“So you coat the glass.”

ght. Have tn.”

Within this shining forest of branching elass, David and
Rosie moved, making notes, adjusting valves, consulting hand-
held computers. I understood that I was looking at a massive-
ly parallel assembly line. Small fragments of molecules w
introduced into the smallest pipes, and atoms were added 1o
them. When that was finished, they moved into the next
largest pipes, where more atoms were added. In this way, mol-
ecules moved progressively toward the center of the structure,
until assembly was completed, and they were discharged into
the central pipe.

“Exactly right,” Ricky said. “This is just the same as an auto-
maobile embly line, except that it's on a molecular scale.
Molecules start at the ends, and come down the line to the cen-
ter. We stick on a protein sequence here, a methyl group there,
iust the way they stick doors and wheels on a car. At the end of
the line. off rolls a new, custom-made molecular structure. Buile
o our specihcations.”

“And the different arms?”

“Make different molecules. That's why the arms look dif-
ferent.” In several places, the octopus arm passed through a
steel tunnel reinforced with heavy bolts, for vacuum ducting,
In other places, a cube was covered with quilted silver insula-
tion, and I saw |iqui-':l rlitr-.'!'g'._:,i-'l'l tanks H“"Jlt'b}'; !-'-'ET'l'F‘I'“-‘l}' low
temperatures werc -:,:I'.l‘tfd in that section.

“Those’re our cryogenic rooms,” Ricky said. “We don't go
very low, maybe -70 {'jemigmdu. max. Come on, I'll show you.”
He led me through the complex, following glass walkways that
threaded among the arms. In some places, a short staircase
enabled us to step over the lowest arms.

Ricky chatted continuously about technical details: vacu-
um-jacketed hoses, metal phase separators, globe check
valves. When we reached the insulated cube, he opened the
heavy door to reveal a small room, with a second room adja-
cent. It looked like a pair of meat lockers. Small glass win-
dows were set in each door. At the moment, everything was
at room temperature.” You can have two ditterent temps
here,” he said. “Run one from the other, if you want, but it's
usually automared.”

Ricky led me back outside, glancing at his watch as he did so.
I said, “Are we late for an appointment?”

“What? No, no. Nothing like that.” Nearby two cubes were
actually solid metal rooms, with thick electrical cables running
inside. I said, “Those your magnet rooms?”

“That's right,” Ricky said. “We've got pulsed ficld magnets
generating 33 Tesla in the core. That's something like a million
times the magnetic field of the earth.”

With a grunt, he pushed open the steel door to the nearest
magnet room. I saw a L'qrg:_' :,l:_mgl'lml'l-:-lh.lpfd object, about six
feet in diameter, with a hole in the center about an inch wide.
The doughnut was completely encased in tubing and plastic
insulation. Heavy steel bolts running from top to bettom held
the jacketing in place. :

“Lot of u;:u,-_u-_ulirl;:4:_-r for this puppy, I can rell VOu. And a lot of
power: 15 kilovolts, Takes a full-minute load time for the capaci-
tors. And of course we can only pulse it. If we turned it on con-

tinuously, it'd explode—ripped apart by the field it generates.” He
pointed to the base of the magner, where there was a round push
button at knee level. “That’s the safety cutoff there,” he said. “Just
in case. Hit it with your knee if your hands are full.”
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I said, “So you use high magnetic fields to do part of your

assemb—"

But Ricky had already turned and headed out the door, again
glancing at his watch. I hurried after him.

"Ricky.”

“] have more to show you,” he said. “We’re getting to the end.”

“Ricky, this is all \-g'_-r::,' impressive,” I said, gesturing to the
slowing arms. “But most of your assembly line is running at
room l:':}rnper.uun.-'——n:_: vacuum, no cryo, no mag field.”

“Right. No special conditions.”

*How 15 that ]J-.'J-:-'.:-'-ih]t??"

He shrugged. “The assemblers don’t need ir.”

“The assemblers?” [ said. “Are you telling me you've got
malecular assemblers on this line?”

Yoz, Of course.”

mblers are dl:ri.l'lg your fabricavon for ::-'nll.:'"

“Of course. [ thought you understood that”

"o, Rj;_.l-.;-,-," [..'hLi.L-:I, “] didn"t understand that at all. And I
don't like to be lied 10.”

He got a wounded look on his face. “I'm not lying.”

