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Abstract 

The study considers the model of an abstract organism, called Arbitrary Oscillator (ArbO), which is capable of making decisions 

at each timed step. These decisions are „critical‟ since, randomly, their outcome can be „fatal‟ for ArbO, thus bringing its life cycle 

to an end. If we impose limits on the total number of critical decisions using a fixed parameter TC (Total Cases), we can treat the 

statistical distribution of fatal events over a large number of ArbOs using statistical mechanics methods. This results in a 

mathematically definable asymmetric „bell‟ distribution, which can be compared with demographic mortality curves (dx curves), 

with an appropriate choice of time scale (one step = five years). The possibility of modeling and therefore predicting the trend of 

demographic mortality is of great scientific and social interest. Our conjecture assumes that, as demographic longevity improves, 

i.e., with the lengthening of lifespan, the actual demographic curves will increasingly match the mathematical distribution curve 

of our ArbO. The statistical distribution of the ArbO was introduced by the author in a previous paper and is here recalled and 

formalized analytically and its characteristics are detailed. The above said conjecture is based on two case studies: mortality in 

the United States from 1900 to 2017 and mortality in Italy from 1974 to 2019. The conjecture, applied to both case studies, 

appears reasonable. Tables and comparison figures are provided to support this. Also, an attempt to predict demographic 

mortality behavior and limitations for the years to come is provided. Finally, the more general theme of the nature of human aging 

can also be related to our conjecture, since it can highlight the presence of an absolute limit on the number of „critical‟ events (the 

TC parameter). As „critical‟ events accumulate over time by aging, approaching the final limit value, the probability of death will 

tend toward one. 
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1. Introduction and Recalls 

Operating on demographic Life Tables, mortality curves 

can be obtained that illustrate the number of deaths in a given 

age interval when that age interval spans a lifetime. These 

statistical data are normally presented from year to year in 

tabular form for a standard number of total cases (100,000 

people) and represent the evolution of life possibility to the 

social conditions of the demographic community under con-

sideration. A typical generic mortality curve takes the form 

presented in Figure 1. Three main highlighted areas are noted: 

an area A representing infant mortality, an area B representing 

a quasi-constant number of deaths (i.e., not very dependent on 

age), and finally an area C related to the more evident peak 

mortality at advanced ages. The sum A+B+C leads to 100000 

dx events. 
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Figure 1. Mortality poll points & interpolated curve with A, B, C 

areas and FWHM line along age intervals. 

The plotted single points correspond to demographic mor-

tality data i.e. the deceases (called dx counts in the Life Table) 

for the considered age interval (in this case five years wide). 

The continuous curve is the interpolation of the point data. A 

horizontal line is also presented useful to define the FWHM 

(Full Width at Half Maximum) parameter associated to the 

curve peak. The FWHM figure measures the age width of the 

segment intercepted between the FWHM line and the con-

tinuous curve. In this study we present the thesis that, as 

lifespan increases, the mortality curve also changes, con-

verging to a curve of a statistical type that we refer to as the 

S-system curve. In other words, areas A and B will tend to 

cancel out, while area C will follow the pattern of an S-type 

curve (which itself has no significant A or B component). This 

curve is describable analytically as a function of a time vari-

able (age of the person) and a parameter equal to the total area 

subtended by the curve. This curve formula was presented in a 

study as per Ref. [1] (also detailed in Ref. [2]). In that Ref. [1] 

work we introduced the S-system object and its properties. 

Correlated to this we also introduced the so-called Arbitrary 

Oscillator (ArbO). The curve under discussion is derived by 

the analysis of these two objects. Hereunder we provide some 

recall of these concepts for the ease of the reader. In the se-

cond section we describe in more detail the characteristic of 

the curve while in the other following sections we deal with 

the mortality real demographic data and their possible con-

vergence toward the theoretical mortality curve including a 

possible future mortality forecast. Finally, the conclusions test 

the credibility of the conjecture and outline possible areas of 

research development a for further confirmation of the con-

jecture. 

