
bulge and the LMC is not easy. In particular, 
the contribution to the observed lensing fre- 
quency from stars in our own galactic disc and 
in the LMC must be established more reliably. 
The luminous stars in the LMC and the bulge 
have large radii and thus cannot strictly be 
treated as point sources, and the distribution of 
stellar radii in the lensed population is also 
required. As the statistics improve and the de- 
tailed nature of the experiments (MACHO, 
EROS, OGLE, DUO, and others) become bet- 
ter understood, microlensing in the galaxy 

spective, with live links, can be 
seen in Science Online on the Web 
at http://www.sciencemag.org/ 

should provide unique constraints on the wm- 
position of dark matter in the galaxy halos and 
the structure of our galaxy, and detailed follow- 
up observations of individual events may reveal 
more extra-solar planets. 
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Searching a Quantum Phone Book an average of 255 = 3.6 x 1016 keys before 
hitting the right one. This would take more 
than 1 year even if one billion keys are tried 

Gilles Brassard every sdcond. By comparison, ~rdver ' s  algo- 
rithm would solve the problem after quan- 
tum-DES enciphering the known clear text a 
mere 185 million times. 

Born at the dawn of the 20th 
W h a t  could be easier than finding someone's century, quantum mechanics has 
phone number in your city's directory, pro- evolved into one of the most suc- 
vided you know her name? It would be an- cessful scientific theories of all time. 
other matter altogether if you wanted to find Nevertheless, information process- 
the name of a stranger whose phone number ing is firmly rooted in classical phys- 
you did know. If the directory is available ics. This has prevented us from tap- 
electronically as a simple unstructured file, a ping the full potential of physical 
computer would have to search through, on reality for computing purposes. 
average, half of the data to locate the de- About 12 years ago, Deutsch from 
sired entry. It is easily proven that there can Oxford University, following the 
be, in general, no shortcuts. No shortcuts, lead of Benioff at Argonne National 
that is, if we stick to computers that obey Laboratory and Feynman at the 
the rules of classical Newtonian physics. At California Institute of Technology, 
a conference held in Philadelphia in May thought of harnessing some of the 
1996, Grover presented his remarkable dis- strange properties of quantum me- 
covery that a quantum computer could do chanics to obtain unprecedented 
much better: With the use of inherently parallelism in computation (2 1. 
quantum-mechanical effects, it could find To get a glimpse of Deutsch's 
the desired entry in about square root as insight, consider an atom that has a 
much time as its classical counterpart (1 ). cl lone electron on its outermost or- 

This advantage would not be dramatic for bit. By shining light on the atom, it 
locating information in the phone directory is possible to force this electron to 
of even a large city; however, the situation jump to a higher orbit: the atom 
changes if we are interested in virtual data- This @Iern dc8MBS a WP * --that becomes excited. What happens if maps each passibh key €o rmuk-of endphsting bases that are so large that they would not fit vamw a& key, the YOU shine the light on an atom in 
in the memory of all the world's computers cmponding a *- ~ l d s  the ground state, but for only half 
put together. Such databases cannot be built the desk.ed searet key, 37264957f§$, tkt w b k s  the re- the time needed to excite it? Where 
explicitly, ofcourse, but they can be specified m- text. will the electron end up, knowing 
by a rule that allows the construction of any that quantum mechanics forbids it 
required record efficiently on demand. Con- per has intercepted matching pairs of clear from lying anywhere between the two orbits? 
sider a cryptographic example. One of the and enciphered text-a classic scenario in The counterintuitive answer is that the elec- 
most widely used systems to protect the con- secret intelligenceher goal is to find the tron will find itself simultaneously on both 
fidentiality of information is the Data En- key that maps one into the other. orbits. If we associate the binary value 0 to an 
cryption Standard (DES). Encipherment This problem can be described by a vir- atom in its ground state and 1 to an excited 
and decipherment are controlled by a 56-bit tual "phone directory" in which each pos- atom, we have produced a qubit-the unit of 
key, which the legitimate participants must sible key is a "name" and the enciphered text quantum information-that is in a superposi- 
share in secret ahead of time. If an eavesdrop- with that key is the corresponding "phone tion of classical states 0 and 1. 