But [ was certain that he was.

ne of the first things scientists learned about molec-

ular manufacturing was how phenomenally difficult

it was to carry out. In 1990, some IBM researchers
Pu:_;]'..-:ri YEROR atDms around on a niLL:E] F]H.l'l.' L'II'II'iI. '.]'lf']r'
formed the letters “IBM” in the shape of the company logo.
The entirc logo was one ten-billionth of an inch long and
could only be seen through an electron microscope. But it
made a striking visual and it got a lov of publicity. IBM
allowed people to think it was a proof of concept, the open-
ing of a door to molecular manufactuning. But it was more ot
a stunt than anything else. »

Because pushing individual atoms into a specitic arrange-
ment was slow, painstaking, and expensive work. It took the
IBM researchers a whole day to move 35 atoms. Nobody
believed you could create a whole new technology in this way.
Instead, most people believed that nancengineers would
eventually find a way to build “assemblers”—miniature
molecular machines that could turn out specific molecules the
way a ball-bearing machine turned out ball bearings. The new
Ei.'-'.:l'l.ﬂli.!']{_'f;_',}' would rely on molecular machines to make
molecular products.

It was a nice concept, but the practical problems were
daunting. Because assemblers were vastly more complicated
than the melecules they made, attempts to design and build
them had been difficult from the outset. To my knowledge, no
laboratory anywhere in the world had actually done it. But
now Ricky was telling me, quite casually, that Xymos could
build molecular assemblers that were now turning out mole-
cules for the company.

And I didn’t believe him.

[ had worked all my life in technology, and I had d-:'_.'t:]-:'rped
a feel for what was possible. This kind of giant leap forward
just didn't happen. It never did. Technologies were a torm
of knowledge, and like all knowledge, technologies grew,
evolved, and matured. To believe otherwise was to believe that
the Wright brothers could build a rocket and fly to the
IMoon in;::_c-._:uj of ﬂ:!.'in;:'l three hundred feet over sand dunes at
Kitty Hawk.

Nanotechnology was still at the Kitty Hawk stage.
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frequently undesirable results. The atom mught be Kicked cut of
its position. It might remain, but at an awkward angle. It might
even fold the entire melecule up in knots.

As a result, molecular manutacturing was an exercise in the
art of the possible, of substituting atoms and groups of atoms
to make equivalent structures that would work in the desired
way. [n the face of all this difficulry, it was impossible to ignore
the fact that there already existed proven molecular factories
capable of turning out large numbers of molecules:they were
called cells.

“Unfortunately, cellular manufacturing can take us only so
far,” Ricky said. “We harvest the substrate molecules—the raw
materials—and then we build on them with nanoengineering
procedures. 5o we do a little of both.”

[ pointed down at the tanks. "Whart cells are you growi

“Theta-d 5972,” he said.

“Which 1s#”

“A strain of E. coli.”

E. eolt was a common bacterium, found pretty much every-
where in the natural environment, even in the human intes-
tine. I said, “Did anyone think it might not be a good idea to
use cells that can live inside human beings?”

“Not really,” he said. “Frankly that wasn't a consideration,
We just wanted a well-studied cell that was fully documented
in the literature. We chose an indust ry standard.”

“Uh-huh...”

“Anyway,” Ricky continued, “I don't think it’s a problem,
Jack. It won't thrive in the human gut. Theta-d is optimized
for a variety of nutrient sources—to make it cheap to grow in
the laboratory. In fact, I think it can even grow on garbage.”

“So that’s how you get your molecules. Bacteria make them
tor you.”

“Yes,” he said, “that’s how we get the primary molecules.

We harvest 27 [_'rr:i|:1'_.-1r:,.r molecules. ‘I'hl:}' fie lL:-,l__-_::l'.h-::r in rela-

tvely high-temperature settings where the atoms are more

active and mix quickly.”

“That’s why it's hot in here?”

“Yes. Reaction ethciency has a maxima at 147 degrees
F.]h ["t'ﬂ]"lE'i'[.' S0 W ".'r'li_':lt']i T]':Il;."t'f..". F[rhi:l.tl."i W]!'J:.'I:’:: W Hﬂ:t t|.-|‘|.1' f:l.!ﬂ.f'.'" T -

bination rate. But these molecules will combine at much lower
nd 35, 40 degrees Fahrenheit, you'll get a

temperatures. Even a
certain amount of molecular combination.”

“And you don’t need other conditions,” I said. “Vacuum?
Pressure? High magnetic fields?”

RJ.:]-'., cshook hizs head. *MNao. _T:'u:]-:. We maintain those candi-

tions to speed up assembly, but it's not strictly necessary. The
.;]g::'.i-;;:'| 15 really ;?lcﬁ_.n'u:- The component molecules gO I.".':-:;';-;‘:I!ihi:'

quite easily.
“And these component molecules combine to form your final
assembler?”
“Which then assembles the molecules we want. Yes.”

t was a clever solution, creating his assemblers with bacte-

riz. But Ricky was telling me the components assembled
themselves almost auromaucally, with nothing required

but high temperature. What, then, was this complex glass

building used tor?

