQTmH�iBQM bi�#H2 � mM2 bi`m+im`2 T�` �;2 BM/ûT2M/�Mi2 /m i2KTbX
PM T2mi T`2M/`2 2−r(+a/2) Zx - +2 [mB +Q``2bTQM/ ¨ mM2 TQTmH�iBQM
iQi�H2 /2 8R8yk 72KK2b Ur = 0, 0322- a = 5VX 1M 2z2i H2 +mKmH /2b
2z2+iB7b , Tx =

∑
y=x+5 2−r(y+a/2) Zy- T`ûb2Miû +QKK2 HǶûMQM+û H2 /2@

K�M/�Bi- MQmb +QM/mBi- ¨ +2 +?Bz`2X

R



PM � �mbbB +�H+mH2` H� bi`m+im`2 T�` �;2 /2 H� TQTmH�iBQM bi�iBQMM�B`2
[mB +Q``2bTQM/ �m KāK2 2z2+iB7 /2 8R8yk 72KK2bX
G2b /Bz2`2Mi2b bi`m+im`2b T�` �;2 bQMi /QMMû2b /�Mb H2 i�#H2�m +B@DQBMi
2i H2b Tv`�KB/2b +Q``2bTQM/�Mi2b bQMi /2bbBMû2b bm` H2 ;`�T?B[m2X

8X aB H2 i�mt /2 +`QBbb�M+2 2bi MmH H� TQTmH�iBQM 2bi bi�iBQMM�B`2X aB ¨
HǶBMbi�Mi t- H� bi`m+im`2 T�` �;2 2bi Zx - 8 �MMû2b THmb i�`/- H2b Zx

72KK2b �;û2b 2Mi`2 x 2i x + 4 �MMû2b U`ûpQHm2bV- M2 b2`QMi THmb [m2
Zx+5 X � HǶBMbi�Mi t- Zx − Zx+5 - /û+ĕb /2 72KK2b bQMi /QM+ �ii2M/mb
/�Mb H2b 8 �MbX G� bQKK2 /2b /û+ĕb �ii2M/mb �p�Mi +BM[ �MMû2b 2bi
/QM+ , Y0 = Z0 −Z5 + (Z5 −Z10) + · · · = Z0 - +2HH2 /2b /û+ĕb �ii2M/mb

k



2Mi`2 8 2i Ry �Mb 2bi /2 KāK2 ,

Y5 = (Z5 − Z10 + (Z10 − Z15) + · · · = Z5 2i+X

S`QT`Bûiû
.�Mb mM2 TQTmH�iBQM bi�iBQMM�B`2 QM /ûMQK#`2 �mi�Mi /ǶBM/BpB/mb
�v�Mi pû+m x �MMû2b [m2 /ǶBM/BpB/mb �v�Mi x �MMû2b ¨ pBp`2X

eX 1Mi`2 x 2i x+5 �MMû2b 2i T�`KB H2b Z0 2−r5/2 72KK2b /2 H� TQTmH�iBQM
bi�#H2 �;û2b 2Mi`2 y 2i 9 �Mb `ûpQHmb- QM /û+QKTi2`� (Zx−Zx+5) 2−r5/2

/û+ĕbX G� bQKK2 /2b /û+ĕb 2b+QKTiûb 2bi /QM+ ,

Yx = (Zx − Zx+5) 2−r(5/2)+(Zx+5 − Zx+10) 2−r(5+5/2)+(Zx+10 − Zx+15) 2−r(10+5/2)+ · · ·
Yx = (Zx − Zx+a) 2−r(a/2)+(Zx+a − Zx+2a) 2−r(a+a/2)+(Zx+2a − Zx+3a) 2−r(2a+a/2)+ · · ·

