
DEFINITION A x i l  0VER'C7IRW 

Sysieins and t~rnekeeping I1:r.i~ several 'Yintcrfaces" 

l:irst, all systems arc subjecr LO psoccsses, o r  bcrtcr. processes :are :hc e:;senti;ll a,spcrlt r ~ f  syc;:elr:s 
in all tl-rese processes: time is tht: one gcncrai, aht;tract parameter wiili;h re1att.s ~:llr stat(: n !  ti.:r,se 
processes ro I-hc state of all other systenis. 1' l :ne is .  Iheuefurc. the :.tniversz! syslen? p:lran~ctcr i ! j 

Second, slrzzc tltnt: rc the u ; l ~ ~ c r s , ~ l  syc~em ~r, tcri ;~ce.  :he L!.LC 31 C : O C ~ .  11: >ystc171~ 1 4  I n ~ r e ~ x i n g ,  
con~tr~cr~surate wrtll our mcrca~ing riemi~nds l o r  pr eclslo:* In ,yh tell: , inlcrfaclrrg. W c  nr;\r- dl~~lrli" 
~ i u s h  LI class of "'time ol-derec9 syst;.m." tevr11 tllct~igl~ 111 pr111~1j71~ i l l  sy$telt.rs Arc ? I : l iC  grcle~ed F :ri  

order ru empliasi~e tllc prec~sion aspects u-hlch nrcessit,ltc th:: m e  ( t t  prcr;lslcjn clock3 (:) 

<third, al l  clocks ,ire of necessily systerns. sys1t.1-11~ in which  a-e :i~:til.nip.r T O  rcyea: t l lu  sanic pro:- 
esses as identically as possible so t h a t  we nl-,t;:ir: a unifor~-r-I ~ i ~ n c '  icnii:.. Tt~zreiurc, i ~ ~ y  systen- 
could bc uscd as a c l ~ c k ,  a l b c ~ t ,  4101. a very good or-~e, c .p ,  wc o~itt;elvts are systcms, i.e. i:locks. 
and onc car1 rcad rhe tirnc o f f  our l':lcesE 

Ftrr l!~csc rcasons, ~ i n c r  clu,:ks arc ;ystems, 2nd 'ire pal l  ol system?, d fenexdJ o\crlool: :rnd intro- 
d u ~ t i o n  to the systcr~ls appro:lch has ij,=rn suggcstcd. rli\\ appears t h e  r710re dpprcsprralc sjnce 
solne of ~ t ,  the most criticai ,i\pecls o! thy wh jzc t ,  fall sonrewhat oi:rs~dc thc purely t:il;:inccnng 
lianlc of' rnillti.; I h r b  srtbjcct IS i ~ ~ d ~ e d  trans-discipljnar-4 O I I ~  rrlav ~ v - ~ i  ire terrlptcd io c l a ~ r ; ~  tEa:ib 
tllesr most geaicral, but  strategic,dlv csser;t~al a.:pe<ts of qy\rrl:ls bclotig lo philos~spily ~n it? I:rope 
.;crxse ralrrer ihan to anv qpecil'i~ l"vchnical spr~.;dlry (3  1. 

Iixhibit h aite1~1pt:; to skcrch the scopi of  \\-ha1 is known lod:iv i,ii:i:i:r var10113 names s ~ r z h  a.&; 
cybernetics or General Systcr-ns 'Theory (i;S.I').. hntl-1 n!leunin_r i1rox.Y or less thc same (4 ) .  

What is a Systern? 

A system is a group of' interacting clcr-nents (Jr <~tb\ystrms whl<-i, I. o r g a n ~ ~ e d  for a purpcpst.. I'hrs 
purpose 1s ilcarly external or imposed 111 ilac cast. of artificial or sy~!~ t?eh i~  systerris TJI rlatlrral 
systerns. tflc purpose is il~hcrcrrt a'< z Ilrunstic pr-lnciple (5) .  Thrc ~;apabjjrl~es of ;a systel~r are nftc 
clearly redirclb!e to  those of i t s  rieilienrs: till? is the rulc for tccf~~iological systerr~s of up 16s raiile 
rellzarkable s i ~ c s  and cornplexitrcs Howevel. \cry complex systcms ( 1  OH is a ~xlost supcrtrcial r3i- 
viding inark for inter-acllng fIements) begm ro ?how sspcc'ts w111cll ,ire qualitrrl17r~iy new and ln 
principle vreduciblt: to thc  quali t~e\  of thc c:er-ndrrls (61. 

This is partly due t o  the syncrglcxlc 1ntrra6t;ori 0 1  I h e  (3~1bs) stcnis dnd pditly d u ~  to pr~nciplt: lirn 
itations of our intellect Any i x ~ i e l l e c ~ ~ ~ a l  process as wi know 11 i s  inherently an abstracting p roc  
ess with an ~ncrcd~ble  and unaccoiir~tcd ar~icrunt ~ l f  d d t a  cnl:lpre.;s\un d t  cvcry one of  its rnarry 
stages. Even oil1 sensory perceptlc)~is art- the eventual rcsults of $ 1  rnost radical selection from tilt 
flood of primitive "inputs". In  ilze corr~plex Yystems cnvlr~lrrne:it. hawever, these ignored, or be 
ter,  unknowxl dspects of the systems eie~nents incvittiblj cuu~r t o  tlic fore and play uncxpect~tl  
roles. Tller~ we arc awakprrrrf to the facr :iut n?tllrfT lc 1 a t  lr;4vt f ~ r  ilswhict~ 91.6 I'ES L L ' i ~ n ~ y ~ t e ~ ~ ~  



inexhaustible (7). Such ignored parts must appear to  us as an irrational part wliich is irretluciblc 
(see Exhibit B #5). This, then, is the origin or "emergent" qualities (8). In our application here, 
wliere we consider systems of clocks, the question will, theref'orc-, llavc to be: What are tllc cnler- 
gent qualities of clock systems? We rnay only hint at this point that one os' them is tlie class of 
advantages of having a co-ordinatcd system of clocks with bencfits obtained for each user while 
contributions arc ~nade  to the timing community as a wl-iolc (9). 

SYSTEMS, A SUBJECT FOR THE ENGINEERING INTELLECTUAL: 

A most important decision at the beginning of any systcnll consideration is to define thc 1t:vel of 
abstraction at which the system is to be treated. One will hesitate betwecn the "Scylla" of cle- 
gant oversimplification and the "Charybdis" of unmanageable conlplexity and confusion. Cine 
rriay remen~bcr, though, that as a typical scientist, one niay be wont to miss the forest bccaust: 
of the many interesting trees and also, that the real purpose of any system approach is in fact a 
view and an assessment of the forest. 