“Efficiency; and process separation,” Ricky said. “We can

build as many as nine assemblers simultaneously, in the dit-
ferent arms.”
ﬂ]' L]]d. "r".'I'“_']_'I;_' I.j'l._'l L] = fl."i'\f.."]'l'lh.l::l"'l |'|.'.'.3h'.l':' t]'“.' }i]]ﬂl |'|.:|;:|]I:l_'LiIL"J-EI o

constraints were unbeatable, and had
backed away from the whole nano con-
cept; the Xymos contract had been can-
celed: DOD was Hﬂing [ 4] J:lul'. fundil'.g
in another six weeks.

[ said, "That's why Julia was so des-
perate for venture capital, these last few
weeks?”

the walkway, finally stopping beside a big
air vent, about three feet in diameter, thar
went into the outer wall.

“Thus is vent three,” he said, leaning
close to my ear. “It’s one of four main
vents that exhausts air to the outside.
MNow, you see those slots along the vent,

and the square boxes that sit in the

Lo

'.jﬂf-"u' 5 =g
',E._r" :-T---:

L] '-.l-!-l"‘-

“In this same structure. Bur first, we reapply them.”

[ shook my head. I wasn't familiar with the term. “Reapply?”

“It’s a little refinement we developed here. We're patenting
it. You see, our system worked perfectly right from the
start—but our yields were extremely low. We were harvesting
half a gram of finished molecules an hour. At that rate, it
would take several days to make a single camera. We couldn’t
figure out what the problem was. The late assembly in the
arms is done in gas phase. It turned out that the molecular
assemblers were heavy, and tended to sink to the bottom. The
bacteria settled on a layer above them, releasing component
molecules that were lighter still, and floated higher. So the
assemblers were making very little contact with the molecules
they were meant to assemble. We tried mixing technologies
but they didn’t help.”

“So you did what?”

“We modified the assembler design to provide a lipotroph-
ic base that would artach to the surface of the bacteria. That
brought the assemblers into better contact with the compo-
nent molecules, and immediately our yields ju m}'.l-':-'.{ five orders
of magnitude.”

“And now your assemblers sit on the bacteria®”

“Correct. They atrach to the outer cell membrane.”

At a nearby workstation, Ricky punched up the assembler
design on the flar panel display. The assembler looked like a
sort of pinwheel, a series of spiral arms going oft in sﬂif’fe'_r:*rtr
directions, and a dense knot of atoms in the center. “[t's trac-
tal, as [ said,” he said. “So it looks sort of the 1e at smaller
orders of magnitude.” He laughed. “Like the old joke, turtles
all the way down.” He pressed more keys. “Anyway, here’s the
attached configuration.”

The screen now showed the assembler adhering to a much
larger |:.i|.]:'.:]1.-_:}:|.5d object, ke a p:inw 1eel attached to a submanne.
“That's the Theta-d bacterium,” Ricky said. “With the assem-
bler on it.”

As [ warched, several more pinwheels attached themselves.
“And these assemblers make the actual camera unuts?”

“Correct.” He typed again. [ saw a new image. “This is our
target micromachine, the final camera. You've seen the blood-
stream version. This is the Pentagon version, quite a bit larg-
er and designed to be airborne, What you're looking at is a
molecular helicoprer.”

“Where's the propeller:” I said.

“Hasn’t got one. The machine uses those hittle round pro-
trusions you see there, stuck in at angles. Those're motors,
The machines actually maneuver by climbing the viscosity of
the air”

“Climbing the whear?”

“Viscosity, Of the air”™ He smiled. “Micromachine level,
remember? It's a whole new world, Jack.”

owever innovative the design, Ricky was still bound by

the Pentagon's engineering specs for the prmllllft.. and

the product wasn't performing. Yes, they had built a

camera that couldn’t be shot down, and it transmitted images

very well. Ricky explained it worked perfectly during tests

indoors. But outside, even a modest breeze tended to blow it
away like the cloud of dust it was.

The engineering team at Xymos was attempting to modify

the units to increase mobihty, but so far without success.

Meanwhile, the Dup.irt:n'wn't of Detense decided the dr':-il._',:l'L

JAM/FEB O3

Til:l'r] ml"l'll.]'ltf"li on tht' W "- 'TI'I:‘H' WS a sta-
tus "."-"i]'ld LR 1.|'] t]_.“." cornér l:lt- thﬂ." ml;.-ll"l.[r.l:-ﬂ'.
It was flashing red: PV-90 ENTRY.

I said, “What does that mean?”