S-systems mathematical definition 

The S system of equations is defined as follows: 

∑         
    

   
                                 

∑   
    
      ;  

           

As a consequence of above equations, the solutions {  } of 

the system must be: 

                       

Note that the first eq. can be expressed also in the equiva-

lent form: 

∑          
    

   
        

obtained by multiplying both members by 2^imax. 

A simple example with TC = 5 can clarify the system. The 

S system in this case will be: 

8 m1+4 m2+2 m3+m4=16  

m1+m2+m3+m4=5  

and the three possible solutions are: 

                
                
                

  

The arbitrary oscillator object 

The ArbO object can be associated to a S
TC 

system. We 

imagine indeed, just like the classic harmonic oscillator well 

known in physics, an object that can move between two fixed 

positions, but on the contrary with the classic oscillator, the 

"decision" to move to and from is not sure but aleatory. So, the 

Arbitrary Oscillator, at any step of time r (or clock step), can 

stay still or jump to the other position. If we tag the "deci-

sions" with a label "0" or "1" meaning e.g. stay or move, we 

can have a sequence of decisions or "cells" list like e.g 

{0,1,0,0,1...} that define the story of the motion and relevant 

"decisions". We see also that at any previous decision two 

next future decisions, 0 or 1, can arise. So, all around the clock 

time, the number of possible sequences will expand in an 

exponential way: 2^r. But if we admit the possibility to have 

some "death" instance (again as random instance) at one or 

more of the possible choices available at the generic step r, we 

will have a choice count at step r not exponentially determined 

but only defined by the preceding evolution as follows: 

(Equation group S) (EGS): 

              

             

                         

where       represent the number of mortal events and safe 

events respectively at the end of the rth step. This process can 

continue indefinitely or stop when at some "rend" step we will 

reach vrend=0. At this moment the ArbO device will not have 

any more v "fuel" to generate the next step. In this case there 

will be a total final count of previous       integer numbers 
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and if we fix a max.    sum defined as TC ("Total Counts") 

we will result in a S
TC

 system as shown hereunder. 

The math of ArbO 

The mathematical description of the ArbO object is condi-

tioned to a criterion of max limit of evolution: the ArbO can't 

indefinitely evolve, so a limit is imposed with the condition: 

∑   
R   
        

Coming back to the above (EGS) eq.s, we observe that this 

lead also to a recursive solution: 

      ∑       
 

   
  

meaning that the vr, as expected, depends from the evolution 

of the mr. Imposing the existence of an Rmax such that 

vRmax=0, we will result into a system of diophantine equations 

like: 

(Equation Group EGDS) (EGDS) 

∑   
R   
         

∑      
R   
        

            

∑   
R   
           

           

∑   
R   
              

We see that the first three eq.s of (EGDS) are the usual S
TC

 

equations system previously introduced. We conclude that a 

diophantine S
TC

 system describes the ArbO object to which 

we can add also the vr variables (specific of the ArbO mech-

anism) that, at any rate, are fully determined by the inde-

pendent mr variables. For the already known example of 

TC=5 we have then all the following possible solutions, in-

cluding the vr variables: 

8 m1+4 m2+2 m3+m4=16  

m1+m2+m3+m4=5  

{{m1->0,m2->3,m3->2,m4->0,v0->1,v1->2,v2->1,v3->0,v4->0}

,{m1->1,m2->0,m3->4,m4->0,v0->1,v1->1,v2->2,v3->0,v4->0},

{m1->1,m2->1,m3->1,m4->2,v0->1,v1->1,v2->1,v3->1,v4->0}}  

The ArbO configurations 

The (EGDS) eq.s does not fully describe the ArbO possible 

evolutions sequences. The (EGDS) describe the total quanti-

ties of mr,vr along the r steps evolution, but these do not 

specify on which "cell" (or decision place), from the Qr 

available, the effective deadly events occur. This aleatory 

condition holds for all the solutions of a S system, in the sense 

that given a particular solution, one can wonder about the 

number of the associated configurations (i.e. 0,1 sequences) to 

this specific solution. Now considering the exponential 

growth of the number of solutions in the above systems, this 

growth is again more enhanced for the possible associated 

configurations. For example (Ref. [2]) with TC=21, the S 

system will cover 30410 different {mr,vr} solutions. Between 

these solutions there will be one (or some) with the maximum 

number of configurations. 