But, if we are to  lean towards data economy, then we 111ust compensate this paucity with the 
quality of our concepts. What we wish t o  stress is that ingenious intuition IS really indispcrisible 
for the discovery and the judgment of tllc intellectual tools to  be used, i.c. the strategies, goals, 
concepts and hypotheses. Now ingenuity is something whicli can't be dircctcd to appear on time. 
One has to  invite it, but the humblc waiting for the illuminating insight is worth alrnost ally risk 
becausc the truly ingenious concept is literaliy invaluable ( 1  0). 

Competent nlanagerncrlt (in its usual context) is a necessary, but for systerris work, not yct sill.- 
ficient condition. As we hinted before, it is thc undocurnentcd, cven subconscious cxperitmce on 
whicli mucli ultimate systems performance will depend ( I  I). One must tllcrerore suggest lhat the 
lack of direct, intimate, personal bench experience of' many systems engineers is in the long rrm 
vcry, very expensive. 

Tlle two reasons for this are: the need for an environtnent conducive to create thought arid in- 
vention, and the need to  train judgtncnt and intimate expcricnce. These should make it impern- 
tivc to start with pilot projects, lct people "fiddle around" a little, bcfore serious conscq~ierltial 
stcps sucli as specifications writing can be taken. 

One can scnsc at this point that a certain generosity, a largc frarne o f  mind, is a desirable systems 
qualification - but how could one bring anyone to a deliberate expansion of the soul? (Without 
inflation, of course!) 

Now, in going back to the level of abstraction, we have here ir-l thcsc few minutes, no clioice but 
to go f'or the pinnacle: Exhibit B can 01' necessity only be a lofty sketch, and 1 rnay be l'orgivcn 
for putting forth sucli conjectures as verities, almost as i f  they could be proved by my affirming 
thein o n  oath. But, these arc serious matters and they represent sorne 01' the basic things one 
finds as a result of great complexity. 

So111c of Exhibit B is purely metaphysical such as #7 (which was already mentioned by Lao-tsu 
(12)),  1 ~ t  some are q ~ u t c  plausibly related to  rnorc basic ideas: l t c ~ n  #6 on tlie list is important 
becausc "systen~ic" rncasures are disastrous. Hut, it is also importanl to  understand why that 
must be so. 

They arc disastrous becausc they prevent thc system Srom eventually correcting the real cause of 
tlie disturbance. 'She internal dynarnics is being distorted by systcrnic xlicasures in the very direc- 
tlon which tnakes the system's state ever Illore precarious; it is the direction leading into a sudden, 
catastrophic: system collapse ( 1 3). 



Thcy ,ire nloql i~itcrestlng becauce rhe ~ l u r i y  ul the ef'iecz\ 01' syskrillc x?nr,asures also gives insight., 
into tlw ~,urlnecE~olls between C;!X ;lnd '?mformnt~on", cdrrecr mfctl-nl:ation ~rad 1!r3t "1101~~1" We 
rnust also incluric xi the irnpoltrlnce at infurmatir)n the wijI!~lg~~t's\ to ILSI: i t .  Thl:;, howdver, I$ 

ol'trn prevetrtecl by preconceived nolionr, ol "lroli~y" Tllc uxaniple of ccontntni~ systcln:, anti 
their ~nflations 1s nozorious ( 1  4).  Sucll 2 !I> pothei ical sysletn 31' 3 G X  subsqsternh, eaclx lntcr;~cting 
with (lcr us assulnc) 1 O4 otlicrs 1s ,I Lystcm of grca'c cor:iplcxitv. We !-nay take as a xarqe  rneaq- 

ure the numher of possihie ~nter : ic i io~~s per anli r ~ r ~ i t i ,  tT.g. , / lob)  i 1 5 ) "  '. 104 

Let us now only skctch a fcw rnorc poir~ac which, while the:,, :t~e i,t~s'~oux. ;ire ob-ciously n o t  bt.i:rg 
acknowledged easily: 

Wt~atevcr wc do,  wc are forccd lo ,ict i ! ~  ignorance of tlie ~oi'li c;onr,:-clu~r~c.e ol O L : ~  ,lcLions - lilr 
is a leap in i hc  dark. In systen~s ~lcsign, however. we art. not rotally ignc~t~int. We have modirle 
specifications and uscr cxpcncllcc wltll a~311able ITIOCJIIICS JS " j l~c l i '  1t2liis' for b~lll~lirlg S J . \ ~ C I I I T .  
Rul ,  the crucial point is this: If wc start trnm ove~all  syqtcInr ;pecil'~zal~oni, w~ will f ind  that  
many 01' tliese shelf items won't do the lo\:, in  order Lo stay w~tliln speclr~catil)ns we rnusi CLIA- 

torn design, build, test, debug, evaluale, cli,inge ,ind produce Illan) (11 OLII  nioc!~~les Irorn sc r~ tch .  
(An itel11 is not lnalure bei'ore several ii~rndred llave h e n  ope~ated i r l  '1 systc~ri znv~ron~licnt  and 
the problems fed back to the debuggrng process). Tliis, hawever, 1s ,I very expensive enterpr~st. 
where or~e's resources tnay quickly disappear in guerrilla warl'are w1t1i 5Zurpliy's Law (16). 

The lesson is that very successful systems Inns1 not come 11120 existence vr'i tlie "grand icliet-rie" 
wit11 detailed drearn-speciflcatlons. One ratlrrr Ilas to \tart r,i~iall (pilot nroject) c i ~ ~ d  one should 
definc olily gcncral systcril goals ( I  7).  13ut. one can reqLIIIC tlldt a11 ~ ~ ~ h b y s t c ~ r i s  ( I I ~ O ~ L I I C S )  be 
iterns wl-iich have bee17 in production and used sutfic~cntly long tc brrng out a ~ i d  correct all tliclr 
hidden probler-ris. 

Such an approach ilocs rcquirc a grcatcr r c sa~~r~cfu lncss  f~otrl your tcat~i ,  but you irldilcc thc ap- 
plicatlon of brain power at the GI-itical stal-t of tlie project ratlicr r11,iri for prob!elii solving in tile 
middle (when yo11 llopcd to be at the end). This way you doll': llave to lcsp i r i  ~~ot-riplete darkness. 

Anothcr point is rilore subtle so let us invoke ;in appropriately exotic example: 

THE SIAMESE C'A'I" 

Let us coxisider the procurerrlerzt of such a "systcr~~". Unr'ortuuatcly, \vc canriot oriler ~t anytnorr 
as it used to  bc donc: "Onc cat (Sianiesc) each . . . SS0.00". Now, wc need sprcil'icatinns iind 
they must be complete or exliai~stive - but can they be colripletc'! 