“Something set off the perimeter
alarms.” He unchpped his radio and said,
“Vince, lock us down.”

The radio crackled. “We're locked
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PREY

t first, it was hard to understand what I was
seeing—it looked like an enormous glowing
octopus rising above me, with glinting,
faceted arms extending outward in all direc-

[IONs,

[h[‘l_';l".'l.ril'l_h"‘ I_'.ﬂ_fll'l:'lr.lll!_."!l'. I't"ﬂl'_'lz[i[.lnﬁ Jn(.i-

bands of color onto the outer walls. Except
this octopus had multiple layers of arms. One layer was low,

just a toot

we the floor. A second was at chest level; the

third and fourth layers were higher, above my head. And they
all glowed, '-_-|.:41|'HL‘1.'] brilliantly.

[ blinked, dazzled. I began 1o make out the detals. The octo-
!}I_I_'; L {l:l[]['.'l_inll_'f_! ".'-"I.tl.i'l.l:l'l in il‘l‘l:;';t.:];ll:‘ 1.]-“-1_:' —5'“_]]'",’ Efa'l]l'lli"'.'l"'f]]'l"n
bl ;:ntir;*l:_.r of modular {:Ia’:; cubes. Floors, walls, {fili!'.g:i.
staircases—everything was cubes. But the arrangement was hap-
hazard, as if someone had dumped a mound of giant transpar-
ent sugar cubes in the center of the room. Within this cluster of
'i'u-:l.l':'l.'.'ﬁ -thﬂ.' ATrTIS Elj: [I'l:_" s [1:I‘I_'!IL]"_'; :‘_':n.'l.kl.'l::l r.':lﬁ. ii'l .l]] dit-l:"..' Eii}n'.':-. rrhi.'
whele thing was held up by a web of black anodized struts and
COn I'll_'t_'Ll;_'h.':.Z; |:I'I.|.[ [hlﬂ:r' Were I._Jrr}ll'l'f'.'l fl.'ﬂ.l I:]:g-' r.l'l‘:‘ Tf:"ﬂt:":.-'TEﬂn":. "l"r']-'il:.:h !.5
why the octopus seemed to hang in midair,

-}'l.ia.:k:r gnnned. “Convergent assembly. The architecture is

fractal. Meat, huh#"

I I'“.-I‘d‘lil'."d 5'4]".1-'!}'. I Wil ::nﬂ‘,.'i]'li_rl e '|.‘|‘|..'l-|1il?."- l"ll‘.;'l.;:ll-l“- I ]1|1d aCh
as an octopus was actually a branching wree structure. A cen-
tral square conduit ran vertically through the center of the
room, with smaller pipes branching off on all sides. From
these branches, even smaller pipes branched off in turn, and

smaller ones sull. The
Everything gleamed as

1allest of the pipes were pencil-thin
f it were mirrored.

""'|:|;""--|_1I_..' i5 it 50 E'IT::.';ht?“
“The glass has diamondoid coaung,” he sud. “Ar the molecu-

i’'s
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“Come on, Ricky, ™
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I said. “How are you really doing this?”

“The technical details aren’t that important, Jack.”
“What fresh bullshit is this? Of course they're important.”
“Tack,” he said, giving me his most winning smile. “Do you

really think I'm lying

s, Ricky,” I sand.

rouF

[ do.”

]L'le'lli'il::!-l.{ 'I.Il,'l at :i'l.ﬂ" ‘I'I";.'“!lif':ll.'-i Arms .!l.] ierZ_HI[]L:. 11 =% Sl.ll'flﬂ.l.']{j:;.'l'j

by glass, [ saw my own reflection dozens of times in the

around me. [t was confusing, disonenting. Trying
to gather my thoughts, [ looked down at my teet.

|'5|..'11'.1 I |-||:.1[i
glass walkways

M SECLI

'I 1|‘Ii‘l1. YT ll'lli'ﬂli"l'!l wes ]'I.H! |1L'I'.']'I 'r'.-'.'l”-'l'iﬂi'l 0on

ot the ground tloor were glass,

as well. One section was nearby. I walked toward it. Through

the glass [ could see steel ducting and pipes below ground
level. One set of pipes caught my eye, because they ran from

r.lH.' !"n'.t'JI.'.'I:‘;’II:'.' rOOm To ;

!I:ﬂ.'il.TE'l"!.' _._"l. LR ';."I]t_rli.. Al ".‘.-'l]:ii.:l'l 'Flllilir.l'. [h-if':'.-'

I.EIJ. FI'l’J]’['I. []'lll tli'il-fl]' .,'-I.ZI'II..'..: |'IE.’I-IjI'."d. I.'lFZI"."r'.’IE'{".:I l’hT:’ITIL"JI'i[]‘_.: i]’llﬂ

the smaller tubes.

r]Ii'l.'l[. I .'i:'i.‘:lll'l‘.li.'{i, wWas [hr." .;E'i."ti'-i'.r.‘.ﬂ.']-l'.—-[!'l:r." '-illi:-.!'l IZ'l-l. Faw 0 I:':..".'ll'.i.'