= Zx 2r(a/2)+(1− 2ra)Tx 2rx

PM `2i`Qmp2 #B2M Zx [m�M/ r p�mi xû`QX

dX G2b Tv`�KB/2b /2 bm`pB2 /2 +2b TQTmH�iBQMb bi�#H2b M2 bQMi T�b KQMQ@
iQM2b /û+`QBbb�Mi2bX G2 MQK#`2 K�tBKmK /2 /û+ĕb �ii2M/mb b2 bBim2
2Mi`2 ey 2i e8 �MMû2b TQm` H2b 72KK2b 2i 88@ey TQm` H2b ?QKK2bX
SHmb H� TQTmH�iBQM 2bi D2mM2- +Ƕ2bi@¨@/B`2 THmb H2 i�mt /2 +`QBbb�M+2
2bi 7Q`i- THmb H� Tv`�KB/2 /2 bm`pB2 b2 `�TT`Q+?2 /2 H� 7Q`K2 /2 H�
/Bbi`B#miBQM /2b /û+ĕb /2 H� i�#H2 /2 KQ`i�HBiû �bbQ+Bû2X
lM i�mt /2 +`QBbb�M+2 KāK2 7�B#H2 KQ/B}2 T`Q7QM/ûK2Mi H� 7Q`K2 /2
H� +Qm`#2X

j
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.1.Xk

.Q+mK2Mi Sû/�;Q;B[m2 Lê ey @ 6ûp`B2` RN39
JPlo1J1Lha 1h JP.1G1a .1

SPSlG�hAPL
ULX "_Pl�_.V

*P__A:1 .1a h_�o�ls .A_A:1a Lê k

R 1t2`+Bb2 A
RX h?2 MmK#2` Q7 #B`i?b Bb +QMbi�Mi BM � bi�iBQM�`v TQTmH�iBQMX A7 S0 Bb

2[m�H Ry-yyy- i?2 MmK#2` Q7 vQmM; ;B`Hb �;2/ #2ir22M y �M/ 9 Bb

Z0 =
S0 + S5

2
, �b r2HH Zx =

Sx + Sx+5

2
,

kX h?2 bmK Q7 i?2 �;2@bT2+B}+ 72`iBHBiv `�i2b Bb RXR9j- bQ i?2 bmK Q7 i?2
`2/m+2/ #B`i?b Uh6_ BM 1M;HBb?V Bb 8 iBK2b KQ`2 Ui?2 `�i2b �`2 }p2@
v2�`V- Q` 8XdR8 +?BH/`2M T2` rQK�MX L2i 72`iBHBiv `�i2b �`2 Q#i�BM2/
#v KmHiBTHvBM; i?2 +`m/2 `�i2b #v i?2 T`Q#�#BHBiv Q7 bm`pBp�H BM i?2
KB//H2 Q7 i?2 T2`BQ/- B2 Zx·FxX h�FBM; BMiQ �++QmMi KQ`i�HBiv- � rQK�M
i?2`27Q`2 ?�b �M �p2`�;2 Q7 QMHv 8XkR +?BH/`2M- �M/ i?2 K2�M �;2 �i
+?BH/#2�`BM; Bb k3X3 v2�`bX
h?2 BMbi�Mi `�i2 Q7 GQiF� Bb i?2M r = GQ;(R0)

ā - r?B+? Bb r = GQ;(2.54)
28.8 =

3.23 WX h?2 M2i `2T`Q/m+iBQM `�i2 Bb i?2M 5.21 · 100
205 = 2.54

jX eXk +?BH/`2M T2` K�M +Q``2bTQM/ iQ 6.2105
205 = 3.17 #Qvb bm`pBpBM; T2`

K�MX h?2 K2�M �;2 �i +?BH/#2�`BM; 7Q` � K�M b?QmH/ i?2`27Q`2 #2
2[m�H iQ GQ;(2.54)

0.0323 = 35.8 �MbX

9X h?2 bi�#H2 TQTmH�iBQM ?�b �M �;2 bi`m+im`2 BM/2T2M/2Mi Q7 iBK2X q2
+�M i�F2 2−r(+a/2) Zx - r?B+? +Q``2bTQM/b iQ � iQi�H TQTmH�iBQM Q7 8R8yk
rQK2M Ur = 0.0322- a = 5VX AM/22/- i?2 +mKmH�iBQM Q7 i?2 MmK#2`b-
Tx =

