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Within fifty to a hundred years, a new class ofamgms is likely to emerge. These
organisms will be artificial in the sense that thelf originally be designed by humans.
However, they will reproduce, and will “evolve” msomething other than their original
form; they will be “alive” under any reasonableidéfon of the word. These organisms
will evolve in a fundamentally different manner.The pace ... will be extremely rapid. ...
The impact on humanity and the biosphere couldioereous, larger than the industrial
revolution, nuclear weapons, or environmental gimiu We must take steps now to
shape the emergence of artificial organisms. ...

Doyne Farmer and Alletta Belin, 1992

There are many people, including myself, who alieeqqueasy about the consequences
of this technology for the future.

K. Eric Drexler, 1992

Introduction

Artificial Evolution in the Twenty-first Century

The notion that the world around us is continuoesiglving is a platitude; we rarely
grasp its full implications. We do not ordinarilyiik, for example, of an epidemic
disease changing its character as the epidemiadgrdlor do we think of evolution in
plants and animals as occurring in a matter of daygeeks, though it does. And we do
not ordinarily imagine the green world around us.@sene of constant, sophisticated
chemical warfare, with plants producing pesticimlegesponse to attack, and insects
developing resistance. But that is what happes, to

If we were to grasp the true nature of nature—ifomald comprehend the real meaning
of evolution—then we would envision a world in whievery living plant, insect, and
animal species is changing at every instant, ipaese to every other living plant, insect,
and animal. Whole populations of organisms aragisind falling, shifting and changing.
This restless and perpetual change, as inexoradl@m@stoppable as the waves and tides,
implies a world in which all human actions neceibgaiave uncertain effects. The total
system we call the biosphere is so complicatedvleatannot know in advance the
consequences of anything that we do.[1] That is edgn our most enlightened past
efforts have had undesirable outcomes—either beocaadlid not understand enough, or
because the ever-changing world responded to dienadn unexpected ways. From this
standpoint, the history of environmental proteci®as discouraging as the history of
environmental pollution. Anyone who is willing togaie, for example, that the industrial
policy of clear-cutting forests is more damagingrthhe ecological policy of fire



suppression ignores the fact that both policieghmaen carried out with utter conviction,
and both have altered the virgin forest irrevocaBlyth provide ample evidence of the
obstinate egotism that is a hallmark of human adgon with the environment. The fact
that the biosphere responds unpredictably to diwmrecis not an argument for inaction.
It is, however, a powerful argument for cautiond &or adopting a tentative attitude
toward all we believe, and all we do. Unfortunatelyr species has demonstrated a
striking lack of caution in the past. It is hardrimagine that we will behave differently in
the future. We think we know what we are doing. Ndge always thought so. We never
seem to acknowledge that we have been wrong ipakg and so might be wrong in the
future. Instead, each generation writes off eadreors as the result of bad thinking by
less able minds—and then confidently embarks ashfezrors of its own.

We are one of only three species on our planetcratclaim to be self-aware,[2] yet self-
delusion may be a more significant characteridtiours kind. Sometime in the twenty-
first century, our self-deluded recklessness wvallide with our growing technological
power. One area where this will occur is in the tingepoint of nanotechnology,
biotechnology, and computer technology. What aké¢hhave in common is the ability to
release self-replicating entities into the enviremtn

We have lived for some years with the first of #heslf-replicating entities, computer
viruses. And we are beginning to have some prdaiqaerience with the problems of
biotechnology. The recent report that modified reajgznes now appear in native maize
in Mexico—despite laws against it, and efforts teyent it—is just the start of what we
may expect to be a long and difficult journey tatrol our technology. At the same time,
long-standing beliefs about the fundamental sadétyiotechnology—views promoted by
the great majority of biologists since the 1970s-w@ppear less secure. The unintended
creation of a devastatingly lethal virus by Austmalresearchers in 2001 has caused
many to rethink old assumptions.[3] Clearly we witit be as casual about this
technology in the future as we have been in the pasotechnology is the newest of
these three technologies, and in some ways thenadisal. It is the quest to build man-
made machinery of extremely small size, on theronfl@ 00 nanometers, or a hundred
billionths of a meter. Such machines would be alig@®0 times smaller than the
diameter of a human hair. Pundits predict thesertinchines will provide everything
from miniaturized computer components to new catreatments to new weapons of
war.

As a concept, hanotechnology dates back to a 1%&ck by Richard Feynman called
“There’s Plenty of Room at the Bottom.”[4] Fortyays later, the field is still very much
in its infancy, despite relentless media hype. pfattical advances are now being made,
and funding has increased dramatically. Major caapons such as IBM, Fujitsu, and
Intel are pouring money into research. The U.Segawment has spent $1 billion on
nanotechnology in the last two years.

Meanwhile, nanotechniques are already being usatht® sunscreens, stain-resistant
fabrics, and composite materials in cars. Soon #iye used to make computers and
storage devices of extremely small size.



And some of the long-anticipated “miracle” produlctsre started to appear as well. In
2002 one company was manufacturing self-cleanimglow glass; another made a
nanocrystal wound dressing with antibiotic and-arftammatory properties. At the
moment nanotechnology is primarily a materials tedbgy, but its potential goes far
beyond that. For decades there has been specuddiban self-reproducing machines. In
1980 a NASA paper discussed several methods byhvelich machines could be made.
Ten years ago, two knowledgeable scientists toekrthatter seriously:

Within fifty to a hundred years, a new class ofamgms is likely to emerge. These
organisms will be artificial in the sense that thelf originally be designed by humans.
However, they will reproduce, and will “evolve” msomething other than their original
form; they will be “alive” under any reasonableidéfon of the word. ... The pace of
evolutionary change will be extremely rapid. ..eTimpact on humanity and the
biosphere could be enormous, larger than the industvolution, nuclear weapons, or
environmental pollution. We must take steps nowsttape the emergence of artificial
organisms. ...[5]

And the chief proponent of nanotechnology, K. Brexler, expressed related concerns:

There are many people, including myself, who altequueasy about the consequences
of this technology for the future. We are talkirigpat changing so many things that the
risk of society handling it poorly through lack mfeparation is very large.[6]

Even by the most optimistic (or dire) predictiossch organisms are probably decades
into our future. We may hope that by the time teeerge, we will have settled upon
international controls for self-reproducing teclogés. We can expect such controls to
be stringently enforced; already we have learnddett computer virus—makers with a
severity unthinkable twenty years ago. We've ledrweput hackers in jail. Errant
biotechnologists will soon join them.

But of course, it is always possible that we wit Bstablish controls. Or that someone
will manage to create artificial, self-reproducimganisms far sooner than anyone
expected. If so, it is difficult to anticipate whhe consequences might be. That is the
subject of the present novel.



Michael Crichton
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It's midnight now. The house is dark. | am notesbiow this will turn out. The kids are
all desperately sick, throwing up. | can hear my and daughter retching in separate
bathrooms. | went in to check on them a few minaggs, to see what was coming up.
I’'m worried about the baby, but | had to make hek,g00. It was her only hope. I think
I’'m okay, at least for the moment. But of course tlids aren’t good: most of the people
involved in this business are already dead. Andethee so many things | can’t know for
sure.

The facility is destroyed, but | don’t know if wéddt in time. I'm waiting for Mae. She
went to the lab in Palo Alto twelve hours ago. pashe succeeded. | hope she made
them understand how desperate the situation ipdaed to hear from the lab but so far
there has been no word.

| have ringing in my ears, which is a bad sign. Afeel a vibrating in my chest and
abdomen. The baby is spitting up, not really vamgitii am feeling dizzy. | hope | don’t
lose consciousness. The kids need me, especiallittte one. They’re frightened. |
don’t blame them.

| am, too.

Sitting here in the dark, it's hard to believe thateek ago my biggest problem was
finding a job. It seems almost laughable now.

But then, things never turn out the way you thimyt will.

HOME

DAY 1

10:04 AM.

Things never turn out the way you think they will.

| never intended to become a househusband. Stagraé¢- husband. Full-time dad,
whatever you want to call it—there is no good téomit. But that's what | had become
in the last six months. Now | was in Crate & Bairetlowntown San Jose, picking up
some extra glasses, and while | was there | notleey had a good selection of
placemats. We needed more placemats; the woveronealthat Julia had bought a year
ago were getting pretty worn, and the weave wasteduwith baby food. The trouble was,
they were woven, so you couldn’t wash them. Sopped at the display to see if they
had any placemats that might be good, and | foontespale blue ones that were nice,
and | got some white napkins. And then some yep{agemats caught my eye, because
they looked really bright and appealing, so | ¢aise, too. They didn’'t have six on the
shelf, and | thought we’d better have six, so legisthe salesgirl to look in the back and



see if they had more. While she was gone | puptheemat on the table, and put a white
dish on it, and then | put a yellow napkin nexittd@ he setting looked very cheerful, and
| began to think maybe | should get eight instefasixa That was when my cell phone
rang.

It was Julia. “Hi, hon.”

“Hi, Julia. How’s it going?” | said. | could hearaohinery in the background, a steady
chugging. Probably the vacuum pump for the eleatnmroscope. They had several
scanning electron microscopes at her laboratory.

She said, “What're you doing?”
“Buying placemats, actually.”

“Where?”

“Crate and Barrel.”

She laughed. “You the only guy there?”
“‘No ...”

“Oh, well, that’s good,” she said. | could tell duvas completely uninterested in this
conversation. Something else was on her mind. énist wanted to tell you, Jack, I'm
really sorry, but it's going to be a late night aga

“Uh-huh ...” The salesgirl came back, carrying mpeiow mats. Still holding the phone
to my ear, | beckoned her over. | held up thregdis, and she put down three more mats.
To Julia, | said, “Is everything all right?”

“Yeah, it's just crazy like normal. We're broaddagta demo by satellite today to the
VCs in Asia and Europe, and we’re having troublthwhe satellite hookup at this end
because the video truck they sent—oh, you don’tw@hknow ... anyway, we’re going to
be delayed two hours, hon. Maybe more. | won'ttggetk until eight at the earliest. Can
you feed the kids and put them to bed?”

“No problem,” | said. And it wasn’t. | was useditoLately, Julia had been working very
long hours. Most nights she didn’t get home uhi@ thildren were asleep. Xymos
Technology, the company she worked for, was trygngaise another round of venture
capital—twenty million dollars—and there was adbpressure. Especially since Xymos
was developing technology in what the company ddieolecular manufacturing,” but
which most people called nanotechnology. Nano vigspular with the VCs—the
venture capitalists—these days. Too many VCs had berned in the last ten years with
products that were supposedly just around the cobog then never made it out of the
lab. The VCs considered nano to be all promisgyroducts.



Not that Julia needed to be told that; she’d workedwo VC firms herself. Originally
trained as a child psychologist, she ended up mgsoe who specialized in “technology
incubation,” helping fledgling technology compangeg started. (She used to joke she
was still doing child psychology.) Eventually, sthstopped advising firms and joined
one of them full-time. She was now a vice presi@dt{ymos.

Julia said Xymos had made several breakthrougliswas far ahead of others in the
field. She said they were just days away from aqtype commercial product. But | took
what she said with a grain of salt.

“Listen, Jack, | want to warn you,” she said, igulty voice, “that Eric is going to be
upset.”

HWhy?H
“Well ... I told him | would come to the game.”

“Julia, why? We talked about making promises liks.tThere’s no way you can make
that game. It's at three o’clock. Why’d you telirhiyou would?”

“I thought | could make it.”

| sighed. It was, | told myself, a sign of her ogri“Okay. Don’'t worry, honey. I'll
handle it.”

“Thanks. Oh, and Jack? The placemats? Whatevedgpjust don’t get yellow, okay?”
And she hung up.

| made spaghetti for dinner because there was rm@vargument about spaghetti. By
eight o’clock, the two little ones were asleep, alcble was finishing her homework.
She was twelve, and had to be in bed by ten o’¢lttadugh she didn'’t like any of her
friends to know that.

The littlest one, Amanda, was just nine months. \B&e starting to crawl everywhere,
and to stand up holding on to things. Eric wasteigl was a soccer kid, and liked to
play all the time, when he wasn’t dressing up ksight and chasing his older sister
around the house with his plastic sword.

Nicole was in a modest phase of her life; Ericdikething better than to grab her bra
and go running around the house, shouting, “Nickyams a bra-a! Nicky wears a bra-a!”
while Nicole, too dignified to pursue him, grittedr teeth and yelled, “Dad? He’s doing
it again! Dad!” And | would have to go chase Endell him not to touch his sister’s
things. This was what my life had become. At fiedter | lost the job at MediaTronics, it



was interesting to deal with sibling rivalry. Anttem, it seemed, not that different from
what my job had been.

At MediaTronics | had run a program division, rigiherd over a group of talented young
computer programmers. At forty, | was too old torkvas a programmer myself anymore;
writing code is a young person’s job. So | manathedeam, and it was a full-time job;
like most Silicon Valley programmers, my team seenaeelive in a perpetual crisis of
crashed Porsches, infidelities, bad love affaiaseptal hassles, and drug reactions, all
superimposed on a forced-march work schedule Wihight marathons fueled by cases
of Diet Coke and Sun chips.

But the work was exciting, in a cutting-edge fidlde wrote what are called distributed
parallel processing or agent-based programs. Tiregsgams model biological processes
by creating virtual agents inside the computertaed letting the agents interact to solve
real-world problems. It sounds strange, but it vedike. For example, one of our
programs imitated ant foraging—how ants find thers#st path to food—to route traffic
through a big telephone network. Other programsiokied the behavior of termites,
swarming bees, and stalking lions. It was fun, lawduld probably still be there if |
hadn’t taken on some additional responsibilitiesmly last few months there, I'd been
put in charge of security, replacing an outsidé mansultant who’d had the job for two
years but had failed to detect the theft of compsowyrce code, until it turned up in a
program being marketed out of Taiwan. Actuallyyés my division’s source code—
software for distributed processing. That was the#ecthat had been stolen.

We knew it was the same code, because the Eagfehadn’t been touched.
Programmers always insert Easter eggs into thee,ddtle nuggets that don’t serve any
useful purpose and are just put there for fun. Tduigranese company hadn’t changed
any of them; they used our code wholesale. Soéfstikokes Alt-Shift-M-9 would open
up a window giving the date of one of our programshmarriage. Clear theft.

Of course we sued, but Don Gross, the head ofdhmpany, wanted to make sure it
didn’t happen again. So he put me in charge ofrggcand | was angry enough about
the theft to take the job. It was only part-timstill ran the division. The first thing | did
as security officer was to monitor workstation usevas pretty straightforward; these
days, eighty percent of companies monitor what tverkers do at terminals. They do it
by video, or they do it by recording keystrokesbgrscanning email for certain
keywords ... all sorts of procedures out there.

Don Gross was a tough guy, an ex-Marine who hadmlest his military manner. When

| told him about the new system, he said, “But yeuiot monitoring my terminal, right?”
Of course not, | said. In fact, I'd set up the peogs to monitor every computer in the
company, his included. And that was how | discogietero weeks later, that Don was
having an affair with a girl in accounting, and eadhorized her to have a company car.

| went to him and said that based on emails rejatinjean in accounting, it appeared that
someone unknown was having an affair with her,taatishe might be getting perks she
wasn't entitled to. | said | didn’t know who therpen was, but if they kept using email,



I'd soon find out. | figured Don would take the hiand he did. But now he just sent
incriminating email from his home, never realizihgt everything went through the
company server and | was getting it all. That's Hdearned he was “discounting”
software to foreign distributors, and taking lafgensultant fees” into an account in the
Cayman Islands. This was clearly illegal, and Illdou overlook it. | consulted my
attorney, Gary Marder, who advised me to quit.

“Quit?” | said.
“Yeah. Of course.”
“Why?”

“Who cares why? You got a better offer elsewhemu'Ye got some health problems. Or
some family issues. Trouble at home. Just get bilteve. Quit.”

“Wait a minute,” | said. “You think | should quitlsause he’s breaking the law? Is that
your advice to me?”

“No,” Gary said. “As your attorney, my advice isathf you are aware of any illegal
activity you have a duty to report it. But as yéugnd, my advice is to keep your mouth
shut and get out of there fast.”

“Seems kind of cowardly. I think | have to notifyetinvestors.” Gary sighed. He put his
hand on my shoulder. “Jack,” he said, “the investan look out for themselves. You get
the fuck out of there.”

| didn’t think that was right. | had been annoyedenw my code had been stolen. Now |
found myself wondering if it actually had been stolMaybe it had been sold. We were a
privately held company, and | told one of the baambers.

It turned out he was in on it. | was fired the neay for gross negligence and misconduct.
Litigation was threatened; | had to sign a rafN&fAs in order to get my severance
package. My attorney handled the paperwork forsighing with every new document.

At the end, we went outside into the milky sunshireaid, “Well, at least that's over.”
He turned and looked at me. “Why do you say tha&?5aid.

Because of course it wasn’t over. In some mystenmay, | had become a marked man.
My qualifications were excellent and | worked ihat field. But when | went on job
interviews | could tell they weren’t interested. i&®, they were uncomfortable. Silicon
Valley covers a big area, but it's a small placarigets out. Eventually | found myself
talking to an interviewer | knew slightly, Ted Lawl. I'd coached his kid in Little
League baseball the year before. When the interviasvover, | said to him, “What have
you heard about me?” He shook his head. “Nothiagk.J



| said, “Ted, I've been on ten interviews in teryslarell me.”
“There’s nothing to tell.”
“Ted.”

He shuffled through his papers, looking down atrtheot at me. He sighed. “Jack
Forman. Troublemaker. Not cooperative. Belligerétutt-headed. Not a team player.”
He hesitated, then said, “And supposedly you wevelved in some kind of dealings.
They won't say what, but some kind of shady dealinégpu were on the take.”

“I was on the take?” | said. | felt a flood of amgand started to say more, until | realized
| was probably looking hotheaded and belligereatl Shut up, and thanked him. As |
was leaving, he said, “Jack, do yourself a favave@ a while. Things change fast in the
Valley. Your résumé is strong and your skill sepugstanding. Wait until ...” He
shrugged.

“A couple of months?”
“I'd say four. Maybe five.”

Somehow | knew he was right. After that, | stoppgdhg so hard. | began to hear
rumors that MediaTronics was going belly up, aretéhmight be indictments. | smelled
vindication ahead, but in the meantime there waking to do but wait.

The strangeness of not going to work in the morsiogvly faded. Julia was working
longer hours at her job, and the kids were demaydlimh was in the house they turned to
me, instead of our housekeeper, Maria. | starteidgahem to school, picking them up,
driving them to the doctor, the orthodontist, sequactice. The first few dinners |
cooked were disastrous, but | got better.

And before | knew it, | was buying placemats anokiog at table settings in Crate &
Barrel. And it all seemed perfectly normal.

Julia got home around nine-thirty. | was watching Giants game on TV, not really
paying attention. She came in and kissed me obdhbk of my neck. She said, “They all
asleep?”

“Except Nicole. She’s still doing homework.”

“Jeez, isn't it late for her to be up?”

“No, hon,” | said. “We agreed. This year she getstay up until ten, remember?” Julia

shrugged, as if she didn’t remember. And maybedgih@t. We had undergone a sort of
inversion of roles; she had always been more kniydable about the kids, but now |



was. Sometimes Julia felt uncomfortable with tleaperiencing it somehow as a loss of
power.

“How’s the little one?”

“Her cold is better. Just sniffles. She’s eatingeib

| walked with Julia to the bedrooms. She went thbaby’s room, bent over the crib,
and kissed the sleeping child tenderly. Watching hi#nought there was something
about a mother’s caring that a father could nevaticm Julia had some connection to the
kids that | never would. Or at least a differemiwection. She listened to the baby’s soft
breathing, and said, “Yes, she’s better.”

Then she went into Eric’'s room, took the Game Bfbyhe bed covers, gave me a frown.
| shrugged, faintly irritated; | knew Eric playedtlwhis Game Boy when he was
supposed to be going to sleep, but | was busyngetiie baby down at that time, and |
overlooked it. | thought Julia should be more ustierding.

Then she went into Nicole’s room. Nicole was onlaptop, but shut the lid when her
mother walked in. “Hi, Mom.”

“You're up late.”

“‘No, Mom ...”

“You're supposed to be doing homework.”

“I did it.”

“Then why aren’t you in bed?”

“Because—"

“I don’t want you spending all night talking to yolriends on the computer.”
“Mom ...” she said, in a pained voice.

“You see them every day at school, that shouldnoeigh.”

‘Mom ...”

“Don’t look at your father. We already know he’lb dvhatever you want. I'm talking to
you, now.”

She sighed. “I know, Mom.”



This kind of interaction was increasingly commorween Nicole and Julia. | guess it
was normal at this age, but | thought I'd stepJudia was tired, and when she was tired
she got rigid and controlling. | put my arm arourea shoulder and said, “It’'s late for
everybody. Want a cup of tea?”

“Jack, don't interfere.”

“I'm not, | just—"

“Yes, you are. I'm talking to Nicole and you're émfering, the way you always do.”
“Honey, we all agreed she could stay up until tetgn’t know what this—"

“But if she’s finished her homework, she shouldigded.”

“That wasn’t the deal.”

“I don’t want her spending all day and night on toenputer.”

“She’s not, Julia.”

At that point, Nicole burst into tears, and jumpedher feet crying, “You always criticize
me! | hate you!” She ran into the bathroom and stech the door. That woke the baby,
who started to cry.

Julia turned to me and said, “If you would pleass Jet me handle this myself, Jack.”
And | said, “You're right. I'm sorry. You're righit.

In truth, that wasn’t what | thought at all. Monedamore, | regarded this as my house,
and my kids. She was barging into my house, lateghit, when I'd gotten everything
quiet, the way | liked it, the way it should be.dAshe was raising a fuss.

| didn’t think she was right at all. | thought slvas wrong. And in the last few weeks I'd
noticed that incidents like this had become maoegdent. At first, | thought Julia felt
guilty about being away so much. Then | thoughtwhs reasserting her authority, trying
to regain control of a household that had falldn my hands. Then | thought it was
because she was tired, or under so much presswalatBut lately | felt | was making
excuses for her behavior. | started to have thienfgdulia had changed. She was
different, somehow, tenser, tougher.

The baby was howling. | picked her up from the chibgged her, cooed at her, and
simultaneously stuck a finger down the back ofdiager to see if it was wet. It was. |
put her down on her back on top of the dressersaechowled again until | shook her

favorite rattle, and put it in her hand. She w#nsithen, allowing me to change her
without much kicking. “I'll do that,” Julia said,oening in.



“It's okay.”
“I woke her up, it's only right | do it.”
“Really honey, it's fine.”

Julia put her hand on my shoulder, kissed the baaoky neck. “I'm sorry I'm such a jerk.
I’'m really tired. | don’t know what came over meetlme change the baby, | never get to
see her.”

“Okay,” | said. | stepped aside, and she moved in.

“Hi, Poopsie-doopsie,” she said, chucking the babger the chin. “How’s my little
Winkie-dinkie?” All this attention made the babyogrthe rattle, and then she started to
cry, and to twist away on the table. Julia didrtioe the missing rattle caused the crying;
instead she made soothing sounds and strugglad tmghe new diaper, but the baby’s
twisting and kicking made it hard. “Amanda, stdp it

| said, “She does that now.” And it was true, Amanmehs in the stage where she actively
resisted a diaper change. And she could kick phetty.

“Well, she should stop. Stop!”

The baby cried louder, tried to turn away. Onehefa@dhesive tabs pulled off. The diaper
slid down. Amanda was now rolling toward the edfjthe dresser. Julia pulled her back
roughly. Amanda never stopped kicking.

“God damn it, | said stop!” Julia said, and smactezlbaby on the leg. The baby just
cried harder, kicked harder. “Amanda! Stop it! SithpShe slapped her again. “Stop it!
Stop it!” For a moment | didn’t react. | was studnedidn’t know what to do. The
baby’s legs were bright red. Julia was still higtimer. “Honey ...” | said, leaning in, “let’s
not—" Julia exploded. “Why do you always fuckindgearfere?” she yelled, slamming her
hand down on the dresser. “What is your fuckingojem?”

And she stomped off, leaving the room.

| let out a long breath, and picked the baby upaAda howled inconsolably, as much in
confusion as in pain. | figured | would need toegher a bottle to get her to sleep again. |
stroked her back until she settled down a littleerT | got her diaper on, and brought her
into the kitchen while | heated a bottle. The Igyhtere low, just the fluorescents over the
counter. Julia was sitting at the table, drinkiegibout of a bottle, staring into space.
“When are you going to get a job?” she said.

“I'm trying.”



“Really? | don’t think you're trying at all. Whenas your last interview?”
“Last week,” | said.