For the TC=21 case, this max. number of configurations 

results in 14.112.000 configurations. 

The most probable solution 

Applying the methods of the Fermi statistics (by virtue of 

some formal analogies between the arbitrary oscillator model 

above described and the quantum models studied in the last 

century by E. Fermi, (Ref. [3]), one seeks for the most prob-

able solution of a ArbO - S system i.e. the solution that shows 

the higher number of configurations compatible with some 

boundary limiting conditions. In Ref. [1] we found a recursive 

equation to compute this maximum likelihood solution. We 

also identified an analytic representation of this discrete so-

lution with a continuous real r variable. This theoretical ArbO 

most probable mortality m(r) has the following form, with "r" 

intended as a time continuous variable and TC a parameter 

equal to the area under the curve: 

         
   

                  

                  (1) 

The g, k terms are numbers while c1 and rF are constant 

depending only from the TC parameter, as follows, where Log 

is the natural logarithm function: 

                   

               
  

 

             (2) 

   
           

 
   

In according with the S-System EGDS equations, also for 

the continuous form m(r,TC) the following conditions will 

hold: 

∫          
 

 
                 (3) 

∫              
 

 
     

2. Properties of the m(r,TC) 

If we look to all the terms in eq.s (2) we see that they can be 

reduced to numbers or to a function of TC. Then, by substi-

tuting them into Eq. (1), we obtain the following expression of 

m(r,TC), that we will rename as mTC(r,TC): 
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 −Log       

                                
3−Log 4 

−  Log        (4) 

As r varies from zero to Infinity, the curve takes on a 'bell' 

shape with a peak at position 'rpeak' on the r-axis and going to 

zero at Infinity. This 'rpeak' depends only from the TC pa-

rameter by means of a logarithmic law: 

      
             

      
              (5) 

The possible correlation with mortality curves 

Equation (4) shows a function that depends on the variable r. 

As already mentioned, this continuous variable is linked to the 

recursive variable that identifies the time steps in the evolu-

tion of the cellular automaton ArbO. Now -in the general 

ArbO model scheme- it would be in principle possible to as-

sociate the mTC with biological species capable of develop-

ing decision-making capacities between basic alternatives 

including death issues possibilities, i.e. such that they can be 

modelled with our Arbitrary Oscillator discussed above. But 

if we wish to extend this general mechanism of evolution to 

such real situations, we must introduce the following rela-

tionship that links the generic time step to the organism's 

life-time: 

r = a / u                (6) 

where 'a' may represent the age of the evolving organism and 

'u' a time constant characteristic of the specific organism. 

Both a and u will be expressed in the same unit of time. For 

example, we may have a and u expressed in days, weeks, 

months or years. An e.g. value of r equal to 20 can thus be 

obtained from the ratio of a=100 days and u=5 days or the 

ratio of a=100 years and u=5 years. This last example there-

fore means that -after 20 steps of time intervals 'u'- the age of 

100 years will be reached. It will then be possible to associate 

the generic ArbO clock variable r with the age a of the indi-

viduals considered in the demographic Life Tables. The 'u' 

will be linked to the specific biological species and must be 

considered as a constant. These different ArbO modeled spe-

cies will show a mortality trend with a peak age 'apeak' posi-

tioned on the age a-axis. This apeak will then be given by the 

following formula coming from the eq. (5): 

       
             

      
              (7) 

Our mTC will then become, replacing r with (a / u) in the eq. 

(4), a function of a and TC: 

                             
  

 

 −Log       

             (                     )
3−Log 4 

−  Log     

This mTC(a,TC) will then represent the number of deaths 

due to the theoretical component expressed by the ArbO 

model, in the interval of amplitude „u‟ between „a-u‟ and „a‟, 

with a as a continuous sliding variable of age. In our case of 

interest, i.e. that of demographic mortality expressed in hu-

man Life Tables, we will take a value u = 5 years as a constant 

figure for all subsequent considerations and computations. 

