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INPRODUCHION

-In Bereanu Fﬂ vwag introduced a *“hnemablcal wodel of a nuclear
erms race betuzen ﬁwo brotagonists and it was proved that aue‘SO une

_avoidable random fallures-in large compuberized: systems for dabs oga=~.

lysis as well as to reduction in tho flight duraetions to targets of
nuclear weasons vehicles, twe aubnuopiabic nuclear weapond gygtems merse
-ln tilae in a single rundomly. self-ac ctivating svabtome A critical bime &%
of the lattor was identified such thatow 1y feilure (false nuclear ﬂLura)
at a tinme t"f* leads with probability 4 to selx~&ebiva*ion (auclear
war by error). ? }
In Bereanu [21 the model wing furbher ceveloped und measures devie .
sed ubich vould mininize the probability of self-nctivation. £ more

~detailed interpretation of the mobhematical model insberng of present

day nuclear weazons global syobens and corresponding doctrines is colm .
bained io Doreanu [3 . ‘

In the prosent paper 1% is shoun thab the ro sults ian [1T and [2]
are si nificont for more eneral interactive conplex systemswhizh
we call tanden sysbeng abd which describe sisuabions often met in
practice. Then using the initial inte rprotation of the model, we deter-
mine the probubility disbtribution: function of the timo to the (Lirss)
gelf=acbivation of the world nuclear neap ong systen and analyse the
effects of vurious arns control measures on Gthis distribution.

TS R ATV AN
1. Li'mrt},v'l 5 t;*gﬁf)

‘Yel.sllototions and doTinitions. Lok Si(b)’ 5,(5) Dbe. tuo physical

¢ » cach composed of tuo subsyssens, i.ce S,Cﬁ}:=
l=lisas oi(a and Wi(t) are resgectively tLu QO0=
gggggya%pwau infoepabieongl (wu?ninﬁ) subayabtens of ui(ﬁ). sach eome
poucnt O, (b)g/u;i t) and the oystems 8. Cu) can move from the ‘woruol
state to-an “octivabed" sbabes We wribo Li(b) for a"bivuted u%gu,

o

and the acgtivobtion i9 exprosaoes by (Ig—=> & )~ TLOPG is a basic



cully Wi(t) contalns e system of sengoms which collects information |

L

éifference bebuckn the oneratianayganﬁ informational parts of 31 t).
Thus the operabtional subsystea of i(b} lg activated by a decis ioa.
noker Di who nmay 'eibhere initicte bthe activabtion of Oi(t) indepone-
dently of the gtate of 8S.;(L), or as a result of the %ondem rule (7).
The informational subsystem of 8;(t), wken activated as T, () merely
inCicates She activation of {),-(t)w J& Ly Lleee provides Ghe necessary
infornation tc the decigion mw&er D, Jor implementing (3)s Phyoi- |

|

e

_aboub the stabte of 8. (%), together with ueuns of treabiong and lnter-

J
preting bthis information (for iustance, but not necessarily, a compu=

terized systen)e. : _
43 a result of this treabtment of iﬂ¢c1m“sion, Wi(t) can remain.
in the normal svate or ab,some poinba in tlme can move inbo the active:

Tagbate w.(t) s which indicate correctly or, erroneously,duc to a fai=- .

lure of ni(t), an "activation" of S.(t). The activation of the ine-

fornational subsystenm a(b) nay, but not necessarily, lead te the

bransluxon of the operebional subsystem . Oi(t) invan active stabte .
We express this by the following-dmplicabion

(1) W) —> W6 e 9u(8) = (0, () —> Tyt ai

lere Qi(b) ig & tegt vhich, vith a certain probabili ty. assures bthab. -

the activation of Uy g is not due to an error, while "." gatasds ﬁor
Yand" « Boged on this teast and (3) the decision maker: Dy activate
Oi(t). :
We agsune the Lfollowlng equivalence ‘g
(2) (Si(t‘) “’9‘ 'gi(t)) @ (Oi(ﬁ) “'"9 Ei(t))'
Phis poinbts out that Oi(t) is the.operational part of Si(t)

and only ita activation makes ascitive the gystenm as a wiolee.

The tendem property of the Systens °i(t) 1= l 2 1is expressed
throubh the following implication

@) (33(8) => TS (G500 —> Ty8) 4 3 Lo

This properbty consolidate the tuo asysbtons ‘i( ) inbo a ginle

P

systen S(H)= (Sl(a)g Sg(u)) from the point of view of acti atﬁon.

“Both the activation of 'Wi(t)' and A01($) nay boke UiLlGrGQC deprees: f@

i

‘#(ace [11 ,[2] ond section 2 of the present paper). However for simpli-‘=y

fylng the nobations in thls section we considered only one a»tivp astate,

l 20 d(’il."\uaivg)aigl 03. s ‘]\sOl" ;""J‘.:@mﬂ
Ag Gie nsnbtioued ebove, S(§) can be activabted by the initlative

of one or both of the decision makers Dy, 1=1,2. Bub since the bLest



= =

Qi(t) does not rule out the erroncous actlvatlon of LI due to a
fallure of its seusors or/and of its system of treabing the inforumation,
S(t) can be achivated via (1), (2), (3)  due Go an error in one of

the informationoal gubsystense. ;

We call gelf-activation of Ghe randpom systems .8(t) at g v
time & , an activaition O(&) => T(H) via (L), (2); (%) jicae,without
the Geliberate initiabtive of oune of Di’ izl,2.:1In the prbcess of=ﬂclf;/
activacion (1) -may rvequire Ghe nominal parbicipation of D, (altbough
aubtomation mey replace i6) but such parbicipation does nob 1u&t1aba
«the activation of 8(&). It mercly fulfils the banden. condition (3).