As we learn from biology, a cat's specificationr, arr e111bod1r.d 111 ~ t s  genes, a total of about 101(' 
bits of jnformation. Prof. Carl Saga11 11~s actually proposcd ( 1 S )  ~ l i ~ t  wc sliould s:nd these 10I0 
bits of' information by radio to an al~cll c ~ v i h ~ a t ~ o a .  Sli~s would tllcrl cllablc thcrr~ to get cats 
just like ours here on Earth. Now t o  bc chantablc, wc assumc such l?roposals to  be in jest be- 
cause they would reveal a corrlplctc lgnordnce of rathcr v~ ta l  p0111ta In systems engineering and 
specifications! There would simply he no cal o n  tilt. hiisis ol :lier,e 101" t11ts unlelsr, -- wc could also 
enable that alien civilization to reproduce exactly the toEallt\l of our tcrsestr~al c~~vironlncnt rn 
which we rnass-produce our cats. ( In  that case, ~lnlikcly as ~t is, the) \\auld also havc to  sclcct ,I 

competent and honcst contractor, a hard task, bccsusc thc also 1111pi)rt~d I-ules, 'lr, part o f  the cn- 
vironrnent, rtlay hinder that!) 



We, therefore, conclude that we need much more than the 1010 bits - but how much? 

Just the network of the cat's l o t 0  neurons has up to about 40 interconnections (synapses) per 
neuron. A description of it would require an amount of information vastly in excess of our 10"' 
bits in the genes. We get a glimpse of the fantastic magnitude oP this information problem but 
we still could not assenlble the system unless we have all tlle information, or could we (19)? The 
Siamesc cat has helped to  shed light on the question of how nature builds such extremely com- 
plex and well functioning systcnls on the basis of clearly insufficient information (20). 

It turns out that one of the characteristics of the Siamese cat, the grey color of its fur, is caused 
by a simple gene mutation. This mutated gene cannot, as thc normal gene docs, produce the pig- 
ment rnclanine at 37°C. Now strangely this failure also causes a second peculiarity which is no t  
obviously rclated to it: The cross-eyed look and the specific behavior of this cat. The reason 
for this is that they also have some of their "wircs" crosscd, i.c. parts of tlie optical nerves end 
up in the wrong cerebral hemisphere (21). This produces the nccd for compensation with some 
f'urtlier changes in brain structure during growth. It also induces different behavior, that is why 
they look a little cross-eyed. 

Rut, how can the failurc to  synthcsizc rnclanirie also cause such considerable changes in the growth 
and structure of tlie nervous system? Tllc revealing answer is that the absence of melanine in the 
early stages of cell division creates a different environment for cell specialization whicb now fol- 
lows different paths. What the growing organism does is that tlie chemistry code only modulates the 
environment, but the actual task of specific design is executed by the generations of dividing and 
speciali~ing cells, the specific specialization being induced by the local environment which I,n turn 
is being changed by the collective effect of the dividing (and specializing) cells. 

That is what is called organic growth - the system is self designing. One can learn from nature 
because a living systcm such as the onc discussed is the result o f  billions of selections and rnodi- 
fications. If we want to apply principles which correspond to  organic growth, then we I I I L I S ~  also 
include substantial redundancy, a large rescrvc capacity (a large margin of performance) and sur- 
ficicnt fecdback and internal control at the lowest possible level. Large complex systen~s have 
fuaturcs which in sorne ways resemble an organism cxccpt that we cannot afford to use na~turc's 
wasteftil tecl~niques of evolution. Instcad, we have to  usc reason and f'oresight. Wc arc riot yet 
doing too well in that dcpartrnent becaaise we rnust rcriie~nber that thc public djsenchantrnent 
wit11 tecl~nology Ilas a simple cause. It is not a consequence of' too niuch thinking on our part. 
It is oftcr? intellectual arrogance which prevents conlpletely thorough intellectual preparations. 
It is ltlso often a tolerance of sloppy, superficial thinking. Ihcrcfore, a truly scientific attitude, 
most helpful in thc facc of large problems, is not pride and conceit, but the admission of i ~ n o -  
rancc arid eagerness to  learn. 

As a summary, one may look at Exhibit C. Love of truth means also liatc for the half-truth ant1 
the 1~1eaninyJ1.s~. Humility, preaclied since Socrates, is often eclipsed by tlie niistakcn desiru to 
project an appropriate imagc. Patience, finally, is rarcly appreciated by eager beavers who believe 
in frcquent transplantings as a stinlulus to  growth. But, this js not so. 'T'o build a cornpetmt 
team requires a couplc of ycars. Any technical rnanagernent which redirects and reorgani~es 
every ycar, simply does not know what to  clo. It is, after all, not gimmicks wllicll niakc 3 large 
system a success, but creative, thorough thinking and a very sustained effort ncccssary to  reduce 
it to practicc. 

"Puticnre, rcasorz, and timc mukc. possihle the iruipos,siDle." Friedrich Riickert 



MAlN ASPECTS OF SYSTLSMS TIILOKY 

(GST - CYBERNETTCS) 

I .  Linear Systems: Fct:dbai:k, uptiriial r;ontrol. slabilily - systclils qntliesls I'rom kllow11 clc- 
rnent paT~ie lc r s .  Systcrns architecture (221. 

2. Prnccss Statistics. Estimation theory, I'illering arid prcdictloa - pattcrn rccognirion ( 2 3 ) .  

3. Systeni Measurcrnents and System - - --- Itlent~fication liow to ch;~ractunzc ,ysten~ ~xr i ' o r l r~a r t~  c 
abstractly. Links l o  cpistcrnology (24  ). Plly\ic;ll Idau\cs vs. lclcological rsuscs (go;r l.; r 

4. Inl'ormation Theory: 1.  S ~ o r ~ g e  ( ~ l l e n ~ u r y l ,  processing - w ~ l ~ a n t i c s  (r~icanmg) - ~ r t i f ~ c i a i  in l t  
ligence - slratcgics. ('I'hcory ~f games) (25) .  

5. Advanced Matlicrriatlcal Toors. -- Infinite d i~nrns~una l  statc .;pa~:t:i. nonlii~ear iy\t.:rns, ,xilapt~t 
systems; systems modelling :tnd si ln~~lat ion;  ~ataalrophc tlleor?;. Fu77y se:'l'i, X ~ L L I ~ S ~ V C  d l ~  

cornputable sets. 

6. Self Organizing Systems: Emerging properties, synergy 

7. Systems, Their E:,r~virnnment and MAN; 111e Questions of' Poli4:y: Man -- systcxl~ inlerhccs. ----..L--.L.-.--..-.--- - .. . . , . - 

""Operatjons Research" ( 2 0 ) .  

8. System Reliability: Self rcpair~ng and redundant syslrlns. I;,ystcr~i ~ ~ f e  cg.cles and s~tppor t  
(27). 



SOME GENERAL SYSTEMS I'KINC'IPLES 

1. If anything can go wrong, it will (follows from conlplexity which assures that eventually the 
ever present disturbances will test every weakness). Also, known as Murphy's Law. 