Our mTC then will become: 

                             
  

 

 −Log       

             (                     )
3−Log 4 

−  Log    (8) 

The general shape of the curve: 

To visualize the shape of mTC(a,TC) on the age axis, we 

will need to choose an arbitrary conventional value of TC, 

which we will take e.g. as TC=100000. Figure 2 shows the 

plots of the function mTC(a,TC) (in the following called 

"mTC") for the e.g. case where TC = 100000. The mTC val-

ues are called 'dx counts' for similarity with the Life Tables 

mortality data. It is also shown the „a‟ value (apeak) that leads 

to the curve maximum (in this case apeak ∼88 years). It ap-

pears that, with reference to Figure 1, for the mTC curve the 

areas A and B, introduced in Section 1, are almost negligible 

or absent. The mTC curve shows also a slight left asymmetry 

around the curve peak. 

  
Figure 2. Linear and Log plot of the m(a,TC) as function of a, with TC=100000. 
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The definite integrals 

An interesting property of mTC(a,TC), coming from eq.'s 

(3) above, is also that the area under the curve itself, is pro-

portional to the parameter TC and the continuous equations of 

the system S are still valid, as per the following formulae: 

∫            
 

 
        

∫              ⁄   
 

 
             (9) 

The TC due to an apeak value 

The apeak value depends only by TC, i.e. fixed a TC value 

we obtain a curve with the apeak of eq. (7): 

       
             

      
  

The reverse also holds in the sense that if we deal with a 

mTC function and we define an apeak value this leads to a 

unique TC parameter value as per eq. (5): 

         
     

5               (10) 

The mTC 'normalized' form 

The mTC function area under the curve is proportional to TC 

according to eq. (9). This means that e.g. with a TC value 

growing we will have an mTC curve expanding in size and po-

sition on age axis. This size expanding effect could be avoided 

by dividing the mTC by TC leading to a mTCn function: 

             
 
               

   
     [ ]    

             (    
 
      

 
       )

     [ ]

      [ ]

       (11) 

 
Figure 3. Plots of normalized mTCn with TC=10^n, with n=1,2,..,9. 

With the normalized form we can easily study the various 

curves shapes vs different TC values, as in Figure 3. Here the 

mTCn's are plotted over nine orders of magnitude of TC, 

namely from 10, 100,...,10^9. We see that the apeak varies as 

expected shifting the plots to high apeaks. However, with 

exception of the initial plots, the other curves shapes look like 

very similar in shape and maximum height. 

The mTCnp function 

It can be useful for the further analysis to express the mTC 

also as function of a and apeak (=ap) by using the (10) relation. 

We obtain: 

              
 

     5⁄     ⁄        
  

5  

       
 

 −Log                        ⁄      
  

5  

   ⁄        
3−Log 4 

−  Log        p  ⁄            (12) 

The mTCnx function and the S-system distribution 

A further step can be taken, in describing the mTC function, 

again by means of algebraic transformations. We formalize a 

mTCnx function where x = a-ap. In this way, we want to study 

the shape of the normalised mTC curve when the age variable 

x varies around the peak of maximum mortality. This function 

mTCnx becomes: 

            

 
 

  
  𝑥  ⁄                       

  
 

 −Log       

             
−  Log   

−  Log          ( (       (  𝑥  ⁄        

      (    𝑥  ⁄       ))))

3−Log 4 

−  Log   
 (13) 

The normalized mTCnx function is useful for showing some 

aspects of the S-system distribution, particularly the 

near-invariance of shape and maximum height as a function of 

TC values, as seen in Figure 4. Here about nine out of 10 curves 

are concentrated on a small range of very similar heights. This 

is seen in the total graph as a seemingly single curve with a 

maximum height of about 0.29. This is in agreement with the 

patterning of the curves shown in Figure 3. Moreover, we see 

also a common slight asymmetry around the peaks leading to a 

minimal left skewness (also shown in the right graph of Figure 

2). This feature is not inconsistent with the greater left lateral 

asymmetry of current demographic curves. 
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Figure 4. Plots of normalized mTCnx with TC=10^n, with n=1,2,..,9. 