number" (see figure). Given the intercepted Similarly, two qubits can be in a superpo- 
enciphered text, our name-finding problem sition of the four classical values 00,01, 10, 

The Is at the Unlverslte de Departe- corresponds to searching for the required se- and 11. More generally, a quantum register 
ment d'lnformat~que et de recherche op6ratlonnelle, 
Montreal, Q ~ ~ ~ ~ ~ ,  canada H3C 3J7 E-mail cret key to decode the rest of the enciphered composed of n qubits can be in an arbitrary 
brassardair0 umontreal ca text. An exhaustive search would need to try superposition of all 2" different classical states. 
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h q ~ ~ a n t u i n  computer can process each of these 
classical values in quantum parallelism, so 
that exponentially many computations are 
performed at once. In  princ~ple,  this phe- 
nomenon allon-s more work to be done ln  a 
short quantum coinputation involving a few 
thousand qubits than xvould be posslble for a 
classical computer the  sire of the  universe. 

T o  solve the  database search problem, 
Grover starts by setting a quantum register to  
a superposition of all possible names in the  
phone directory. A single access to the  data- 
base (uvhich may involve a computation if it 
is virtual) creates a superposition of all pos- 
sible palrs of matching names and phone 
numbers. T h e  resulting quantum state con- 
tains the  desired pair, but nit11 vanishingly 
small amplitude-the measure of how much 
it contributes to the global state-compared 
to the  multitude of unwanted Dairs. I t  the  
register were observed at that point, the  odds 
of obtainine the  relevant anstver nould be as " 

small as if an  arb~trary name had been tried at 
randoin by a classical computer. 

Grover's discovery is a clever sequence of 
simple operations o n  the  reg~ster's state. This 
process can he thought of as a sort of "quan- 
tum shake," ~vhicli ,  contrary to  a classical 
shake, brings order rather than disorder. Just 
as crests reinforce each other when r~pples 
meet in water, Grover's shake uses quantum 
interference effects to increase the  amalitude 
of the  pair that contams the  target phone 
nuinher at the  expense of all other pairs. This 
increase is so subtle that the  probab~lity of 
obtaining the  desired result bj- observing the  
quantum register after a single shake is al- 
most as small as before. Ho~vever,  the  shake 
can be repeated over and over again, gradu- 
ally boosttng the  amplitude of the  correct 
answer to  a detectable level. Pro\-ided the  
solution is unique, it is fo~ ind  with near cer- 
tatntv tf the  quantum register is observed 
after ($)A"'- shakes, where N is the  size of the  
database. 

T o  use a n  analogy from Kristen Fuclls ( 3 ) ,  
Grover's quantum searching technique is ltke 
cooking a souft16. You put the  state obtained 
by quantum parallelism in a "quantuin oven" 
and let the  desired answer rlse slorvly. Suc- 
cess is alinost guaranteed if you open the  
oven a t  just thdright time. BU; the  'ouft16 is 
verv Ilkel\- to fall-the amplitude of the  cor- 
rect ans\17er drops to zero-if you open the  
oven too early. Furthermore, the  souif16 could 
burn tf ~OLIOT-ercook it: strangely, the  ainplt- 
tude of the  desired state starts shrinking after 
reaching ~ t s  inaxlinum (4). After twice the  
optimal number of shakes, you are n o  Inore 
11kelv to succeed than before the  first shake. 