∑
y=x+5 2−r(y+a/2) Zy- T`2b2Mi2/ �b i?2 bi�i2K2Mi `2[mB`2/- H2�/b

mb iQ i?Bb };m`2X

R



q2 �HbQ +�H+mH�i2/ i?2 �;2 bi`m+im`2 Q7 i?2 bi�iBQM�`v TQTmH�iBQM rBi?
i?2 b�K2 iQi�H bBx2 Q7 8R-8yk rQK2MX
h?2 p�`BQmb �;2 bi`m+im`2b �`2 ;Bp2M BM i?2 7QHHQrBM; i�#H2b �M/ i?2
+Q``2bTQM/BM; Tv`�KB/b �`2 /`�rM QM i?2 ;`�T?X

8X A7 i?2 ;`Qri? `�i2 Bb x2`Q- i?2 TQTmH�iQM Bb bi�iBQM�`vX A7 �i iBK2 t- i?2
�;2 bi`m+im`2 Bb Zx - 8 v2�`b H�i2`- i?2 Zx rQK2M �;2/ #2ir22M x �M/
x + 4 v2�`b U+QKTH2i2/V- rBHH #2 QMHv Zx+5 X �i BMbi�Mi t- Zx − Zx+5

- /2�i?b 7`QK rQK2M �`2 2tT2+i2/ BM i?2 M2ti 8 v2�`bX h?2 bmK Q7
i?2 /2�i?b 2tT2+i2/ #27Q`2 i?2 M2ti }p2 v2�`b Bb i?2`27Q`2 , Y0 =
Z0 − Z5 + (Z5 − Z10) + · · · = Z0 - �M/ i?Qb2 Q7 i?2 /2�i?b iQ #2

k



2tT2+i2/ BM i?2 M2ti 8 iQ Ry v2�`b Bb- �M�HQ;QmbHv ,

Y5 = (Z5 − Z10 + (Z10 − Z15) + · · · = Z5 2i+X

S`QT2`iv
AM � bi�iBQM�`v TQTmH�iBQM i?2`2 �`2 �b K�Mv BM/BpB/m�Hb ?�pBM; HBp2/
x v2�`b �b BM/BpB/m�Hb ?�pBM; x v2�`b iQ HBp2X

eX "2ir22M x �M/ x+5 v2�`b �M/ �KQM; i?2 Z0 2−r5/2 rQK2M Q7 i?2 bi�#H2
TQTmH�iBQM #2ir22M y �M/ 9 v2�`b QH/- r2 rBHH +QmMi (Zx−Zx+5) 2−r5/2

/2�i?bX h?2 bmK Q7 2tT2+i2/ /2�i?b Bb i?2`27Q`2 ,

Yx = (Zx − Zx+5) 2−r(5/2)+(Zx+5 − Zx+10) 2−r(5+5/2)+(Zx+10 − Zx+15) 2−r(10+5/2)+ · · ·
Yx = (Zx − Zx+a) 2−r(a/2)+(Zx+a − Zx+2a) 2−r(a+a/2)+(Zx+2a − Zx+3a) 2−r(2a+a/2)+ · · ·

= Zx 2r(a/2)+(1− 2ra)Tx 2rx

q2 p2`B7v i?�i r2 ;2i Zx r?2M r Bb 2[m�H iQ x2`QX

dX h?2 bm`pBp�H Tv`�KB/b Q7 i?2b2 bi�#H2 TQTmH�iBQMb �`2 MQi KQMQiQMQmb
/2+`2�bBM;X h?2 K�tBKmK MmK#2` Q7 2tT2+i2/ /2�i?b Bb #2ir22M ey
�M/ e8 v2�`b 7Q` rQK2M �M/ 88@ey 7Q` K2MX
h?2 vQmM;2` i?2 TQTmH�iBQM- i?�i Bb- i?2 ?B;?2` i?2 ;`Qri? `�i2- i?2
+HQb2` i?2 bm`pBp�H Tv`�KB/ Bb iQ i?2 b?�T2 Q7 i?2 /2�i? /Bbi`B#miBQM Q7
i?2 �bbQ+B�i2/ KQ`i�HBiv i�#H2X
1p2M � HQr ;`Qri? `�i2 T`Q7QmM/Hv +?�M;2b i?2 b?�T2 Q7 i?2 +m`p2X

j
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