The height limit of the theoretical mortality curve 

Considering relation (13) above, we see that the point of 

maximum height of the generic curve will be given by 

mTCnp(ap, ap). It will then be possible to study its value as ap 

-and consequently TC- tend to infinity. It turns out from the 

calculations that: 

                      > 𝐼𝑛𝑓 𝑛  𝑦    

Log 
Log 4 
Log   

 

Log                              
3−Log 4 

−  Log   
            (14) 

where the second member of eq. (14) is an absolute number, 

whose value is 0.292541, which then in the conventional case 

of the Life Tables of 100000 deaths leads to a peak limit value 

of 29254 cases for our standard age interval of five years. This 

limit is asymptotic for mTCnp(ap, ap) although for practical 

purposes it is actually reached -in the theoretical curve case- 

by the age of about 60 years. Note that this limit value is a 

number independent from the parameter 'u' and therefore 

appears as an absolute limit for our general Life Tables max. 

peaks. 

The full width at half maximum limit of the theoretical 

mortality curve 

If, as conjectured in the present study, mortality curves are 

to hold up to a theoretical mTC curve as lifespan increases, 

then it will also be interesting to assess the 'shape' of these 

curves to see whether they approximate the theoretical shape 

of the mTC. This evaluation will have to be done on a meas-

urable basis and to this end we resort to the curve FWHM (full 

width at half maximum). To obtain a computable FWHM, the 

following equation must be solved in the unknown „a‟: 

                         ⁄        (15) 

In our case, the solutions can be expected to be two values, 

a1 and a2, with a1 < ap < a2 and the sought-after value of 

FWHM will be equal to: 

            

Unfortunately, equation (15) is transcendent in nature and 

therefore very difficult to solve analytically. With numerical 

techniques, however, it is possible to provide quite significant 

results as shown in the next Figure 5. 

 
Figure 5. Reference limit FWHM computation. 

It can be seen from Figure 5 that the FWHM appears in-

variant over the entire range of 'ap' values and that therefore 

the reference value for the FWHM to be set for the actual 

curves is approx. 15.6 years. The second column shows the 

max. height of the mTCnp and the asymptotic convergence to 

the max. value above defined. It should be noted, however, 

that while the height limit of normalized mTC is independent 

of the choice of species parameter u, the FWHM depends on 

the specific choice of u and thus can be considered constant if 

u is assumed to be constant (as in our case). 

3. Comparison Between the Real 

Demographic Data and the mTC 

Function 

The comparison method 

In order to check our conjecture, depicted in the Introduc-

tion, we need to compare the real Life Tables mortality data 

with the possible convergence with our mTC function. To this 
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task we will use the following steps: 

- for any real data set (country, survey year) interpolate the 

data and find the maximum apeak 
1
(*) 

- also find the TC corresponding to this peak (eq. (10)) 

- by scaling, plot an mTC curve with the TC and apeak 

found and with the same maximum as the real data curve 

- Also plot a "difference curve" (D-curve) obtained by 

subtracting the above scaled mTC from the real curve 

- measure the FWHM of the interpolated real curve and the 

area of the D-curve and see the trend with respect to the sur-

vey years 

To clarify this method, Figs. 6 and 7 are useful. In Figure 6, 

the dotted curve represents actual demographic data appro-

priately interpolated with a continuous curve. The continuous 

curve below the dotted curve is our mTC function scaled to 

match the same peak. In Figure 7, we have the D-curve with 

two vertical lines showing the location of the Figure 6 peak 

and also the location of a secondary peak on the left. 

 
Figure 6. Plots of interpolated. demographic data and a compliant 

mTC. 

 
Figure 7. Plot of difference between demographic. data curve and 

mTC curve. 

                                                             
1
 (*) The constraint assumed for the continuous curve implies a possible shift 

(about 2.5 years) to the right of the simulated curve with respect to the real curve. 

This is not critical for our analysis, as we are looking for structural effects (not 

influenced by an offset component) and not for an absolute age effect. 