2. Le Chatelier's Principle: Systems tcnd to oppose attempts to change them. (In order to 
function, however poorly, a system must be in internal dynamic equilibrium in its ellement 
interactions; therefore, a new input will immediately bring forth cornpensating forces) (28). 

2a. Corollary: If' a system should evcr work well, thcn don't toilch it! 

3. Systems grow (at least due to the after thoughts) (29). 

4. A complex and working system can only evolve from a simple and working systerrl (cvo1~1- 
tionary growth). 

5. Every very complcx system contains irrational features; they arc nccessary for functroning. 

6. Sy~nptomatic cures are useless, they only makc things worse. The same is true of ":~ystcniic" 
cures (system-wide, sweeping measures, see principle #2). Pcoplc who don't understand sys- 
terns love systemic cures! 

7. An overdose of the best measures (beliefs, principles, ideas, ctc.) is poisonous. (Also, known 
as the D1ALEC:TICAL (30) Principle in sornc ideologies - narncly in those who overdo this 
principle also!) 

7a. Corollary: You can't bc perfect; any attempt to  be, or to make a system perfect will have 
disastrous consequences. (That should not mean that one must stop at the level o f  
~nediocrity !) 

8. The behavior of complex systcnls becomes unpredictable ;is the co~nplexity increase:;. (See 
also principle #5) 

Xa. Corollary: Extremely corrlplex systems are beyond human capacity to evaluate. 

9. A system (cornposed of subsysten~s) which can operate well with little internal control and 
data flow will also be highly resistant to  failures and external disturbances. Examples: An 
atomic clock with exccllcnt crystal oscillator; A time ordered system with largely in~depcndcnt 
clocks: An organization with propcrly delegated authorities: A society with citizens nf corn- 
inon lligli moral standards. 

10. The rnain cause of' system instabilities arc the delays in thc action of' the subsystem., on each 
other. Very large and complex systcn~s, therefore, have no  defined equilibriuni statr: (static) 
and arc, thercfore, subject to corresponding process statistics (such as flicker noise, ~:aadorn 
walk, Pareto distribution, etc.) (31). (See also principle #X) 

1 1. Engineering of systenrs is a hard cornprornise between opposing desirable features. Systems 
optiinization must includc all aspects and is usually successful only if some tlexibility of' 
specifications is allowed (33). 



EXHIBIT K (C:o;itinucil) 

12. Any thcrrrctlcal trcatorent of a 5yqte:n has  ,111 optitnum tlrgrer c;L cot~~plcxrty (quch as nunl- 
bcrs c f  para~nrlcl-s, ctc.). I'lle npti~ll~inl corrcsponcic to a "bcst" separation ol' essential l'roln 
accidcrltal fcilti~res (01- of clctcrtni~li\tii: I'rom random cr'fzcts) and II is iisually bciter lo err 
o n  tllc sinlplcr side (32). 



EXHIBIT C 

'THb CARDINAL SYSTI':MS VIRTUES 

TRtJTII - Keep The C'oel'iicicnt Of Fiction Small. 

HUMILITY - We Know Very Little, Keep Learning. 

PATIENCE - Good Things Need Time. 
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(3) The converse secrlls also to  be true a\ tlir follow~ng may sugg~sr Wc only havc to  s ~ l b ~ t l t ~ l t c  
syslems for  ltie word "beinp" (Mollas, jioucus) and we can iml-nedizliely und:rstand i1:2ur 
tcrms + -- the grcat Renaissanci- thinker (iiordano Hri~no wlicn hc postulatcs fhi: universe as a 
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aratcncss is dcccptive and also makcs hrs v ~ e w  sortiewhat i n c o n s ~ s t ~ n t .  T'hc soul is due to  
the synthesis of thc serisitivitics of the body which are rooted In r l ~ z  (,~diriittcdly inystcrrour;) 
properties of matter nilcl thcsc arc 1rnlvcrw1 a r~r l  eternal ( S p ~ n o / ~ t .  "Se~itiini~s expenrnnrqirc 
nos actcrnos cssc"). 'l'hcrcforc. thcrc IS  notli~ng separatr L i t 3 0 ~ ~ t  tllt' s~)i11 C X O C ~  t the lltriitcd 
menlory. Converwly, we may see :i system as a Mon,ls (bl,~ck box) bccausc thc syr;tem con-  
cept i s  purely heuristic, is an i~itellt.ctu,~l drvice to  dividc the world i ~ l l n  ~mierest~ng and irlarl- 
ageable parts with the div~ding *'surfaces" soxncwhat arbitrary (and the systerii "transi'cr filnc 
tion" could be called its character); 111 othcr words, the world i%; a h~crarchy of' subsystt.lns. 
Now some of these subsysteiils liavc fntcs whlch can bc alr-rios? riiticpcndeni 01' the rest ol 
tlie universe for long times. Stable atonis nild pnrt~clcs ,lro sucl~  (closed) systcms and wc 
attempt to  use them as clochs. Howcvcr, cor-nplctcly closed system\ can't be p~~d ic tcc l  li-onr 
the outside and we car1 set. here clear11 tlir connections to "c,~~lsality," "11lr!lctcrmir~ism" (or 
i reedo~n)  and si~ililar general cluestions. 

(4) l 'hc Literature on GST as well as n:i ~ l l e  areas of' Fxhibit A is n o w  enorinoLls. A f'ew general 
itcrris follow : 

Bcrtalariffy, Ludwig vorl (1968) "General Syqtcr-ns lheory." Bra~iller, N.Y Also published 
by Penguin University 13ooks, 1973 

Bertaianffy, L. and Rappaport, A. (ed) (1962) "C;cneral Systeiiis" Arm Arbor (;enera1 Sys- 
tems Rcscarch. 

Fox, V. (ed) (19b5) 'Tyste11i Theory," Intcrscicncc Publication, Polytechnic P~css .  Brooklyn. 
N.Y. (Lib CCC#65-28522). 



Kljr, G. V. (ed) (1972) "Trends in GST," N.Y. (1,ib C'('C7#7 1-1 78 143) John Wiley 

Gall, John ( 1 975) "Syste~nantics," ( l~~adra~~glc /T l i e  New York Ti~nes  Rook Company (an 
amusing, but a little to-be-taken-seriously farce). 

C;~lillemin, Ernst (1963) "l'hcory of Linear Pllysical Systems," J. Wilcy. 

Forrester, Jay W. (1961) "Industrial Dynamics" and 

Forrester, Jay W. (1971) "World Dynamics," Cambridge, Mass. (Lib CCC#70-157752). 
(These last two deal with systems dynamics and rliodel building at  a large scale.) 