The gelf-attivabion can occur in a wide variety of tandeuw systemz o
resulbing from & varieyy of occurances such as a £olse nuclear alarm -
generated by the Barly Warolng System of one of Guo antagonistic nu=-
clear weoapons aysbeng, to o wlgiaterpretobtion of somebody's suile by
annother persone.

2¢ TANDUM NUCLUAR WDAROTS SYSTRHMS

2.19 Interpeetation of the elenecnbs of the tandem systems. Sit’

t. Opgs Wy » 1=1,2 ~are respectively two catogonistic global nucleer

. weapons systeng,:- hheir'suofysbems of nuclear weapong with their doli-
very feans, and corresponding Larly Warolngs Systems (EWS). The tandem

.propeorty translates the Jdoctrine "if under nuclcar attack, reiballabeY,

Seo DBereanu [2] ,[3] for detalls on luunchips docbrines and the compo-
sitlon of .04y - and Wy, 1n tolg interprotation.

According to the nobationg of [L1l let Tin y B=1l,6e¢ be the ge=
quence of randem bimes ot which tne L3, W,. , moves inSo one of the
k(1) ecctive statea %ig wulth the positive probabilities.(of sua 1)
pxq’ a=lseeayk{i), 1=1,2. The tost Q.(t) of (1) is defined here visa

amily of piecewise conabent fuﬁuaisas (L) -~ The REfricient Che-
cking Time (ICT)~ corresponding to ”iqt (ﬁuolcur alorm of degree q
in Sit gt sime . L), The,’gcf represents the maximun anaount of biue
ab“the dispocal of the ﬁcciSion}maherﬂ'Di for verifying if the nuclear
. alarm is no% due tec a failure of the gystem (a discussion of these
types of. Tallures:bosed en an USA Cong ;ressional Réport of 194l ig
" contained in {11 ). :

The BCT dig(t) 1is defined by

(#) 4y, (t) = k"iifi {Am®} = 85, 94,

where Zxék(t), kzi,...,r ig the averase delivery time (tilme to roach
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ibs targets) of.the T unchker of type Xk in Ojt’ X
subset of r types of launcheru of Ojt s vhe activatlon o

is
‘1 -
£ whi

the
¢ch is

implied by gio% y and 0y is the tilme rewuired for activebing O34

in roboliaticne

Let {gav« ¢ 121,25 0=l;205000y: Do Gumo-dequences each
ge¢ of identggally digtributed, stochQSQically fodependent
riables. The r‘v°'§ir repregsents the time which vould be

T = Ty, bo Glocover Lf the nuclear alerm indicated by Wiq

In cagse of o real activetion of Sjb the realizaticn %in
reve £, 1s infinite end

1

ohe conpg—

random Vo
reguired ab

1

N
L{.‘LL“? Loe

of the

n fron (5) 0,2: wuill be aéhivateé..

section Q;(T) is giveuby ((x;, ~ (1:)) S 0) and the rule of

Lo She ilonbterpretation of the gandcm syshena Sy, i=1,2 -of thia -

L : 3 ¢ : oy ¢ PR T e i :
activation of 0Qyy 1is (supyoqinu tuaLAwL time D40 Ty Wy was

tivabed) s

(9) (Wge —> zmc) ((-‘-m - 35, (TN > .0) = {0,z —> T

~#Phe conditign!(5) under vhich theimebivation of wiﬁ

e

ag= "

leada {o
the activatlon of 0;, and which corresponds to (1) ,-in the uuclear
weapons gyatcems 1atorjrctation,mcuas the following:"if under nuclesp. ...
attack, check the validity of bhq alorm the maxiounm avallable time be-

- fore rebtaliatinz”, Thio is a very caubtions rulé of ectivatien . (see [1ly

I‘&xi

[2] for launching rules edvocated at present and is iw line with the
wuhole approach of bthe madeljto eab e froum below bu@ probasilify of
selfl-activaticn. ,
2e2¢ The random clemonts of 8y, and gualibtoblve eflfects or the srmg

Liec approach adopted io [1] which sosures mecaningful results nay

be sumnarized as follous 3

s@)-iie take into consideration only two maiu gources of randouness

inhepent in Wit and vhich according to ofliclal published isformablon
produce false nuclecar clards: errors in bihe softuware of thie computer

¥y
v

i

Fy

syabong o Usp s failures of coumponenta of ”i“ .
b) Since &l lere are nob enou;h JQLL?JhOG data on th“se gystemg, vwe”

. 32Go “o)fi iigbic" hLypobueses, l.ce sguch hypotheses which reduce probo-

: Dil‘ﬁi@ﬂ'O& errors or fallurcs. llence we obbtaln a lovwer bound on. the
probability of self-activabtion. Then we show shat because diﬂ(ﬁ}$i:1,2;

Q=lyeeeqsk(l) are decrcasing funcbions of & , as a result of-4he arms

race (see [11 and [2] for details), bhere is a critical time &%

‘such

that any {ulse nuclear alarm in S, ob a tioe b.;;bi_ leads €9 :dehf=

activation with provbubillty one .

