
Book ReviewProbability Theory: The Logi of Siene. By Edwin T. Jaynes (Edited by G. LarryBretthorst). Cambridge University Press, Cambridge, UK, 2003, xxix + 727 pp., $60(hardover). ISBN 0-521-59271-2Serious involvement of physis with probability began in the late 18th entury, �rstwith Daniel Bernoulli, and later with Laplae who applied it to the problem of separatinga signal from the noise in planetary data. As Jaynes points out elsewhere, physiists havebeen properly handling noise in physis for enturies, long before there were statistiians.The later work of Maxwell and Boltzmann established probabilities as an intrinsi part ofphysial theory, and in the 20th entury probability analyses beame an essential tool forthe experimentalist, most of it self taught. Appearing �ve years after the author's death,this book is in part a plea for physiists to put probability theory as logi bak into theurriulum.Edwin Jaynes spent muh of a lifetime analyzing the role of probability in siene andlobbying for Bayesian methods of analysis. By Bayesian he means the following: everyprobability is onditional on some kind of prior information, suh that the probabilityP (AjH) represents a measure of the plausibility of a proposition A given the hypothesisH; Bayes' theorem (aptured in the symmetry of the produt rule for probabilities) isa fundamental property of the theory; an ability to marginalize nuisane parameters; inappliation there is no `statistial' theory, but only the elementary rules of probabilityapplied arefully and adhered to rigorously. For him probability is simply an extensionof logi as espoused by P�olya, but here quanti�ed and foused on indutive inferene aspratied daily by most sientists. Thus he sails under the ag of Laplae, Keynes, andJe�reys, to whih no doubt the name Jaynes will be added in the future. In the end heappears as neither a `frequentist' nor a `Bayesian', but a pratitioner of logial reasoningfrom the basi rules of probability theory; the issue of `subjetive' or `objetive' probabilityis eshewed in favor of human logi.The book onsists of 22 hapters divided into two parts, along with three appendixes.The ten hapters of Part I on fundamental probability theory ontain a broad range ofelementary appliations, whih is a strong point of the entire work. After two hapterson plausible reasoning and derivation of the quantitative rules for manipulating probabili-ties, we enounter hapters entitled: Elementary sampling theory; Elementary hypothesistesting; Queer uses for probability theory; Elementary parameter estimation; The entral,Gaussian or normal distribution; SuÆieny, anillarity, and all that; Repetitive experi-ments: probability and frequeny; and, Physis of `random experiments.' These haptersould form a reasonable, but intense one-semester ourse at the advaned undergraduate orgraduate levels in any siene or mathematis urriulum. Part II is devoted to advanedappliations, some of whih are atually essential for a thorough grounding in the sub-jet (suh as that on the entropy priniple). This part addresses what is normally alled`advaned statistis', but also ontains a deep analysis of, and omparison with orthodox(i.e., non-Bayesian) statistial methods and tehnial appliations. Jaynes' original planof the work was for two volumes, the seond of whih was to ontain numerous detailed1



appliations suh as image reonstrution, antenna design, and statistial mehanis. Henever got around to �nishing these hapters and only that on Communiation Theoryappears here. The three appendixes disourse on other approahes to probability theory,mathematial formalities and style, and onvolutions and umulants. In this reviewer'sopinion the lengthy Prefae alone is worth a fair piee of the prie of admission, whihitself is quite reasonable.This is a bit more than a book only on probability theory, in that it reets the author'sbroad sienti� and ultural interests. Throughout we are exposed to his philosophy ofboth siene and applied mathematis, the latter reeting a strong anti-Bourbakist stane.One learns a great deal of the history of both probability and the varied �elds to whihappliations are made, among whih are biology, eonomis, engineering, evolutionarytheory, and physis. The book, or many of its parts, needs to be read more than one toappreiate muh of the deep thinking that underlies it. But that task is quite palatable,sine the writing is superb and has an unusually uid quality.Like other �rst-rate minds, Jaynes insisted on doing his own thinking, and this isreeted in the numerous and delightful vignettes, asides, and insights sattered through-out. These inlude the annotations aompanying many of the items in the Referenesand Bibliography (whih have been separated by the editor for tehnial reasons). Cher-ished myths and folklore ome under ontinual srutiny and are oasionally laid bare:in the simple example of drawing balls from an urn one is reminded how the result of aurrent draw an a�et our knowledge about an earlier draw, even though it an't a�etthat earlier result; Karl Popper's assertion that theories an never be proved true, onlyfalse, is ountered by the theory that life one existed on Mars, whih requires disovery ofonly a single fossil to prove it true, but may never be proved false; Charles Misner's laimthat one annot have full on�dene in a theory until its limits of validity are known isquestioned by our on�dene in momentum onservation, whih exists beause we knowof no suh limits; R.A. Fisher's maxim, `let the data speak for themselves,' is often shownto be well o� the mark in those situations where prior information is ruial to a problem.Many examples are given of the follies of randomization and of the belief that probabilitiesare physial entities.For a work of this size the text is exeptionally lean and free of typos, a resultboth of the author's attention and the areful proo�ng of the �nal manusript by severalolleagues after his death. Nevertheless, there remain a few minor bugs that probably anbe attributed to the author's inability to tidy up loose ends himself. For example, Bayes'theorem is at the heart of the message, yet it is not indexed; although its form is exhibitedearlier and often, it's not identi�ed as suh until Chapter 4. One wonders why it wasn'tintrodued in Chapter 2 in onnetion with the produt rule. In a footnote on p.353, andagain on p.630, referene is made to the \entropy onentration theorem" (Referenes:Jaynes, 1983), whih ostensibly is given in Chapter 11; but it isn't there. Either he didn'tget around to inserting it, or was ambivalent about its inlusion. In the end it doesn'tmatter, however, for he provides plenty of evidene in other ways for the onentration ofentropies orresponding to the same onstraints around the entropy maximum. Finally, anote for the publisher: for those of us whose eyesight is not what it used to be, the fontsize used for the footnotes is way too small! 2



I hasten to point out that this reviewer is not a ompletely unbiased observer here,as is evidened in both the Forward and the Prefae. Ed Jaynes was a longtime friendand olleague whose penetrating thought inuened many of us. Therefore I have tried toprovide just an overview here without arguing one way or the other for the author's viewson many matters. Various partial drafts of the manusript have been on the Internet for anumber of years in any event, thereby aquainting hundreds of people with those views; butmany others in all sienti� �elds would also be well served by making their aquaintane.It does our to me, though, that for anyone stranded on that proverbial desert island,and more or less prepared in the way the author expets in the Prefae, this may be thatone book you'd like to have with you; at the very least it will keep you foused on soundreasoning about that and many other situations. W.T. Grandy, Jr.Department of Physis & AstronomyUniversity of WyomingLaramie, WY 82070 U.S.A
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