(5) By that we mean the teleologtcal explanations. Hut teleology is purely a heuristic dev~cc in 
science; in philosophy it may be nnorc, much r-norc, because such teleology can only be 
grounded in soine ~netaphysics. 

(6) There is no simple rncasurc for cor-riplexity or size ol' the systems because such measures 
would have to  reflect not only the number of possible interactions per unit of time, but also 
take into accoulit the coniplexity (or the cllaracter) o f  the interacting subsysteins. Obvio~lsly 
an organization of' 100 people is vastly rnorc corriplcx tllatl a cornputer with lo8 trarisjstors - 
but only if thcy interact. 

(7) For 3 discl~ssioiz of "iiicxha~~stibility" under the quantum - t-rieclianical point of view see the 
concept of "qualitiltive infinity of naturc" in 

Bolitn, D. (1957) "C'ausality and Clia11cc in Modern Physics," Van Nostrand. 

In our context, however, we offer siiriply tllc conjccturc: 'I'hcre are o~zly subsystems, no 
real clct-ncnts. 

(8) L?mergcace is an important conccpt in British newer t-rietaphysics: 

Alexander, Samuel ( 1'127) "Space, Tinlc arid 1)eity." Dover, N.Y. 

tlcrc, howcvcr, it is bascd on thc inl'ornlational aspects of epistcinology and is much closcr 
lo p. 61-81 o f  

Broad, C. D. (1925) "Tlle MINI) and its Place ill Nature." Kegan Paul, Trencll, Trubner 
and Co~lipany, Ltd. London. 

(9) This aspect is disc~lsscd in rcfcrc~icc (1 ) p. 79. But, the paper by S. Stein and F. Walls whicl-i 
fcdlowcd this presentation gives yet another aspect oS an cmcrgent quality, i.c. better per- 
forr-nance obtainable from a co~~lbitlation of two diffcrci~t oscillalors. This is a most impor- 
tan1 subject I'or this conforencu. 

(10) Here again it is hard to overemphasi~c to  a n  a u d ~ c ~ i c c  so rooted in thr  real and inaterial 
world as one is today, the fact that sornc insight gaincd by concentrated tlioilght is the basis 
of cvctything we do today in R & D. And, convcrscly, everything will beco~nc obsolett. 
tlirougli :~nothur idc'l. Even rnore, one could support yet another co~zjccturc: The larger 
the task, tlie more sensitive it is to  the effects of creative tllougltt. 

( I 1 )  This is even trur for our laws, for anything ciocumcntoci. Polanyi has pointccl out  that any 
systcm of rulcs can only be transiliittcd by tradition, cxample and training. This is clcarly a 



precarious proccss arrd tllc inf'orrnat~csn so :ransnlltlcd 1 5  w~ilc: open to profound drn~zgos sl- 
bcit from onc gcneratiun of l ~ r a c t ~ l i o n c r ~  to the nexr N o w  ~t rs ttlc hureaucralic ide:~i to 
lcavc l ~ o t h j i ~ g  to  ctiscrclicrn, hut 10 cmhody c ~ c r y ~ h i n g  ~n rule\ Hut, any r111t. n~rlst be intci- 
pretrd iri a cox~cre t~  C ~ S C  and llns wo~rld r-rquiro axiotht'r rulc. However. Ict LIS asxumi- t1l;:t 
all existing rulcs were ~lnitcd into ~1 sillpic code, t1ju11 tliis corlc obviously, couici not cl)nt;tin 
prcxcriptions Tor its owrl ~n tcq>ret;ltion. i .c. ,  ollr idea: Iias a I -JTII!CIP~~ 111t~/ We ( I 0  2v~f~111; t I ly  

depend riporr rcsponsit)!~, ircat lve ~r~tcrpret;tt iori. Scc 

Polanyi, Michael ( lC146) "'Science, 1 i ~ ~ t i i  .incl Soz~ety." '  I? 5 h .  1-nlvcrslfy ['ll~cagr> 1 ' ~ s ~ .  
(ISBN 0 -226-67290-5) 

Now if the abovc is l r ~ l e  for a burl) of iaw5 anii rcgul;rtions. t1:c.l-i it is a fortiorr true t'or 
.tccl'inology where so I T ~ I ! C ~  ~ I ? ~ > C I ~ C \ S  o n  TI?C skills, t t i t '  trick'; 11nci tr;tilr~d llilp~ilt'l; i 0 f tllc ~I.;I.c- 

titioner. In fact., a tr:iiic, cvcu :i 1ec11r1~1og\ . g c t ~  irri.l.rir:vably I ( . l > r  it' not p1-acliccci. That 
tneans thal rlle grcat m;~jority of know-l;nw (tirvclopcri :.s-el-y c;ii, In oirl. 11alio11:11 K c S i  I) 
eft'orts is completely wasled bei.;i~~si. o i '  thc Jinplia~ard \rIai/ in  ;vhicIi %Lrppnrt o!' silch jiro!rph 
becomcs allocatecl. It woiild b< wlst. ~o iniplcmenr rilcjr,: l011g rnngf I'~i11iii11;~ pi;i~'i  of R & 11 
leariis by rnission oricnted agcnzjes. s~rcl-1 ;ir; llle IIoL3. 1incti:1- tlils : i spc~r .  

This is an antidote lo tllc 1nstlnc:riic nlan;igcna! chresron~ania, I.,dc)-Lst~ h J a s  t h e  first to Leach 
that OII? secs more by not I'ocuslng on ;I single :>o t~~ l ,  1h:il oar ,icco~llplishcr rnorc bq not 
running blirldly aftcr a singlc god:, 'lodab thes:: basrc idr"i5 (31 TClo1slii !'ind tlicir ~orrolmrii- 
tion in the organic vrew a i l~ i  111 the cnnwpt of' organisnl. 

