
The s i x - c o r n e r e d snowflake, by Johannes Kep l e r . Edited and t r ans la ted 
by Colin Hard ie , with e s s a y s by L. L. Whyte and B . J . Mason . Clarendon P r e s s 
Oxford, 1966. xv + 75 pages , 1 p la t e . 21 s . 

In 1611 the g r e a t a s t r o n o m e r Johannes Kepler published what is probably 
the m o s t cha rming New Y e a r ' s gift that has ever been presen ted to a m a n (in this 
c a s e : the Impe r i a l Counsel lor Johann Matth'âus Wacker von Wackenfels) by a 
f r iend. Wacker i s a d d r e s s e d by Kepler as a Lover of Nothing - for what r ea son , 
we do not know - , and Kepler the re fore p r e s e n t s to him a witty e s say about Nix 
which in Latin m e a n s "snow" but in colloquial G e r m a n s tands for "n ich ts" , i . e . 
"nothing". It is the hexagonal shape of the snowflakes, these tiny, pe r i shab le and 
yet so m a r v e l l o u s l y organized c r y s t a l s that a t t rac ted K e p l e r ' s attention and 
caused him to specula te about the or ig in of this pa r t i cu l a r m a t e r i a l i z a t i o n of 
s y m m e t r y . Reading how he pondered on the p rob lem shows the cur ious blend 
between the sober ma thema t i c i an and the specula t ive phi losopher so typical for 
Kep le r . As a ma themat i c i an , he he re d i scussed for the f i r s t t ime the cubical and 
hexagonal c lose-packing of equal s p h e r e s ; as a phi losopher he sea rched , med ieva l 
in outlook, for a facul tas f o rma t r i x , a fo rmat ive faculty s e c r e t l y at work . 

In the p r e s e n t edition the modern ized Lat in text is confronted with the f i r s t 
Engl ish t r ans la t ion ever made of this lively e s s a y . K e p l e r ' s numerous a l lus ions 
a r e explained in careful ly p r epa red notes while the synopsis helps the r e a d e r to 
follow his thread of thought. B . F . Mason has contr ibuted an e s say on the h i s to ry 
and m o d e r n explanation of K e p l e r ' s p rob lem, and L. L. Whyte examines the 
s o u r c e s of his idea of a facul tas f o r m a t r i x . "St rena seu de nive sexangula" by 
Kepler , in this bi l ingual edition, is s t i l l a p rec ious litt le gift. 

C . J . Scr iba , Univers i ty of Hamburg 

Stra tegy for R ^ D , Studies in the Mic roeconomics of Development , by 
Thomas Marschak , Thomas Glennan, J r . and Rober t S u m m e r s . A RAND 
Corpora t ion R e s e a r c h Study published as Volume VIII in the s e r i e s " E c o n o m e t r i c s 
and Operat ions R e s e a r c h " . Sp r inge r -Ver lag, New York, Inc. 1967. 330 p a g e s . 
U . S . $ 1 4 . 2 0 . 

The book d e s c r i b e s th ree different approaches to a sys temat i c study of the 
p r o c e s s of the development of advanced and complicated s y s t e m s , such as m i l i t a r y 
a i r c r a f t . It has been assembled f rom pas t s tudies by the RAND Corporat ion, 
without much effort at cohes ion . 

The s t ra tegy concerns the dec is ions as to how many s e p a r a t e sub-p ro jec t s 
should be pursued in pa ra l l e l , how often they should be reviewed, and when some 
should be te rminated and o the r s continued, or a c c e l e r a t e d . The chief objective 
is to a t ta in a sa t i s fac to ry prototype with the leas t poss ib le expendi ture of t ime and 
money . 

The f i r s t approach cons i s t s of a quali tat ive study of case h i s t o r i e s . It 
d e m o n s t r a t e s that an " inf lexible" s t ra tegy , which t r i e s to m a k e m o s t of the c r u c i a l 
dec i s ions ea r ly and force the development into c losely specified channels , will 
save t ime and money if the decis ions were wise ones , but a l l too often unexpected 
events will force abandonment or wholesale r ev i s ion . More fortunate r e s u l t s 
genera l ly followed f rom a "f lexible" s t ra tegy , keeping s e v e r a l p a r a l l e l l ines open 
and making dec is ions late in the p r o c e s s as new knowledge was acqu i red . 

The second app roach examines cost fo recas t s m a d e at va r ious s tages in 
l a rge development p r o g r a m s that have now been comple ted . They were often 
v e r y much too low. Two frequent causes of e r r o r were a significant change in 
the number of units o r d e r e d , and p r i ce inflation. When these fac to r s w e r e 
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r emoved , a r e g r e s s i o n curve was calcula ted to show how the a c c u r a c y of th 
f o r e c a s t s improved with t ime, and how it depended on the d e g r e e of technica l 
novelty and the dura t ion of the development p r o g r a m . 