She grunted. “I wish you'd hurry up and get oné&€ said, “because this is driving me
crazy.” | swallowed anger. “I know. It's hard foverybody,” | said. It was late at night,
and | didn’t want to argue anymore. But | was watgher out of the corner of my eye.
At thirty-six, Julia was a strikingly pretty womapetite, with dark hair and dark eyes,
upturned nose, and the kind of personality thapfeeoalled bubbly or sparkling. Unlike
many tech executives, she was attractive and apipabée. She made friends easily, and
had a good sense of humor. Years back, when weéh&isNicole, Julia would come
home with hilarious accounts of the foibles of W€ partners. We used to sit at this
same kitchen table and laugh until | felt physigalck, while little Nicole would tug at
her arm and say, “What's the funny, Mom? What'sftireny?” because she wanted to be
in on the joke. Of course we could never explato ther, but Julia always seemed to
have a new “Knock knock” joke for Nicole, so sheilcbjoin in the laughter, too. Julia
had a real gift for seeing the humorous side ef I§he was famous for her equanimity;
she almost never lost her temper. Right now, ofsmushe was furious. Not even willing
to look at me. Sitting in the dark at the roundhkeén table, one leg crossed over the other,
kicking impatiently while she stared into space.lAsoked at her, | had the feeling that
her appearance had changed, somehow. Of coursmdhest weight recently, part of

the strain of the job. A certain softness in heefaas gone; her cheekbones protruded
more; her chin seemed sharper. It made her loakehabut in a way more glamorous.

Her clothes were different, too. Julia was weaardprk skirt and a white blouse, sort of
standard business attire. But the skirt was tigthtan usual. And her kicking foot made
me notice she was wearing slingback high heels.t\8hmaused to call fuck-me shoes.
The kind of shoes she would never wear to work.

And then | realized that everything about her wiffer@nt—her manner, her appearance,
her mood, everything—and in a flash of insight &knwhy: my wife was having an
affair. The water on the stove began to steam] goded out the bottle, tested it on my
forearm. It had gotten too hot, and | would havevéit a minute for it to cool. The baby
started to cry, and | bounced her a little on myudtier, while | walked her around the
room. Julia never looked at me. She just kept sivber foot, and staring into space. |
had read somewhere that this was a syndrome. T8t®&hd’s out of work, his masculine
appeal declines, his wife no longer respects hird,slhe wanders. | had read that in
Glamour or Redbook or one of those magazines arthenHouse that | glanced through
while waiting for the washing machine to finishdtgcle, or the microwave to thaw the
hamburger. But now | was flooded with confusedifes. Was it really true? Was | just
tired, making up bad stories in my mind? After alhat difference did it make if she was
wearing tighter skirts and different shoes? Fashwranged. People felt different on
different days. And just because she was sometamgsy, did that really mean she was
having an affair? Of course it didn’t. | was prolyajost feeling inadequate, unattractive.
These were probably my insecurities coming out.tMyughts went on in this vein for a
while.



But for some reason, | couldn’t talk myself ouitol was sure it was true. | had lived

with this woman for more than twelve years. | kredve was different, and | knew why. |
could sense the presence of someone else, aneptsison, some intruder in our
relationship. | felt it with a conviction that suiged me. | felt it in my bones, like an ache.
| had to turn away.

* % %

The baby took the bottle, gurgling happily. In ttegkened kitchen, she stared up at my
face with that peculiar fixed stare that babiesehdtvwas sort of soothing, watching her.
After a while she closed her eyes, and then hettim@ant slack. | put her on my
shoulder and burped her as | carried her backnetdedroom. Most parents pat their
babies too hard, trying to get a burp. It's betibgjust rub the flat of your hand up their
back, and sometimes just along the spine with tngefs. She gave a soft belch, and
relaxed.

| set her down in the crib, and | turned out thghtilight. Now the only light in the room
came from the aquarium, bubbling green-blue inctir@er. A plastic diver trudged along
the bottom, trailing bubbles.

As | turned to go, | saw Julia silhouetted in tlo@avay, dark hair backlit. She had been
watching me. | couldn’t read her expression. Shkatl forward. | tensed. She put her
arms around me and rested her head on my chest.

“Please forgive me,” she said. “I'm a real jerk.Wi@ doing a wonderful job. I'm just
jealous, that’s all.” My shoulder was wet with lears.

“l understand,” | said, holding her. “It's okay.”

| waited to see if my body relaxed, but it didh’tvas suspicious and alert. | had a bad
feeling about her, and it wasn’t going away.

She came out of the shower into the bedroom, toydder short hair dry. | was sitting on
the bed, trying to watch the rest of the gamecttuored to me that she never used to take
showers at night. Julia always took a shower imtleening before work. Now, | realized,
she often came home and went straight to the shibgfere coming out to say hello to

the kids. My body was still tense. | flicked the Y. | said, “How was the demo?”

“The what?”
“The demo. Didn’'t you have a demo today?”
“Oh,” she said. “Oh, yes. We did. It went fine, whee finally got it going. The VCs in

Germany couldn’t stay for all of it because of timee change, but—Ilisten, do you want
to see it?”



“What do you mean?”

“I have a dub of it. Want to see it?”

| was surprised. | shrugged. “Okay, sure.”

“I'd really like to know what you think, Jack.” ledected a patronizing tone. My wife was
including me in her work. Making me feel a parhef life. | watched as she opened her
briefcase and took out a DVD. She stuck it in tlayg@r, and came back to sit with me on
the bed.

“What were you demoing?” | said.

“The new medical imaging technology,” she saids“teally slick, if | say so myself.”
She snuggled up, tucking herself into my shouldérvery cozy, just like old times. |

still felt uneasy, but | put my arm around her.

“By the way,” | said, “how come you take showersigfht now, instead of in the
morning?”

“I don’t know,” she said. “Do 1? | guess | do. list seems easier, honey. Mornings are so
rushed, and I've been getting those conferencs fralin Europe, they take so much
time—okay, here we go,” she said, pointing to ttreen. | saw black-and-white
scramble, and then the image resolved.

The tape showed Julia in a large laboratory thatfitted out like an operating room. A
man lay on his back on the gurney, an IV in his,amanesthesiologist standing by.
Above the table was a round flat metal plate aouteet in diameter, which could be
raised and lowered, but was now raised. There wide® monitors all around. And in

the foreground, peering at a monitor, was Juliaré&lwas a video technician by her side.
“This is terrible,” she was saying, pointing to tmenitor. “What’s all the interference?”
“We think it's the air purifiers. They’re causing’i

“Well, this is unacceptable.”

“Really?”

“Yes, really.”

“What do you want us to do?”

“l want you to fix it,” Julia said.

“Then we have to boost power, and you have—"



“I don’t care,” she said. “I can’t show the VCsiamge of this quality. They’'ve seen
better pictures from Mars. Fix it.”

Beside me on the bed, Julia said, “I didn’t knoeytimecorded all this. This is before the
demo. You can fast forward.”

| pushed the remote. The picture scrambled. | Waitéew seconds, and played it again.
Same scene. Julia still in the foreground. Caril,dssistant, whispering to her.

“Okay, but then what do | tell him?”

“Tell him no.”

“But he wants to get started.”

“l understand. But the transmission isn’t for amhd'ell him no.”

On the bed, Julia said to me, “Mad Dog was our erpntal subject. He was very
restless. Impatient to get started.”

On the screen, the assistant lowered her voidairik he’s nervous, Julia. | would be,
too, with a couple of million of those things cravg around inside my body—"

“It's not a couple of million, and they’re not crémg,” Julia said. “Anyway, they're his
invention.”

“‘Even so.”

“Isn’t that an anesthesiologist over there?”

“No, just a cardiologist.”

“Well, maybe the cardiologist can give him someghiar his nervousness.”

“They already did. An injection.”

On the bed beside me, Julia said, “Fast forwamk.Jadid. The picture jumped ahead.
“Okay, here.”

| saw Julia standing at the monitor again, withtéehnician beside her. “That’s

acceptable,” onscreen Julia was saying, pointirtheamage. “Not great, but acceptable.
Now, show me the STM.”



“The what?”

“The STM. The electron microscope. Show me the erfagm that.”

The technician looked confused. “Uh ... Nobody twmdabout any electron microscope.”
“For God'’s sake, read the damn storyboards!”

The technician blinked. “It's on the storyboards?”

“Did you look at the storyboards?”

“I'm sorry, | guess | must have missed it.”

“There’s no time now to be sorry. Fix it!”

“You don't have to shout.”

“Yes | do! | have to shout, because I'm surrounbeaddiots!” She waved her hands in
the air. “I’'m about to go online and talk to elevalion dollars of venture capital in five
countries and show them submicroscopic technoleggept | don’t have a microscope
feed, so they can't see the technology!”

On the bed, Julia said, “I kind of lost it with $hguy. It was so frustrating. We had a
clock counting down to the satellite time, whichswmeoked and locked. We couldn’t
change it. We had to make the time, and this guyavdimbus. But eventually we got it

working. Fast forward.”

The screen showed a static card, which read:

A Private Demonstration of
Advanced Medical Imaging
by

Xymos Technology
Mountain View, CA

World Leader in Molecular Manufacturing



Then, on the screen, Julia appeared, standingim &f the gurney and the medical
apparatus. She’d brushed her hair and tucked iblbase.

“Hello to all of you,” she said, smiling at the cara. “I'm Julia Forman of Xymos
Technology, and we're about to demonstrate a réleolary medical imaging procedure
just developed here. Our subject, Peter Morrilyjing behind me on the table. In a few
moments, we’'re going to look inside his heart alothd vessels with an ease and
accuracy never before possible.” She began wakkiognd the table, talking as she went.

“Unlike cardiac catheterization, our procedureng tiundred percent safe. And unlike
catheterization, we can look everywhere in the batlgvery sort of vessel, no matter
how large or small. We’'ll see inside his aorta, ldrgest artery of the body. But we’ll
also look inside the alveoli of his lungs, andting capillaries of his fingertips. We can
do all this because the camera we put inside lEsele is smaller than a red blood cell.
Quite a bit smaller, actually. “Xymos microfabriiwat technology can now produce these
miniaturized cameras, and produce them in quaniityeaply, quickly. It would take a
thousand of them just to make a dot the size @mippoint. We can fabricate a
kilogram of these cameras in an hour. “I'm sure goel all skeptical. We're well aware
that nanotechnology has made promises it couldiiver. As you know, the problem
has been that scientists could design moleculde slevices, but they couldn’t
manufacture them. But Xymos has solved that prolllem

It suddenly hit me, what she was saying. “What8ait, sitting up in bed. “Are you
kidding?” If it was true, it was an extraordinargvelopment, a genuine technological
breakthrough, and it meant—

“It's true,” Julia said quietly. “We’re manufactag in Nevada.” She smiled, enjoying
my astonishment.

Onscreen, Julia was saying, “I have one of our Xywemeras under the electron
microscope, here’—she pointed to the screen—"socapusee it in comparison to the
red blood cell alongside it.”

The image changed to black-and-white. | saw agnmode push what looked like a tiny
squid into position on a titanium field. It was @lbt-nosed lump with streaming
filaments at the rear. It was a tenth of the siz#h® red blood cell, which in the vacuum
of the scanning electron microscope was a wrinkhal, like a gray raisin.

“Our camera is one ten-billionth of an inch in lémgAs you see, it is shaped like a
squid,” Julia said. “Imaging takes place in theeddicrotubules in the tail provide
stabilization, like the tail of a kite. But theyrcalso lash actively, and provide
locomotion. Jerry, if we can turn the camera toteeenose ... Okay, there. Thank you.
Now, from the front, you see that indentation ia tenter? That is the miniature gallium
arsenide photon detector, acting as a retina, lendurrounding banded area—sort of like
a radial tire—is bioluminescent, and lights theaambead. Within the nose itself you may
be able to just make out a rather complex seridéwiefed molecules. That is our



patented ATP cascade. You can think of it as aipvenbrain, which controls the
behavior of the camera—very limited behavior, tiugt, enough for our purposes.”

| heard a hiss of static, and a cough. The screage opened a small window in the
corner, and now showed Fritz Leidermeyer, in Gegymdhe investor shifted his
enormous bulk. “I'm sorry, Ms. Forman. Tell me @eavhere is the lens?”

“There is no lens.”

“How can you have a camera with no lens?”

“I'll explain that as we go,” she said.

Watching, | said, “It must be a camera obscura.”

“Right,” she said, nodding.

Camera obscura—Latin for “dark room”—was the oldestging device known. The
Romans had found that if you made a small holaénvtall of a dark room, an upside-
down image of the exterior appeared on the oppusite That was because light coming
through any small aperture was focused, as if leyis. It was the same principle as a
kid’s pinhole camera. It was why ever since Roniaies$, image-recording devices were
called cameras. But in this case—

“What makes the aperture?” | said. “Is there a pie@”

“I thought you knew,” she said. “You're responsilibe that part.”

“Me?”

“Yes. Xymos licensed some agent-based algorithmusytbur team wrote.”

“No, I didn’t know. Which algorithms?”

“To control a particle network.”

“Your cameras are networked? All those little casmsezommunicate with each other?”

“Yes,” she said. “They’re a swarm, actually.” Shasnstill smiling, amused by my
reactions.

“A swarm.” | was thinking it over, trying to undeéasid what she was telling me.
Certainly my team had written a number of prograémnsontrol swarms of agents. Those
programs were modeled on behavior of bees. Theamghad many useful
characteristics. Because swarms were composedrof agents, the swarm could
respond to the environment in a robust way. Fadddmvew and unexpected conditions,



the swarm programs didn’t crash; they just softafed around the obstacles, and kept
going.

But our programs worked by creating virtual agemssde the computer. Julia had
created real agents in the real world. At firstdntt see how our programs could be
adapted to what she was doing.

“We use them for structure,” she said. “The prograakes the swarm structure.” Of
course. It was obvious that a single molecular camas inadequate to register any sort
of image. Therefore, the image must be a composieillions of cameras, operating
simultaneously. But the cameras would also haveetarranged in space in some orderly
structure, probably a sphere. That was where thgramming came in. But that in turn
meant that Xymos must be generating the equivalient

“You're making an eye.”

“Kind of. Yes.”

“But where’s the light source?”
“The bioluminescent perimeter.”
“That’s not enough light.”

“It is. Watch.”

Meanwhile, the onscreen Julia was turning smoothdynting to the intravenous line
behind her. She lifted a syringe out of a nearlybiecket. The barrel appeared to be
filled with water. “This syringe,” she said, “coima approximately twenty million
cameras in isotonic saline suspension. At the mothey exist as particles. But once
they are injected into the bloodstream, their terafpee will increase, and they will soon
flock together, and form a meta-shape. Just likeck of birds forms a V-shape.”

“What kind of a shape?” one of the VCs asked.

“A sphere,” she said. “With a small opening at end. You might think of it as the
equivalent of a blastula in embryology. But in effthe particles form an eye. And the
image from that eye will be a composite of milliafgphoton detectors. Just as the
human eye creates an image from its rods and allse’c

She turned to a monitor that showed an animatiop,lcepeated over and over again.

The cameras entered the bloodstream as an unisdygenized mass, a kind of buzzing
cloud within the blood. Immediately the blood fld\attened the cloud into an elongated
streak. But within seconds, the streak began tesoa into a spherical shape. That shape
became more defined, until eventually it appeaheubst solid.



“If this reminds you of an actual eye, there’s as@n. Here at Xymos we are explicitly
imitating organic morphology,” Julia said. “Becawse are designing with organic
molecules, we are aware that courtesy of millidngears of evolution, the world around
us has a stockpile of molecular arrangements tbat.vi60 we use them.”

“You don’t want to reinvent the wheel?” someonalsai
“Exactly. Or the eyeball.”

She gave a signal, and the flat antenna was lowergdt was just inches above the
waiting subject.

“This antenna will power the camera, and pick upttlansmitted image,” she said. “The
image can of course be digitally stored, intendifi@anipulated, or anything else that
you might do with digital data. Now, if there are other questions, we can begin.” She
fitted the syringe with a needle, and stuck it iataubber stopper in the IV line.

“Mark time.”
“Zero point zero.”
“Here we go.”

She pushed the plunger down quickly. “As you see dioing it fast,” she said. “There’s
nothing delicate about our procedure. You can’'t hagthing. If the microturbulence
generated by the flow through the needle ripsubeles from a few thousand cameras, it
doesn’t matter. We have millions more. Plenty tdtimjob.” She withdrew the needle.
“Okay? Generally we have to wait about ten secdodthe shape to form, and then we
should begin getting an image ... Ah, looks likensthing is coming now ... And here it
is.” The scene showed the camera moving forwaodasiderable speed through what
looked like an asteroid field. Except the astereidse red cells, bouncy purplish bags
moving in a clear, slightly yellowish liquid. An casional much larger white cell shot
forward, filled the screen for a moment, then wasegy What | was seeing looked more
like a video game than a medical image.

“Julia,” | said, “this is pretty amazing.”

Beside me, Julia snuggled closer and smiled. “lgfind you might be impressed.”
Onscreen, Julia was saying, “We’'ve entered a \seairthe red cells are not oxygenated.
Right now our camera is moving toward the hearu’'N'see the vessels enlarging as we
move up the venous system ... Yes, nhow we are appiag the heart ... You can see the
pulsations in the bloodstream that result fromvietricular contractions ...” It was true,

| could see the camera pause, then move forwaed,ghuse. She had an audio feed of
the beating heart. On the table, the subject layamiess, with the flat antenna just over
his body.



“We’re coming to the right atrium, and we shoulé slee mitral valve. We activate the
flagella to slow the camera. There the valve is.nét are in the heart.” | saw the red
flaps, like a mouth opening and closing, and ttendamera shot through, into the
ventricle, and out again. “Now we are going tolthegs, where you will see what no one
has ever witnessed before. The oxygenation ofelis.t

As | watched, the blood vessel narrowed swiftlyd #ren the cells plumped up, and
popped brilliantly red, one after another. It wag@mely quick; in less than a second,
they were all red. “The red cells have now beergexyated,” Julia said, “and we are on
our way back to the heart.”

| turned to Julia in the bed. “This is really fastia stuff,” | said.
But her eyes were closed, and she was breathirttygen
“Julia?”

She was asleep.

Julia had always tended to fall asleep while waighiV. Falling asleep during your own
presentation was reasonable enough; after alldstise2ady seen it. And it was pretty late.
| was tired myself. | decided | could watch thet iifisthe demo another time. It seemed
pretty lengthy for a demo, anyhow. How long ha@é¢ib watching so far? When | turned
to switch off the TV, | looked down at the time eodinning at the bottom of the image.
Numbers were spinning, ticking off hundredths gkaond. Other numbers to the left,

not spinning. | frowned. One of them was the dabtadn’t noticed it before, because it
was in international format, with the year fir¢tetday, and the month. It read 02.21.09.

September 21.
Yesterday.
She’d recorded this demo yesterday, not today.

| turned off the TV, and turned off the bedsidédntig lay down on the pillow and tried to
sleep.

DAY 2

9:02 A.M.

We needed skim milk, Toastie-Os, Pop-Tarts, Jelili€hwasher detergent—and
something else, but | couldn’t read my own writihgtood in the supermarket aisle at
nine o’clock in the morning, puzzling over my not@svoice said, “Hey, Jack. How’s it
hanging?” | looked up to see Ricky Morse, one efdivision heads at Xymos. “Hey,
Ricky. How are you?” | shook his hand, genuinelgdbio see him. | was always glad to
see Ricky. Tanned, with blond crewcut hair andgagpin, he could easily be taken for a
surfer were it not for his SourceForge 3.1 T-slititky was only a few years younger



than | was, but he had an air of perpetual youtigss. I'd given him his first job, right
out of college, and he’d rapidly moved into managemWith his cheerful personality
and upbeat manner, Ricky made an ideal project geanaven though he tended to
underplay problems, and give management unreaigpectations about when a project
would be finished. According to Julia, that had stimes caused trouble at Xymos;
Ricky tended to make promises he couldn’t keep. daetimes he didn’t quite tell the
truth. But he was so cheerful and appealing thaty@mne always forgave him. At least, |
always did, when he worked for me. | had becom&dond of him, and thought of him
almost as a younger brother. I'd recommended himhifojob at Xymos.

Ricky was pushing a shopping cart filled with disgble diapers in big plastic bundles;
he had a young baby at home, too. | asked him wehyds shopping and not at the office.
“Mary’s got the flu, and the maid’s in Guatemala.ISold her I'd pick up some things.”

“| see you've got Huggies,” | said. “I always getrRpers, myself.”

“I find Huggies absorb more,” he said. “And Pampane too tight. They pinch the
baby’s leg.”

“But Pampers have a layer that takes moisture aaay keeps the bottom dry,” | said. “I
have fewer rashes with Pampers.”

“Whenever | use them, the adhesive tabs tend {mffulAnd with a big load, it tends to
leak out the leg, which makes extra work for magom’t know, | just find Huggies are
higher quality.”

A woman glanced at us as she pushed past witthbepsg cart. We started to laugh,
thinking we must sound like we were in a commercial

Ricky said loudly, “So hey, how about those Giahtezhe woman'’s back as she
continued down the aisle.

“Fuckin’ A, are they great or what?” | said, scratgy myself. We laughed, then pushed
our carts down the aisle together. Ricky said, “Warknow the truth? Mary likes
Huggies, and that’s the end of the conversation.”

“I know that one,” | said.

Ricky looked at my cart, and said, “l see you buyamic skim milk ...”

“Stop it,” | said. “How are things at the office?”

“You know, they’re pretty damn good,” he said. “Tieehnology’s coming along nicely,
if | say so myself. We demoed for the money guysdtier day, and it went well.”

“Julia’s doing okay?” | said, as casually as | cbul



“Yeah, she’s doing great. Far as | know,” Rickydsai

| glanced at him. Was he suddenly reserved? Waatésset, the muscles controlled?
Was he concealing something? | couldn’t tell.

“Actually, I rarely see her,” Ricky said. “She’straround much these days.”
“I don’t see much of her either,” | said.

“Yeah, she’s spending a lot of time out at thedalmplex. That's where the action is
now.” Ricky glanced quickly at me. “You know, besalwof the new fabrication
processes.”

The Xymos fab building had been completed in re¢oné, considering how complex it
was. The fabrication building was where they assedhimolecules from individual
atoms. Sticking the molecule fragments together likgo blocks. Much of this work
was carried out in a vacuum, and required extrersiedng magnetic fields. So the fab
building had tremendous pump assemblies, and paivahiilers to cool the magnets.
But according to Julia, a lot of the technology wpscific to that building; nothing like it
had ever been built before. | said, “It's amazingyt got the building up so fast.”

“Well, we kept the pressure on. Molecular Dynanmgcreathing down our necks. We've
got our fab up and running, and we’ve got pateptiegtions by the truckload. But those
guys at MolDyne and NanoTech can’t be far behindAuew months. Maybe six
months, if we're lucky.”

“So you're doing molecular assembly at the plarwPbl said.

“You got it, Jack. Full-bore molecular assembly. Wave been for a few weeks now.”

“I didn’t know Julia was interested in that stuff¥/ith her background in psychology, I'd
always regarded Julia as a people person.

“She’s taken a real interest in the technologyari tell you. Also, they're doing a lot of
programming up there, too,” he said. “You knowrdtase cycles as they refine the
manufacturing.”

| nodded. “What kind of programming?” | said.

“Distributed processing. Multi-agent nets. Thattsshwe keep the individual units
coordinated, working together.”

“This is all to make the medical camera?”



“Yes.” He paused. “Among other things.” He glanegane uneasily, as if he might be
breaking his confidentiality agreement.

“You don’t have to say,” | said.

“No, no,” he said quickly. “Jeez, you and | go waack, Jack.” He slapped me on the
shoulder. “And you got a spouse in management.dmnehat the hell.” But he still
looked uneasy. His face didn’t match his words. Argleyes slid away from me when he
said the word “spouse.”

The conversation was coming to an end, and | ifldtfwith tension, the kind of
awkward tension when you think another guy knowsething and isn'’t telling you—
because he’s embarrassed, because he doesn’t kmoto Iput it, because he doesn’t
want to get involved, because it's too dangeroends mention, because he thinks it's
your job to figure it out for yourself. Especiallyhen it's something about your wife.
Like she’s screwing around. He’s looking at yoweliou're the walking wounded, it's
night of the living dead, but he won't tell you.dmy experience, guys never tell other
guys when they know something about their wived.vBBamen always tell other women,
if they know of a husband’s infidelity.

That’s just how it is.
But | was feeling so tense | wanted to—

“Hey, look at the time,” Ricky said, giving me aglgrin. “I'm late, Mary’ll kill me, I've
got to run. She’s already annoyed because | haspend the next few days at the fab
facility. So I'll be out of town while the maid’soge ...” He shrugged. “You know how it
is.”

“Yeah, | do. Good luck.”
“Hey, man. Take care.”

We shook hands. Murmured another good-bye. Rickgdtis cart around the corner of
the aisle, and was gone.

Sometimes you can’t think about painful things, gam’'t make your mind focus on them.
Your brain just slips away, no thank you, let's mpa the subject. That was happening to
me now. | couldn’t think about Julia, so | startbohking about what Ricky had told me
about their fabrication plant. And | decided it pably made sense, even though it went
against the conventional wisdom about nanotechiyolog

There was a long-standing fantasy among nanoteabistd that once somebody figured
out how to manufacture at the atomic level, it vdolé like running the four-minute mile.
Everybody would do it, unleashing a flood of worfdemolecular creations rolling off



assembly lines all around the world. In a mattedayfs, human life would be changed by
this marvelous new technology. As soon as somefigdsed out how to do it.