FJI:-.I.L‘I.'i...'I] tl'liﬂ. ‘-'\-'{lu]ii I'_'!L‘ r.l:'.'I.I'L!-i-Zl.l.}'I.'I'I".L"-Lt o '_]'H' ASSCTI ]1:'|:|' E]'II'_' J.J'IEU El_‘l-
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1,1:--:_:4-:1'|-.1L_r| back down at the tloor, I tollowed the ]"l'i]_' yack-
ward to the place where they entered trom the adjacent room.
This junction was glass, too. [ could see the curved steel under-
bellies of the big kettles I'd nouced earlier. The tanks thac I

had thought were 2 microbrewery. Because that's certainly

'.‘.'F'...'I.t i1 l"l.'l.lli ..1'“'!4-'..'..!1;! |‘.:|-i.r.:.. i .‘-I'|'!|..'I|.] ]_]r'i_'\\'L_!t'_!.' ."'-1.'.1.'|‘.|1.I'||.":':'.' !.H-!' L~

“Right,” Racky said. “Frankly, this
whole company could go belly up before
Christmas.”

“Unless you fix the units, so they can
wWo r|-: il'l. "ll"r'inli.“

“Right, right.”

I said, “Ricky, I'm a programmer. |
can't help you with your agent mobility
problems. That's an issue of molecular
design. It's engineering. It's not my
area.”

“Um, I know that” He paused,
frowned. “But actually, we think the pro-
gram code may be involved in the solution.”

“The code? Involved in the solution w
what?”

“Jack, I have to be frank with you.
We've made a mistzke,” he said. “But it's
not our fault. I swear to you. It wasn't us.
[t was the contractors.” He started down
the stairs. “Come on, I'll show you,”

alking briskly, he led me to the

far side of the facility, where [

saw an open yellow elevator
cage mounted on the wall. It was 2 small
elevator, and [ was uncomtortable because
it was open; [ averted my eyes. Ricky said,
“Don’t like heights?”

“Can’t stand them."

“Well, it's better than walking.” He
pointed off to one side, where an iron
]ild.'iIL'F' ranm U]:J ll'iL' 1|1|-.;3[] Loy I!“,' ﬂlf,'ili]i]:"_.
“When the elevator goes out, we have to
clhimb up that.”

[ shuddered. “Not me.”

We rode the elevator all the way up to
the ceiling, three stories above the
ground. Hanging beneath the ceiling was
a tangle of ducts and conduits, and a net-
work of mesh walkways to enable work-
ers to service them. [ haved the mesh,
because I could see through it to the
floor far below: I tried not to look down.
We had to duck repeatedly beneath the
low-hanging pipes. Ricky shouted over
the roar of the equipment.

“Everything’s up here!” he velled,
pointing in various directions. "Air han-
dlers over there! Water tank for the fire
sprinkler system there! Electrical junc-
tion boxes there! This is really the center
of everything!” Ricky conunued down
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slots? Those are filter packs. We have
micro filters arranged in successive lay-
ers, to prevent any external contamina-
tion from the facilicy.”

“I see them...”

“You see them now,” Ricky said.
“Unfortunately, the contractor forgot to
install the hilters in this particular vent.
In tact, they didn't even cut the slots, so
the building inspectors never realized
anything was missing. They signed off
an tht" 1““!1‘!1“;__". we !:'-'[;].l'tl.f:i,l 1.‘-'{'ll.|'iiﬂg
here. And we vented unfiltered air to the
outside environment,”

“For how long?”

Ricky bit his lip. “Three weeks.”

“And you were at full production?”

He nodded. “We hgure we vented
approximately 25 kilos of contaminants.”

Hiu'ﬂﬁ.'!'l.l'.t "."r']'lﬂt WETE I'l'l.!" O .'ll'l':lin..'lﬂ["'l [ il

“A lietle of evervthing. We're not sure
of exactly what.”

“So you vented E. colf, assemblers, fin-
ished molecules, u-;r.-r:.'l;hin:._;?“

“Correct. But we don't know what
proportions.”

“Do the proportions matter:"

“They might. Yes.”