The selection of demographic data 

A large amount of mortality demographic data is available 

for the various countries and year of collection. We here chose 

to use both Italy and USA data. The ISTAT data for Italy are 

available at Ref. [4]. These data span a 45-years period from 

1974 to 2019 (having excluded years after 2019 to avoid sta-

tistical peculiar effects due to Covid 19). The USA data were 

processed from a database of tables made available in the 

works in Ref. [5] and [6]. The USA data range runs from the 

year 1900 to the year 2017 mainly in ten years steps, while the 

Italy data are available at five years intervals. For this com-

parison of trends over time, it is also useful to consider dif-

ferences between subsets of data that may affect the total sum 

result. In particular, significant differences are found between 

male and female mortality and also between regional subsets 

(not included at this stage of the study). All these different 

data sets were subjected to comparison with theoretical pre-

dictions of the mTC function using the method described 

above. The data sets used for this study are given in tables 

collected in the Appendix. In the following we provide some 

of the graphic evidences obtained and the relevant numerical 

figures for the main significant magnitudes. Even if total 

unisex data have been processed and available, we provide 

hereunder the above said comparison results limited for re-

spectively USA male and female mortality and Italy male and 

female mortality. The graphs hereunder are presented with the 

format of Figure 6 and Figure 7. The individual discrete points 

correspond to the demographic data (available in the Appen-

dix), while the curve joining them is a curve interpolated by a 

well-known and widely used mathematical computer appli-

cation. The figures have been minified to give a quick look 

overview of the evolution of the shape of the curves. The main 

parameters (peak ages in years unit and areas in dx counts) 

that can be derived from the data are summarized in the data 

summary figures at the end of each group of figures. These 

data highlight interesting data for an evaluation of our con-

jecture. In particular, the FWHM (years) figure can serve as a 

comparison with the theoretical FWHM value of an mTC 

curve (about 15.6 years). A measure of the total areas and 

individual left and right lobes of the D-curve can also show 

whether these curves tend to decrease with improvement in 

lifespan and thus whether there is convergence toward our 

mTC. The last column of the tables identifies a total "error" 

value between the possible compatible mTC and the actual 

curve by summing the absolute values of the two lobes and 

dividing them by the total area of the demographic curve. In 

case of perfect coincidence between mTC and real curve, this 

error should be zero. Note also that for data where infant 

mortality is very high, the AT deviates slightly from the ca-

nonical value of 100000 cases. This is due to interpolation in 

the initial interval that considers about 50% of the actual 

value. 
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Figure 8. The USA male data comparison - The over-imposed curves graphs. 

 
Figure 9. The USA male data comparison -The D-curve graphs. 

 
Figure 10. USA male summary data. 
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Figure 11. The USA female data comparison- The over-imposed curves graphs. 

 
Figure 12. The USA female data comparison - The D-curve graphs. 

 
Figure 13. USA female summary data. 
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Figure 14. The Italy male data comparison - The over-imposed curves graphs. 

 
Figure 15. The Italy male data comparison- The D-curve graphs. 

 
Figure 16. Italy male summary data. 
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Figure 17. The Italy female data comparison - The over-imposed curves graphs. 

 
Figure 18. The D-curve graphs. 

 
Figure 19. Italy female summary data. 
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4. Discussion of the Results 