But of course that would never happen. The verg idas absurd. Because in essence,
molecular manufacturing wasn't so different frormguter manufacturing or flow-valve
manufacturing or automobile manufacturing or arheokind of manufacturing. It took a
while to get it right. In fact, assembling atomsriake a new molecule was closely
analogous to compiling a computer program fromviitiial lines of code. And computer
code never compiled, the first time out. The pragreers always had to go back and fix
the lines. And even after it was compiled, a corapptogram never ever worked right
the first time. Or the second time. Or the hundréuibe. It had to be debugged, and
debugged again, and again. And again.

| always believed it would be the same with thes@ufiactured molecules—they’d have
to be debugged again and again before they worghat And if Xymos wanted “flocks”
of molecules working together, they’d also havddbug the way the molecules
communicated with each other, however limited twahmunication was. Because once
the molecules communicated, you had a primitivevogk. To organize it, you'd

probably program a distributed net. Of the kincdtllbeen developing at MediaTronics.
So | could perfectly well imagine them doing pragraing along with the manufacturing.
But | couldn’t see Julia hanging around while tlgy it. The fab facility was far from

the Xymos headquarters. It was literally in the dhedof nowhere—out in the desert near
Tonopah, Nevada. And Julia didn't like to be in theldle of nowhere. | was sitting in
the pediatrician’s waiting room because the baby ege for her next round of
immunizations. There were four mothers in the robauncing sick kids on their laps
while the older children played on the floor. Thethers all talked to each other and
studiously ignored me.

| was getting used to this. A guy at home, a guy setting like the pediatrician’s office,
was an unusual thing. But it also meant that somgtivas wrong. There was probably
something wrong with the guy, he couldn’t get a jolaybe he was fired for alcoholism
or drugs, maybe he was a bum. Whatever the redassasn’t normal for a man to be in
the pediatrician’s office in the middle of the d®a the other mothers pretended | wasn’t
there. Except they shot me the occasional worriadog, as if | might be sneaking up on
them to rape them while their backs were turne@nBfhe nurse, Gloria, seemed
suspicious. She glanced at the baby in my arms—wasm't crying, and was hardly
sniffling. “What seems to be the problem?”

| said we were here for immunizations.
“She’s been here before?”
Yes, she had been coming to the doctor since shéora.

“Are you related?”



Yes, | was the father.

Eventually we were ushered in. The doctor shooldbavith me, was very friendly,
never asked why | was there instead of my wifeherhousekeeper. He gave two
injections. Amanda howled. | bounced her on my &kten)comforted her.

“She may have a little swelling, a little local rexds. Call me if it's not gone in forty-
eight hours.” Then | was back in the waiting rodrying to get out my credit card to pay
the bill while the baby cried. And that was whehalaalled.

“Hi. What're you doing?” She must have heard thieybscreaming.

“Paying the pediatrician.”

“Bad time?”

“Kind of ..."

“Okay, listen, | just wanted to say | have an eaifyht—finally!—so I'll be home for
dinner. What do you say | pick up on my way home?”

“That’d be great,” | said.

Eric’s soccer practice ran late. It was gettingkdanr the field. The coach always ran
practice late. | paced the sidelines, trying toadevhether to complain. It was so hard to
know when you were coddling your kid, and when yare legitimately protecting them.
Nicole called on her cell to say that her play sebal was over, and why hadn’t | picked
her up? Where was 1? | said | was still with Emdasked if she could catch a ride with
anybody.

“Dad ...” she said, exasperated. You'd think | ba#led her to crawl home.

“Hey, I'm stuck.”

Very sarcastic: “Whatever.”

“Watch that tone, young lady.”

But a few minutes later, soccer was abruptly catteh big green maintenance truck
pulled onto the field, and two men came out weantagks and big rubber gloves, with
spray cans on their backs. They were going to spesd killer or something, and
everybody had to stay off the field overnight.

| called Nicole back and said we would pick her up.

“When?”



“We’re on our way now.”

“From the little creep’s practice?”
“Come on, Nic.”

“Why does he always come first?”
“He doesn’t always come first.”
“Yes he does. He’s a little creep.”
“Nicole ...”

“‘Sor-ry.”

“See you in a few minutes.” | clicked off. Kids arere advanced these days. The
teenage years now start at eleven.

By five-thirty the kids were home, raiding the fyl Nicole was eating a big chunk of
string cheese. | told her to stop; it would ruim timner. Then | went back to setting the
table. “When is dinner?”

“Soon. Mom’s bringing it home.”

“Uh-huh.” She disappeared for a few minutes, ama tthe came back. “She says she’s
sorry she didn't call, but she’s going to be late.”

“What?” | was pouring water into the glasses onttide.
“She’s sorry she didn't call but she’s going tolée. | just talked to her.”

“Jesus.” It was irritating. | tried never to showy imritation around the kids, but
sometimes it slipped out. | sighed. “Okay.”

“I'm really hungry now, Dad.”

“Get your brother and get into the car,” | said.€Wé going to the drive-in.” Later that
night, as | was carrying the baby to bed, my ellboushed against a photograph on the
living-room bookshelf. It clattered to the floorstooped to pick it up. It was a picture of
Julia and Eric in Sun Valley when he was four. Theye both in snowsuits; Julia was
helping him learn to ski, and smiling radiantly.Xtl&o it was a photo of Julia and me on
our eleventh wedding anniversary in Kona; | waa loud Hawaiian shirt and she had
colorful leis around her neck, and we were kissihgunset. That was a great trip; in fact,
we were pretty sure Amanda was conceived theemémber Julia came home from



work one day and said, “Honey, remember how yod s&ii-tais were dangerous?” |
said, “Yes ...” And she said, “Well, let me puthts way. It's a girl,” and | was so
startled the soda | was drinking went up my noed,\@e both started to laugh.

Then a picture of Julia making cupcakes with Nicateo was so young she sat on the
kitchen counter and her legs didn’'t reach the e8ge.couldn’t have been more than a
year and a half old. Nicole was frowning with comication as she wielded a huge spoon
of dough, making a fine mess while Julia tried teoiaugh.

And a photo of us hiking in Colorado, Julia holdihg hand of six-year-old Nicole while
| carried Eric on my shoulders, my shirt collarldasith sweat—or worse, if |
remembered that day right. Eric must have beentalnm) he was still in diapers. |
remember he thought it was fun to cover my eyesewtaarried him on the trail.

The hiking photo had slipped inside its frame ssiobd at an angle. | tapped the frame to
try and straighten it, but it didn’t move. | notecthat several of the other pictures were
faded, or the emulsion was sticking to the glassoNe had bothered to take care of
these pictures. The baby snuffled in my arms, muphier eyes with her fists. It was time
for bed. | put the pictures back on the shelf. Tiveye old images from another, happier
time. From another life. They seemed to have ngthorndo with me, anymore.

Everything was different now. The world was diffietr@ow.

| left the table set for dinner that night, a silezbuke. Julia saw it when she got home
around ten. “I'm sorry, hon.”

“I know you were busy,” | said.

“I was. Please forgive me?”

“l do,” | said.

“You're the best.” She blew me a kiss, from acrib&sroom. “I'm going to take a
shower,” she said. And she headed off down thevagll | watched her go. On the way
down the hall, she looked into the baby’s room, teh darted in. A moment later, |
heard her cooing and the baby gurgling. | got dumy chair, and walked down the hall
after her.

In the darkened nursery, she was holding the babyuezzling her nose.

| said, “Julia ... you woke her up.”

“No I didn’t, she was awake. Weren't you, littlerfey-bunny? You were awake, weren’t
you, Poopsie-doopsie?”

The baby rubbed her eyes with tiny fists, and yalvi$e certainly appeared to have
been awakened.



Julia turned to me in the darkness. “I didn’'t. Redldidn’t wake her up. Why are you
looking at me that way?”

“What way?”
“You know what way. That accusing way.”
“I'm not accusing you of anything.”

The baby started to whimper and then to cry. loli@hed her diaper. “I think she’s
wet,” she said, and handed her to me as she walkieof the room. “You do it, Mr.
Perfect.”

* % %

Now there was tension between us. After | changedaby and put her back to bed, |
heard Julia come out of the shower, banging a débenever Julia started banging
doors, it was a sign for me to come and mollify. ligart | didn’t feel like it tonight. | was
annoyed she’d awakened the baby, and | was anrimykdr unreliability, saying she’'d

be home early and never calling to say she woultiwts scared that she had become so
unreliable because she was distracted by a new @wvsghe just didn’t care about her
family anymore. | didn’t know what to do about #iis, but | didn’t feel like smoothing
the tension between us. | just let her bang thesd@he slammed her sliding closet-door
so hard the wood cracked. She swore. That was ensithn | was supposed to come
running. | went back to the living room, and satvdol picked up the book | was reading,
and stared at the page. | tried to concentratefoedurse | couldn’t. | was angry and |
listened to her bang around in the bedroom. Ifk&pt it up, she’d wake Eric and then |
would have to deal with her. | hoped it wouldn't that far.

Eventually the noise stopped. She had probablggatito bed. If so, she would soon be
asleep. Julia could go to sleep when we were fighti never could; | stayed up, pacing
and angry, trying to settle myself down.

When | finally came to bed, Julia was fast asléafipped between the covers, and rolled
over on my side, away from her.

It was one o’clock in the morning when the babydyetp scream. | groped for the light,
knocked over the alarm clock, which turned the kli@adio on, blaring rock and roll. |
swore, fumbled in the dark, finally got the beddidat on, turned the radio off. The baby
was still screaming.

“What's the matter with her?” Julia said sleepily.

“I don’t know.” | got out of bed, shaking my heddying to wake up. | went into the
nursery and flicked on the light. The room seemay bright, the clown wallpaper very



yellow and burning. Out of nowhere, | thought: wdgesn’t she want yellow placemats
when she painted the whole nursery yellow?

The baby was standing up in her crib, holding oth&orails and howling, her mouth
wide open, her breath coming in jagged gasps. Weans running down her cheeks. |
held my arms out to her and she reached for mel eoihforted her. | thought it must be
a nightmare. | comforted her, rocked her gently.

She continued to scream, unrelenting. Maybe somgthias hurting her, maybe
something in her diaper. | checked her body. Tret when | saw an angry red rash on
her belly, extending in welts around to her backl ap toward her neck.

Julia came in. “Can’t you stop it?” she said.

| said, “There’s something wrong,” and | showed tierrash.

“Has she got a fever?”

| touched Amanda’s head. She was sweaty and hothatcould be from the crying.
The rest of her body felt cool. “I don’t know. I nfbthink so.”

| could see the rash on her thighs now. Was itartlighs a moment before? | almost
thought | was seeing it spread before my eyeswhs possible, the baby screamed even
louder. “Jesus,” Julia said. “I'll call the doctbr.

“Yeah, do.” By now | had the baby on her back—streamed more—and | was looking
carefully at her entire body. The rash was spreadirere was no doubt about it. And she
seemed to be in terrible pain, screaming bloodydeur

“I'm sorry, honey, I'm sorry ...” | said.

Definitely spreading.

Julia came back and said she left word for theatotsaid, “I'm not going to wait. I'm
taking her to the emergency room.”

“Do you really think that's necessary?” she said.

| didn’t answer her, | just went into the bedroaptt on my clothes.
Julia said, “Do you want me to come with you?”

“No, stay with the kids,” | said.

“You sure?”



“Yes.”
“Okay,” she said. She wandered back to the bedrboeached for my car keys.

The baby continued to scream.

“I realize it's uncomfortable,” the intern was sagi “But | don’t think it's safe to sedate
her.” We were in a curtained cubicle in the emecgaoom. The intern was bent over
my screaming daughter, looking in her ears withissrument. By now Amanda’s entire
body was bright, angry red. She looked as if slieldegen parboiled.

| felt scared. I'd never heard of anything likesthiefore, a baby turning bright red and
screaming constantly. | didn’t trust this interrhavseemed far too young to be competent.
He couldn’t be experienced; he didn’t even lookf &g shaved yet. | was jittery, shifting
my weight from one foot to the other. | was begmgnio feel slightly crazy, because my
daughter had never stopped screaming once inghadar. It was wearing me down.

The intern ignored it. | didn’t know how he could.

“She has no fever,” he said, making notes in atchaut in a child this age that doesn’t
mean anything. Under a year, they may not run geaeall, even with severe infections.”

“Is that what this is?” | said. “An infection?”
“I don’t know. I'm presuming a virus because oftthash. But we should have the

preliminary blood work back in—ah, good.” A passmgse handed him a slip of paper.
“‘Uhh ... hmmm ...” He paused. “Well ...”

“Well what?” | said, shifting my weight anxiously.
He was shaking his head as he stared at the gd@elidn’t answer.
“Well what?”

“It's not an infection,” he said. “White cells cotsrall normal, protein fractions normal.
She’s got no immune mobilization at all.”

“What does that mean?”

He was very calm, standing there, frowning andKinig. | wondered if perhaps he was
just dumb. The best people weren’t going into medianymore, not with the HMOs
running everything. This kid might be one of theviieeed of dumb doctor. “We have to
widen the diagnostic net,” he said. “I'm going taer a surgical consult, a neurological
consult, we have a dermo coming, we have infectiaumsing. That'll mean a lot of
people to talk to you about your daughter, askiggtame questions over again, but—"



“That’s okay,” | said. “I don’t mind. Just ... whdb you think is wrong with her?”

“l don’'t know, Mr. Forman. If it's not infectiousye look for other reasons for this skin
response. She hasn’t traveled out of the country?”

“No.” | shook my head.

“No recent exposures to heavy metals or toxins?”

“Like what?”

“Dump sites, industrial plants, chemical exposure .

“No, no.”

“Can you think of anything at all that might hawvaused this reaction?”
“No, nothing ... wait, she had vaccinations yesigrd

“What vaccinations?”

“I don’t know, whatever she gets for her age ...”

“You don’t know what vaccinations?” he said. Higetmook was open, his pen poised
over the page.

“No, for Christ's sake,” | said irritably, “I donknow what vaccinations. Every time she
goes there, she gets another shot. You're the gaaleld doctor—"

“That’s okay, Mr. Forman,” he said soothingly. ‘tdw it's stressful. If you just tell me
the name of your pediatrician, I'll call him, how/that?”

| nodded. | wiped my hand across my forehead. | sveesating. | spelled the
pediatrician’s name for him while he wrote it doirhis notebook. | tried to calm down.
| tried to think clearly.

And all the time, my baby just screamed.

* % *

Half an hour later, she went into convulsions.

They started while one of the white-coated consatdtaas bent over her, examining her.

Her little body wrenched and twisted. She madehratcsounds as if she was trying to
vomit. Her legs jerked spastically. She began teexle. Her eyes rolled up into her head.



| don’t remember what | said or did then, but adwderly the size of a football player
came in and pushed me to one side of the cubiclénald my arms. | looked past his
huge shoulder as six people clustered around mghdey a nurse wearing a Bart
Simpson T-shirt was sticking a needle into heresal. | began to shout and struggle.
The orderly was yelling, “Scowvane, scowvane, saey” over and over. Finally |
realized he was saying “Scalp vein.” He explairteglas just to start an IV, that the baby
had become dehydrated. That was why she was comyuleard talk of electrolytes,
magnesium, potassium. Anyway, the convulsions sdpp a few seconds. But she
continued to scream.

| called Julia. She was awake. “How is she?”

“The same.”

“Still crying? Is that her?”

“Yes.” She could hear Amanda in the background.

“Oh God.” She groaned. “What are they saying it is?

“They don’t know yet.”

“Oh, the poor baby.”

“There have been about fifty doctors in here tklabher.”

“Is there anything | can do?”

“I don’t think so.”

“Okay. Let me know.”

“Okay.”

“I'm not sleeping.”

“Okay.”

* k% %

Shortly before dawn the huddled consultants annedititat she either had an intestinal
obstruction or a brain tumor, they couldn’t deard@ch, and they ordered an MRI. The
sky was beginning to lighten when she was finalheeled to the imaging room. The big
white machine stood in the center of the room. fitmse told me it would calm the baby

if | helped her prepare her, and she took the eemall of her scalp because there couldn’t



be any metal during the MRI reading. Blood squidesyn Amanda’s face, into her eye.
The nurse wiped it away.

Now Amanda was strapped onto the white board tiketd into the depths of the
machine. My daughter was staring up at the MRémoar, still screaming. The nurse told
me | could wait in the next room with the techniciawent into a room with a glass
window that looked in on the MRI machine.

The technician was foreign, dark. “How old is skef? a she?”
“Yes, she. Nine months.”

“Quite a set of lungs on her.”

“Yes.”

“Here we go.” He was fiddling at his knobs and sliddardly looking at my daughter.
Amanda was completely inside the machine. Her sobaded tinny over the
microphone. The technician flicked a switch andghep began to chatter; it made a lot
of noise. But | could still hear my daughter scregm

And then, abruptly, she stopped.
She was completely silent.

“Uh-oh,” | said. | looked at the technician and these. Their faces registered shock. We
all thought the same thing, that something tertitald happened. My heart began to
pound. The technician hastily shut down the punmokvee hurried back into the room.

My daughter was lying there, still strapped dowreabhing heavily, but apparently fine.
She blinked her eyes slowly, as if dazed. Alreaglygkin was noticeably a lighter shade
of pink, with patches of normal color. The rash \iading right before our eyes. “I'll be
damned,” the technician said.

* % %

Back in the emergency room, they wouldn’t let Amaugd home. The surgeons still
thought she had a tumor or a bowel emergency,fadwanted to keep her in the
hospital for observation. But the rash continuediéar steadily. Over the next hour, the
pink color faded, and vanished. No one could uridetswhat had happened, and the
doctors were uneasy. The scalp vein IV was badnithe other side of her forehead. But
Amanda took a bottle of formula, guzzling it dowmigrily while | held her. She was
staring up at me with her usual hypnotic feedirgestShe really seemed to be fine. She
fell asleep in my arms.

| sat there for another hour, then began to makses@bout how | had to get back to my
kids, | had to get them to school. And not lon@mitard, the doctors announced another



victory for modern medicine and sent me home wih Amanda slept soundly all the
way, and didn’t wake when | got her out of her ®@at. The night sky was turning gray
when | carried her up the driveway and into theseou

DAY 3

6:07 A.M.

The house was silent. The kids were still asleépuhd Julia standing in the dining room,
looking out the window at the backyard. The spen&lwere on, hissing and clicking.
Julia held a cup of coffee and stared out the windomoving.

| said, “We’re back.”
She turned. “She’s okay?”
| held out the baby to her. “Seems to be.”

“Thank God,” she said, “I was so worried, Jack.'t Bbe didn’'t approach Amanda, and
didn’t touch her. “I was so worried.”

Her voice was strange, distant. She didn’t reallynsl worried, she sounded formal, like
someone reciting the rituals of another culturé thay didn’t really understand. She took
a sip from her coffee mug.

“I couldn’t sleep all night,” she said. “I was smmied. | felt awful. God.” Her eyes
flicked to my face, then away. She looked guilty.

“Want to hold her?”

“I, uh ...” Julia shook her head, and nodded tocibféee cup in her hand. “Not right
now,” she said. “I have to check the sprinklerseyrhe overwatering my roses.” And she
walked into the backyard.

| watched her go out in the back and stand lookintipe sprinklers. She glanced back at
me, then made a show of checking the timer bohewall. She opened the lid and
looked inside. | didn’t get it. The gardeners hdpisted the sprinkler timers just last
week. Maybe they hadn’t done it right.

Amanda snuffled in my arms. | took her into thesauy to change her, and put her back
in bed. When | returned, | saw Julia in the kitghtatking on her cell phone. This was
another new habit of hers. She didn’'t use the hphsae much anymore; she used her
cell. When | had asked her about it, she’d saihi just easier because she was calling
long distance a lot, and the company paid her leglhills.



| slowed my approach, and walked on the carpegatdhher say, “Yes, damn it, of course
| do, but we have to be careful now ...”

She looked up and saw me coming. Her tone immdgielt@nged. “Okay, uh ... look,
Carol, I think we can handle that with a phone talFrankfurt. Follow up with a fax,
and let me know how he responds, all right?” Anel shapped the phone shut. | came
into the kitchen. “Jack, | hate to leave beforekius are up, but ...”

“You've got to go?”

“I'm afraid so. Something’s come up at work.”

| glanced at my watch. It was a quarter after‘$dkay.”

She said, “So, will you, uh ... the kids ...”

“Sure, I'll handle everything.”

“Thanks. I'll call you later.”

And she was gone.

| was so tired | wasn’t thinking clearly. The babgs still asleep, and with luck she’d
sleep several hours more. My housekeeper, Manmae éa at six-thirty and put out the
breakfast bowls. The kids ate and | drove thenthmal. | was trying hard to stay awake.
| yawned. Eric was sitting on the front seat nexte. He yawned, too.

“Sleepy today?”

He nodded. “Those men kept waking me up,” he said.

“What men?”

“The men that came in the house last night.”

“What men?” | said.

“The vacuum men,” he said. “They vacuumed evergthAnd they vacuumed up the
ghost.”

From the backseat, Nicole snickered. “The ghdst ...

| said, “I think you were dreaming, son.” Latelyi&had been having vivid nightmares
that often woke him in the night. | was pretty siin@as because Nicole let him watch
horror movies with her, knowing they would upsehhNicole was at the age where her
favorite movies featured masked killers who murddeznagers after they had had sex.



It was the old formula: you have sex, you die. Butasn’t appropriate for Eric. I'd
spoken to her many times about letting him see them

“No, Dad, it wasn’t a dream,” Eric said, yawningaag “The men were there. A whole
bunch of them.”

“Uh-huh. And what was the ghost?”
“He was a ghost. All silver and shimmery, exceptitn’t have a face.”

“Uh-huh.” By now we were pulling up at the schaahd Nicole was saying | had to pick
her up at 4:15 instead of 3:45 because she hadrashehearsal after class, and Eric was
saying he wasn't going to his pediatrician appogntinif he had to get a shot. | repeated
the timeless mantra of all parents: “We’ll see.”

The two kids piled out of the car, dragging theickpacks behind them. They both had
backpacks that weighed about twenty pounds. | ngetused to this. Kids didn’t have
huge backpacks when | was their age. We didn’t lie@eo&packs at all. Now it seemed all
the kids had them. You saw little second-graders beer like sherpas, dragging
themselves through the school doors under the weigheir packs. Some of the kids
had their packs on rollers, hauling them like luggat the airport. | didn’t understand
any of this. The world was becoming digital; evamgty was smaller and lighter. But kids
at school lugged more weight than ever. A couplmofiths ago, at a parents’ meeting,
I'd asked about it. And the principal said, “Yes & big problem. We're all concerned.”
And then changed the subject. | didn’t get thdhegi If they were all concerned, why
didn’t they do something about it? But of coursat’®ihuman nature. Nobody does
anything until it's too late. We put the stopligittthe intersection after the kid is killed.

| drove home again, through sluggish morning teaffwas thinking | might get a couple
of hours of sleep. It was the only thing on my mind

Maria woke me up around eleven, shaking my shouidgstently. “Mr. Forman. Mr.
Forman.”

| was groggy. “What is it?”
“The baby.”
| was immediately awake. “What about her?”

“You see the baby, Mr. Forman. She all ...” She enadjesture, rubbing her shoulder and
arm.

“She’s all what?”

“You see the baby, Mr. Forman.”



| staggered out of bed, and went into the nursenyanda was standing up in her crib,
holding on to the railing. She was bouncing andiegnhappily. Everything seemed
normal, except for the fact that her entire bodg wauniform purple-blue color. Like a
big bruise. “Oh, Jesus,” | said.

| couldn’t take another episode at the hospitabuldn’t take more white-coated doctors
who didn’t tell you anything, | couldn’t take beisgared all over again. | was still
drained from the night before. The thought thateéheas something wrong with my
daughter wrenched my stomach. | went over to Amawtia gurgled with pleasure,
smiling up at me. She stretched one hand towardyrasping air, her signal for me to
pick her up. So I picked her up. She seemed fimmadiately grabbing my hair and
trying to pull off my glasses, the way she alwaigs dfelt relieved, even though | could
now see her skin better. It looked bruised—it weesdolor of a bruise—except it was
absolutely uniform everywhere on her body. Amarmikéed like she’'d been dipped in
dye. The evenness of the color was alarming.

| decided | had to call the doctor in the emergemom, after all. | fished in my pocket
for his card, while Amanda tried to grab my glasselaled one-handed. | could do
pretty much everything one-handed. | got right tighy; he sounded surprised. “Oh,” he
said. “l was just about to call you. How is youudhter feeling?”

“Well, she seems to feel fine,” | said, jerking imgad back so Amanda couldn’t get my
glasses. She was giggling; it was a game, now.’$She,” | said, “but the thing is—"

“Has she by any chance had bruising?”

“Yes,” | said. “As a matter of fact, she has. Teathy | was calling you.”

“The bruising is all over her body? Uniformly?”

“Yes,” | said. “Pretty much. Why do you ask?”

“Well,” the doctor said, “all her lab work has corfnack, and it's all normal. Completely
normal. Healthy child. The only thing we’re stilkiting on is the MRI report, but the
MRI's broken down. They say it'll be a few days.”

| couldn’t keep ducking and weaving; | put Aman@&lin her crib while | talked. She
didn’t like that, of course, and scrunched up laeef preparing to cry. | gave her her
Cookie Monster toy, and she sat down and playeld that. | knew Cookie Monster was
good for about five minutes.

“Anyway,” the doctor was saying, “I'm glad to hestre’s doing well.”

| said that | was glad, too.



There was a pause. The doctor coughed.

“Mr. Forman, | noticed on your hospital admissidoisn you said your occupation was
software engineer.”

“That’s right.”

“Does that mean you are involved with manufactu?ing

“No. | do program development.”

“And where do you do that work?”