Ricky was increasingly edgy as he
told me all this, biting his lip, scratching
E'I'i"': ]':H:.'J.I:L ﬂ"i-'l:_':l::ding r'l'l:r' l_":!."'l;."s. I didﬂll El;_'f
it. In the annals of industrial pollution,
fifty pounds of contamination was
trivial. Fifty pounds of material would
fit comfortably in a gym bag. Unless it
was highly roxic or radicactive—and it
wasn't—such a small quantity simply
didn’t matter.

[ said, “Ricky, so what? Those particles
were scattered by the wind across hun-
dreds of miles of desert. They’ll decay from
sunlight and cosmic radiation. They’ll
break up, L‘.'E-'.,'-:,'r:'u[_h,'.l.':::. In a ftew hours or
days, they're gone. Right?”

Ricky shrugged. “Actually, Jack, that’s
not what—"

It was at that moment that the alarm
went I:]tti'r.

Lwasa L'lLlei,". .]J...H'I'II.. | Ust 4 50 tlt, jr]::.i.‘-l ent

pinging, but it made Ricky jump. He

ran down the walkway, feet clang
on the metal, toward a computer works

down, Ricky"”

“Raise positive pressure.”

HIt":'i- '|.IF|' H"'.'I.‘ F'!:"L'In"j.'i J-l.:"._:l\"‘l.' l'l.iﬁﬂ-lini.:.
You want more?”

“.:""Il'}. I..L"-"I."r'ﬂ." i.[ 1.]'“.'['{'. I-.:";'il W ]'1.3\-'1'." "-.'[:'l-l.'l'
alization?"

“MNot yet."

“Shit.” Ricky stuck the radio back on has
belt, began typing quickly. The workstation
LCreen ﬂ,!'i‘l'idt_:i] il'!tl:_:l Al |"|a|f-l:.|:ﬂ_'|'?.t_'|] .'1|T|ﬁ]|
images from secunty cameras mounted all
around the facility. Some showed the sur-
ounding desert from high views, looking
1'.‘i{]1|'|"]'| I-fl:':ln'l. rl:fll:flt-tl._q.'nl:'l-. ';._-:Itl'.lﬂl'} W gri}ul]d
views. The cameras panned slowly.

[ saw nothing. Just desert scrub and
occasional clumps of cacrus.

“False alarm?” I said.

Ricky shook his head. “I wash.”

I =ad, “T don't see :|'1'I.-'T]11'ng."

“It’ll take a minute to find ir.”

“Find whar?"

“That.”

He pomnted to the monitor, and bit
his lip.

saw what appeared to be a small,

swirling cloud of dark particles. It

I:l'“"l k.‘.-‘lll Iik | dl]hl {E.f‘"i-'il. ane o I r..l-ll...l"lt"
tiny tornado-like clusters that moved
DVEr '[!'I.I.'." ET:_'I"II.:'Id.. HFI'LH'I. h:r' CL‘:-]'I"JC';:TIIHI"I
currents rising from the hot desert
floor. Except that this cloud was black,
and it had some definition—it seemed
to be pinched in the muddle, making 1t
look a bit like an old-fashioned Coke®
bottle. Burt 1t didn’t hold that shape con-
'i]t;jd?l'lit]:l.'. Thr appearance kept shifting,
tt‘::n?:l:nrrnlng.

“Ricky,” I said. “What are we looking at?”

*I was hoping vou'd tell me.”

“It looks like an agent swarm. Is that
vour camera swarm?”

“No. It’s something else.”

*How do you know?”

“Because we can't control it. It doesn’t
respond to our radio signals.”

“You've trieg?”

“Yes. We've tried to make conract with
it for almost two weeks,” he said. “It’s
penerating an electrical field char we can
measure, but for some reason we can't
interact with it.”

“So you have a runaway swarm.”

R

“Acting autonon H:-uﬁl:.'."

“Yes."

“And this has been going on for . .

“Days. About 10 days.”

“Ten days?” I frowned. “How is that

-JL"J.'L'. R'i'n.']'i.'_'!? I]:-l"H.' "|.'l|'.,'1|_'|1'|_l-_-i | 4.";.'1H'L'L"
uon of micro-robotic machines. Why
haven't they deca :u..';;u;:[_, or run out of
power? And why exactly can’t you con-
trol them? Because it they have the abil-
Ity to swarm, then there's some elecin-
l':'l;l}-" ||:'|If'd.l.'l[l:'d |n|!+‘rm'!i|1:.‘| .'-:'I'!'Il:ﬂ'li-"_‘ lhl"l'l'l.
HI'J‘ .:r";.'illi.l :5-}]r..1ulrJ l|.:‘i'.' ..'I.h‘ll' ] li'lk.i.' cont f‘.'}[ 1.]:.
the swarm—or ar least disrupt it.”