From the graphs and data shown above for the two case 

studies (U.S. and Italy), there is a general trend of shrinking 

for areas A and B and also evident is the shrinking FWHM of 

area C. This occurs in the face of an increase in life span. The 

shape of area C also approximates the theoretical shape of the 

mTC function as lifespan improves (improvement measurable 

by the shift to the right on the age axis of the mortality peak in 

the succession of different survey years). The process of 

convergence toward the mTC curve takes place not only with 

the disappearance of areas A and B (not really present in the 

mTC model) but also with the gradual narrowing (to the point 

of disappearing or becoming negative in some cases) of the 

right-hand lobe of the D-curve. Another remarkable aspect is 

the difference in parameters (peak, FWHM) between males 

and females in both case studies. In the case of italian females, 

the tendency to converge toward a mTC-type curve is more 

pronounced. The FWHM of 17.3 years, for year 2019 females, 

is very close to the theoretical figure of 15.6 years. The area 

"error" in last table column marking the difference between 

the actual and theoretical curves areas is also reduced to about 

20% in the best case. An interesting aspect is also the relative 

invariance of the distance in years (around 14 years) between 

the main peak and the secondary peak to the left of the 

D-curve. This is even though the area of the left lobe tends to 

decrease. This invariance holds for the two study cases (USA 

and Italy). These findings are presented in various graphs that 

collect the main parameters on a single time scale from the 

year 1900 to 2019. In Figures 20 and 21 the FWHM datum is 

given together with the theoretical FWHM level for a mTC 

function. The downward trend in FWHM compared to de-

mographic surveys is present in both the U.S. and Italian data, 

although the absolute values of FWHM are generally higher 

for the United States. This can be explained by considering 

that the U.S. population is about a factor of five larger than 

that of Italy, which probably leads to a statistical dispersion 

between the mortality curves of the two case studies. 

 
Figure 20. FWHM USA & Italy subsets vs demogr table year. 

 
Figure 21. Italy FWHM showing the sex split plus total datum. 

 
Figure 22. Area "error" for USA & Italy subsets vs demogr. table 

year. 

In Figure 22 the area "error" amount trend is shown. 

 
Figure 23. Apeak for USA & Italy subsets vs Dem. table year. 

Figure 23 shows the improvement in the maximum mor-

tality peak vs time. This is in particular evident for females in 

both study cases. The mix effect on "apeak" is also presented 

for Italy in Figure 24. The overlap of the US and Italy data in 

the common time period is significant. 
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Figure 24. Italy apeak showing the sex split plus total datum. 

Figure 25 shows in Log scale the evolution of the curves 

TC equivalent parameter, confirming the overlap of USA and 

Italy TC data for the common time interval. 

 
Figure 25. TC parameter Log scale for USA & Italy subsets vs de-

mogr. table year. 

5. An Attempt to Forecast Demographic 

Mortality for the Years to Come 

Considering the above data, there is an almost linear trend 

in the growth of the apeak value (Figure 23). This justifies the 

assumption of a continuous growth in lifespan. This also al-

lows us to try a forecast for the future evolution of demo-

graphic mortality. This can be done by using the mTCnp 

version of the formula (12) and assuming a future peak change 

in continuity with the rate of change recorded in the last years 

of population surveys. The result of this simulation is shown 

in Figure 26 for the case of Italian females. The figure shows 

the latest demographic curves (2009 and 2019) along with the 

theoretical projections of the mTCnp function -multiplied by 

100000 for commonalty with standard sampled data- when it 

assumes a constant shift rate for 'apeak' values for the years 

2029, 2039, 2049. These peak values are calculated with the 

same peak growth rate recorded for last year‟s surveys. It is 

interesting to note that, as predicted in Section 2, the theo-

retical mortality curves, while shifting on the age axis, main-

tain the same shape and height at 29254 deaths (over 100000 

total) on the peak mortality. Even this feature that defines an 

invariant shape and a constant upper limit number of peak 

mortality may be useful for validating -or not validating- the 

conjecture in the future. 

 
Figure 26. Possible future evolution of demographic mortality ac-

cording to the conjecture (Italy female case). 

Of course, in this hypothetical prediction the demographic 

curve must also confirm the trend of narrowing left skewness 

and we must hypothesize an almost disappearance of A and B 

areas in Life Tables. If these trends were less fast, than the 

above forecast might be different. In other words, the future 

curve for 2029 may catch up with the theoretical curve by 

evolving in the 2019-2029 interval or come close to it without 

concurring with it and leaving the final overlap for later years. 

This will depend on the speed of reduction of the left skew-

ness. We can summarize here the features that the conjecture 

would imply about future mortality curve projections, in par-

ticular involving the theoretical limits described in Section 2: 

- the peak mortality will never exceed 29254 cases in a 

5-year sampling interval 

- the FWHM of the curves cannot decline indefinitely but 

will have a lower limit of 15.6 years with a constant u=5 years 

- the slope of the descent curve to the right of the peak will 

be constant regardless of lifespan improvement 

A detailed study on the actual practical existence of these 

theoretical limits in relation to real population curves was 

made by the author in Ref. [7]. 