“In the Valley.”

“You don’t work in a factory, for example?”

“No. | work in an office.”

“| see.” A pause. “May | ask where?”

“Actually, at the moment, I'm unemployed.”

“| see. All right. How long has that been?”

“Six months.”

“| see.” A short pause. “Well, okay, | just wantedclear that up.”

| said, “Why?”

“I'm sorry?”

“Why are you asking me those questions?”

“Oh. They’re on the form.”

“What form?” | said. “I filled out all the forms dhe hospital.”

“This is another form,” he said. “It's an OHS inquiOffice of Health and Safety.”
| said, “What's this all about?”

“There’s been another case reported,” he said{’&hlary similar to your daughter’s.”

“Where?”



“Sacramento General.”
“When?”

“Five days ago. But it's a completely differentusition. This case involved a forty-two-
year-old naturalist sleeping out in the Sierrameavildflower expert. There was a
particular kind of flower or something. Anyway, Wwas hospitalized in Sacramento. And
he had the same clinical course as your daughtesldesuunexplained onset, no fever,
painful erythematous reaction.”

“And an MRI stopped it?”

“I don’t know if he had an MRI,” he said. “But apmeatly this syndrome—whatever it
is—is self-limited. Very sudden onset, and veryugbtermination.”

“He’s okay now? The naturalist?”
“He’s fine. A couple of days of bruising, and netgimore.”
“Good,” | said. “I'm glad to hear it.”

“I thought you'd want to know,” he said. Then hédsae might be calling me again, with
some more questions, and would that be all rigisgdd he could call whenever he
wanted. He asked me to call if there was any changenanda, and | said | would, and |
hung up.

* % %

Amanda had abandoned Cookie Monster, and was staimdthe crib, holding on to the
railing with one hand and reaching for me with dlieer, her little fingers clutching air. |
picked her up—and in an instant she had my glasféelsgrabbed for them as she
squealed with pleasure. “Amanda ...” But too lateg threw them on the floor. | blinked.

| don’t see well without my glasses. These wereyiiames, hard to see now. | got down
on my hands and knees, still holding the baby,samept my hand across the floor in
circles, hoping to touch glass. | didn’t. | squohtedged forward, swept my hand again.
Still nothing. Then | saw a glint of light underieahe crib. | set the baby down and
crawled under the crib, retrieved the glasses pamdhem on. In the process | banged my
head on the crib, dropped down low again.

And | found myself staring at the electrical outhetthe wall underneath the crib. A

small plastic box was plugged into the outlet. llguliit out and looked at it. It was a two-
inch cube, a surge suppressor by the look of igrdimary commercial product, made in
Thailand. The input/output voltages were molded the plastic. A white label ran

across the bottom, reading PROP. SSVT, with a bde .clt was one of those stickers that



companies put on their inventory. | turned the cober in my hand. Where had this
come from? I'd been in charge of the house foldkesix months. | knew what was
where. And certainly Amanda didn’t need a surgepsegsor in her room. You only

needed that for sensitive electronic equipmeng, tikmputers.

| got to my feet, and looked around the room towgkat else was different. To my
surprise, | realized that everything was differebtjust slightly different. Amanda’s
night-light had Winnie-the-Pooh characters primdedhe shade. | always kept Tigger
facing toward her crib, because Tigger was herritaxdNow, Eeyore faced the crib.
Amanda’s changing pad was stained in one corraways kept the stain bottom left.
Now it was top right. | kept her diaper-rash ointitseon the counter to the left, just out
of her reach. Now they were too close; she couddh gihem. And there was more—
The maid came in behind me. “Maria,” | said, “diguyclean this room?”

“‘No, Mr. Forman.”

“But the room is different,” | said.

She looked around, and shrugged. “No, Mr. Formé&e. Jame.”

“No, no,” | insisted. “It's different. Look.” | paited to the lampshade, the changing cloth.
“Different.”

She shrugged again. “Okay, Mr. Forman.” | read asioin in her face. Either she didn’t
follow what | was saying, or she thought | was gra&nd | probably did look a little
crazy, a grown man obsessing about a Winnie-théxRoopshade.

| showed her the cube in my hand. “Have you sesrbéfore?”

She shook her head. “No.”

“It was under the crib.”

“I don’t know, Mr. Forman.” She inspected it, tungiit in her hand. She shrugged, and
gave it back to me. She acted casual, but hervegeswatchful. | began to feel
uncomfortable. “Okay, Maria,” | said. “Never mind.”

She bent over to scoop up the baby. “I feed her’how

“Yes, okay.”

| left the room, feeling odd.

Just for the hell of it, | looked up “SSVT” on thet. | got links to the Sri Siva Vishnu
Temple, the Waffen-SS Training School at KonitzziNRegalia for sale, Subsystems



Sample Display Technology, South Shore Vocatioredkihical School, Optical
VariTemp Cryostat Systems, Solid Surfacing VenelasTor home floors, a band called
SlingshotVenus, the Swiss Shooting Federation—awemt downhill from there.

| turned away from the computer.
| stared out the window.

Maria had given me a shopping list, the items st@dwn her difficult hand. | really
should get the shopping done before | picked ugkidhe But | didn’t move. There were
times when the relentless pace of life at home sdamdefeat me, to leave me feeling
washed out and hollow. At those times | just hasitdor a few hours.

| didn’t want to move. Not right now.

| wondered if Julia was going to call me tonightdd wondered if she would have a
different excuse. | wondered what | would do if stedked in one of these days, and
announced she was in love with someone else. | areddvhat | would do if | still didn’t
have a job by then. | wondered when | would getbeggain. | turned the little surge
suppressor over in my hand idly, as my mind drifted

Right outside my window was a large coral treehwhiick leaves and a green trunk. We
had planted it as a much smaller tree not long afeemoved into the house. Of course
the tree guys did it, but we were all out therecdlg had her plastic shovel and bucket.
Eric was crawling around on the lawn in his diap@uia had charmed the workmen into
staying late to finish the job. After they hadgdine | kissed her, and brushed dirt from
her nose. She said, “One day it'll cover our whodeise.”

But as it turned out, it didn’t. One of the branelmad broken off in a storm, so it grew a
little lopsided. Coral is soft wood; the branchesdk easily. It never grew to cover the
house. But my memory was vivid; staring out thedew, | saw all of us again, out on
the lawn. But it was just a memory. And | was vafraid it didn’t fit anymore. After
working for years with multi-agent systems, youibeg see life in terms of those
programs.

Basically, you can think of a multi-agent enviromhas something like a chessboard,
and the agents like chess pieces. The agentsdhtardhe board to attain a goal, just the
way the chess pieces move to win a game. The diféer is that nobody is moving the
agents. They interact on their own to produce titeame.

If you design the agents to have memory, they canmwvithings about their environment.
They remember where they’ve been on the boardyduad happened there. They can go
back to certain places, with certain expectati@ventually, programmers say the agents
have beliefs about their environment, and that dreyacting on those beliefs. That's not
literally true, of course, but it might as well tvae. It looks that way.



But what'’s interesting is that over time, some agelevelop mistaken beliefs. Whether
from a motivation conflict, or some other reastwmyt start acting inappropriately. The
environment has changed but they don’t seem to khoWvhey repeat outmoded patterns.
Their behavior no longer reflects the reality af tthessboard. It's as if they’re stuck in
the past. In evolutionary programs, those agerttkilied off. They have no children. In
other multi-agent programs, they just get bypasgeshed to the periphery while the
main thrust of agents moves on. Some programs &&gem reaper” module that sifts
them out from time to time, and pulls them off theard.

But the point is, they’re stuck in their own pabmetimes they pull themselves together,
and get back on track. Sometimes they don't.

Thoughts like these made me very uneasy. | shift@ay chair, glanced at the clock.
With a sense of relief, | saw it was time to gokpip the kids.

Eric did his homework in the car while we waited ficole to finish her play rehearsal.
She came out in a bad mood; she had thought shanwase for a lead role, but instead
the drama teacher had cast her in the chorus. “@m\lines!” she said, slamming the car
door. “You want to know what | say? | say, ‘Loolere comes John now.” And in the
second act, | say, ‘That sounds pretty seriouso Times!” She sat back and closed her
eyes. “I don’'t understand what Mr. Blakey’s problesti

“Maybe he thinks you suck,” Eric said.

“Rat turd!” She smacked him on the head. “Monkeit!bu

“That’s enough,” | said, as | started the car. 1Swmsts.”

“Little stink-brain dimrod, he doesn’t know anytlifi Nicole said, buckling her belt.

“| said, that’s enough.”

“I know that you stink,” Eric said. “Pee-yew.”

“That’s enough, Eric.”

“Yeah, Eric, listen to your father, and shut up.”

“Nicole ...” | shot her a glance in the rearviewrrar.

“Sor-ry.”

She looked on the verge of tears. | said to heonigy, I'm really sorry you didn’t get the
part you wanted. | know you wanted it badly, anchitst be very disappointing.”

“No. | don’t care.”



“Well, I'm sorry.”

“Really, Dad, | don't care. It's in the past. ’'maving on.” And then a moment later,
“You know who got it? That little suckup Katie Refus! Mr. Blakey is just a dick!”
And before | could say anything, she burst intadesobbing loudly and histrionically.
Eric looked over at me, and rolled his eyes.

| drove home, making a mental note to speak to Idiabout her language after dinner,
when she had calmed down.

| was chopping green beans so they would fit instleamer when Eric came and stood in
the kitchen doorway. “Hey Dad, where’'s my MP3?”

“I have no idea.” | could never get used to thaitleat | was supposed to know where
every one of their personal possessions was. Eaaise Boy, his baseball glove,
Nicole’s tank tops, her bracelet ...

“Well, | can’t find it.” Eric remained standing the doorway, not coming any closer, in
case | made him help set the table.

“Have you looked?”

“Everywhere, Dad.”

“Uh-huh. You looked in your room?”

“All over.”

“Family room?”

“Everywhere.”

“In the car? Maybe you left it in the car.”
“I didn’t, Dad.”

“You leave it in your locker at school?”
“We don't have lockers, we have cubbies.”
“You look in the pockets of your jacket?”
“Dad. Come on. | did all that. | need it.”

“Since you've already looked everywhere, | won'tdige to find it either, will 1?”



“Dad. Would you please just help me?”

The pot roast had another half hour to go. | pwtrdthe knife and went into Eric’s room.

| looked in all the usual places, the back of hiset where clothes were kicked into a
heap (I would have to talk to Maria about thatjemthe bed, behind the bed table, in the
bottom drawer in the bathroom, and under the pifeuff on his desk. Eric was right. It
wasn’t in his room. We headed toward the familymobglanced in at the baby’s room

as | passed by. And | saw it immediately. It waglanshelf beside the changing table,
right alongside the tubes of baby ointment. Eratdped it. “Hey, thanks Dad!” And he
scampered off. There was no point in asking whyai$ in the baby’s room. | went back

to the kitchen and resumed chopping my green bédm&st immediately:

“Daa-ad!”

“What?” | called.

“It doesn’t work!”

“Don’t shout.”

He came back to the kitchen, looking sulky. “Shekerit.”

“Who broke it?”

“Amanda. She drooled on it or something, and sb&éit. It's not fair.”

“You check the battery?”

He gave me a pitying look. “ 'Course, Dad. | tolally she broke it! It's not fair!”

| doubted his MP3 player was broken. These thingewsolid-state devices, no moving
parts. And it was too large for the baby to handtkimped the green beans on the
steamer tray, and held out my hand. “Give it to’me.

We went into the garage and | got out my toolbaxc watched my every move. | had a
full set of the small tools you need for computans electronic devices. | worked

quickly. Four Phillips head screws, and the backec@ame off in my hand. | found
myself staring at the green circuit board. It wagered by a fine layer of grayish dust,
like lint from a clothes dryer, that obscured h# electronic components. | suspected that
Eric had slid into home plate with this thing irs lnocket. That was probably why it

didn’t work. But | looked along the edge of thegtla and saw a rubber gasket where the

back fitted against the device. They'd made thisghairtight ... as they should.

| blew the dust away, so | could see better. | h@sing to see a loose battery connection,
or a memory chip that had popped up from heat, agysomething that would be easy to



fix. | squinted at the chips, trying to read thetiwg. The writing on one chip was
obscured, because there seemed to be some kind of—

| paused.
“What is it?” Eric said, watching me.
“Hand me that magnifying glass.”

Eric gave me a big glass, and | swung my high-sitgnamp low, and bent over the chip,
examining it closely. The reason | couldn’t read #riting was that the surface of the
chip had been corroded. The whole chip was etahedulets, a miniature river delta. |
understood now where the dust had come from. Itthaslisintegrated remains of the
chip. “Can you fix it, Dad?” Eric said. “Can you?”

What could have caused this? The rest of the motiaed seemed fine. The controller
chip was untouched. Only the memory chip was dachdgeasn’t a hardware guy, but |
knew enough to do basic computer repairs. | cawdthil hard drives, add memory,
things like that. I'd handled memory chips befamrd I'd never seen anything like this.
All I could think was that it was a faulty chip. @se MP3 players were probably built
with the cheapest components available.

“Dad? Can you fix it?”

“No,” | said. “It needs another chip. I'll get yane tomorrow.”
“’Cause she slimed it, right?”

“No. | think it's just a faulty chip.”

“Dad. It was fine for a whole year. She slimedtit not fair!” As if on cue, the baby
started crying. | left the MP3 player on the gartd®e, and went back inside the house. |
looked at my watch. | would just have time to cha#gnanda’s diaper, and mix her
cereal for dinner, before the pot roast came out.

By nine, the younger kids were asleep, and theéauas quiet except for Nicole’s voice,
saying, “That sounds pretty serious. That sound#ypserious. That sounds ... pretty
serious.” She was standing in front of the bathreaimor, staring at herself and reciting
her lines.

I’d gotten voice mail from Julia saying she’'d bebkaéy eight, but she hadn’t made it. |
wasn’t about to call and check up on her. Anywayas tired, too tired to work up the
energy to worry about her. I'd picked up a lotridks in the last months—mostly
involving liberal use of tinfoil so | didn’t have tlean so much—but even so, after | did
the cooking, set the table, fed the kids, playeplane to get the baby to eat her cereal,
cleared the table, wiped down the high chair, patidaby to bed, and then cleaned up the



kitchen, | was tired. Especially since the babytlggtting out the cereal, and Eric kept
insisting all through dinner that it wasn’t faie lwanted chicken fingers instead of the
roast.

| flopped down on the bed, and flicked on the TV.

There was only static, and then | realized the DdV&yer was still turned on, interrupting
the cable transmission. | hit the remote buttou, the disc in the machine began to play.
It was Julia’s demo, from several days before.

The camera moved through the bloodstream, andhetbeart. Again, | saw that the
liquid of blood was almost colorless, with bouncneg cells. Julia was speaking. On the
table, the subject lay with the antenna above bily b

“We’re coming out of the ventricle, and you see dlogta ahead ... And now we will go
through the arterial system ...”

She turned to face the camera.

“The images you have seen are fleeting, but wealaw the camera to cycle through for
as much as half an hour, and we can build up hidétgiled composites of anything we
want to see. We can even pause the camera, usingng magnetic field. When we are
finished, we simply shunt the blood through anawénous loop surrounded by a strong
magnetic field, removing the particles, and themdsthe patient home.”

The video image came back to Julia. “This Xymo$itetogy is safe, reliable, and
extremely easy to use. It does not require higlaliyned personnel; it can be administered
by an IV nurse or a medical technician. In the BahiStates alone, a million people die
each year from vascular disease. More than thiiljomhave diagnosed cardiovascular
disease. Commercial prospects for this imagingrieldyy are very strong. Because it is
painless, simple, and safe, it will replace otinesging techniques such as CAT scans
and angiography and will become the standard proeedVe will market the nanotech
cameras, the antenna, and monitor systems. Ouegiecost will be only twenty dollars.
This is in contrast to certain gene technologies trrently charge two to three thousand
dollars a test. But at a mere twenty dollars, waeek worldwide revenues to exceed four
hundred million dollars in the first year. And ortbe procedure is established, those
figures will triple. We are talking about a techogy that generates one point two billion
dollars a year. Now if there are questions ...awped, and flicked the TV off. It was
impressive, and her argument was compelling. Iy fasouldn’t understand why Xymos
was having trouble getting their next round of fumyd For investors, this should be a
slam dunk.

But then, she probably wasn’t having trouble. Shs wrobably just using the funding
crisis as an excuse to stay late every night. Eootvn reasons.



| turned out the light. Lying in bed, staring a¢ tteiling in the dark, | began to see
fleeting images. Julia’s thigh, over another mdads Julia’s back arched. Julia breathing
heavily, her muscles tensed. Her arm reaching yus$t against the headboard. | found |
couldn’t stop the images.

| got out of bed, and went to check the kids. Neowhs still up, emailing her friends. |
told her it was time for lights out. Eric had kickeff his covers. | pulled them back up.
The baby was still purple, but she slept sounddy,dreathing gentle and regular.

| got back into bed. I willed myself to go to sleépthink of something else. | tossed and
turned, adjusted the pillow, got up for a glassndk and cookies. Eventually, finally, |
fell into a restless sleep.

And | had a very strange dream.

Sometime during the night, | rolled over to seéalslanding by the bed, undressing. She
was moving slowly, as if tired or very dreamy, uttbning her blouse. She was turned
away from me, but | could see her face in the mirshe looked beautiful, almost regal.
Her features looked more chiseled than | remembéhnedgh perhaps it was just the
light. My eyes were half-closed. She hadn’t notitads awake. She continued to slowly
unbutton her blouse. Her lips were moving, as & slere whispering something, or
praying. Her eyes seemed vacant, lost in thought.

Then as | watched, her lips turned dark red, aad tiack. She didn’t seem to notice.
The blackness flowed away from her mouth acroslheeks and over her lower face,
and onto her neck. | held my breath. | felt gresmtiger. The blackness now flowed in a
sheet down her body until she was entirely covemedf with a cloak. Only the upper
half of her face remained exposed. Her featuree wemposed; in fact she seemed
oblivious, just staring into space, dark lips silemoving. Watching her, | felt a chill
that ran deep into my bones. Then a moment lagebldrck sheet slid to the floor and
vanished.

Julia, normal again, finished removing her blowse&l walked into the bathroom. |
wanted to get up and follow her, but | found | @bobt move. A heavy fatigue held me
down on the bed, immobilizing me. | was so exhaistould hardly breathe. This
oppressive sense of fatigue grew rapidly, and okielmved my consciousness. Losing all
awareness, | felt my eyes close, and | slept.

DAY 4

6:40 A.M.

The next morning the dream was still fresh in mpanivivid and disturbing. It felt
utterly real, not like a dream at all.



Julia was already up. | got out of bed and walkediiad to where | had seen her the night
before. | looked down at the rug, the bedside {ahkecreased sheets and pillow. There
was nothing unusual, nothing out of order. No dawés or marks anywhere. | went into
the bathroom and looked at her cosmetics, in alimsabn her side of the sink.
Everything | saw was mundane. However disturbingdmgam had been, it was still a
dream. But one part of it was true enough: Julia lwaking more beautiful than ever.
When | found her in the kitchen, pouring coffesalv that her face did indeed look more
chiseled, more striking. Julia had always had @bludace. Now it was lean, defined.
She looked like a high-fashion model. Her body—+temw that | looked closely—
appeared leaner, more muscular. She hadn't logihiyeshe just looked trim, tight,
energetic.

| said, “You look great.”

She laughed. “I can’t imagine why. I'm exhausted.”

“What time did you get in?”

“About eleven. | hope | didn’t wake you.”

“No. But | had a weird dream.”

“Oh yes?”

“Yes, it was—"

“Mommy! Mommy!” Eric burst into the kitchen. “It'siot fair! Nicole won'’t get out of
the bathroom. She’s been in there for an hourntsfair!”

“Go use our bathroom.”

“But | need my socks, Mommy. It's not fair.”

This was a familiar problem. Eric had a couple aifp of favorite socks that he wore day
after day until they were black with grime. For soreason, the other socks in his drawer
were not satisfactory. | could never get him tolaxpwhy. But putting on socks in the
morning was a major problem with him.

“Eric,” | said, “we talked about this, you're supaml to wear clean socks.”

“But those are my good ones!”

“Eric. You have plenty of good socks.”

“It's not fair, Dad. She’s been in there an hotm hot kidding.”



“Eric, go choose other socks.”

“Dad ...”

| just pointed my finger toward his bedroom.

“Shees.” He walked off muttering about how it wadalr.

| turned back to Julia to resume our conversatste was staring at me coldly. “You
really don’t get it, do you?”

“Get what?”
“He came in talking to me, and you just took owésu took over the whole thing.”
Immediately, | realized she was right. “I’'m sorry Said.

“I don’t get to see the children very much thesgsddack. | think | should be able to
have my interaction without your taking control.”

“I'm sorry. | handle this kind of thing all day, dit guess—"
“This really is a problem, Jack.”
“l said I'm sorry.”

“I know that’s what you said, but | don't think yawe sorry, because | don’t see you
doing anything to change your controlling behavior.

“Julia,” | said. Now | was trying to control my terar. | took a breath. “You're right. I'm
sorry it happened.”

“You're just shutting me out,” she said, “and yaoe &eeping me from my children—"
“Julia, God damn it, you're never here!”

A frosty silence. Then:

“I certainly am here,” she said. “Don’t you dare $@m not.”

“Wait a minute, wait a minute. When are you herd¥eWwas the last time you made it
for dinner, Julia? Not last night, not the nightdse, not the night before that. Not all

week, Julia. You are not here.”

She glared at me. “I don’t know what you're tryitagdo, Jack. | don’t know what kind
of game you are playing.”



“I'm not playing any game. I'm asking you a queatio

“I'm a good mother, and | balance a very demanghig a very demanding job, and the
needs of my family. And | get absolutely no helpnfryou.”

“What are you talking about?” | said, my voice mgistill higher. | was starting to have a
sense of unreality here.

“You undercut me, you sabotage me, you turn thielem against me,” she said. “l see
what you're doing. Don’t think | don’t. You are nsaipportive of me at all. After all

these years of marriage, | must say it's a lousygtho do to your wife.” And she stalked
out of the room, fists clenched. She was so argig,didn’t see that Nicole was standing
back from the door, listening to the whole thingndAstaring at me, as her mother swept
past.

Now we were driving to school. “She’s crazy, Dad.”

“No, she’s not.”

“You know that she is. You're just pretending.”

“Nicole, she’s your mother,” | said. “Your mothermot crazy. She’s working very hard
right now.”

“That’s what you said last week, after the fight.”
“Well, it happens to be true.”

“You guys didn’t used to fight.”

“There’s a lot of stress right now.”

Nicole snorted, crossed her arms, stared forwéamor’'t know why you put up with
her.”

“And | don’t know why you were listening to whatngne of your business.”
“Dad, why do you pull that crap with me?”
“Nicole ...”

“Sor-ry. But why can’t you have a real conversatimstead of defending her all the time?
It's not normal, what she’s doing. | know you thislke’s crazy.”

“I don't,” | said.



From the backseat, Eric whacked her on the batkeoliead. “You're the one who's
crazy,” he said.

“Shut up, butt breath.”
“Shut up yourself, weasel puke.”

“I don’t want to hear any more from either of yotsaid loudly. “I am not in the mood.”
By then we were pulling into the turnaround in frohthe school. The kids piled out.
Nicole jumped out of the front seat, turned bacgdbher backpack, shot me a look, and
was gone. | didn’t think Julia was crazy, but sdmreg had certainly changed, and as |
replayed that morning’s conversation in my heddltluneasy for other reasons. A lot of
her comments sounded like she was building a aqgaest me. Laying it out
methodically, step by step. You are shutting meamat keeping me away from my
children.

| am here, you just don’t notice.

I’m a good mother, | balance a very demanding jath the needs of my family.
You are not supportive of me at all. You undercet you sabotage me.

You are turning the children against me.

| could easily imagine her lawyer saying theseghim court. And | knew why.
According to a recent article | had read in Redboalgazine, “alienation of affection”
was currently the trendy argument in court. Thidais turning the children against the
mother. Poisoning their little minds by word aneédeWhile the Mom is blameless as
always. Every father knew the legal system was lesgly biased in favor of mothers.
The courts gave lip service to equality, and théed a child needed its mother. Even if
she was absent. Even if she smacked them aroufargot to feed them. As long as she
wasn’t shooting up, or breaking their bones, she avéit mother in the eyes of the court.
And even if she was shooting up, a father mightwiatthe case. One of my friends at
MediaTronics had an ex-wife on heroin who’d beeand out of rehab for years. They'd
finally divorced and had joint custody. She waspmgedly clean but the kids said she
wasn’t. My friend was worried. He didn’'t want his @riving the kids when she was
loaded. He didn’t want drug dealers around his.k8tshe went to court to ask for full
custody, and he lost. The judge said the wife veamigely trying to overcome her
addiction, and that children need their motherttad was the reality. And now it looked
to me as if Julia was starting to lay out that citsgave me the creeps.

About the time | had worked myself into a fine kEthmy cell phone rang. It was Julia.
She was calling to apologize.

“I'm really sorry. | said stupid things today. Idii't mean it.”



“What?”

“Jack, | know you support me. Of course you daouldn’'t manage without you. You're
doing a great job with the kids. I'm just not mydblese days. It was stupid, Jack. I'm
sorry | said those things.”