The third approach is the cons t ruc t ion of a theory of op t ima l strategy.. 
This is the only sect ion with any m a t h e m a t i c a l i n t e r e s t . It cons i s t s of man ipu la t ions 
of va r ious combina t ions of condit ional p robab i l i t i e s , with e m p h a s i s on the "expected 
leas t v a l u e " . All of the d i s t r ibu t ions used a r e pure ly hypothe t ica l . A number of 
" r u l e s of thumb" for s t r a t eg i c choice which appear quite p laus ib le intuit ively a r e 
shown (by the use of some r a t h e r a r t i f i c i a l c o u n t e r - e x a m p l e s ) to be not gene ra l ly 
va l id . 

G . R . Lindsey, Defence R e s e a r c h Analys i s E s t ab l i s h men t , Ottawa 

Bibl iography on t ime s e r i e s and s tochas t i c p r o c e s s e s , edited by H. O. A. Wold, 
published for the In te rna t iona l S ta t i s t i ca l Inst i tute by Oliver and Boyd, Edinburgh 
and London, 1965. 516 + xiv p a g e s . j£5. 1 5 s . 

This b ib l iography was compiled by a ve ry dis t inguished pane l of c o l l a b o r a t o r s , 
The m a i n v i r tue of the b ibl iography is the g r ea t c a r e which was taken in the 
se lec t ion of the e n t r i e s . The t i t les a r e divided into t h r ee g r o u p s : up to 1930, 
1931-1950 and 1951-1959. Included with each ti t le is c e r t a i n coded informat ion 
on the type of p r o c e s s , scient i f ic na tu re of the entry , group of p r o b l e m s , p r e s e n c e 
of e m p i r i c a l appl ica t ions , field of appl ica t ion and language. The rev iew number 
in the Ma thema t i ca l Reviews is a lso given. 

A graphic in t roduct ion to s tochas t i c p r o c e s s e s and t ime s e r i e s is included. 
This in t roduct ion br ief ly r ev i ews the h i s to ry and r u d i m e n t s of the subject and 
conta ins graphs of compute r s imu la t ions of sequences of r andom v a r i a b l e s which 
i l l u s t r a t e the law of l a rge n u m b e r s , the law of the i t e ra ted logar i thm, the a r c s ine 
law, c o r r e l o g r a m s , p e r i o d o g r a m s and Markov c h a i n s . 

It is unlikely that a s i m i l a r b ib l iography will be produced at the end of this 
cen tu ry ~ before then t he r e will be mechan ized informat ion r e t r i e v a l me thods 
of obtaining comple te and u p - t o - d a t e b ib l iograph ies on any spec ia l ized scient if ic 
subject at any t i m e . 

D . A . Dawson, McGil l Un ive r s i t y 

Op t imiza t i on of s tochas t i c s y s t e m s , by M. Aoki. Academic P r e s s , New-
York - London, 1967. xv + 354 p a g e s . 

The book, in e s s e n c e , p r e s e n t s the op t ima l con t ro l and f i l ter ing p r o b l e m 
of s tochas t i c con t ro l s y s t e m s in d i s c r e t e - t i m e . It a l so extends this to the 
p a r a m e t e r adapt ive s y s t e m s . 

The Ka lman f i l ter ing theory is the m a i n theme in this book, but v a r i o u s 
de r iva t ions and ex tens ions of that f i l te r ing theory have been worked out and 
s c a t t e r e d through different c h a p t e r s . The o r d e r of the c h a p t e r s s e e m s to be mixed 
up and it is not s u r p r i s i n g that ve ry lengthy equat ions in d i s c r e t e t i m e a r e evolved. 
The author d i s c u s s e s the op t imal B a y e s i a n con t ro l of s tochas t i c s y s t e m s in g r e a t 
de ta i l in Chapter II then suddenly in Chapter III he goes on to adapt ive con t ro l 
s y s t e m s . Chapter IV goes on to pa r t i a l l y o b s e r v e Markov ian s y s t e m s and in 
Chapter V the e s t ima t ion p r o b l e m . This a p p e a r s to be the r e v e r s a l of o r d e r s ince 
the e s t ima t ion p rob l em is no rma l ly der ived before going on to p a r t i a l l y obse rved 
s y s t e m s . All the i m p o r t a n t r e s u l t s a r e der ived f rom the B a y e s i a n app roach and 

108 

https://doi.org/10.1017/S0008439500030101 Published online by Cambridge University Press

https://doi.org/10.1017/S0008439500030101