\

2960



- ;\5 o
It ig also shown that because b) Ghe random scquences Ty, i=1,2
cen be approximated by Polsson arrivel processes [ 4] ana hionce the
false nuclear alarms in Sc follow again a Polsson proceas § sco 0P,
inatonce [5] )e ' 5

2+%, RWAALRL, Tho game or dlmllur approuches can be used for .othep, tan~

den ﬁystvaq, ‘toking into considerabion thelr gpecific behaviour and
randonuesses )

3o THe 7340 1O T 3 (RPIRST) SELF=-ACTIVATTION

Z4.le Prelinminaricgs. Le & A be the orrival rabe of the Polsson
tg;o} accordlng to which the faolse nuclear alarnms

process H 2L u

~

teke place in the system Oy of section 2. The progess M is bhe

et
-e

" guperposition of two Polgson processes representing the arzival counting

processes of fulge nuclear alorms in qlt and Sgt ’ which 1Qntgr& are
Poisson processes with arrival rabes }~iy A o o fhelr interarrival  Glioes
are inderendent exponentlal random veri iabless

We denots by by {l= Z,00eyL btho points in time.in.a forsecable.
horizon uhere &t least one of the fTuncticag diq(t), q=L, e cunsi),
"i=1,2 has’aHjusp ‘(due to bthe deployment of fasler or/and nears¥ Lo
bapsots nuclear weapon vehicles. fhus 1n each ¢ the &ntervalﬁbimﬁgb p
'diq( t) are cousbants, say d, QQ s decrebging in.Q » The intervais
[ba .12 ) are measured in number of years, oven Gegades. Ve sghell
Luer fore itu-wkat  follous rcglwce di'( 53 by coastanbs dlqs s 8 ip-
dicabing & Ystebilibty period”-of the flight time bo reach each oiher
tarsebs by thc nuclear weapons vehicles consbituting Oic in thelb pe=-
riod of tiue.

%426 The time until geldaactivabion. We shall compube now the pro-

bobility disbribution of the tiwe until seli-acbivation take places
Thig time ig the sum of interavrival blmes of all faloe nuclear alarns
which P ecaed the gself-cctivation. The number.of such iaterarrivel

Ve
= Uy B

-

tines is a rendom variable I ulgh P-{N'z‘ﬁ}z D, and Py
: where w 1g the probabilbby-that a falge o nuclecar alarn leads to self-
- activabion, ubilei-v = 4=u™ lo the prohability that the alarm is called
off after discovering that it is due bo an erfor.'

suppos igonglider one f@wwe nuclear alerm in the Jlobel systean
Sb’ *lOL ;.l. o33 [1L]1 the ealara zeg..place in “4& with probabilisy

"“4A“ and ~ S"t with proba Ollity 7\ P =L . It ig casily seen Tfrom (5



that
& (D) i
(6) v =Yy 22] % Piq M CGWD

the 1naege,uent Lo ntkcally dxqrrlouucd PeVa S"fgin%' i=l,2,
The time until the (firstk) self~act1vatlon U, 1is given by the

: )Y,
sun with 2 random number of termsg
(7) U\) = .Xl“l' X2_+ ro‘l"XD

where Xl,Xg,»;;' are mutually imdependeqt exponential randon vaﬂiahics
with parameter . N\ with common density function +f£(.). Hence the oons;ty
of U; 1is the "V -fold convolution of £ with itself £ V¥, 1y £ol-
lows (see Feller [6] that the density function of bhe duration to the
self-activation is given by :

e oo s o Vo
&) W) =2 p, £ uxe“k‘v—i:« W 2 r“cé“*)"n“ = At

g an exponential“r.ve

t-Jo

i,e. the time until the (first) self-activabion

¥

with parametor .u s and u=l-v , where v 1s gives by (6). Hence

tribution funchkion igs A=e™® ¥ , The probability

its probability éi
that. the time unti

~ls thus given by

(9) () = AT

We shall cell it T-probability.of :survival.Formulae (6) and (9) allow
to analyse the effects of various nuclear arms control or developments

of the.arms ruce on the  T-probability ofrsurvival. For instance moine
taining a "gtability period" ag deTined in 4.1, nmaintain uachanged the
T—-probability of survivals This happens for instance through the freeze
of devnlopmoac and deployment of new nuc .ear weapons systems with shore
ter flight times,

The eliminations of nuclear weavons vehicles with the shortest
flight times during a given ﬁSuabL;LtJ period" increase bthe probability
of survivel while drastic reduction of +time flight in at least one of-.

ébh@zsysbems Os4 » i=1,2, reduce dramatically &P(T) ;
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