NYe can consider princjple c-' of Fxlilblt B 10 hc of ;>rirl,:lpLiI ~ii~port,inct.  ior ~ i i v  ~ntcllcclrlal 
treatment, of large tei.linica1 S S \ ~ C ' I I I S  (i\ w ~ l l  a <  111' ~'111 S O C ' I ~ ~ ~  slru:ition ,it 1;ir.gr In whicti, 'iTtcr 
all, all our tecllnical systerns ,ire t.ml~t.clded. Snlcc our . ,QcI ;~~ +:r~~(,t!~rt' d\ wcil a~ 0111 l>crsoti;~I 
attitudc reqts 011 n fundamentdl11 inuorlslstent systeti~ o f  i ~ c ~ t l )  L~ssut~rcr.i valucs al1~1 prnlc~ples, 
we try to  cope by fdlmg from cue  cxtrcrne ; t p p I r c ~ t ~ ( ~ ~  '31 :I ;~: '~l;?ill  1 TO :t!q cqlrally eufl-cmr 
onc of another "gotrd" R ,  .lftcr iht. r;sults ( 3 1  ~ h c  prvvloln rvcrss bcc11tne pamf~rlly obvious. 
It js [.or this reason that successful. ;.r, lo17g Zzri:i bc t~r l i~ i ;n l  s)~stzt-ti\ ctlgixleering can 5c ~ l o n c  
wclll by people who llavc gained tllal Inner directed, selj'-dls~i11i11'1cc! d t l i t u c l ~ :  wlllzh htllps. 
therrl t o  abstain (out  ol' wisdom not ~ ~ l ~ e r e \ t  In near tul-15) trn1-r-i :ncrdoing tllc '"lrrsl." 1.c. 
from rnaxirnizing tllc '"protits." Hcnce rh~: clalnl 3b0ul tllc' ricci3ssdir~ ? X ~ ; I I ~ C I I ) I ~  o!' tilt' s(311i 
and hcnce, tllc problelirs crcated ( o r  sclrnLc ,111rl englnccnng illc \vcakmirig nT ! ~ I C  11L~cral 
arts in cduca t~an  in tlir: coLirsc 01 tlitx po\t-Spilti~~k 111 StcrJa. 0:ir ~ , i l i  sal'ely L l d l ~ ~ i  r lut  .1 

clear awareness of the rreed lor b<ilancc is Ihe prcrequis~tc Cot ilrx ~isc ~t ~~itellectllal 1(3(313 

After d l ,  those arc !-nore ~ f ' f r c t ~ v c  and potenll,~ll) rnort. cilsastroih rll ,~n ,~tcrnirc: hombs (wlllc!i 
are only their by-prod uc.t i 

(13) That is a subject of  great r ~ c e n t  m t ~ r r 5 1  mci tl;~', ! ~ i . ~ o r n t .  k:luwl, :i4 .C ; l~as t roph~  Tll leo~y+~'  
See e.g. 

(Y4) Another notorious ar-rtl often liaglc cxarnplc is t1:e c*i:~ll.pl~)i of ~~ilintenried sft'ecls i f  ;I spcsifj.~ 
. . 

~nanagerrient problcrn such as incompete-tlcc in som~.  plact$s 1:; si'rng attackcd wit11 gerlcral re- 
organizations. Such measures arc n i  coiirsc somer:incs ~icectcd such as whcn 111s organizational 
input-oiltput is to clzangc, Bul, as ~-!~rnpInrlla'iro ~ : ~ r f . ;  rhcy ;irz disastrous bccausc as svstcmic 
curcs tl-ley ~lisrnpt internil! iommuni~at ions .  See li;;rticularlq- 



Lawrence, Paul R. (1955) "How to  deal with Resistance to  Change" in Harvard Business Re- 
view: "On Management," Ch. 22, Ilarper & Row, ISBNO-06-011769-9 and 

Drucker, Peter 17. (19'73) "Managemeni," Ch. 48, Harper & Row, ISBN 046411  1092-.9 

Organizations are also systems, but even more important, any systcrn effbrt is of necessity a 
team cffort and tlic first question always to  be askcd is: How can we get a co~ilpetenl tcaril 
organized and motivated? Money is only a necessary, but not sufficient resource. 

(1.5) A large scale system has been defined as a systcrii "whose large dimensionality rriakes the ap- 
plication of standard analysis techniques infcasible due to excessive coniputational require- 
ments." A discussion on stability and optimization of sucli systems can be found in 

Mageiron, E. F. (1976) "Topics in the Study of Intcrxonnected Syster-ns." I'echnical Ke- 
port 664, Div. Eng. anci Appl. Phys. Harvard. 

On tlic other hand, a system has also been dcfined as large "when decentralized control can 
provide acceptable petforrnance." Scc 

Suri, Kajan (1978) "Kcsource Management in Large Systems." l'ccllnical Report #671, Div. 
Appl. Sc. t1arvard Ilniversity, p. 185. 

We proposc to call a system large when it can only be dealt with by statistical measures; and 
very large when en tirely new, irrcd~~cible features emerge. By this definition, the U.S. econ- 
only is a large, but not yet a very large system (since it can go broke through tbolishnr:ss, 
just like a farnily can). 

( 1  6) Once a system is in operation, it i s  too late t o  irnprove poor reliability. The larger t he  sys- 
tem, tllc nrore critical will be error free operation. Now transient errors in corriputers, e.g., 
are scvcral orders of magnitude more frequent than actual hard failures. The best way to 
check for transients is liardwarc redundancy built into critical points. In our applicatic~n of' 
time keeping, tlie soft l'ailurcs are large clock rate clianges arid here the only way t o  filter 
them is clock redundancy. In  general, hardware redundancy gives tllc capability of continu- 
ous systerris diagnosis, i.e. the decoupling of reliability Srorn other problcrns. See also 

Percival, D. l3. et al., (197.5) "Time Keeping and the Rcliability Probleni." Proc. Ann. Frc- 
qucncy Control Symposium, Atlantic City, N.J. 29/41 2-41 6. 

(1 7) The "start srnall" rccomrncndation has as an alternative the advice to proceed if possible 
only with dividable efforts. Sucli efforts arc those where any intcrniediate stages are fully 
beneficial. Building a system of new, lligh capacity trunk lines is a diviclable effort. 11' 
Inoney runs out, thc effort expended was not wasted. Tlic GPS program (certainly for time 
dissemination) is also largely in this class. Benefits do not have to  wait until everything: is 
perfect. In contrast, a tunrlcl is c1e;irly not a dividablc cffort; ncitllcr is a bridge. 

(18) Sagan, Chrl (1073) "Communication with Extraterrestrial Inlelligcnce." MIT Press, Cam- 
bridge, Mass. 

(19) If we accept the thesis of incxliaustibility of nature (7) ,  then it is clcar that no information 
will s~iffice to reproduce a natl~ral system exactly. 'Thc case is entirely different for artificial 
systcins becausc they rcprcseni the result ol' abstract functions as conceived b y  ;in intcllcctual 
process of finite steps. In thls casc, tlie igriorcd aspects of the material iriipler-r~entation play 
only a tolerably distilrbing rolc - until we exceed a certain complexity. 