When | got off the phone | thought, | wish | hadarded that. | had a ten o’clock
meeting with my headhunter, Annie Gerard. We méh@&sunny courtyard of a coffee
shop on Baker. We always met outside, so Annieccemloke. She had her laptop out
and her wireless modem plugged in. A cigarette dahiyjom her lip, and she squinted in
the smoke.

“Got anything?” | said, sitting down opposite her.

“Yeah, as a matter of fact | do. Two very good [jutges.”

“Great,” | said, stirring my latte. “Tell me.”

“How about this? Chief research analyst for IBMriog on advanced distributed
systems architecture.”

“‘Right up my alley.”

“I thought so, too. You're highly qualified for thone, Jack. You'd run a research lab of
sixty people. Base pay two-fifty plus options gomg five years plus royalties on
anything developed in your lab.”

“Sounds great. Where?”

“Armonk.”

“New York?” | shook my head. “No way, Annie. Whadse?”

“Head of a team to design multi-agent systems onaurance company that’'s doing
data mining. It's an excellent opportunity, and—"

“Where?”
“Austin.”

| sighed. “Annie. Julia’s got a job she likes, sheéry devoted to it, and she won’t leave
it now. My kids are in school, and—"

“People move all the time, Jack. They all have kidschool. Kids adapt.”



“But with Julia ...”

“Other people have working wives, too. They stithva.”

“I know, but the thing is with Julia ...”

“Have you talked to her about it? Have you broadhedsubject?”
“Well, no, because |I—"

“Jack.” Annie stared at me over the laptop scréahink you better cut the crap. You're
not in a position to be picky. You're starting tavie a shelf-life problem.”

“Shelf life,” | said.

“That’s right, Jack. You've been out of work six nibs now. That's a long time in high
tech. Companies figure if it takes you that londiid a job, there must be something
wrong with you. They don’t know what, they just as® you've been rejected too many
times, by too many other companies. Pretty so@y, won’t even interview. Not in San
Jose, not in Armonk, not in Austin, not in Cambeddhe boat’s sailed. Are you hearing
me? Am | getting through here?”

“Yes, but—"

“No buts, Jack. You’ve got to talk to your wife. Y@e got to figure out a way to get
yourself off the shelf.”

“But | can't leave the Valley. | have to stay hére.

“Here is not so good.” She flipped the screen wragWhenever | bring up your name,
| keep getting—listen, what’s going on at MediaTiosnanyway? Is Don Gross going to
be indicted?”

“l don’t know.”

“I've been hearing that rumor for months now, liutever seems to happen. For your
sake, | hope it happens soon.”

“I don’t get it,” | said. “I'm perfectly positioneth a hot field, multi-agent distributed
processing, and—"

“Hot?” she said, squinting at me. “Distributed pegesing’s not hot, Jack. It's fucking
radioactive. Everybody in the Valley figures tha breakthroughs in artificial life are
going to come from distributed processing.”

“They are,” | said, nodding.



In the last few years, artificial life had replacatificial intelligence as a long-term
computing goal. The idea was to write programs iaak the attributes of living
creatures—the ability to adapt, cooperate, leatjusato change. Many of those qualities
were especially important in robotics, and theyensarting to be realized with
distributed processing. Distributed processing rh#sat you divided your work among
several processors, or among a network of virtgahts that you created in the computer.
There were several basic ways this was done. Ogevaa to create a large population

of fairly dumb agents that worked together to agolish a goal—just like a colony of

ants worked together to accomplish a goal. My osamt had done a lot of that work.

Another method was to make a so-called neural mitihat mimicked the network of
neurons in the human brain. It turned out that esmple neural nets had surprising
power. These networks could learn. They could borigast experience. We’'d done
some of that, too. A third technique was to createial genes in the computer, and let
them evolve in a virtual world until some goal vedtained.

And there were several other procedures, as wallei together, these procedures
represented a huge change from the older notioadi6€ial intelligence, or Al. In the
old days, programmers tried to write rules to caaary situation. For example, they
tried to teach computers that if someone boughesioimg at a store, they had to pay
before leaving. But this commonsense knowledgegat@xtremely difficult to program.
The computer would make mistakes. New rules woelddided to avoid the mistakes.
Then more mistakes, and more rules. Eventuallptbgrams were gigantic, millions of
lines of code, and they began to fail out of sleeenplexity. They were too large to
debug. You couldn’t figure out where the errorseveoming from.

So it began to seem as if rule-based Al was nemgiggo work. Lots of people made
dire predictions about the end of artificial inigdince. The eighties were a good time for
English professors who believed that computers évaalver match human intelligence.
But distributed networks of agents offered an ehtinew approach. And the
programming philosophy was new, too. The old rddased programming was “top
down.” The system as a whole was given rules oatien.

But the new programming was “bottom up.” The progdefined the behavior of
individual agents at the lowest structural levalt Bie behavior of the system as a whole
was not defined. Instead, the behavior of the sygmerged, the result of hundreds of
small interactions occurring at a lower level.

Because the system was not programmed, it coulibpsosurprising results. Results
never anticipated by the programmers. That wastivdy could seem “lifelike.” And that
was why the field was so hot, because—

“Jack.”

Annie was tapping my hand. | blinked.



“Jack, did you hear anything I just said to you?”

“Sorry.”

“I don’t have your full attention,” she said. ShHew cigarette smoke in my face. “Yes,
you're right, you’re in a hot field. But that's dle more reason to worry about shelf life.
It's not like you'’re an electrical engineer speiaialg in optical-drive mechanisms. Hot
fields move fast. Six months can make or breaknapamy.”

“I know.”

“You're at risk, Jack.”

“l understand.”

“So. Will you talk to your wife? Please?”

“Yes.”

“Okay,” she said. “Make sure you do. Because ot can’t help you.” She flicked
her burning cigarette into the remains of my ldttsizzled and died. She snapped her
laptop shut, got up, and left.

| put a call in to Julia, but didn’t get her. [i@bice mail. | knew it was a waste of time
even to bring up moving to her. She’d certainly say—especially if she had a new
boyfriend. But Annie was right, | was in troubléhdd to do something. | had to ask. | sat
at my desk at home, turning the SSVT box in my Batging to think what to do. | had
another hour and a half before | picked up the.HKidsally wanted to talk to Julia. |
decided to call Julia again through the companychbibard, to see if they could track
her down. “Xymos Technology.”

“Julia Forman, please.”

“Please hold.” Some classical music, then anotberev “Ms. Forman'’s office.”

| recognized Carol, her assistant. “Carol, it'skJac

“Oh, hi, Mr. Forman. How are you?”

“I'm fine, thanks.”

“Are you looking for Julia?”

“Yes, | am.”



“She’s in Nevada for the day, at the fab plant.ISHhay to connect you there?”
“Yes, please.”

“One moment.”

| was put on hold. For quite a while.

“Mr. Forman, she’s in a meeting for the next hdwexpect her to call back when it
breaks up. Do you want her to call you?”

“Yes, please.”

“Do you want me to tell her anything?”
“No,” | said. “Just ask her to call.”
“Okay, Mr. Forman.”

| hung up, stared into space, turning the SSVT Bdve’s in Nevada for the day. Julia
had said nothing to me about going to Nevada. lageul the conversation with Carol in
my mind. Had Carol sounded uncomfortable? Was skiermg? | couldn’t be sure. |
couldn’t be sure of anything now. | stared outwhedow and as | watched, the
sprinklers kicked on, shooting up cones of spragwar the lawn. It was right in the heat
of midday, the wrong time to water. It wasn't suppd to happen. The sprinklers had
been fixed just the other day. | began to feel eésged, staring at the water. It seemed
like everything was wrong. | had no job, my wifesagbsent, the kids were a pain, | felt
constantly inadequate dealing with them—and nowubking sprinklers weren’t
working right. They were going to burn out the fugklawn.

And then the baby began to cry.

| waited for Julia to call, but she never did. t ap chicken breasts into strips (the trick is
to keep them cold, almost frozen) for dinner, beeathicken fingers were another meal
they never argued about. | got out rice to bdiboked at the carrots in the fridge and
decided that even though they were a little old skill use them tonight. | cut my finger
while | was chopping the carrots. It wasn’t a big lout it bled a lot, and the Band-Aid
didn’t stop the bleeding. It kept bleeding throulgl pad, so | kept putting on new Band-
Aids. It was frustrating.

Dinner was late and the kids were cranky. Eric dampd loudly that my chicken
fingers were gross, that McDonald’s were way betied why couldn’t we have those?
Nicole tried out various line readings for her plasile Eric mimicked her under his
breath. The baby spit up every mouthful of her akeuatil | stopped and mixed it with
some mashed banana. After that, she ate steadiby’t know why | never thought to do
that before. Amanda was getting older, and she'tdihmt the bland stuff anymore.



Eric had left his homework at school; | told himctll his friends for the assignment, but
he wouldn’t. Nicole was online for an hour with Hieends; | kept popping into her room
and telling her to get off the computer until hemtework was done, and she’d say, “In
just a minute, Dad.” The baby fussed, and it toddg time for me to get her down. |
went back into Nicole’s room and said, “Now, dartifiNicole began to cry. Eric came
in to gloat. | asked him why he wasn’t in bed. ldevghe look on my face, and
scampered away. Sobbing, Nicole said | should @jméao her. | said she should have
done what | told her to do twice before. She watd the bathroom and slammed the
door. From his room, Eric yelled, “I can’t sleephvall that racket!”

| yelled back, “One more word and no televisiondoweek!”
“Not fair!”

| went into the bedroom and turned on the TV tochdhe rest of the game. After half an
hour, | checked on the kids. The baby was sleepaagefully. Eric was asleep, all his
covers thrown off. | pulled them back on him. Ne@as studying. When she saw me,
she apologized. | gave her a hug.

| went back into the bedroom, and watched the gamabout ten minutes before | fell
asleep.

DAY 5

7:10 A.M.

When | awoke in the morning, | saw that Julia’sesid the bed was still made up, her
pillow uncreased. She hadn’'t come home last nighll.a checked the telephone
messages; there were none. Eric wandered in, anthsabed. “Where’s Mom?”

“I don’t know, son.”
“Did she leave already?”
“l guess so ...”

He stared at me, and then at the unmade bed. Andilked out of the room. He wasn’t
going to deal with it.

But | was beginning to think | had to. Maybe | slibeven talk to a lawyer. Except in my
mind, there was something irrevocable about talking lawyer. If the trouble was that
serious, it was probably fatal. | didn’t want tdieee my marriage was over, so | wanted
to postpone seeing a lawyer.



That was when | decided to call my sister in Saegbi Ellen is a clinical psychologist,
she has a practice in La Jolla. It was early endhghl figured she hadn’t gone to the
office yet; she answered the phone at home. Shedsdusurprised | had called. | love
my sister but we are very different. Anyway, | tbler briefly about the things I'd been
suspecting about Julia, and why.

“You're saying Julia didn’t come home and she didall?”

“Right.”

“Did you call her?”

“Not yet.”

“How come?”

“I don’t know.”

“Maybe she was in an accident, maybe she’s hurt ...

“I don’t think so.”

“Why not?”

“You always hear if there’s an accident. There'sagoident.”

“You sound upset, Jack.”

“I don’t know. Maybe.”

My sister was silent for a moment. Then she saldc¢k, you've got a problem. Why
aren’t you doing something?”

“Like what?”

“Like see a marriage counselor. Or a lawyer.”
“Oh, jeez.”

“Don’t you think you should?” she asked.

“I don’t know. No. Not yet.”

“Jack. She didn’t come home last night and she’tdimbther to call. When this woman
drops a hint, she uses a bombsight. How much cldargou need it to be?”



“l don’'t know.”

“You're saying ‘I don’t know’ a lot. Are you awai that?”

“| guess so.”

A pause. “Jack, are you all right?”

“l don’t know.”

“Do you want me to come up for a couple of days@dBee | can, no problem. | was
supposed to go out of town with my boyfriend, bist¢company just got bought. So I'm
available, if you want me to come up.”

“No. It's okay.”

“You sure? I'm worried about you.”

“No, no,” | said. “You don’t have to worry.”

“Are you depressed?”

“No. Why?”

“Sleeping okay? Exercising?”

“Fair. Not really exercising that much.”

“Uh-huh. Do you have a job yet?”

“No.”

“Prospects?”

“Not really. No.”

“Jack,” she said. “You have to see a lawyer.”

“Maybe in a while.”

“Jack. What's the matter with you? This is what 'yeuold me. Your wife is acting cold
and angry toward you. She’s lying to you. She’sngcstrange with the kids. She doesn’t
seem to care about her family. She’s angry andnalasiet. It's getting worse. You think

she’s involved with someone else. Last night, shesd’t even show up or call. And
you're just going to let this go without doing akniytg?”



“I don’t know what to do.”

“l told you. See a lawyer.”
“You think so?”

“You're damn right | think so.”
‘I don’t know ..."

She sighed, a long exasperated hiss. “Jack. Ldatow you're a little passive at times,
but—"

“I'm not passive,” | said. And | added, “I hateahen you shrink me.”

“Your wife is screwing around on you, you think &hleuilding a case to take the kids
away from you, and you're just letting it happ€éd.day that’s passive.”

“What am | supposed to do?”

“I told you.” Another exasperated sigh. “Okay. ltaking a couple of days and coming
up to see you.”

“Ellen—"

“Don’t argue. I'm coming. You can tell Julia I'm g to help out with the kids. I'll be
up there this afternoon.”

“But_”
“Don’t argue.”

And she got off the phone.

* k% %

I’m not passive. I'm thoughtful. Ellen’s very eneti, her personality’s perfect for a
psychologist, because she loves to tell people whaw. Frankly, | think she’s pushy.
And she thinks I'm passive.

This is Ellen’s idea about me. That | went to Stadfin the late seventies, and studied
population biology—a purely academic field, with m@ctical application, no jobs
except in universities. In those days populatiaidgy was being revolutionized by field
studies of animals, and by advances in genetiescrg. Both required computer
analysis, using advanced mathematical algorithrosuldn’t find the kind of programs |



needed for my research, so | began to write thesethyAnd | slid sideways into
computer science—another geeky, purely acadent fie

But my graduation just happened to coincide withrike of Silicon Valley and the
personal-computer explosion. Low-number employ¢ssagtup companies were making
a fortune in the eighties, and | did pretty weltts first one | worked for. | met Julia, and
we got married, had kids. Everything was smooth.Weee2 both doing great, just by
showing up for work. | got hired away by anothempany; more perks, bigger options. |
just rode the advancing wave into the ninetiestigy | wasn’t programming anymore, |
was supervising software development. And thingsfeil into place for me, without

any real effort on my part. | just fell into mydifl never had to prove myself.

That's Ellen’s idea of me. My idea is different.efbompanies of Silicon Valley are the
most intensely competitive in the history of than@t. Everybody works a hundred hours
a week. Everybody is racing against milestonesrybaely is cutting development cycles.
The cycles were originally three years to a nevdpob, a new version. Then it was two
years. Then eighteen months. Now it was twelve h®nta new version every year. If
you figure beta debugging to golden master takesrfwonths, then you have only eight
months to do the actual work. Eight months to rews million lines of code, and make
sure it all works right. In short, Silicon Valley no place for a passive person, and I'm
not one. | hustled my ass off every minute of exday. | had to prove myself every
day—or I'd be gone. That was my idea about mys$e&¥fas sure | was right.

Ellen was right about one part, though. A stromgasdt of luck ran through my career.
Because my original field of study had been biolddyad an advantage when computer
programs began to explicitly mimic biological syste In fact, there were programmers
who shuttled back and forth between computer sitilaand studies of animal groups
in the wild, applying the lessons of one to thesoth

But further, | had worked in population biology—tsiidy of groups of living organisms.
And computer science had evolved in the directiomassively parallel networked
structures—the programming of populations of ingeiht agents. A special kind of
thinking was required to handle populations of agieand | had been trained in that
thinking for years. So | was admirably suited te ttends of my field, and | made
excellent progress as the fields emerged. | had imetine right place at the right time.

That much was true.

Agent-based programs that modeled biological pdjmna were increasingly important
in the real world. Like my own programs that mimedkant foraging to control big
communications networks. Or programs that mimiottiedsion of labor among termite
colonies to control thermostats in a skyscraped élosely related were the programs
that mimicked genetic selection, used for a widweaof applications. In one program,
witnesses to a crime were shown nine faces andlaskehoose which was most like the
criminal, even if none really were; the progranmtiseowed them nine more faces, and
asked them to choose again; and from many repgataegtrations the program slowly



evolved a highly accurate composite picture offtfoe, far more accurate than any police
artist could make. Witnesses never had to say eswattly they were responding to in
each face; they just chose, and the program evolved

And then there were the biotech companies, whichfband they could not successfully
engineer new proteins because the proteins tededttup weirdly. So now they used
genetic selection to “evolve” the new proteinsaast. All these procedures had become
standard practice in a matter of just a few yeansl they were increasingly powerful,
increasingly important.

So, yes, | had been in the right place at the tigie¢. But | wasn't passive, | was lucky. |
hadn’t showered or shaved yet. | went in the batmcstripped off my T-shirt, and
stared at myself in the mirror. | was startlede¢e Bow soft | looked around the gut. |
hadn’t realized. Of course | was forty, and the faas, | hadn’t been exercising as much
lately. Not because | was depressed. | was busytiv kids, and tired a lot of the time. |
just didn't feel like exercising, that was all.

| stared at my own reflection, and wondered if ENeas right.

There’s one problem with all psychological knowledgnobody can apply it to
themselves. People can be incredibly astute ahewthortcomings of their friends,
spouses, children. But they have no insight inéortbelves at all. The same people who
are coldly clear-eyed about the world around theremothing but fantasies about
themselves. Psychological knowledge doesn’t wogloif look in a mirror. This bizarre
fact is, as far as | know, unexplained. Personabyways thought there was a clue from
computer programming, in a procedure called reoardRecursion means making the
program loop back on itself, to use its own infotimato do things over and over until it
gets a result. You use recursion for certain datérg algorithms and things like that.
But it’s got to be done carefully, or you risk hagithe machine fall into what is called an
infinite regress. It's the programming equivalehttmse funhouse mirrors that reflect
mirrors, and mirrors, ever smaller and smallegtstring away to infinity. The program
keeps going, repeating and repeating, but nothepgpéns. The machine hangs.

| always figured something similar must happen wpeople turn their psychological
insight-apparatus on themselves. The brain harfgstiiought process goes and goes,
but it doesn’t get anywhere. It must be somethilkg that, because we know that people
can think about themselves indefinitely. Some pedipihk of little else. Yet people
never seem to change as a result of their intemsix@spection. They never understand
themselves better. It's very rare to find genuiek-knowledge.

It's almost as if you need someone else to tellwbo you are, or to hold up the mirror
for you. Which, if you think about it, is very wdir

Or maybe it’s not.



There’s an old question in artificial intelligenabout whether a program can ever be
aware of itself. Most programmers will say it wagpossible. People have tried to do it,
and failed. But there’s a more fundamental versibtne question, a philosophical
guestion about whether any machine can understsiogvin workings. Some people say
that's impossible, too. The machine can’t knowlitt® the same reason you can'’t bite
your own teeth. And it certainly seems to be imgmesthe human brain is the most
complicated structure in the known universe, batriy still know very little about
themselves. For the last thirty years, such questi@ve been fun to kick around with a
beer on Friday afternoons after work. They wereenéaken seriously. But lately these
philosophical questions have taken on new impogdiecause there has been rapid
progress in reproducing certain brain functionst the entire brain, just certain functions.
For example, before | was fired, my developmentt@as using multi-agent processing
to enable computers to learn, to recognize patiardata, to understand natural
languages, to prioritize and switch tasks. What wgmortant about the programs was
that the machines literally learned. They got edteheir jobs with experience. Which is
more than some human beings can claim. The phawge ltavas Ellen. “Did you call
your lawyer?”

“Not yet. For Christ’'s sake.”
“I'm on the 2:10 to San Jose. I'll see you arouive fat your house.”
“Listen, Ellen, it really isn't necessary—"

“I know that. I'm just getting out of town. | needbreak. See you soon, Jack.” And she
hung up.

So now she was handling me.

In any case, | figured there was no point in cglinlawyer today. | had too much to do.
The dry cleaning had to be picked up, so | did.thhere was a Starbucks across the
street, and | went over to get a latte to take with

And there was Gary Marder, my attorney, with a weyyng blonde in low-cut jeans and
crop top that left her belly exposed. They werezting each other in the checkout line.
She didn’t look much older than a college studewas embarrassed and was turning to
leave when Gary saw me, and waved.

“Hey, Jack.”

“Hi, Gary.”

He held out his hand, and | shook it. He said, “Balyo to Melissa.”

| said, “Hi, Melissa.”



“Oh hi.” She seemed vaguely annoyed at this inpgion, although | couldn’t be sure.
She had that vacant look some young girls get afouen. It occurred to me that she
couldn’t be more than six years older than Nicdinat was she doing with a guy like
Gary? “So. How's it going, Jack?” Gary said, slipgphis arm around Melissa’s bare
waist.

“Okay,” | said. “Pretty good.”

“Yeah? That's good.” But he was frowning at me.

“Well, uh, yeah ...” | stood there, hesitating,lfieg foolish in front of the girl. She
clearly wanted me to leave. But | was thinking dfawEllen would say: You ran into
your lawyer and you didn’t even ask him?

So | said, “Gary, could | speak to you for a mitite

“Of course.” He gave the girl money to pay for tlugfee, and we stepped to one side of
the room.

| lowered my voice. “Listen, Gary,” | said, “I tHin need to see a divorce lawyer.”
“Because what?”

“Because | think Julia is having an affair.”

“You think? Or you know for a fact?”

“No. I don’t know for sure.”

“So you just suspect it?”

“Yes.”

Gary sighed. He gave me a look.

| said, “And there’s other things going on, tooeShstarting to say that | am turning the
kids against her.”

“Alienation of affection,” he said, nodding. “Legaliché du jour. She makes these
statements when?”

“When we have fights.”

Another sigh. “Jack, couples say all kinds of sHien they fight. It doesn’t necessarily
mean anything.”



“I think it does. I'm worried it does.”
“This is upsetting you?”

“Yes.”

“Have you seen a marriage counselor?”
“No.”

“See one.”

“Why?”

“Two reasons. First, because you should. You'venbrarried to Julia a long time, and
as far as | know it’'s been mostly good. And sectredause you'll start to establish a
record of trying to save the marriage, which cahiits a claim of alienation of
affection.”

“Yes, but—"

“If you're right that she is starting to build asea then you have to be extremely careful,
my friend. Alienation of affection is a tough argent to defend against. The kids are
pissed at Mom, and she says you're behind it. Hamvyou prove it's not true? You can't.
Plus you've been home a lot, so it's easier to imaghat it might be true. The court will
see you as dissatisfied, and possibly resentfybof working spouse.” He held up his
hand. “I know, | know none of that’s true, Jackt ks an easy argument to make, that’s
my point. And her attorney will make it. In yoursentment, you turned the kids against
her.”

“That’s bullshit.”

“Of course. | know that.” He slapped me on the $theu “So see a good counselor. If

you need names, call my office and Barbara’ll giga a couple of reputable ones.” |
called Julia to tell her that Ellen was coming apd few days. Of course, | didn’t reach
Julia, just her voice mail. | left a longish messagxplaining what was happening. Then

| went to do the shopping because with Ellen stagwver, we’'d need some extra supplies.
| was rolling my cart down the supermarket aisleewhgot a call from the hospital. It

was the beardless ER doctor again. He was catlingpeck on Amanda and | said her
bruises were almost gone.

“That’'s good,” he said. “Glad to hear it.”

| said, “What about the MRI?”



The doctor said the MRI results were not releviatause the machine had
malfunctioned and had never examined Amanda. ‘8t f@e’re worried about all the
readings for the last few weeks,” he said. “Becammrently the machine was slowly
breaking down.”

“How do you mean?”

“It was being corroded or something. All the memolnyps were turning to powder.”

| felt a chill, remembering Eric’'s MP3 player. “Whyould that happen?” | said. “The
best guess is it's been corroded by some gassbhaped from the wall lines, probably
during the night. Like chlorine gas, that'd dokcept the thing is, only the memory
chips were damaged. The other chips were fine.”

Things were getting stranger by the minute. Ang thet stranger still a few minutes
later, when Julia called all cheerful and upbeagrinounce that she was coming home in
the afternoon and would be there in plenty of tioredinner.

“I'll be great to see Ellen,” she said. “Why isesboming?”

“I think she just wanted to get out of town.”

“Well, it'll be great for you to have her around f@few days. Some grown-up
company.”

“You bet,” | said.

| waited for her to explain why she hadn’t come koBut all she said was, “Hey, | got
to run, Jack, I'll talk to you later—"

“Julia,” | said. “Wait a minute.”

“What?”

| hesitated, wondering how to put it. | said, “Iswaorried about you last night.”
“You were? Why?”

“When you didn’t come home.”

“Honey, | called you. | got stuck out at the plabitdn’t you check your messages?”
“Yes ..."

“And you didn’'t have a message from me?”



“No. | didn't.”

“Well, | don’'t know what happened. | left you a reage, Jack. | called the house first
and got Maria, but she couldn’t, you know, it was tomplicated ... So then | called
your cell and I left you a message that | was satdke plant until today.”