“All wrue,” Ricky said. “Except we
can't. And we've tried everything we can
think of.” He was focused on the screen,
watching intently. “That cloud is inde-
pendent of us, Peniod.”

“And so Vol 1.1r-'_'xugllr. me out here . . ."

“To help us get the tucking thing
back,” Ricky said. &

-

the whereabours and use of 17 rons sull
remain unknown in 2002,

“The onec thing that was never
r::-:p|.'1|':|1r_*|J o us,” Beck insists, “"was for
what purpose Irag was buying all this
erowth media.”

UNSCOM felt it had proof thar Irag
had manufactured £,500 liters of anthrax in
liquid slurry form, 19,400 liters of concen-
trated botulinum toxin, 340 liters of
Clostradiem  Bosulierem bacrena, assored
smaller quantities of viruses, and other bac-
teria. As for nerve gases, they concluded,
Irag had made a minimum of 2,850 tons ot
mustard gas, 210 tons of tabun, 750 tons of
sarin, and four tons of VI If properly
used, these chemical and biological apents
could quite adequately kill the majonty of
the population ¢ f the Middle East.

hat 15 the history. In December
1997, UNSCOM Charman
Richard Butler told the UN
Security Council that Irag was no longer
I'.'I.flﬁ.:li]'i:l.:‘l'[ing "l-'."lth i.ni‘l':ll._'l..:[ill.}l'l.. ..'l.nd "r"i-'t':ll.'l.[l;! [l
.:l][l'_:l"-"." Jll.:". :'-.l..l.l.-t. SLECSS [Lp ::I-ir.l'.':": ]|. |:L.i.'|j !lt\‘."l}'
labeled “Presidential™ and “sovereign.”
UNSCOM pulled out of Irag in early
1998. A vear later, the Chnton and Blur
Administrations jointly ::'r_.'Lgi_‘d Operation
Desert Fox, a December 1998 air cam-
paign that took out several industrial sites
ﬂ.“.ﬂ."!.:'i.'dl_"l' [:I'.:‘.'::-I\'q:-i i['l ll"l'i." L':I".-‘I|-J'|.I+|.'|.'..'t'|.||."i.' l':'tl

trolled fermentation, for controlled microbial growth.

it really was.

[ said, “You son of a biteh.”
Ricky smiled :|j..__r|.11':1, and :-;]*r:.]:,;;_ﬂrr.l. el |r.=_3."," he zaid, “It gets

the job done.”

hl'l‘-il.' ii.-!_‘r.'.]-!_":'. !iI'I [hlf_‘ NCeXT NOOIT WeErne ‘iF.IZ'II.'I.'i] TAnNKs ?.I'II' OO~

trolled microbial growth. Bur Ricky wasn’t making

|.1l'_ .'—I'I.L' Wl [T i."J‘_._'| .Il'li'i;l'l.:li'r.".‘-... -.'ll'l.l_‘l I J].Hli.l nes dt:l'lJ L""l ..'I..: Ll ]
the reason why. Unable 1o construct genuine nanoassemblers,
Xymos was using bacteria to crank out their molecules.
This was genetic engineering, not nanotechnology.

“Well, not exactly,

: Hi-’.:!-'.:p' .'-i.liﬂj, 'u'n'.l'll'r'l T Tl'lli_l |;.I'il'[1 "41!.]1111. I

thought, “But I admit we're using a hybrid technology. Not

:'ITI.IC']‘. Ql 3 SUrprise i any o IS ICY

That was true. For at least ten vears, observers had been pre

dicting that genetic engineering, computer programming, and

L
L

nanotechnology would eventually merge. They were all involved
with similar—and interconnected—acuvities. There wasn’t that
much ditterence between using a computer vo decode part of a

bacterial

10me 'lTI'd Lf".':jl'l.:_'l.',_" computer 1o I'Ilf.'||.'|' Yol Insert new

iy L0 0T 'l.t]': £ new l."l-FlZ.Fll.'i 5. a'.'I. I1-|j 1|"|L":'L" “'.1":-“1'

- DETWEe

€1 -.‘I."{'.'tlir‘.ll_', a new bactena o ‘.'-E}il CHUT, 54,

i.ﬂ.:'l-l.l.lirl rl'll:'llil_"n.'l.ili.'?ﬁ.. |'|.!'I1.] l.'l:"i."a'l.'l.l.l':l;'_'l fal J':I'!..'l.l'l—i}':h.'tf][;.".. |T|.'.I_'L"._'J:'l.'.'ﬂ'l:]'h:‘l]'li-..'li
assembler to spit out new molecules. It was all happening at the
molecular level. It was all the same challenge of imposing human

design on extremely complex s

tems. And molecular design

WS ]E[‘.-l.'l."l E]'I;-_:_ !t not Con :F'I-lill I'.Hj.