( 2 0 )  While rro fi-nitc ;amount of drsci-t:i.t (ahsrl-ui:r bits) i;~I'trrmation intiy s~r f ' f i i , :~  I.o tii.lplicatc exactly 
r,>l.rr cat (which wo~lld ~ V C  to  J.n<:Iu~!c it:; acquirt'(i hel;:ivior), N"L: can quiln~il 'y tlic informa- 
tion whicI1 is suff ' icic~~i.  to fatincll t l ~ c  pcrt71 <;ell 011 its ~ L ' V C ~ O ~ I I I ~ ' I . ~ I ,  i .~. tllc r~i~dificaliorl and 
acqr.iisi-Lion of parts of its cnrironl.nent. '1-hc int'oiln;ition is q~iantifiable and "si~nplc" (lOI1!) 
beca~,,r:;i: It rs rclai-ive to the rnat2rial in {he cell and its cnvirorrrnenr. This i s  ~ v h c r c  we Ilave 
still hlrlden time inexlxi ~~stlbil i ty . 

(: 1) C,uillcry, K.  W. (1974) ""Vls~rsl T%alliri;~) 5 m hlhrn<>~,"  1). 44-54 S(c~t.nti:'iz i?a~ilcrl~,lri, Slay 
(Scc ~ls :?  cited a t  13. 134 31id K"iat~ii-,- 251 .  105-1 C:C'. 1 r174). 

(22) 'I'l~c. pr:lclic;llity of digital ;:trr?lrol 1001:5 iha n p r n ~ c i  11;) a IICV,. hori7o~; ~.vcii for srmplc. straight- 
I'orward systelrls such as a q u a r r i  cioclc w! i~u i i  i:; lociicd. tc s ; ~  it-:rerlriit:crltly , v : ~ i I ; r b i t .  rfi'rr-- 
ence. One its not lirnitctl ~in:~riiorc' file 1ypc ! vs. type  L (or- .i'?~ loop cq~lcslion, h:~r iarl 
now corisi.der rni~ch more sopllisticstcd conrrol, i.c. .. :ilnilg 111; :::!t's ~ I S C L I S S C ~  in rt'f'ert211it:. 
i23d). ils general backgroun!! re!r i c  ci-~apl!?~ 17 c j !  (27 1 .  (.:)I' !~.!r~:ici;i:ir i~~tc.~f.i'st Y O  l i ~ n r  
and Ercque;-ac): users is aisu 

An cxcellenl ~r-lfroduction z o  tlic , ~ c i v ; i t r < c i i  !-:iatl~i.~~iaij.:.,> ;?I' c ~ t i i ' ~ . i I ~ l l  ! ? r c ~ b I r ~ ~ i ~  & i t l i  cc)ii- 
s t  rain ts is 

( 2 3 )  a. Kooplnaxls, 1.. H. (1974) ' " lhc  Sper4r:ii Analysis oi 711116' SCIIC's.)^ .Ai=~(iei~~ic I'Ics\, N . Y  
ISBN 0 - 4  2-4 19250- 5 .  

Ir. RGX. Cf. El, P ,  at-it4 Scr~kiils, (I;. jbl. : lii'K1) "Tir-tit. Ssries !J~lal~~sis,  !joreL.a5ri ajlci C'on[ro]," 
Holdcn-l3;ly. Sari Fs;rncisco, l.CC.:I'$: :'-79534. 

1 7 1 "  

L he first two trcat r r indc)~~~ v;lrial.,lcs af ter  vjster~~atic parts have beer: i-erl~ovctl. 'Morrison 
deals with cstirnarion of dcti:rn;inistic i;:ilctiuns i11 1.1-ie presence of' ridditivc r;rntlcn? error:,. 
Percival disc:rrsscs rhc applicaiion : ~ f  AKIMA inocie!s (/.hi: I30x-.lenkins approach) ro thc: [rear-. 
rrrcrlt of  clock sets.. 

(24) For -the crcrttn-lent of  .\izrJ' corrlplcx syslt.1-ris, 1.i i; ncixssary I r . !  nr: c41!i!:i:. ~ l c a r  ; ~ l ~ o u l  ivliat wt. 
% * rllearl by .*ca~rse," "~nodci:" "law."' "probabilistii: i.xpI;!rlnrion. ;ii. Tllc:sc 31-c coficci.ns ill' 

prac1ic;ii I~:IC:V~~:CC, e.6. why cia ;rt~c 1!2\-;. i o ~ l f i d t q ~ t '  i i ~  Y Y ~ I - : I ~ X ~ I ; , ~ I ( ~ ~ ~ S  16-ill1 L j t . i t ~ i i : t ~ v ~  1101n0- 
iogica! expi~na;iuns - ;:ausai laws, whcr; \vc ~11oi.lld bt. virq sirjp~cio~i:< ;:rl' exi.rapni:itions with 
a pureiy ~rlatl~crrratical rnoclel'! For t l ~ c  pu1.c c.m!?iriclst. T I I C  d;.t'f'c.rcncc it; ii;irclcr to itrstifl; 
tllan for Ihc rational.ist (or for ;I rnrelizv~~l r c h l ~ s : .  (11. Plai;)nii7ii. 7r 1s 110 aci:irlurrr tlxat th~: 
treatmen:. ~ i i  t he  most basic systcri?s ii; scieri~c, :i.c. atomic ar?tl particic ohysii-s and uf tllc 
most complex, possibly incxiaaustibly ccrmple:;, iystcrns, i.:.. 11: l:!ology7 has b:rougt!t about  a n  
unpr-cccdcntcd concern uf tllosa: scieniists wit11 cpislct~-roiu,cy, A:, :.: vcry first :;tarter, tlre (91- 
lcrwirrg Is suggested: 



Kcynolds, P. D. (1971) "A I'rirner in Theory Construction," Uobbs - Merrill, Indianapolis 
ISRN 0-672-61 196-1. 

(25) Wc car1 rccornmencl a rcfcrence which is of Interest beyond the scope of its title hec,jusc it 
givcs vcry instructive cxamples for difficulties of cluantificatiori arid tfiscussiolls of "iltility," 
"rational bcliavior," ctc. It is a classic: 

Ncumarin, John von and Morgenstern, Oskar (1944) '"l'licory of Galnes and Econor-nic Uc- 
havior," J o h n  Wilcy and Sons, Inc., N.Y. ISBN 047191 1852. 

(26) Wagner, Harvcy M. (1975) "Principlcs ol' Operations Research" Second Edition, Prcnticl: Hall, 
lnc. ISRNO-I 3-70C)SC)2-9 is a tcxtbook with many '"mind expanding" exercises! ' lo  work 
through tliesr 1000 pages (this author has not!) slluuld give a L'irm grounding in OK. 

(27) An excellellt g c a ~ r a l  overview is given in 

Ciacolctto, L. J. (cd) (1977) "Electronic Ilesigners Handbook," Scction 28 (by Trcnt), 
McGraw-Hill, ISRN 0-07-023149-4. (See also note ( 15 j) 

(28) A logical corollary t o  principle #2 of Exhibit R would be: Indirect approaches often work 
better (because they avoid the system reaction, at least it is dclayed into inefl'ectivcncss). 
The best trcatrncnl, of course, would be a thoro~~gl i  urldrrstalidi~lg of t h c  causality of thc sys- 
tern dynalnics, but this will bc available only in systems of rnodcst complexity. (Sec also 
principles #5 arid #CJ of Exhibit B.) 