“Well, 1 didn’t get it,” | said, trying not to souhlike | was pouting. “Sorry about that,
honey, but check your service. Anyway listen, llyehave to go. See you tonight, okay?
Kiss kiss.”

And she hung up.

| pulled my cell phone out of my pocket and checketdhere was no message. | checked
the phone log. There were no calls last night.

Julia hadn’t called me. No one had called me.

| began to feel a sinking sensation, that desecgatdepression again. | felt tired, |
couldn’t move. | stared at the produce on the supéket shelves. | couldn’t remember
why | was there.

| had just about decided to leave the supermarkenwny cell phone rang in my hand. |
flipped it open. It was Tim Bergman, the guy whal kaken over my job at
MediaTronics. “Are you sitting down?” he said.

“No. Why?”

“I've got some pretty strange news. Brace yourself.

“Okay ..."

“Don wants to call you.”

Don Gross was the head of the company, the guyhalddired me. “What for?”

“He wants to hire you back.”

“He wants what?”

“Yeah. | know. It's crazy. To hire you back.”

“Why?” | said.

“We’re having some problems with distributed systehmat we’ve sold to customers.”

“Which ones?”



“Well, PREDPREY.”

“That’s one of the old ones,” | said. “Who soldtthaPREDPREY was a system we’d
designed over a year ago. Like most of our progrérhad been based on biological
models. PREDPREY was a goal-seeking program basg@dealator/prey dynamics. But
it was extremely simple in its structure.

“Well, Xymos wanted something very simple,” Timdaai

“You sold PREDPREY to Xymos?”

“Right. Licensed, actually. With a contract to sagpt. That's driving us crazy.”
“Why?”

“It isn’t working right, apparently. Goal seekingsgone haywire. A lot of the time, the
program seems to lose its goal.”

“I'm not surprised,” | said, “because we didn’t spgg reinforcers.” Reinforcers were
program weights that sustained the goals. The negso needed them was that since the
networked agents could learn, they might learnwag that caused them to drift away
from the goal. You needed a way to store the aaiggoal so it didn’t get lost. The fact
was you could easily come to think of agent program children. The programs forgot
things, lost things, dropped things. It was all egeat behavior. It wasn’t programmed,
but it was the outcome of programming. And appdyenwas happening to Xymos.

“Well,” Tim said, “Don figures you were running tikeam when the program was
originally written, so you're the guy to fix it. 8, your wife is high up in Xymos
management, so your joining the team will reastuge top people.”

| wasn't sure that was true, but | didn’t say amygh

“Anyway, that’s the situation,” Tim continued. “I'malling you to ask if Don should call
you. Because he doesn’t want to get rejected.”

| felt a burst of anger. He doesn’t want to ge¢cggd. “Tim,” | said. “I can’'t go back to
work there.”

“Oh, you wouldn’t be here. You’'d be up at the Xyniak plant.”
“Oh yes? How would that work?”

“Don would hire you as an off-site consultant. Stmme like that.”



“Uh-huh,” | said, in my best noncommittal tone. Bxthing about this proposal sounded
like a bad idea. The last thing | wanted to do gad¥ack to work for that son of a bitch
Don. And it was always a bad idea to return toragany after you'd been fired—for any
reason, under any arrangement. Everybody knew that.

But on the other hand, if | agreed to work as asatiant, it would get rid of my shelf-life
problem. And it would get me out of the house. ditkd accomplish a lot of things. After
a pause, | said, “Listen, Tim, let me think abait i

“You want to call me back?”

“Okay. Yes.”

“When will you call?” he said.

The tension in his voice was clear. | said, “Youga some urgency about this ...”

“Yeah, well, some. Like | said, that contract’svilng us crazy. We have five
programmers from the original team practicallyriyiout at that Xymos plant. And
they’re not getting anywhere on this problem. Sgoifi're not going to help us, we have
to look elsewhere, right away.”

“Okay, I'll call you tomorrow,” | said.
“Tomorrow morning?” he said, hinting.
“Okay,” | said. “Yes, tomorrow morning.”

Tim’s call should have made me feel better abangt but it didn't. | took the baby to
the park, and pushed her in the swing for a wiiteanda liked being pushed in the
swing. She could do it for twenty or thirty minutesa time, and always cried when |
took her out. Later | sat on the concrete curlhefdandbox while she crawled around,
and pulled herself up to standing on the concretées and other playthings. One of the
older toddlers knocked her over, but she didn’t she just got back up. She seemed to
like being around the older kids. | watched hed #rought about going back to work.

“Of course you told them yes,” Ellen said to me. Wéze in the kitchen. She had just
arrived, her black suitcase unpacked in the coilén looked exactly the same, still
rail-thin, energetic, blond, hyper. My sister negseemed to age. She was drinking a cup
of tea from teabags that she had brought with$gecial organic oolong tea from a
special shop in San Francisco. That hadn’t chargjter—Ellen had always been fussy
about food, even as a kid. As an adult, she traveleund with her own teas, her own
salad dressings, her own vitamins neatly arrangdittle glassine packs.

“No, I didn't,” I said. “I didn’t tell them yes. $aid I'd think about it.”



“Think about it? Are you kidding? Jack, you haveytoback to work. You know you
do.” She stared at me, appraising. “You're depmsse

“I'm not.”

“You should have some of this tea,” she said. tA#t coffee is bad for your nerves.”
“Tea has more caffeine than coffee.”

“Jack. You have to go back to work.”

“I know that, Ellen.”

“And if it's a consulting job ... wouldn’t that herfect? Solve all your problems?”

“I don’t know,” | said.

“Really? What don’t you know.”

“I don’t know if I'm getting the full story,” | sa. “I mean, if Xymos is having all this
trouble, how come Julia hasn’t said anything alioiat me?”

Ellen shook her head. “It sounds like Julia isayisg much of anything to you these
days.” She stared at me. “So why didn’t you accigihit away?”

“I need to check around first.”

“Check what, Jack?” Her tone conveyed disbelidkrtvas acting like | had a
psychological problem that needed to be fixed. Mtes was starting to get to me, and
we’d only been together a few minutes. My oldetesigreating me like | was a kid again.
| stood up. “Listen, Ellen,” | said. “I've spent ntije in this business, and | know how it
works. There’s two possible reasons Don wants nok.éhe first is the company’s in a
jam and they think | can help.”

“That’s what they said.”

“Right. That’'s what they said. But the other po##ibis that they’'ve made an incredible
mess of things and by now it can’t be fixed—and/tkieow it.”

“So they want somebody to blame?”
“Right. They want a donkey to pin the tail on.”
She frowned. | saw her hesitate. “Do you reallykiso?”

“I don’t know, that’s the point,” | said. “But | va to find out.”



“Which you will do by ...”

“By making some calls. Maybe paying a surprisetieihe fab building tomorrow.”
“Okay. That sounds right to me.”

“I'm glad | have your approval.” | couldn’t keepethirritation out of my voice.

“Jack,” she said. She got up and hugged me. “I'sh yorried about you, that’s all.”

“| appreciate that,” | said. “But you’re not helgime.”

“Okay. Then what can | do to help you?”

“Watch the kids, while | make some calls.”

| figured | would first call Ricky Morse, the guidiseen in the supermarket buying
Huggies. | had a long relationship with Ricky; herked at Xymos and he was casual
enough about information that he might tell me whas really going on there. The only
problem was that Ricky was based in the Valley, lagid already told me that the action
was all at the fab building. But he was a placenfierto start.

| called his office, but the receptionist saidrilsorry, Mr. Morse is not in the office.”
“When is he expected back?”

“I really couldn’t say. Do you want voice mail?”

| left Ricky a voice-mail message. Then | calles lome number. His wife answered.
Mary was getting her Ph.D. in French history; | gimed her studying, bouncing the
baby, with a book open on her lap. | said, “How g, Mary?”

“I'm fine, Jack.”

“How’s the baby? Ricky tells me you never get dia@esh. I'm jealous.” | tried to sound
casual. Just a social call.

Mary laughed. “She’s a good baby, and we didn’teheslic, thank God. But Ricky
hasn’'t been around for the rashes,” she said. “&/bkad some.”

| said, “Actually, I'm looking for Ricky. Is he tle?”

“No, Jack. He’s been gone all week. He’s out at tala plant in Nevada.”



“Oh, right.” | remembered now that Ricky had mengd that, when we had met in the
supermarket.

“Have you been out to that plant?” Mary said. Iugbt | detected an uneasy tone.

“No, | haven't, but—"

“Julia is there a lot, isn’t she? What does sheatmut it?” Definitely worried.

“Well, not much. | gather they have new technoltugt’s very hush-hush. Why?”

She hesitated. “Maybe it's my imagination ...”

“What is?”

“Well, sometimes when Ricky calls, he sounds kihdeird to me.”

“How?”

“I'm sure he’s distracted and working hard, butshgs some strange things. He doesn’t
always make a lot of sense. And he seems evasikehke’s, | don’'t know, hiding
something.”

“Hiding something ...”

She gave a self-deprecating laugh. “I even thoogiybe he’s having an affair. You
know, that woman Mae Chang is out there, and hayaked her. She’s so pretty.”
Mae Chang used to work in my division at MediaTosni'l hadn’t heard she was at the
fab plant.”

“Yes. | think a lot of the people who used to wéosk you are there, now.”

“Well,” | said. “I don’t think Ricky is having anftair, Mary. It's just not like him. And
it's not like Mae.”

“It's the quiet ones you have to watch out for,esaid, apparently referring to Mae.
“And I'm still nursing, so | haven't lost my weiglet, | mean, my thighs are as big as
sides of beef.”

“I don’t think that—"

“They rub together when | walk. Squishy.”

“Mary, I'm sure—"

“Is Julia okay, Jack? She’s not acting weird?”



“No more than usual,” | said, trying to make a jokwas feeling bad as | said it. For
days | had wished that people would level with roewd Julia, but now that | had
something to share with Mary, | wasn’t going todewith her. | was going to keep my
mouth shut. | said, “Julia’s working hard, and sbenetimes is a little odd.”

“Does she say anything about a black cloud?”

“Uh ... no.”

“The new world? Being present for the birth of treev world order?” That sounded like
conspiracy talk to me. Like those people who waraéout the Trilateral Commission
and thought that the Rockefellers ran the world,“Nothing like that.”

“She mention a black cloak?”

| felt suddenly slowed down. Moving very slowly. ‘hat?”

“The other night Ricky was talking about a blackadt, being covered in a black cloak. It
was late, he was tired, he was sort of babbling.”

“What did he say about the black cloak?”
“Nothing. Just that.” She paused. “You think theytaking drugs out there?”
“I don’t know,” | said.

“You know, there’s pressure, working around theck|and nobody’s sleeping much. |
wonder about drugs.”

“Let me call Ricky,” | said.

Mary gave me his cell phone number, and | wrotlown. | was about to dial it when the
door slammed, and | heard Eric say, “Hey, Mom! Vghtyat guy in the car with you?” |
got up, and looked out the window at the drivewhyia’'s BMW convertible was there,
top down. | checked my watch. It was only 4:30.

| went out into the hall and saw Julia hugging E8be was saying, “It must have been
sunlight on the windshield. There’s nobody elsthancar.”

“Yes there was. | saw him.”

“Oh yes?” She opened the front door. “Go look fousself.” Eric went out onto the lawn.
Julia smiled at me. “He thinks someone was in Hre'c

Eric came back in, shrugging. “Oh well. Guess not.”



“That’s right, honey.” Julia walked down the halitard me. “Is Ellen here?”
“Just got here.”

“Great. I'm going to take a shower, and we’ll tdllet's open some wine. What do you
want to do about dinner?”

“I've got steaks ready.”

“Great. Sounds great.”

And with a cheerful wave, she went down the hallway

It was a warm evening and we had dinner in the yeack | put out the red-checkered
tablecloth and grilled the steaks on the barbeweaying my chef’s apron that said the
chef's word is law, and we had a sort of classicefioan family dinner.

Julia was charming and chatty, focusing her at@ndin my sister, talking about the kids,
about school, about changes she wanted to makeedrouse. “That window has to
come out,” she said, pointing back at the kitcHand we’ll put French doors in so it'll
open to the outside. It'll be great.” | was astbeid by Julia’s performance. Even the kids
were staring at her. Julia mentioned how proudvsdee of Nicole’s big part in the
forthcoming school play. Nicole said, “Mom, | haadad part.”

“Oh, not really, honey,” Julia said.

“Yes, | do. I just have two lines.”

“Now honey, I’'m sure you're—"

Eric piped up. “ ‘Look, here comes John now.’ ‘Tlsatinds pretty serious.’”

“Shut up, weasel turd.”

“She says 'em in the bathroom, over and over,” Bnnounced. “About a billion
gazillion times.”

Julia said, “Who’s John?”
“Those are the lines in the play.”

“Oh. Well, anyway, I'm sure you’ll be wonderful. Arour little Eric is making such
progress in soccer, aren’t you, hon?”



“It's over next week,” Eric said, turning sulky.litjuhadn’t made it to any of his games
this fall. “It's been so good for him,” Julia sawl Ellen. “Team sports build cooperation.
Especially with boys, it helps with that competiness.”

Ellen wasn’t saying anything, just nodding ancdelishg.

For this particular evening, Julia had insistedemding the baby, and had positioned the
high chair beside her. But Amanda was accustomethiong airplane at every mealtime.
She was waiting for someone to move the spoon tbwar, saying, “Rrrrrrr-owwwww ...
here comes the airplane ... open the doors!” Sintia wasn’t doing that, Amanda kept
her mouth tightly shut. Which was part of the gatoe,

“Oh well. I guess she’s not hungry,” Julia saidthwa shrug. “Did she just have a bottle,
Jack?”

“No,” | said. “She doesn’t get one until after demt{
“Well, | know that. | meant, before.”
“No,” | said. “Not before.” | gestured toward Amaad'Shall | try?”

“Sure.” Julia handed me the spoon, and | sat besmanda and began to play airplane.
“Rrrrr-owwww ..." Amanda immediately grinned andesggd her mouth.

“Jack’s been wonderful with the kids, just wondé&ifdulia said to Ellen.
“I think it's good for a man to experience homeJifEllen said.

“Oh, itis. It is. He's helped me a lot.” She pdttay knee. “You really have, Jack.” It
was clear to me that Julia was too bright, too dnéeShe was keyed up, talking fast,
and obviously trying to impress Ellen that she washarge of her family. | could see
that Ellen wasn’t buying it. But Julia was so speeghe didn’t notice. | began to wonder
if she were on drugs. Was that the reason forth@nge behavior? Was she on
amphetamines? “And work,” Julia continued, “is soredible these days. Xymos is
really making breakthroughs—the kind of breakthitmigeople have been waiting for
more than ten years to happen. But at last, ifgpbaing.”

“Like the black cloak?” | said, fishing.

Julia blinked. “The what?” She shook her head. “Whayou talking about, hon?”

“A black cloak. Didn’t you say something about adk cloak the other day?”

“No ...” She shook her head. “I don’'t know what yoean.” She turned back to Ellen.

“Anyway, all this molecular technology has been mslower to come to market than we
expected. But at last, it really is here.”



“You seem very excited,” Ellen said.

“I have to tell you, it's thrilling, Ellen.” She i@ered her voice. “And on top of it, we’ll
probably make a bundle.”

“That'd be good,” Ellen said. “But | guess you'vachto put in long hours ...”
“Not that long,” Julia said. “All things considergtihasn’'t been bad. Just the last week
or so.” | saw Nicole’s eyes widen. Eric was staradnis mother as he ate. But the kids

didn’t say anything. Neither did I.

“It's just a transition period,” Julia continuedAlf companies have these transitional
periods.”

“Of course,” Ellen said.

The sun was going down. The air was cooler. The kitt the table. | got up and started
to clear. Ellen was helping me. Julia kept talkithggn said, “I'd love to stay, but | have
something going on, and | have to get back to theedfor a while.” If Ellen was
surprised to hear this, she didn’t show it. All silaéd was, “Long hours.”

“Just during this transition.” She turned to meh&nks for holding the fort, honey.” At
the door, she turned, blew me an air kiss. “LoaekJ

And she left.

Ellen frowned, watching her go. “Just a little ghiruvouldn’t you say?”
| shrugged.

“Will she say good-bye to the kids?”

“Probably not.”

“She’ll just run right out the door?”

“Right.”

Ellen shook her head. “Jack,” she said, “I donownf she’s having an affair or not,
but—what'’s she taking?”

“Nothing, as far as | know.”

“She’s on something. I'm certain of it. Would yoaysshe’s lost weight?”



“Yes. Some.”

“And sleeping very little. And obviously speedy Ellen shook her head. “A lot of these
hard-charging executives are on drugs.”

“I don’t know,” | said.
She just looked at me.

| went back into my office to call Ricky, and fratme office window | saw Julia backing
her car down the driveway. | went to wave to het,dhe was looking over her shoulder
as she backed away. In the evening light | sawegotéflections on the windshield,
streaking from the trees above. She had almosheekite street when | thought | saw
someone sitting in the passenger seat besidet heoked like a man.

| couldn’t see his features clearly through thedsimeld, with the car moving down the
drive. When Julia backed onto the street, her lmogked my view of the passenger. But
it seemed as if Julia was talking to him, animated@hen she put the car in gear and
leaned back in her seat, and for a moment | hade§ blear look. The man was backlit,
his face in shadow, and he must have been lookregtty at her because | still couldn’t
make out any features, but from the way he waschliog | had the impression of
someone young, maybe in his twenties, though | $thneouldn’t be sure. It was just a
glimpse. Then the BMW accelerated, and she droveavin the street.

| thought: the hell with this. | ran outside, armah the driveway. | reached the street just
as Julia came to the stop sign to the end of thekbher brake lights flaring. She was
probably fifty yards away, the street illuminatedaw, slanting yellow light. It looked as

if she was alone in the car, but | really couldi®@e well. | felt a moment of relief, and of
foolishness. There | was, standing in the streethné good reason. My mind was playing
tricks on me. There was nobody in the car.

Then, as Julia made the right turn, the guy popgedgain, like he had been bent over,
getting something from the glove compartment. Amehtthe car was gone. And in an
instant all my distress came flooding back, likeoapain that spread across my chest and
body. I felt short of breath, and a little dizzy.

There was somebody in the car.

| trudged back up the driveway, feeling churningoéions, not sure what to do next.
“You're not sure what to do next?” Ellen said. Werevdoing the pots and pans at the
sink, the things that didn’t go in the dishwasliglen was drying, while | scrubbed.
“You pick up the phone and call her.”

“She’s in the car.”

“She has a car phone. Call her.”



“Uh-huh,” | said. “So how do | put it? Hey Juliahwe/s the guy in the car with you?” |
shook my head. “That’s going to be a tough conuensd

“Maybe so.”

“That’ll be a divorce, for sure.”

She just stared at me. “You don’t want a divoraeydu.”

“Hell, no. | want to keep my family together.”

“That may not be possible, Jack. It may not be ymaision to make.”

“None of this makes any sense,” | said. “I meangtw in the car, he was like a kid,
somebody young.”

“SO?”
“That’s not Julia’s style.”

“Oh?” Ellen’s eyebrows went up. “He was probablyhia twenties or early thirties. And
anyway, are you so sure about Julia’s style?”

“Well, I've lived with her for thirteen years.”

She set down one of the pots with a bang. “Jackderstand that all this must be hard to
accept.”

“Itis, itis.” In my mind, | kept replaying the chacking down the driveway, over and
over. | was thinking that there was something sfeambout the other person in the car,
something odd in his appearance. In my mind, | ksjtg to see his face but | never
could. The features were blurred by the windshieydthe light shifting as she backed
down the drive ... | couldn’t see the eyes, ordheekbones, or the mouth. In my memory,
the whole face was dark and indistinct. | trieegxplain that to her.

“It's not surprising.”
“NO?H

“No. It's called denial. Look Jack, the fact is,uybave the evidence right in front of your
eyes. You've seen it, Jack. Don’t you think it'sié@ you believed it?”

| knew she was right. “Yes,” | said. “It's time.”



The phone was ringing. My hands were up to thevedbio soap suds. | asked Ellen to
get it, but one of the kids had already pickedit Iufinished scrubbing the barbecue grill,
handed it to Ellen to dry.

“Jack,” Ellen said, “you have to start seeing tlsiag they really are, and not as you want
them to be.”

“You're right,” | said. “I'll call her.”
At that moment Nicole came into the kitchen, logkpale.

“Dad? It's the police. They want to talk to you.”

DAY 5

9:10 P.M.

Julia’s convertible had gone off the road about finiles from the house. It had plunged
fifty feet down a steep ravine, cutting a traclotigh the sage and juniper bushes. Then it
must have rolled, because now it lay at an angheels facing upward. | could see only
the underside of the car. The sun was almost danahthe ravine was dark. The three
rescue ambulances on the road had their red lilgisising, and the rescue crews were
already rappelling down on ropes. As | watchedtgime floodlights were set up, bathing
the wreck in a harsh blue glow. | heard the crackiedios all around.

| stood up on the road with a motorcycle policacaff. | had already asked to go down
there, and was told | couldn’t; | had to stay omtbad. When | heard the radios, | said,
“Is she hurt? Is my wife hurt?”

“We’ll know in a minute.” He was calm.

“What about the other guy?”

“Just a minute,” he said. He had a headset indlimét, because he just started talking in
a low voice. It sounded like a lot of code wordkehrd “... update a four-oh-two for

seven-three-nine here ...”

| stood at the edge, and looked down, trying to Bgenow there were workers all around
the car, and several hidden behind the upturnexdefr@ long time seemed to pass.

The cop said, “Your wife is unconscious but she’She was wearing her seat belt, and
stayed in the car. They think she’s all right. Vamns are stable. They say no spinal
injuries but ... she ... sounds like she brokeaner.”

“But she’s all right?”



“They think so.” Another pause while he listenetiebrd him say, “I have the husband
here, so let’s eight-seven.” When he turned backdohe said, “Yes. She’s coming
around. She’ll have to be checked for internal dileg at the hospital. And she’s got a
broken arm. But they say she’s all right. They’edtijmg her on a stretcher now.”
“Thank God,” | said.

The policeman nodded. “This is a bad piece of road.

“This has happened before?”

He nodded. “Every few months. Not usually so lutky.

| flipped open my cell phone and called Ellen, th&t to explain to the kids there was
nothing to worry about, that Mom was going to bayKEspecially Nicole,” | said. “I'll
take care of it,” Ellen promised me.

| flipped the phone shut and turned back to the tfnat about the other guy?” | said.
“She’s alone in the car.”

“No,” | said. “There was another guy with her.”

He spoke on his headset, then turned back to niey“$ay no. There’s no sign of
anyone else.”

“Maybe he was thrown,” | said.

“They’re asking your wife now ...” He listened a ment. “She says she was alone.”
“You're kidding,” | said.

He looked at me, shrugged. “That’s what she sdpdfie flashing red lights of the
ambulances, | couldn’t read his expression. Butdng implied: another guy who
doesn’t know his own wife. | turned away, lookedapthe edge of the road.

One of the rescue vehicles had extended a steeldma winch that hung over the
ravine. A cable was being lowered. | saw the wagkstruggling for footing against the
steep slope, as they attached a stretcher to tiwhwii couldn’t see Julia clearly on the
stretcher, she was strapped down, covered in erspace blanket. She started to rise,
passing through the cone of blue light, then irakdess.

The cop said, “They’re asking about drugs and miee&c Is your wife taking any drugs
or medicines?”

“Not that | know of.”



“How about alcohol? Was she drinking?”
“Wine at dinner. One or two glasses.”

The cop turned away and spoke again, quietly irddr&ness. After a pause, | heard him
say, “That’s affirmative.”

The stretcher twisted slowly as it rose into tire @ne of the workers, halfway up the
slope, reached out to steady it. The stretchelirnoed upward.

| still couldn’t see Julia clearly, until it reaathéhe level of the road and the rescue
workers swung it around, and unclipped it fromlihe. She was swollen; her left
cheekbone was purple and the forehead above heykeivas purple as well. She must
have hit her head pretty hard. She was breathialipstly. | moved alongside the
stretcher. She saw me and said, “Jack ...” and taesmile.

“Just take it easy,” | said.

She gave a little cough. “Jack. It was an accident.

The medics were maneuvering around the motorcybled to watch where | was going.
“Of course it was.”

“It's not what you think, Jack.”

| said, “What is, Julia?” She seemed to be delgidtder voice seemed to drift in and out.
“I know what you’re thinking.” Her hand gripped naym. “Promise me you won’t get
involved in this, Jack.”

| didn’t say anything, | just walked with her.

She squeezed me harder. “Promise me you’ll stapfatit’

“I promise,” | said.

She relaxed then, dropping my arm. “This doeswoive our family. The kids will be
fine. You'll be fine. Just stay out, okay?”

“Okay,” | said, just wanting to mollify her.
“Jack?”

“Yes, honey, I'm here.”



By now we were approaching the nearest ambularteeddors swung open. One of the
rescue team said, “You related to her?”

“I'm her husband.”
“You want to come?”
“Yes.”

“Hop in.”

| got into the ambulance first, then they slid siretcher in, one of the rescue team got in
and slammed the doors shut. We started down tlig soc@n moaning. | was

immediately moved aside by the two paramedics, imgrkn her. One was recording
notes on a handheld device and the other wasrgtartsecond IV in her other arm. They
were worried about her blood pressure, which wapping. That was a great cause for
concern. During all this | couldn’t really see dulbut | heard her murmuring. | tried to
move forward, but the medics pushed me back. “kewvark, sir. Your wife’s got injuries.
We have to work.”

