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novel optical correlator remains an impres-
sive feat of engineering, in that they 
achieved a result in 160 femtoseconds; our 
analysis required seconds. 

J. E. P. Con-
T. Satoh 

Goddard Space Flight Center, 
NationalAeronautics and 

Space Administration, 
Greenbelt, MD 20771, USA 

Note 

1. In spite of their politicaldiwences, John Adams, a 
Federalist, probably had more in common with 
Thomas Jefferson, an early leader of the Demo-
cratic-Republicans, than did Washington with ei-
ther man. Washington regarded himself first and 
foremost as a military man, whereas Adams and 
Jefferson were pditical theorists, diplomats, and 
philosophers. 

Exaggerated statements and unwarranted 
extrapolations are problems in all areas of 
science, but seem to be particularly en-
demic in the field of optical computing. It 
is common in this field for authors to 
quote "potential performance" or "theo-
retical limits" several orders of magnitude 
higher than what they have actually dem-
onstrated. The recent report by Halvorson 
et d.is a case in point. 

make your 
knockouts 
with Embryonic 

What these authors 
actually demonstrated 
is that a certain nonlin-
ear optical material has 
a resDonse time of 160 
femtkeconds (fs) and 
that it can be used to 
correlate two low-reso-
lution images of about 
5000 pixels each. Had 
they left it at that, it 
would have been an in-
teresting and useful con-
tribution. They went 

image with a spatial 
light modulator (SLM). 
While the authors do 
not give specifications 
for the SLM thev used. 
typical devices Af this 
m e  oDerate at about 30 
&me; per second. Thus 
the demonstrated pro-
cessing rate is about 30 
frames per second times 
5000 pixels per frame, 
or 1.5 x lo5operations 
(not floatingpoint oper-

further, however, and ations) per second. This
Founding fathers. Quickly: Which pair actual number is moreconverted their data to 
h,s peak correlationintensity?

a "peak processing typical of a personal 
ratew-and compared it computer than of a 
to the performance of a Cray supercom- Cray, but the importantpoint is that it is 11 
puter. To do so, they divided the number orders of magnitudebelow the quoted "peak 
of pixels in the image by 160 fs, arriving at processing rate." 
a rate of 3 x 1016"operations per second," Halvorson et d. include the disclaimer 
which thev then commed to "a theoretical that "faster SLMs will be reauired before 
maximum -processing rate of 1.55 x 10" 
floating point operations per second" for a 
Cray C916. This comparison appears to be 
meaningless. 

The actual processing rate of their sys-
tem is the number of pixels per image di-
vided by the time required to input an 
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will go germline aHer lniection and MEF Cdlr IrnrlnblmES ceB LILlt 
WmoMaIstale. 
BienmeSyslems, h.,has Emmaetedwrfm a malw facllftgtoMer yau the cell8 you
need lo generale knockouts. Our ES cells and MEF cells are fully characterized 
~ a ~ g m m n # l r t r r c c a s .  

GenomeSystemslnc" 
8620PenneH Drive 
S t  h i s ,  Missouri 637 74, USA 
800-430--0~ 374-892-W33 
kcsimile: 374 -692 -UO44 

actual processing rates can m2ch the peak 
rate," implying that it is somehow possible 
to reach the rate claimed. Even a factor of 
10 improvement in SLM performance will 
be difficult to achieve, and a factor of 10" 
is required to justify the statement in the 
text and the abstract (and even repeated in 
This Week in Science, 26 Aug., p. 1153). 

Perhaps we in the optics community 
should agree not to extrapolateour achieve-
ments by more than, say, a factor of 1000. 
Would that help our credibility? 

Harrison H. Barrett 
OpticalSciences Center, 

University of Arizona, 
Tucson, AZ 85721, USA 

Response: The "actual processing rate" cal-
culated in Barrett's letter is based on the 
performance of the input device rather than 
on the performance of the optical processor 
itself. The SLM on which Barrett's calcula-
tion is centered does not, in fact, do the 
processing; it simply introduces the data 
into the four-wave mixing processor. Focus-
ing on the "actual processing rate" is like 
calculating the speed of a computer on the 
basis of the typing speed of the person en-
tering the data. We calculated the process-
ing speed; Barrett has calculated the data 
input speed. 

The processor described in our report 
used four-wave mixing to implement the 
operation of image correlation; thii is the 
fundamental mechanism. The measured 
four-wave mixiw resDonse time was less 
than 160 fs, and ;his response time is fixed 
by the fundamental physics of four-wave 
mixing in conjugated polymers; it is not 
dependent on the type of input or output 
device used. 

SLMs are important devices in their 
own right, and we feel that Barrett is 



unduly pessimistic about their potential. 
Traditional nematic liquid crystal SLMs 
operate by aligning molecules in an ap- 
plied field, and this is a slow process. 
However, SLM can be based on many 
different physical principles. For instance, 
a recent paper by D. Fichou et d. (1) 
reports a photochromic SLM with a re- 
sponse time of less than 10 picoseconds 
(ps), which was the detection limit of 
their equipment. This paper also gives an 
excellent and up-to-date overview of SLM 
technology. A group at the University of 
Rochester has recently proposed a field- 
effect SLM with a response time estimated 
at 25 ps (2). The SLM made by Fichou et 
al. is more than lo9 times faster than the 
nematic liquid crystal SLMs that Barrett 
mentions as the apex of technological 
achievement. 

We used floating point operations to 
characterize the speed of the electronic 
computer as this is a traditional measure of 
processing speed. A correlation operation 
on an electronic computer is composed 
of many floating point operations. We 
expressed the speed of the optical pro- 
cessor in correlation operations, as the 
optical computer does not use floating 
point operations. Our comparison is there- 

fore conservative, favoring the electronic 
computer. 

We demonstrated an optical image pro- 
cessor based on four-wave mixing in conju- 
gated polymers that p d  entire images 
in less than 160 ti. There were no "exag- 
gerated statements" or "unwarranted ex- 
trapolations." 

Craig Halwmm - Hcrys 
Brett Kraabel 

Rtclian W u  
Fred WudI 

AUmr 1. Heegm 
lnstincte for Polymers and Organic Sdids, 

University of Cdfomia, 
Srmta Burha, CA 9301 6, USA 
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Comctions and Clarifications 

In This Week in Science, 10 March, page 1401, 
under the title "Knowing when to go," the 
name of the nematode (kmh&k elegans 
was misspelled. 

Why 
Wait 
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