Grol-er's aloorithm is still theoretical, as is 
the earller qualltum algorithm d~scovered ln 
1994 bv Shor to factor large numbers, 13 hic11 

u 

would bring inost of contemporary cryptog- 
raphy to its knees (5) ,  because there are n o  

quantum coinputers in operation today, and 
there is no  conclusive evidence that there 
ever ni l l  be. This theoretical dream may turn 
into a tecl~nological nightmare (6) .  Kever- 
theless, several teams have started experi- 
menting nit11 baslc quantum computation. 
In particular. the  Institute for Quantum In- 
formation and Computing, led by Kiinble at 
the  California Institute of Technology, has 
recetved a $5 inillion grant from the  Defense 
Advanced Research Project Agency to in- 
vestigate the  feasibility ofquantuin coinput- 
ing (7). Similarly, the  Los Alainos Quantum 
Coinputation Project, led by Hughes, has re- 
celved a significant grant froin the  National 

L. 

Security Agency. Other  major efforts are led 
by hlonroe and Wineland at the  National 
Ins t~tute  of Standards and Technology in 
Boulder, Colorado, and bv Blatt and Zellineer 
in Innsbruck, Austria. Related experiments 
are led by Haroche, Raiinond and Brune at 
the  Ecole Kormale SupCrieure in Paris. 

Showing too inuc11 unbridled optimism 
\vould be highly premature, but even the  
stauncllest critics agree that exciting f~inda-  
mental physics is likely to come out of these 
experiments. XIost physicists expect that 
currently planned experiments, i n v o l r ~ ~ n g  a 
febv quantum bits and gates, n i l l  allow the  
production and study of counterintuitlve 
quantum states that have been theoretically 
predicted but never observed. XIoreover, 
these experlinents may provide valuable 

7 

technical expertise regarding the  feasibility 
of larger scale quantuin coinputatlon. Al- 
though it may turn out that a practical imple- 
~nen ta t ion  of such brllllant ideas as Grover's 
quantuin search algorithm will never be real- 
ired, intriguing new Ideas have already 
emerged froin the  study of quantum informa- 
tion theor)-, such as quantum cryptography 
(8), quantum teleportation ( 9 ) ,  and quan- 
tum error correction (1 0 ) .  Whatever the  fu- 
ture has in  store for quantum computation, 
fundamental physics will benefit from it. 
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Akt Signaling: Linking Membrane 
Events to Life and Death Decisions 

Brian A. Hemmings 

M o d u l e s  made of protein kinases control 
cellular processes. This discoverv-perhaps 
the  inost in~portant  in signal transduction 
research during the  past 5 years-is typified 
by growth factor sttmulatton of the  Ras-Raf- 
XIAP ki~iase module ( 1  ). O n e  of the  manv 
initla1 events that occur after growth factors 
bind to  their cognate growth factor receptor 
tyrosine kinases (RTKs) is the  recruitment 
and activation of the  pllosphoinositide 3- 
kinases (PI 3-kinases). Inosltol llpids phos- 
phorylated at the  D3 position by PI 3-k~nases 
act as second messengers someallat  analo- 
gous to cyclic adenosine 3',5'-inonopl~os- 
phate  ( chh , lP )  and calcium. T h e  serine/ 
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threonine proteln kinase Akt  (also called 
protein kinase B or PKB), identified first as 
a n  oncogene, is one of the  major targets of PI 
3-kinase-generated signals (2-5). Results o n  
pages 661 and 665 of t111s issue of Science and 
else~vhere (6-1 0 )  now provlde new informa- 
tion o n  the  inecl~anisin of stgnal propagation 
from RTKs to Akt  and reveal that Ak t  may 
participate In grorvth factor maintenance of 
cell survival, 

Crucial to the  discovery of A k t  (1 1-1 3) 
and ~ t s  function was the  recognition that A k t  
is a proto-oncogene (12)  and  the  charac- 
terization of its pleckstrtn homology (PH)  
domain (14) .  T h e  recognitton that P H  do- 
mains can btnd lipids suggested a mecha- 
nism linking the  activation of PI 3-klnase 
and A k t  activity (6 ,  9 ,  10,  15).  PI 3-kinase 
activity is potently Inhibited by wortmannin 
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