1||-:|'.'l_| l.,]]l_]ll:_J t]'lll'll":, I.I:lr- i n'll'lff_"l.,'i]lﬂ,' L | :";I:.'Til'_'.": L:lf. ALOMs ‘-;_'1:=_'1'|]r_'._';
together like Lego blocks, one after another. But the image ws
misleading, Because unlike a Lego set, atoms couldn’t be snapped
I;{,}i::_i,:l,l'l.::l' I any AlTANgement you iked. An mnsertved atom we
subject to powerful local forces—magnetic and chemical—w

- ':.q;_ph'—l
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top-ot-the-line ballistic missiles.

Butler claims chat privately, Iragi
Foreign Minister Tariq Aziz admitted in
1997 that all of UNSCOM's .'g;u.n»;]_':i:_'.:iu;m'_-'.
had been correct, and then some.
Whatever was in fact the case, Butler
knows that his team never even got a
'L"l']-'ll'l.';.'".' o ir'l"l'll.'" l:!.';.'l.tt' ll'l.'i." I.'I'J-'liﬂi'ﬂ}' 1_'I'+- '[l']l._:
'.ml.l'.-|.'r'll..'il..1|.l.'- SILES, CSpeC i.l]l_'. those declared
oft limits because they were designated
“presidential palaces.”

For years I ignored the question of
“presidential palaces,” thinking it some-
howe ||n-i:"ri'n|_1.' that ourside in=:l:|-|_'-._'|q':1'~:
"..'..'j_'_-,:l_']l_'-ll 1 I.'J..'i'fﬂi'.' []Tt‘l} f'lu'll.‘ll'.‘l..'l.l't':lll"r F}I'll"i'.].ft:
homes. [ imagined the stuaton to be
roughly equivalent to the UN demanding
entry to Camp David. But last fall, Prime
Minister Blair released his case tor war
E'rﬂg]]d.‘-.d, entitled “Irag’s
Weapons of Mass Destruction: The
Assessment of the British Government.”

AFAinsSt

[t teatures a satellive photograph of an
arca deemed off limits by the Iraqis,
under the designation “presidential
palace.” Superimposed on the image,
offering a stark comparison, 15 a satelhte
shot of Buckingham Palace, taking up less
than five percent of the off-limits area.
Either Saddam has palatal estates 20

=~ =
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umes larger than the Roval Family's
manses and grounds, or it has something
to hide, One other "|'.-;|.];|.+,:¢:" COVErs an area
larger than the District of Columbia.

Since UNSCOM pulled out of Iraq
five vears ago, Beck says, it has been
extremely ditficult to determine whar
1':‘IJI!I'-I I.} r'l'l.'L}' 3:.[“ h‘l: E-tl'.ilk.'l'ipilﬂd t!'ll_".'l.':. Or
what may have been newly manufac-
tured post-1998. This uncertainty has
prompted highly divergent views on the
necessity of military action against
Baghdad. And. of course, it leaves indi-
Lri';.‘l'l.lﬁ |.'i- '[]'I.ﬂ.' "."."UTJij Ver url..'i]:}lu L E:I-:':'n: £55
their own anxieties, or lack thereof,

E'-l.,"l.\-' ﬂ.dlll.l .."‘l.lll!.'[ i'..'-|u]:'|- |:|-'|"|"|: t.{.lrg-:r!ll:r:l
that the nauon was suckered in 1990 by
Kuwaiti testimony to Congress, in which
conservatuve American and Kuwait politi-
cians colluded to give phony claims of rape,
torture, :Lrﬂ:. '|"|'I|.]|"1:]1.'|:' I:'.'H"‘I"ii"l:'.l out ﬂ'li_‘l]'l.l:::ldi—
cally in the Irag-occupied emirates.

The CIA has released several reponts
since 1998, allegedly assessing Iraqi
WMD capacity. It is strking that the lan-
guage in these reports, each ostensibly
written a vear apart, is nearly word-for-
word identical, and the “empirical” sense
l_-'lr- S‘ﬂ'ridill'lllf'; l'.'.i]'.':ll:]‘ili.til:':i |"'. I'I'l.ll': SAIme,
When data pertinent to a moving target

Iraqi soldier stands guard outside
the UN headguarters in Baghdad.

It has been extremely

difficult to determine what

WMD may still be stockpiled in Irag. This
uncertainty has prompted highly divergent views
on the necessity of military action against Baghdad.

And it leaves individuals t

e world over unable to

process their own anxieties, or lack thereof.