For the rest of the way, | sat on a little jumptseeal gripped a wall handle as the
ambulance careened around curves. By now Juliclegady delirious, babbling
nonsense. | heard something about “the black clbtiast were “not black anymore.”
Then she shifted into a kind of lecture, talkingatd*adolescent rebellion.” She
mentioned Amanda by name, and Eric, asking if thexe all right. She seemed agitated.
The medics kept trying to reassure her. And finghig lapsed into repeating “I didn’'t do
anything wrong, | didn’t mean to do anything wrorag'the ambulance sped through the
night.

Listening to her, | couldn’t help but worry.

The examination suggested Julia’s injuries mightrioee extensive than they first
thought. There was a lot to rule out: possible ipehacture, possible hematoma, possible
fracture of a cervical vertebra, left arm brokerviio places and might need to be pinned.
The doctors seemed most worried about her peltisy Tvere handling her much more
gingerly when they put her into intensive care.

But Julia was conscious, catching my eye and sghdirme from time to time, until she
fell asleep. The doctors said there was nothingrferto do; they would wake her up
every half hour during the night. They said that slould be in the hospital at least three
days, probably a week.

They told me to get some rest. | left the hosgaithitle before midnight. | took a taxi
back to the crash site, to pick up my car. It wasld night. The police cars and rescue
ambulances were gone. In their place was a bigdthtow truck, which was winching



Julia’s car up the hill. A skinny guy smoking aaigtte was running the winch. “Nothing
to see,” he said to me. “Everybody’s gone to thepital.”

| said it was my wife’s car.

“Can’t drive it,” he said. He asked me for my irsoice card. | got it out of my wallet and
handed it to him. He said, “I heard your wife’s pKa

“So far.”

“You're a lucky guy.” He jerked his thumb, pointiagross the road. “Are they with
you?” Across the street a small white van was ghrkée sides were bare, with no
markings or company logo. But low on the front dbsaw a serial number, in black.
And underneath it said SSVT unit.

| said, “No, they’re not with me.”
“Been here an hour,” he said. “Just sitting there.”

| couldn’t see anyone inside the van; the frontdeiws were dark. | started across the
street toward them. | heard the faint crackle addio. When | was about ten feet away
the lights came on, the engine started, and theoaned past me, and drove down the
highway. As it passed, | had a glimpse of the dritA= was wearing a shiny suit of some
kind, like silvery plastic, and a tight hood of tbeme material. | thought | saw some
funny, silver apparatus hanging around his nedkolted like a gas mask, except it was
silver. But | wasn’t sure.

As the car drove away, | noticed the rear bumpdrtiva green stickers, each with a big
X. That was the Xymos logo. But it was the liceptse that really caught my eye. It
was a Nevada plate.

That van had come from the fabrication plant, aubte desert.

| frowned. It was time for me to visit the fab plahthought. | pulled out my cell phone,
and dialed Tim Bergman. | told him | had reconsadienis offer and | would take the
consulting job, after all.

“That’s great,” Tim said. “Don will be very happy.”
“Great,” | said. “How soon can | start?”

DESERT

DAY 6

7:12 A.M.

With the vibration of the helicopter, | must havezdd off for a few minutes. | awoke
and yawned, hearing voices in my headphones. Tleeg all men speaking:



“Well, what exactly is the problem?” A growling .

“Apparently, the plant released some material thtoenvironment. It was an accident.
Now, several dead animals have been found outkidésert. In the vicinity of the plant.”
A reasonable, organized voice.

“Who found them?” Growly.

“Couple of nosy environmentalists. They ignored keep-out signs, snooped around the
plant. They've complained to the company and amat&ling to inspect the plant.”

“Which we can’t allow.”
“No, no.”
“How do we handle this?” said a timid voice.

“I say we minimize the amount of contamination asled, and give data that show no
untoward consequence is possible.” Organized voice.

“Hell, I wouldn’t play it that way,” said growlingoice. “We’'re better off flatly denying
it. Nothing was released. | mean, what's the ewtdeamything was released?”

“Well, the dead animals. A coyote, some desert Mégg/be a few birds.”

“Hell, animals die in nature all the time. | mea@amember the business about those
slashed cows? It was supposed to be aliens fromsUiF& were slashing the cows.
Finally turned out the cows were dying of natulges, and it was decomposing gas in
the carcasses that split them open. Remember that?”

“Vaguely.”

Timid voice: “I'm not sure we can just deny—"

“Fuck yes, deny.”

“Aren’t there pictures? | think the environmenttdisook pictures.”

“Well, who cares? What will the pictures show, adieoyote? Nobody is going to get
worked up about a dead coyote. Trust me. Pilot®,Rilhere the fuck are we?” | opened
my eyes. | was sitting in the front of the helicaptalongside the pilot. The helicopter
was flying east, into the glare of low morning sBeneath my feet | saw mostly flat
terrain, with low clumps of cactus, juniper, and ticcasional scraggly Joshua tree. The
pilot was flying alongside the power-line towerattmarched in single file across the
desert, a steel army with outstretched arms. Tiver®cast long shadows in the morning



light. A heavyset man leaned forward from the baeksHe was wearing a suit and tie.
“Pilot? Are we there yet?”

“We just crossed the Nevada line. Another ten naslit

The heavyset man grunted and sat back. I'd meten we took off, but | couldn’t
remember his name now. | glanced back at the thiese all in suits and ties, who were
traveling with me. They were all PR consultantgtiiby Xymos. | could match their
appearance to their voices. A slender, nervous mastjng his hands. Then a middle-
aged man with a briefcase on his lap. And the h&ztupan, older and growly, obviously
in charge. “Why the hell did they put it in Nevadayway?”

“Fewer regulations, easier inspections. These Gai$ornia is sticky about new industry.
There was going to be a year’s delay just for emvirental-impact statements. And a far
more difficult permitting process. So they cameetier

Growly looked out the window at the desert. “Whahéhole,” he said. “l don't give a
fuck what goes on out here, it's not a problem.”tti@ed to me. “What do you do?”

“I'm a computer programmer.”

“You covered by an NDA?” He meant, did | have a4uistlosure agreement that would
prevent me from discussing what | had just heard.

“Yes,” | said.

“You coming out to work at the plant?”

“To consult,” | said. “Yes.”

“Consulting’s the way to go,” he said, nodding falswere an ally. “No responsibility. No
liability. Just give your opinion, and watch thewt take it.” With a crackle, the pilot’s
voice broke in over the headsets. “Xymos MolecManufacturing is dead ahead,” he

said. “You can just see it now.”

Twenty miles in front of us, | saw an isolated tdusf low buildings silhouetted on the
horizon. The PR people in the back all leaned fodwa

“Is that it?” said Growly. “That’s all it is?”
“It's bigger than it looks from here,” the pilotida
As the helicopter came closer, | could see thabthklings were interlocked, featureless

concrete blocks, all whitewashed. The PR peoplewerpleased they almost burst into
applause. “Hey, it's beautiful!”



“Looks like a fucking hospital.”

“Great architecture.”

“It'll photograph great.”

| said, “Why will it photograph great?”

“Because it has no projections,” the man with thefbase said. “No antennas, no spikes,
no things poking up. People are afraid of spikebartennas. There are studies. But a
building that's plain and square like this, and tehi-perfect color choice, associations to

virginal, hospital, cure, pure—a building like thisey don't care.”

“Those environmentalists are fucked,” said Growidith satisfaction. “They do medical
research here, right?”

“Not exactly ...”
“They will when | get through, trust me. Medicakearch is the way to go on this.”

The pilot pointed out the different buildings asdreled them. “That first concrete block,
that’'s power. Walkway to that low building, thatte residences. Next door, fab support,
labs, whatever. And then the square windowles®thtery one, that's the main fab
building. They tell me it's a shell, it's got anethbuilding inside it. Then over to the
right, that low flat shed, that's external storagel parking. Cars have to be under shade
here, or the dashboards buckle. Get a first-degue if you touch your steering wheel.”

| said, “And they have residences?”

The pilot nodded. “Yeah. Have to. Nearest motel leindred and sixty-one miles. Over
near Reno.”

“So how many people live in this facility?” Growsaid.

“They can take twelve,” the pilot said. “But theg'generally got about five to eight.
Doesn'’t take a lot to run the place. It's all autded, from what | hear.”

“What else do you hear?”

“Not very damn much,” the pilot said. “They’re ceabmouthed about this place. I've
never even been inside.”

“Good,” said Growly. “Let's make sure they keephiat way.”
The pilot turned the stick in his hand. The helieofpanked, and started down. | opened

the plastic door in the bubble cockpit, and statteget out. It was like stepping into an
oven. The blast of heat made me gasp.



“This is nothing!” the pilot shouted, over the whif the blades. “This is almost winter!
Can’t be more than a hundred and five!”

“Great,” | said, inhaling hot air. | reached in tha&ck for my overnight bag and my laptop.
I'd stowed them under the seat of the timid man.

“I have to take a piss,” said Growly, releasingdeat belt.
“Dave ...” said the man with the briefcase, in anirgg tone.
“Fuck, it's just for a minute.”

“Dave—" an embarrassed glance toward me, then iogdris voice: “They said, we
don’t get out of the helicopter, remember?”

“Aw hell. | can’t wait another hour. Anyway, whatlke difference?” He gestured toward
the surrounding desert. “There’s nothing the fuagklwere for a million miles.”

“But, Dave—"

“You guys give me a pain. I'm going to pee, damhHte hefted his bulk up, and moved
toward the door.

| didn’t hear the rest of their conversation beedong then | had taken off my earphones.
Growly was clambering out. | grabbed my bags, tdrawed moved away, crouched
beneath the blades. They cast a flickering shadothh® pad. | came to the edge of the
pad where the concrete ended abruptly in a ditt et threaded among the clumps of
cholla cactus toward the blocky white power buitdfifty yards away. There was no one
to greet me—in fact, no one in sight at all.

Looking back, | saw Growly zip up his trousers atichb back into the helicopter. The
pilot pulled the door shut and lifted off, wavirgme as he rose into the air. | waved
back, then ducked away from the swirl of spittiagd. The helicopter circled once and
headed west. The sound faded.

The desert was silent except for the hum of thetedal power lines a few hundred yards
away. The wind ruffled my shirt, flapped my trougsgs. | turned in a slow circle,
wondering what to do now. And thinking about therdgof the PR guy: They said, we
don’t get out of the helicopter, remember?

“Hey! Hey, you!”

| looked back. A door had cracked open in the whaeer block. A man’s head stuck
out. He shouted, “Are you Jack Forman?”



“Yes,” | said.
“Well, what the hell you waiting for, an engravewitation? Get inside, for Chrissake.”
And he slammed the door shut again.

That was my welcome to the Xymos Fabrication Fgciliugging my bags, | trudged
down the dirt path toward the door.

Things never turn out the way you expect.

* % %

| stepped into a small room, with dark gray waltstloree sides. The walls were some
smooth material like Formica. It took my eyes a reabto adjust to the relative darkness.
Then | saw that the fourth wall directly ahead & was entirely glass, leading to a small
compartment and a second glass wall. The glass walle fitted with folding steel arms,
ending in metal pressure pads. It looked a litildike what you'd expect to see in a bank
vault. Beyond the second glass wall | could searlylman in blue trousers and a blue
work shirt, with the Xymos logo on the pocket. Hasxclearly the plant maintenance
engineer. He gestured to me.

“It's an airlock. Door’s automatic. Walk forward.”

| did, and the nearest glass door hissed opendAglt came on. In the compartment
ahead, | saw grillwork on floor, ceiling, and bethlls. | hesitated. “Looks like a fuckin’
toaster, don’t it?” the man said, grinning. He Badhe teeth missing. “But don’t worry,
it'll just blow you a little. Come ahead.”

| stepped into the glass compartment, and set mgyhahe ground.
“No, no. Pick the bag up.”

| picked it up again. Immediately, the glass doelnibd me hissed shut, the steel arms
unfolding smoothly. The pressure pads sealed witiuak. | felt a slight discomfort in
my ears as the airlock pressurized. The man inddigk “You might want to close your
eyes.” | closed my eyes and immediately felt amgjlspray strike my face and body from
all sides. My clothes were soaked. | smelled agstmodor like acetone, or nail polish
remover. | began to shiver; the liquid was reatiidc

The first blast of air came from above my headyax that quickly built to hurricane
intensity. | stiffened my body to steady myself. klgthes flapped and pressed flat
against my body. The wind increased, threateningdothe bag from my hand. Then the
air stopped for a moment, and a second blast cgward from the floor. It was
disorienting, but it only lasted a few moments. Tkéth a whoosh the vacuum pumps



kicked in and | felt a slight ache in my ears asghessure dropped, like an airplane
descending. Then silence. A voice said, “That'€dame ahead.”

| opened my eyes. The liquid they’d sprayed on ackdvaporated; my clothes were dry.
The doors hissed open before me. | stepped outh@nahan in blue looked at me
quizzically. “Feel okay?”

“Yeah, | think so.”

“No itching?”

“No ..."

“Good. We had a few people who were allergic tostf. But we’ve got to do this
routine, for the clean rooms.”

| nodded. It was obviously a procedure to remov& dnd other contaminants. The
dousing fluid was highly volatile, evaporating adbm temperature, drawing off
microparticles on my body and clothes. The air ggtd vacuum completed the scrub. The
procedure would remove any loose particles on ndyland suck them away.

“I'm Vince Reynolds,” the man said, but he didndlth out his hand. “You call me Vince.
And you're Jack?”

| said | was.

“Okay, Jack,” he said. “They’re waiting for you, k&i's get started. We got to take
precautions, because this is an HMF, that’s higgmatc field environment, greater than
33 Tesla, so ...” He picked up a cardboard boxtt#dose your watch.” | put the watch
in the box.

“And the belt.”

| took my belt off, put it in the box.

“Any other jewelry? Bracelet? Necklace? PiercinDg®orative pins or medals?
MedicAlert?”

“NO_”
“How about metal inside your body? OId injury, lat#, shrapnel? No? Any pins for
broken arms or legs, hip or knee replacement? Nafickal valves, artificial cartilage,

vascular pumps or implants?”

| said | didn’t have any of those things.



“Well, you're still young,” he said. “Now how aboirt your bag?” He made me take
everything out and spread it on a table, so hedcauwhmage through it. | had plenty of
metal in there: another belt with a metal buckbgl dippers, a can of shaving cream,
razor and blades, a pocket knife, blue jeans wihahrivets ...

He took the knife and the belt but left the re3toti can put your stuff back in the bag,”
he said. “Now, here’s the deal. Your bag goes ¢adsidence building, but no farther.
Okay? There’s an alarm at the residence door iftgoto take any metal past there. But
do me a favor and don’t set it off, okay? 'Causghiits down the magnets as a safety
procedure and it takes about two minutes to stantup again. Pisses the techs off,
especially if they’re fabbing at the time. Ruinktheir hard work.”

| said | would try to remember.

“The rest of your stuff stays right here.” He nodde the wall behind me; | saw a dozen
small safes, each with an electronic keypad. “YetLilse combination and lock it up
yourself.” He turned aside so | could do that.

“l won't need a watch?”

He shook his head. “We’ll get you a watch.”

“What about a belt?”

“We'll get you a belt.”

“And my laptop?” | said.

“It goes in the safe,” he said. “Unless you wanst¢oub your hard drive with the
magnetic field.” | put the laptop in with the regtmy stuff, and locked the door. | felt
strangely stripped, like a man entering prison.wmn’'t want my shoelaces, too?” |

said, making a joke. “Nah. You keep those. So yaustrangle yourself, if it turns out
you need to.”

“Why would | need to?”

“I really couldn’t say.” Vince shrugged. “But thegays working here? Let me tell you,
they’re all fucking crazy. They're making thesertgaveeny little things you can't see,
pushing around molecules and shit, sticking 'enetbgr. It's real tense and detailed
work, and it makes them crazy. Every fucking on&af. Nutty as loons. Come this
way.” We passed through another set of glass d8uitsthis time, there was no spray.

* % %

We entered the power plant. Beneath blue halogapdal saw huge metal tubs ten feet
high, and fat ceramic insulators thick as a maggs Everything hummed. | felt a distinct



vibration in the floor. There were signs all arowrith jagged red lightning bolts saying
warning: lethal electrical currents!

“You use a lot of power here,” | said.

“Enough for a small town,” Vince said. He pointedane of the signs. “Take those
warnings seriously. We had problems with fires,alevback.”

“Oh?”

“Yeah. Got a nest of rats in the building. Bugdezpt getting fried. Literally. | hate the
smell of burning rat fur, don’t you?”

“Never had that experience,” | said.
“Smells like what you’d think.”
“Uh-huh,” | said. “How did the rats get in?”

“Up through the toilet bowl.” I must have lookedgused, because Vince said, “Oh, you
don’t know that? Rats do that all the time, it’'stja short swim for them to get

in. 'Course, if it happened while you were sittiitlf] be a nasty surprise.” He gave a
short laugh. “Problem was the contractor for thidng didn’t bury the leach field deep
enough. Anyhow, rats got in. We've had a few aadisiéike that since I've been here.”

“Is that right? What kind of accidents?”

He shrugged. “They tried to make these buildingégog” he said. “Because they're
working with such small-size things. But it's noparfect world, Jack. Never has been.
Never will be.” | said again, “What kind of accide®”

By then we had come to the far door, with a keypad, Vince punched in numbers
quickly. The door clicked open. “All the doors &eyed the same. Oh six, oh four, oh
two.” Vince pushed the door wide, and we steppéal ancovered passageway connecting
the power plant to the other buildings. It wadlistif hot here, despite the roar of the air
conditioner. “Contractor,” Vince explained. “Nevegilanced the air handlers right. We
had 'em back five times to fix it, but this passégalways hot.”

At the end of the corridor was another door, anac®ihad me punch in the code myself.
The door clicked open.

| faced another airlock: a wall of thick glass, w@nother wall a few feet beyond. And
behind that second wall, | saw Ricky Morse in jeand a T-shirt, grinning and waving
cheerfully to me.

His T-shirt said, “Obey Me, | Am Root.”



It was an inside joke. In the UNIX operating systémrmeant the boss.

Over an intercom speaker, Ricky said, “I'll takérdm here, Vince.”

Vince waved. “No problem.”

“You fix that positive pressure setting?”

“Did it an hour ago. Why?”

“It may not be holding in the main lab.”

“I'll check it again,” Vince said. “Maybe we got ather leak somewhere.” He slapped
me on the back, jerked his thumb toward the intexfahe building. “Lots of luck in
there.” Then he turned and walked back the wayaineec

“It's great to see you,” Ricky said. “You know thede to get in?” | said | did. He
pointed to a keypad. | punched the numbers in.glass wall slid sideways. | stepped
into another narrow space about four feet wideh wietal grills on all four sides. The
wall closed behind me.

A fierce blast of air shot up from the floor, pui§ up my trouser legs, ruffling my
clothing. AlImost immediately it was followed by bta of air coming from both sides,
then from top, blowing down hard on my hair andwdtlers. Then a whoosh of vacuum.
The glass in front of me slid laterally. | smoothivn my hair and stepped out.

“Sorry about that.” Ricky shook my hand vigorousiut at least we don’t have to wear
bunny suits,” he said. | noticed that he lookedrgir healthy. The muscles in his
forearms were defined.

| said, “You look good, Ricky. Working out?”

“Oh, you know. Not really.”

“You're pretty cut,” | said. | punched him on thieosilder.

He grinned. “Just tension on the job. Did Vinceglfiten you?”

“Not exactly ...”

“He’s a little strange,” Ricky said. “Vince grew @bone out in the desert with his mother.
She died when he was five. Body was pretty decoegosen they finally found her.

Poor kid, he just didn't know what to do. | gue'sslde strange, too.” Ricky gave a shrug.
“But I'm glad you're here, Jack. | was afraid yoowdn't come.” Despite Ricky’s



apparent good health, | was noticing now that leensel nervous, edgy. He led me
briskly down a short hallway. “So. How’s Julia?”

“Broke her arm, and hit her head pretty badly. She'the hospital for observation. But
she’s going to be all right.”

“Good. That's good.” He nodded quickly, continuitgwn a corridor. “Who'’s taking
care of the kids?”

| told him that my sister was in town.
“Then you can stay awhile? A few days?”

| said, “I guess. If you need me that long.” Ordilya software consultants don’t spend a
lot of time on-site. One day, maybe two. Not mdrant that.

Ricky glanced over his shoulder at me. “Did Judila, explain to you about this place?”
“Not really, no.”

“But you knew she was spending a lot of time here.”

| said, “Oh sure. Yes.”

“The last few weeks, she came out almost everyotiathe helicopter. Stayed over a
couple of nights, too.”

| said, “I didn’t know she took such an interestmanufacturing.”

Ricky seemed to hesitate a moment. Then he saidll;\3ack, this is a whole new
thing ...” He frowned. “She really didn't tell yanything?”

“No. Not really. Why?”
He didn’'t answer.

He opened the far door and waved me through. “iBhasir residential module, where
everybody sleeps and eats.”

The air was cool after the passageway. The walie te same smooth Formica material.
| heard a low, continuous whoosh of air handlersefes of doors opened off the
hallway. One of them had my name on it, writtemiarker on a piece of tape. Ricky
opened the door. “Home sweet home, Jack.”

The room was monastic—a small bed, a tiny deskgquge enough to hold a workstation
monitor and keyboard. Above the bed, a shelf fakscand clothes. All the furniture had



been coated with smooth-flowing white plastic laater There were no nooks or
crannies to hold stray patrticles of dirt. There wasvindow in the room either, but a
liquid-crystal screen showed a view of the desetside.

There was a plastic watch and a belt with a pldmtakle on the bed. | put them on.
Ricky said, “Dump your gear, and I'll give you tteur.”

Still keeping his brisk pace, he led me into a medsize lounge with a couch and chairs
around a coffee table, and a bulletin board owthiké All the furniture here was the
same flowing plastic laminate. “To the right is thichen and the rec room with TV,
video games, so forth.” We entered the small kitcHdnere were two people there, a
man and a woman, eating sandwiches standing uipirtk you know these guys,” Ricky
said, grinning. And | did. They had been on my tedrivlediaTronics.

Rosie Castro was dark, thin, exotic-looking, angastic; she wore baggy cargo shorts
and a T-shirt tight across her large breasts, wigad YOU WISH. Independent and
rebellious, Rosie had been a Shakespearean selidlarvard before she decided, in her
words, that “Shakespeare is fucking dead. For ikienturies. There is nothing new to
say. What's the point?” She transferred to MIT,dmee a protégée of Robert Kim,
working on natural language programming. It turnetshe was brilliant at it. And these
days natural language programs were starting wwewdistributed processing. Because
it turned out people evaluate a sentence in sewargd simultaneously, while it is being
spoken; they don’t wait until it is finished buthar they form expectations of what is
coming. That's a perfect situation for distribudcessing, which can work on a
problem at several points simultaneously. | sa&lill‘wearing those T-shirts, Rosie.” At
MediaTronics, we'd had some trouble about the waydressed.

“Hey. Keeps the boys awake,” she said, shrugging.

“Actually, we ignore them.” | turned to David Broskstiff, formal, obsessively neat, and
almost bald at twenty-eight. He blinked behind kigtasses. “They’re not that good,
anyway,” he said. Rosie stuck her tongue out at him

David was an engineer, and he had an engineergrgss and lack of social skills. He
was also full of contradictions; although he fuseedr every detail of his work and
appearance, on weekends he raced a dirt bike, aftming back covered in mud. He
shook my hand enthusiastically. “I'm very glad y@uhere, Jack.”

| said, “Somebody’s going to have to tell me whyye all so glad to see me.” Rosie
said, “Well, it's because you know more about thdtragent algorithms that—"

“I'm going to show him around first,” Ricky saidhterrupting. “Then we’ll talk.”

“Why?” Rosie said. “You want it to be a surprise?”



“Hell of a surprise,” David said.

“No, not at all,” Ricky said, giving them a hardla “I just want Jack to have some
background first. | want to go over that with him.”

David looked at his watch. “Well, how much time yhu think that will take? Because |
figure we've got—"

“| said, Let me show him around, for Christ’s sdleicky was almost snarling. | was
surprised; I'd never seen him lose his temper lgefBut apparently they had:

“Okay, okay, Ricky.”

“Hey, you're the boss, Ricky.”

“That’s right, | am,” Ricky said, still visibly amg. “And by the way, your break ended
ten minutes ago. So let’'s get back to work.” Hekkmbinto the adjoining game room.
“Where are the others?”

“Fixing the perimeter sensors.”

“You mean they’re outside?”

“No, no. They’re in the utility room. Bobby thinkkere’s a calibration problem with the
sensor units.”

“Great. Did anybody tell Vince?”
“No. It's software: Bobby'’s taking care of it.”

It was at that point that my cell phone beepedas wurprised, pulled it out of my pocket.
| turned to the others. “Cell phones work?”

“Yeah,” Ricky said, “we’re wired here.” He went Baio his argument with David and
Rosie. | stepped into the corridor and got my mgssaThere was only one, from the
hospital, about Julia. “We understand you are Msnfan’s husband, and if you could
call us please as soon as possible ...” Then amsixin for a Dr. Rana. | dialed back at
once. The switchboard put me through. “ICU.”

| asked for Dr. Rana, and waited until he camd said, “This is Jack Forman. Julia
Forman’s husband.”