(2'1) Since these after-thoughts sccni t o  be inevitable, it will be wise to  rnake provisions 1'1:)r lhcrn, 
i.e. to itllow for expansion in the basic architecture. 

(30) Unforturlately, Hegcl, the inventor of tliu rnodern scrlsc ol' "dialectic," confused an c p i ~ t ~ ~ n -  
ological with an onlological issue. In explaining things, the isolation of opposing icie;is is ~ 1 1  

irtlportant intellectual device. In the cnsi~ing discussions, tlie extrcrlies find a sylltllesis which 
is a better explanation than either of its cornponents, the thesis and antithesis. B L I ~ ,  this 
purely explanatory aspect lias nothing to  do with a co~nnlon S property - tlic tendency to  
invcrt things. Exalriples arc in tlie bible ( 1  C'or. 1,27); Plato (Laws 4, 705); Aristotlt. calls it 
"Kcversal of rolcs" ("peripctcin" in Poelica V1, 18); and Toynbcc in his "A Study 01' History" 
(Oxford University Press 1972, ISBN 0-517-17941 5 )  in C'hs. 22 and 23 givcs historical cx- 
amples wllcrc liiilure was caused by csrly success. 

In   nod ern terms, Rur;sell (A~lthority and tlie Individual, Sirnon and Schuster, N.Y. 1'949, p. 
Cl and 66) suggesls that Sccurily is a rnisgitided goal in social perl'ection. In tlie most ab- 
stract tcniis, one  can state it as follows: An unbalanced, single ~nindcd application o f  all A 
will bc inverled thro~tgh tlie S proccss into its evcntrral opposite, with tllc efl'ecl as if' A-' 
would havr been applied. 

Lix,l~~~plcs: A large system dcsigned with solc cnlphasis on cost will, through breakdowns and 
dcficirncies bcco~nc more cxpcnsive tlian a reasonably generous dcsign. A timing systclil de- 
s~grii~d with lnaxinlrrm emphasis on performance rriargilis will, througli the use of "racing 
horsc" type clocks, become very t o ~ ~ c h y ,  personnel dcpcndent and gexlcl-ally unreliah le. 

(A bureaucratic syster-n ilcsigncd i'or cenlralizcd cfl'iciency with tiglit control ancl detailed 
proccd~lrcs will becolnc unresponsive t o  needs, exlret-ncly wastel'~11 and an easy targel for tllc 
most hlatant corr~rption (soc a lw (1 I ) . )  



Now tllc tragic confusion, inenlioned above, wa\ inlles~ted by I lt'gtl'h ~liatcrial~st slaccessors 
who ~ l w a y s  see in \ L I C ~ I  ~ns l~lnccs  "~~lrltrddl~tlor1s'7 ~ n s t c ~ ~ r i  of rcai sysrclii rcsctlons. Corltr,~- 
ilictlor~s are '1 purely logical dffml - WI' crcdti. tllcln it wc arc C O J ~ ~  used and inconsistent. Ancl, 
3 ~ y ~ l t h c s i ~  ma4 cur~ic 111 cl~scusslcrns. but thc systrr-rr will not f'ind I K  - Ihey will oscillate 
wrldly. C'ontradictions are on11 in o u r  tllt orlcs, rlrver 111 tllc pl~enoiucna 'I ilcrsc will go 
tlrlcir way. wlictlrer wc scc "l ;or~rra~I~~~tic,ns" o r  nol .  

( 3 1 )  Ma~rdelbrot, 13, ( 1  963) "New Metlio~ls in Slaristica! Lconoriiius." . I .  i1.f Politic31 Hcolion~y 71, 
43 tmakcs tlnc poilit tll;lt I ; ~ P ~ c  ~ y s l e m ~  01'1e11. txliibit statistics wl:!~ si-inlo i ~ ~ t c r i ~ n l  coi.rclalions 
("b'lickcr noisc" in clocks, " ra i~don~  \vaIk"' and "P;ireloV tlistrit~~.i:ions in cconomio sys.tcrns). 
S~x(:li syslerlls are hard to Envestigatc bocausc in tlic prcsctlcc ot' such lhehiivior. a lsasic i1ett:r- 
~riinistic pcrfor~risircc canriot Lri: r:iisccsncli, i.?. -perceive(,[ ~ l r i . l c r t~rcs  rrlay I-)< du;: to  cllaiicc. 
We claim Ihal this ~nus l  be expected in l~lgl-~ly colnplcx systcnis \vltll clclays iwfriuh m a y  bv 
integratiori el'rects such as: ~ . g ,  crcclit cxl,i:l~siun takcs ,I Inn? r im(,  i . i i - r ~ i i  i l b  inll~llilr-in:~rb el'lc~,ci. 
bccorr~c noticcablc). 

( 3 2 )  This is variously known as I i c ca1 i i ' ~ j  K;i701. (110 tin? i iq i '  n l o r -  c.ot?::rpt,.: L tian nrzcrsarj i ;  Mai:l~"'s 
principle of ccorlonly of thought (tl ic s ~ ! - ~ - I ~ - J ~ c s ~  ?hcory !i; Il-it: thrsl!: ttir principlr. of !~nssin~on).: 
ctc. In prirnitivc t c rn~s ,  ~t mcans r h s l  o!ir should llse L I I ~  silnplusi i;latlicn~atic;il !nodcl for  
smoothing bccxrisc otherwise nnc  bicrepl!: I-;indoll: comporicnrs ;IS ii:~rt IYF :hc drteril-iinistic 
nlodcl which is disastrous t o r  iii-ly exrr:ipoIatioii! See illso tllc. intc-rri.sti!~g ri1ii-r-ifrical zxa~npir  
of hnding the ciegrre of' a noist: cc!nrilnllnatcd ur1kl;own ;rulync?mltil In 

(33) Syqtcm Optmirzai~on (pri~zciplc d l  I ) 1 ~ s  aiso dspeck sj  tl~cli riiilsi ir~c consi~lelecl ii~irlcr thc 
"Reversal'" principle (47). Tlic " 1 ragcti-\, ; i  I rlic i'smtno~l.; ' sq ndromi. (scc Hiirdin in Scienui. 
162/1>.1243, 1968) can bc gcncr;~ll/ed lri so ~ a r  -I., ~)pti in~r.r t ,on oi t l ~  s~rbsysterlis ~ l t h o u t  
regard to the system leads ro poor per!'a~~:l.irlc~~ 1 1  thing< ~ o r i . .  n l  This is -,o he~riusc 
"thc whoic is more than thc  sun] 01 ir, j>,irts'* 