6. Conclusions, Validity of the Conjecture 

and Aging Theories 

The present work is based on a model (the Arbitrary Os-

cillator - ArbO, Ref. [1]) that generates events that evolve 

over time and may also include instances of "death." To find 

the most probable distribution of such events, the Fermi sta-

tistic has been used, obtaining a recursive computational al-

gorithm that provides the solution as dependent on a single 

parameter TC. By means of scaling, the mortality predictions 

generated by the algorithm can be compared with actual de-

mographic mortality data. This comparison shows similarities 

of the theoretical curves generated by the algorithm with the 

shape of the real data. From the Sec. 3 results, the conver-

gence of the real curves toward the theoretical mTC curve as 

the apeak value increases seems to be realistic. Therefore, the 

conjecture of the trend convergence of the real mortality data 
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toward a theoretical S-System type curve in the presence of 

increasing life span seems reasonable. However, there persists 

a component of the D curve, namely the left lobe area, which - 

while trending downward as expected - does not decrease 

with the same speed as the right lobe area in the time sequence. 

This fact may suggest a complex structure of components 

underlying the total real curve. In fact, consider, for example, 

Figure 24, where a mix effect of the sum of male and female 

mortality on total mortality is observed, leading to a diversi-

fication of the total mortality peak with a shift to the left from 

the highest peak in the female group. Similarly, there could be 

diversified components of the theoretical mTC curves that add 

up generating the leftward bias of the actual curves. In this 

hypothesis, the trend curve of the theoretical mTC would not 

be unique, but given by a group or "spectrum" of components 

of the theoretical mTC's. These sub-components could add up 

to produce the actual curve. This further analysis can be a 

research ground for further development and verification of 

the conjecture. See in this connection also Ref. [8] where a 

tentative explanation of these sub-components is given. As an 

additional comment it should be noted that the model to which 

the conjecture refers is not the result of application of predic-

tive "filters" on data sequences or of exercises in fitting sta-

tistical mortality data or an "a-priori" assumption of a mor-

tality probability distribution, but an extension of a theoretical 

mathematical model (the ArbO model) when applied to de-

mographic mortality data. 

The assumed issue of lifespan extension is obviously linked 

to the issue of aging modelling. Some theories refer to the 

reliability model Ref. [9, 10] and failure accumulation Ref. 

[11]. Other theories explain aging as a statistical effect Ref. 

[12, 13]. Some other theories predict both the possibility of an 

indefinite extension of lifespan Ref. [14, 15] and -on the 

contrary- the implausibility of this hypothesis Ref. [16]. Fi-

nally, there is also the hypothesis that aging is an effect in-

herent in evolution Ref. [17, 18]. Our conjecture does not 

provide evidence to determine whether increased longevity is 

an effect that can continue or whether it is destined to stop. In 

fact, if the TC parameter is increased, the curves shift towards 

greater longevity. However, we do not know whether TC will 

continue to grow, as appears from the data collected so far, or 

whether it will stop in the future. Certainly, in our model, the 

aging of a population is something structurally imposed by the 

limit on the number of possible „critical‟ cases, i.e., by the TC 

parameter. Once TC is set for a population of organisms fol-

lowing the ArbO model, the accumulation of critical events 

will inevitably approach the accumulation limit of „fatal‟ 

events, leading to „critical‟ events always deadly ended. Ag-

ing, i.e. the approaching to the end of life with advancing age, 

therefore appears to be an inevitable statistical fact predicted 

by the „more probable‟ solution of the equations set of the 

ArbO model. 
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ArbO Arbitrary Oscillator 

TC Total Cases 

FWHM Full Width at Half Maximum 
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Appendix 

In the following pages we provide the demographic data at the origin of the study. 
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Figure A1. Usa mortality data 1900-2017, male. 

 
Fiugure A2. Usa mortality data 1900-2017, female 
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Figure A3. Italy mortality data 1974-2019, male. 

 
Figure A4. Italy mortality data 1974-2019, female. 
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