“Oh yes, Mr. Forman.” A pleasant, melodic voicehanhk you for calling back. |
understand you accompanied your wife to the hddpganight. Yes? Well then you
know the seriousness of her injuries, or shoulayltser potential injuries. We really do



feel that she needs to have a thorough workupeniical fracture, and for subdural
hematoma, and she needs a pelvic fracture workwehs

“Yes,” | said. “That’'s what | was told last nighs. there a problem?”

“Actually, there is. Your wife is refusing treatntén

“She is?”

“Last night, she allowed us to take X-rays andetotise fractures in her wrist. We've
explained to her that X-rays are limited in whatea® see, and that it is quite important
for her to have an MRI, but she is refusing that.”

| said, “Why?”

“She says she doesn’t need it.”

“Of course she needs it,” | said.

“Yes, she does, Mr. Forman,” Rana said. “I don'nwi@ alarm you but the concern with
pelvic fracture is massive hemorrhaging into theéamben and, well, bleeding to death. It
can happen very quickly, and—"

“What do you want me to do?”

“We’d like you to talk to her.”

“Of course. Put her on.”

“Unfortunately, she’s gone for some additional ¥ggust now. Is there a number where
you can be reached? Your cell phone? All right. Ottrer thing, Mr. Forman, we
weren't able to take a psychiatric history from youfe ..."

“Why is that?”

“She refuses to talk about it. I'm referring to gsyany history of behavioral disorders,
that kind of thing. Can you shed any light in thega?”

“Pltry ...”

“I don’t want to alarm you, but your wife has bewll, a bit on the irrational side. At
times, almost delusional.”

“She’s been under a lot of stress lately,” | said.



“Yes, | am sure that contributes,” Dr. Rana sai@athly. “And she has suffered a severe
head injury, which we need to investigate furthelon’t want to alarm you, but frankly

it was the opinion of the psychiatric consult thatir wife was suffering from a bipolar
disorder, or a drug disorder, or both.”

“| see ...”

“And of course such questions naturally arise &¢bntext of a single-car automobile
accident ...”

He meant that the accident might be a suicide attelndidn’t think that was likely. “I
have no knowledge of my wife taking drugs,” | s&Blut | have been concerned about
her behavior for, oh, a few weeks now.”

Ricky came over, and stood by me impatiently. Ipythand over the phone. “It's about
Julia.” He nodded, and glanced at his watch. Rasedyebrows. | thought it was pretty
odd, that he would push me when | was talking éohbspital about my wife—and his
immediate superior. The doctor rambled on for dayland | did my best to answer his
guestions, but the fact was | didn’t have any imfation that could help him. He said he
would have Julia call when she got back, and | baiduld wait for the call. | flipped the
phone closed. Ricky said, “Okay, fine. Sorry tohrysu, Jack, but ... you know, I've got
a lot to show you.”

“Is there a time problem?” | said.
“I don’t know. Maybe.”

| started to ask what he meant by that, but healraady leading me forward, walking
quickly. We left the residential area, passing tigto another glass door, and down
another passageway. This passage, | noticed, glatytsealed. We walked along a glass
walkway suspended above the floor. The glass el perforations, and beneath was a
series of vacuum ducts for suction. By now | wasagng accustomed to the constant
hiss of the air handlers. Midway down the corrid@s another pair of glass doors. We
had to go through them one at a time. They pasegeawent through, and closed behind
us. Continuing on, | again had the distinct feelifidpeing in a prison, of going through a
succession of barred gates, going deeper and de¢épasomething.

It might be all high-tech and shiny glass walls—ibutas still a prison.

DAY 6

8:12 A.M.

We came into a large room marked UTILITY and behéat
MOLSTOCK/FABSTOCK/FEEDSTOCK. The walls and ceilingre covered with the
familiar smooth plastic laminate. Large laminatedtainers were stacked on the floor.



Off to the right | saw a row of big stainless-steettles, sunk below ground with lots of
piping and valves surrounding them, and comingoui¢ first-floor level. It looked
exactly like a microbrewery, and | was about to Bstky about it when he said, “So
there you are!” Working at a junction box beneathanitor screen were three more
members of my old team. They looked slightly guéds/we came up, like kids caught
with their hands in the cookie jar. Of course Bohlynbeck was their leader. At thirty-
five, Bobby now supervised more code than he wimiehe could still write when he
wanted to. As always, he was wearing faded jeadsagBhost in the Shell T-shirt, his
ubiquitous Walkman clamped to his waist. Then thess Mae Chang, beautiful and
delicate, about as different from Rosie Castrorgsveoman could be. Mae had worked
as a field biologist in Sichuan studying the goldaenb-nosed monkey before turning to
programming in her mid-twenties. Her time in thedj as well as her natural inclination,
led her to be almost silent. Mae said very litthmved almost soundlessly, and never
raised her voice—but she never lost an argumehgreiLike many field biologists, she
had developed the uncanny ability to slip intollaekground, to become unnoticed,
almost to vanish.

And finally Charley Davenport, grumpy, rumpled, aicbady overweight at thirty. Slow
and lumbering, he looked as if he had slept irclothes, and in fact he often did, after a
marathon programming session. Charley had workéérusohn Holland in Chicago and
Doyne Farmer at Los Alamos. He was an expert irgealgorithms, the kind of
programming that mimicked natural selection to hanswers. But he was an irritating
personality—he hummed, he snorted, talked to hiinged farted with noisy abandon.
The group only tolerated him because he was sottale

“Does it really take three people to do this?” Rigaid, after I'd shaken hands all around.
“Yes,” Bobby said, “it does take three people, Bbk, because it's complicated.”

“Why? And don’t call me El Rooto.”

“I obey, Mr. Root.”

“Just get on with it ...”

“Well,” Bobby said, “I started to check the sensafter this morning’s episode, and it
looks to me like they’re miscalibrated. But sinabdady is going outside, the question is
whether we’re reading them wrong, or whether thsses themselves are faulty, or just
scaled wrong on the equipment in here. Mae knoesetlsensors, she’s used them in
China. I’'m making code revisions now. And Charlgyere because he won’'t go away
and leave us alone.”

“Shit, | have better things to do,” Charley saiBut | wrote the algorithm that controls
the sensors, and we need to optimize the senseraftet they’'re done. I'm just waiting
until they stop screwing around. Then I'll optimizele looked pointedly at Bobby.
“None of these guys can optimize worth a damn.”



Mae said, “Bobby can.”

“Yeah, if you give him six months, maybe.”

“Children, children,” Ricky said. “Let’s not makesaene in front of our guest.” | smiled
blandly. The truth was, | hadn’t been paying atento what they were saying. | was
just watching them. These were three of my beggnaramers—and when they had
worked for me, they had been self-assured to ti pbarrogance. But now | was
struck by how nervous the group was. They wererakdge, bickering, jumpy. And
thinking back, | realized that Rosie and David badn on edge, too.

Charley started humming in that irritating way @.h

“Oh, Christ,” Bobby Lembeck said. “Would you telhinto shut up?”

Ricky said, “Charley, you know we’ve talked abdu humming.”

Charley continued to hum.

“Charley ...”

Charley gave a long, theatrical sigh. He stoppedrhing.

“Thank you,” Bobby said.

Charley rolled his eyes, and looked at the ceiling.

“All right,” Ricky said. “Finish up quickly, and déback to your stations.”

“Okay, fine.”

“I want everybody in place as soon as possible.”

“Okay,” Bobby said.

“I'm serious. In your places.”

“For Christ’s sake, Ricky, okay, okay. Now will yatop talking and let us work?”
Leaving the group behind, Ricky took me acrosdltia to a small room. | said, “Ricky,
these kids aren’t the way they were when they wabfle me.”

“I know. Everybody'’s a little uptight right now.”

“And why is that?”



“Because of what's going on here.”
“And what is going on here?”

He stopped before a small cubicle on the otheraidiee room. “Julia couldn’t tell you,
because it was classified.” He touched the dodn wikeycard. | said, “Classified?
Medical imaging is classified?”

The door latch clicked open, and we went inside2 dbor closed behind us. | saw a table,
two chairs, a computer monitor and a keyboard. Rgdt down, and immediately started
typing. “The medical imaging project was just ateghought,” he said, “a minor
commercial application of the technology we areadly developing.”

“Uh-huh. Which is?”
“Military.”
“Xymos is doing military work?”

“Yes. Under contract.” He paused. “Two years abe,Department of Defense realized
from their experience in Bosnia that there was mons value to robot aircraft that could
fly overhead and transmit battlefield images irl teae. The Pentagon knew that there
would be more and more sophisticated uses for tfygag cameras in future wars. You
could use them to spot the locations of enemy spepen when they were hidden in
jungle or in buildings; you could use them to cohlaser-guided rocket fire, or to
identify the location of friendly troops, and so. @ommanders on the ground could call
up the images they wanted, in the spectra theyedantisible, infrared, UV, whatever.
Real-time imaging was going to be a very powewol in future warfare.”

“Okay ..."

“But obviously,” Ricky said, “these robot camerasresvulnerable. You could shoot
them down like pigeons. The Pentagon wanted a aathat couldn’t be shot down.
They imagined something very small, maybe the sizedragonfly—a target too small
to hit. But there were problems with power supplith small control surfaces, and with
resolution using such a small lens. They needadgeblens.”

| nodded. “And so you thought of a swarm of nanogonents.”

“That’s right.” Ricky pointed to the screen, whereluster of black spots wheeled and
turned in the air, like birds. “A cloud of compongmvould allow you to make a camera
with as large a lens as you wanted. And it coulde’shot down because a bullet would
just pass through the cloud. Furthermore, you cdigdgerse the cloud, the way a flock of
birds disperses with a gunshot. Then the camerddiamiinvisible until it re-formed
again. So it seemed an ideal solution. The Pentggoe us three years of DARPA
funding.”



“And?”

“We set out to make the camera. It was of coursaediately obvious that we had a
problem with distributed intelligence.”

| was familiar with the problem. The nanopartidleshe cloud had to be endowed with a
rudimentary intelligence, so that they could intéraith each other to form a flock that
wheeled in the air. Such coordinated activity miglok pretty intelligent, but it occurred
even when the individuals making up the flock wexrtber stupid. After all, birds and

fish could do it, and they weren’t the brightestatures on the planet.

Most people watching a flock of birds or a schddigh assumed there was a leader, and
that all the other animals followed the leader.tMaas because human beings, like most
social mammals, had group leaders.

But birds and fish had no leaders. Their groupsewenrganized that way. Careful study
of flocking behavior—frame-by-frame video analysishewed that, in fact, there was no
leader. Birds and fish responded to a few simpihewdt among themselves, and the result
was coordinated behavior. But nobody was cont@liinNobody was leading it. Nobody

was directing it.

Nor were individual birds genetically programmed flocking behavior. Flocking was
not hard-wired. There was nothing in the bird bthext said, “When thus-and-such
happens, start flocking.” On the contrary, flocksimply emerged within the group as a
result of much simpler, low-level rules. Rules |ik8tay close to the birds nearest you,
but don’t bump into them.” From those rules, thérergroup flocked in smooth
coordination. Because flocking arose from low-lewgés, it was called emergent
behavior. The technical definition of emergent hébrawas behavior that occurred in a
group but was not programmed into any member oftbap. Emergent behavior could
occur in any population, including a computer pagioh. Or a robot population. Or a
nanoswarm.

| said to Ricky, “Your problem was emergent behauiathe swarm?”

“Exactly.”

“It was unpredictable?”

“To put it mildly.”

In recent decades, this notion of emergent grotgavier had caused a minor revolution
in computer science. What that meant for prograremes that you could lay down
rules of behavior for individual agents, but nattiee agents acting together. Individual

agents—whether programming modules, or processpes in this case, actual micro-
robots—could be programmed to cooperate underisaritaumstances, and to compete



under other circumstances. They could be givensgdéley could be instructed to pursue
their goals with single-minded intensity, or tod&ilable to help other agents. But the
result of these interactions could not be prograthritgust emerged, with often
surprising outcomes.

In a way this was very exciting. For the first tinmgprogram could produce results that
absolutely could not be predicted by the programieese programs behaved more like
living organisms than man-made automatons. Thatezkprogrammers—but it

frustrated them, too. Because the program’s emefmdravior was erratic. Sometimes
competing agents fought to a standstill, and tlogam failed to accomplish anything.
Sometimes agents were so influenced by one antttaethey lost track of their goal, and
did something else instead. In that sense the anogras very childlike—unpredictable
and easily distracted. As one programmer put ityffig to program distributed
intelligence is like telling a five-year-old kid g to his room and change his clothes. He
may do that, but he is equally likely to do someghelse and never return.”

Because these programs behaved in a lifelike wagrammers began to draw analogies
to the behavior of real organisms in the real wdridact, they began to model the
behavior of actual organisms as a way to get sanega over program outcomes. So
you had programmers studying ant swarming, or termounding, or bee dancing, in
order to write programs to control airplane landseyedules, or package routing, or
language translation. These programs often workedtifully, but they could still go
awry, particularly if circumstances changed dradiyc Then they would lose their goals.
That was why | began, five years ago, to model qieeprey relationships as a way to
keep goals fixed. Because hungry predators wedsstitacted. Circumstances might
force them to improvise their methods; and theyhinigy many times before they
succeeded—but they didn’t lose track of their goal.

So | became an expert in predator-prey relatiosshifpnew about packs of hyenas,
African hunting dogs, stalking lionesses, and &ttagcolumns of army ants. My team
had studied the literature from the field biologjsind we had generalized those findings
into a program module called PREDPREY, which cdaddised to control any system of
agents and make its behavior purposeful. To mak@itbgram seek a goal.

Looking at Ricky’s screen, the coordinated unitssmg smoothly as they turned through
the air, | said, “You used PREDPREY to program yiadividual units?”

“Right. We used those rules.”

“Well, the behavior looks pretty good to me,” Igavatching the screen. “Why is there a
problem?”

“We're not sure.”

“What does that mean?”



“It means we know there’s a problem, but we’re suote what's causing it. Whether the
problem is programming—or something else.”

“Something else? Like what?” | frowned. “I don’ttge Ricky. This is just a cluster of
microbots. You can make it do what you want. If pmegramming’s not right, you adjust
it. What don’t | understand?”

Ricky looked at me uneasily. He pushed his chaayafrom the table and stood. “Let me
show you how we manufacture these agents,” he ‘Sgien you’ll understand the
situation better.” Having watched Julia’s demo tdpeas immensely curious to see what
he showed me next. Because many people | respiacteght molecular manufacturing
was impossible. One of the major theoretical olmpestwas the time it would take to
build a working molecule. To work at all, the nassambly line would have to be far
more efficient than anything previously known imfan manufacturing. Basically, all
man-made assembly lines ran at roughly the sanmezlspigey could add one part per
second. An automobile, for example, had a few tandgarts. You could build a car in a
matter of hours. A commercial aircraft had six raill parts, and took several months to
build.

But a typical manufactured molecule consisted @5lparts. That was
10,000,000,000,000,000,000,000,000 parts. As dipahmatter, this number was
unimaginably large. The human brain couldn’t corhprel it. But calculations showed
that even if you could assemble at the rate oflkomiparts per second, the time to
complete one molecule would still be 3,000 trillipgars—longer than the known age of
the universe. And that was a problem. It was knas/the build-time problem.

| said to Ricky, “If you're doing industrial manudtring ...”

“We are.”

“Then you must have solved the build-time problem.”

“We have.”

“HOW?H

“Just wait.”

Most scientists assumed this problem would be siabyebuilding from larger subunits,
molecular fragments consisting of billions of atormkat would cut the assembly time
down to a couple of years. Then, with partial sel§embly, you might get the time down
to several hours, perhaps even one hour. But euterfuvther refinements, it remained a
theoretical challenge to produce commercial quastibf product. Because the goal was

not to manufacture a single molecule in an houe gbal was to manufacture several
pounds of molecules in an hour. No one had everdigy out how to do that.



We passed a couple of laboratories, including batlboked like a standard
microbiology lab, or a genetics lab. | saw Mae diag in that lab, puttering around. |
started to ask Ricky why he had a microbiologyHabe, but he brushed my question
aside. He was impatient now, in a hurry. | saw glance at his watch. Directly ahead
was a final glass airlock. Stenciled on the glass @vas MicroFabrication. Ricky waved
me in. “One at a time,” he said. “That’s all thestgm allows.”

| stepped in. The doors hissed shut behind meyresure pads again thunking shut.
Another blast of air: from below, from the sidegnh above. By now | was getting used
to it. The second door opened, and | walked forvaaman another short corridor,
opening into a large room beyond. | saw brightnsiy white light—so bright it hurt my
eyes. Ricky came after me, talking as we walket) don’t remember what he said. |
couldn’t focus on his words. | just stared. Becams@ow | was inside the main fab
building—a huge windowless space, like a giant banigree stories high. And within
this hangar stood a structure of immense compleRéy seemed to hang in midair,
glowing like a jewel.

DAY 6

9:12 A.M.

At first, it was hard to understand what | was sgetit looked like an enormous glowing
octopus rising above me, with glinting, faceted @iemtending outward in all directions,
throwing complex reflections and bands of coloroathe outer walls. Except this octopus
had multiple layers of arms. One layer was lowt gufot above the floor. A second was
at chest-level; the third and fourth layers weghbkr, above my head. And they all
glowed, sparkled brilliantly.

| blinked, dazzled. | began to make out the detd@i® octopus was contained within an
irregular three-story framework built entirely obdular glass cubes. Floors, walls,
ceilings, staircases—everything was cubes. Buathengement was haphazard, as if
someone had dumped a mound of giant transpareat subes in the center of the room.
Within this cluster of cubes the arms of the octopniaked off in all directions. The
whole thing was held up by a web of black anoditedts and connectors, but they were
obscured by the reflections, which is why the oatopeemed to hang in midair.

Ricky grinned. “Convergent assembly. The architexts fractal. Neat, huh?” | nodded
slowly. | was seeing more details. What | had seean octopus was actually a
branching tree structure. A central square corrdmitvertically through the center of the
room, with smaller pipes branching off on all sideésom these branches, even smaller
pipes branched off in turn, and smaller ones Jtile smallest of the pipes were pencil-
thin. Everything gleamed as if it were mirrored.

“Why is it so bright?”



“The glass has diamondoid coating,” he said. “At tholecular level, glass is like Swiss
cheese, full of holes. And of course it’s a liqusd,atoms just pass right through it.”

“So you coat the glass.”
“Right. Have to.”

Within this shining forest of branching glass, Dhaind Rosie moved, making notes,
adjusting valves, consulting handheld computensiderstood that | was looking at a
massively parallel assembly line. Small fragmefitsolecules were introduced into the
smallest pipes, and atoms were added to them. \Mia¢rvas finished, they moved into
the next largest pipes, where more atoms were adiadiis way, molecules moved
progressively toward the center of the structungi) assembly was completed, and they
were discharged into the central pipe. “ExactihtigRicky said. “This is just the same
as an automobile assembly line, except that it'a amlecular scale. Molecules start at
the ends, and come down the line to the centerstitle on a protein sequence here, a
methyl group there, just the way they stick doord @heels on a car. At the end of the
line, off rolls a new, custom-made molecular stuuet Built to our specifications.”

“And the different arms?”

“Make different molecules. That's why the arms |labKerent.” In several places, the
octopus arm passed through a steel tunnel reirdosth heavy bolts, for vacuum
ducting. In other places, a cube was covered withiegl silver insulation, and | saw
liquid nitrogen tanks nearby; extremely low temperas were generated in that section.

“Those’re our cryogenic rooms,” Ricky said. “We dayo very low, maybe -70
Centigrade, max. Come on, I'll show you.” He led tineugh the complex, following
glass walkways that threaded among the arms. | gdaces, a short staircase enabled
us to step over the lowest arms.

Ricky chatted continuously about technical detaidsuum-jacketed hoses, metal phase
separators, globe check valves. When we reachaddhkated cube, he opened the heavy
door to reveal a small room, with a second roora@ajt. It looked like a pair of meat
lockers. Small glass windows were set in each ddiothe moment, everything was at
room temperature. “You can have two different teimgse,” he said. “Run one from the
other, if you want, but it's usually automated.”

Ricky led me back outside, glancing at his watchaslid so. | said, “Are we late for an
appointment?”

“What? No, no. Nothing like that.” Nearby two culvesre actually solid metal rooms,
with thick electrical cables running inside. | sdiihose your magnet rooms?”

“That’s right,” Ricky said. “We’ve got pulsed fielthagnets generating 33 Tesla in the
core. That's something like a million times the metc field of the earth.” With a grunt,



he pushed open the steel door to the nearest magpet | saw a large doughnut-shaped
object, about six feet in diameter, with a hol¢hie center about an inch wide. The
doughnut was completely encased in tubing andiplesstulation. Heavy steel bolts
running from top to bottom held the jacketing iags.

“Lot of cooling for this puppy, | can tell you. Arallot of power: fifteen kilovolts. Takes
a full-minute load time for the capacitors. Andcolurse we can only pulse it. If we
turned it on continuously, it'd explode—ripped agay the field it generates.” He
pointed to the base of the magnet, where thereawaand push button at knee level.
“That’s the safety cutoff there,” he said. “Justase. Hit it with your knee if your hands
are full.”

| said, “So you use high magnetic fields to do pagtour assemb—"

But Ricky had already turned and headed out the, dgain glancing at his watch. |
hurried after him.

“Ricky ..."
“I have more to show you,” he said. “We’'re gettioghe end.”

“Ricky, this is all very impressive,” | said, geghg to the glowing arms. “But most of
your assembly line is running at room temperature-+acuum, no cryo, no mag field.”

“Right. No special conditions.”
“How is that possible?”
He shrugged. “The assemblers don't need it.”

“The assemblers?” | said. “Are you telling me yoergot molecular assemblers on this
line?”

“Yes. Of course.”

“Assemblers are doing your fabrication for you?”

“Of course. | thought you understood that.”

“No, Ricky,” | said, “I didn’t understand that alt.aAnd | don’t like to be lied to.”
He got a wounded look on his face. “I'm not lying.”

But | was certain that he was.



One of the first things scientists learned abouteswdar manufacturing was how
phenomenally difficult it was to carry out. In 19%®me IBM researchers pushed xenon
atoms around on a nickel plate until they formeallditers “IBM” in the shape of the
company logo. The entire logo was one ten-billiapitian inch long and could only be
seen through an electron microscope. But it mastelang visual and it got a lot of
publicity. IBM allowed people to think it was a jfoof concept, the opening of a door to
molecular manufacturing. But it was more of a sthanh anything else.

Because pushing individual atoms into a specifiarazement was slow, painstaking, and
expensive work. It took the IBM researchers a wlilalg to move thirty-five atoms.
Nobody believed you could create a whole new teldgyoin this way. Instead, most
people believed that nanoengineers would eventtialya way to build “assemblers™—
miniature molecular machines that could turn oetc#ir molecules the way a ball-
bearing machine turned out ball bearings. The mahrtology would rely on molecular
machines to make molecular products. It was acoceept, but the practical problems
were daunting. Because assemblers were vastly coonplicated than the molecules
they made, attempts to design and build them hed d#ficult from the outset. To my
knowledge, no laboratory anywhere in the world aeially done it. But now Ricky was
telling me, quite casually, that Xymos could buidlecular assemblers that were now
turning out molecules for the company. And | didmetieve him.

| had worked all my life in technology, and | haelvdloped a feel for what was possible.
This kind of giant leap forward just didn’t happémever did. Technologies were a
form of knowledge, and like all knowledge, techrgis grew, evolved, matured. To
believe otherwise was to believe that the Wrigletheers could build a rocket and fly to
the moon instead of flying three hundred feet ®asrd dunes at Kitty Hawk.
Nanotechnology was still at the Kitty Hawk stage.

“Come on, Ricky,” | said. “How are you really doitigjs?”

“The technical details aren’t that important, Jack.

“What fresh bullshit is this? Of course they’re ionfant.”

“Jack,” he said, giving me his most winning smfl2o you really think I'm lying to
you?”

“Yes, Ricky,” | said. “l do.”

| looked up at the octopus arms all around me.dsundted by glass, | saw my own
reflection dozens of times in the surfaces arourdltrwas confusing, disorienting.
Trying to gather my thoughts, | looked down at regtf

And | noticed that even though we had been walkimglass walkways, some sections
of the ground floor were glass, as well. One sactvas nearby. | walked toward it.



Through the glass | could see steel ducting anespgelow ground level. One set of
pipes caught my eye, because they ran from thaggaoom to a nearby glass cube, at
which point they emerged from the floor and headgl@aard, branching into the smaller
tubes. That, | assumed, was the feedstock—the slustw organic material that would
be transformed on the assembly line into finishedtecules.

Looking back down at the floor, | followed the pgeackward to the place where they
entered from the adjacent room. This junction wasgj too. | could see the curved steel
underbellies of the big kettles I'd noticed eatrli€ne tanks that | had thought were a
microbrewery. Because that’s certainly what it lwaked like, a small brewery.
Machinery for controlled fermentation, for contesl microbial growth.

And then | realized what it really was.
| said, “You son of a bitch.”

Ricky smiled again, and shrugged. “Hey,” he saltigéts the job done.” Those kettles in
the next room were indeed tanks for controlled ob@l growth. But Ricky wasn’t

making beer—he was making microbes, and | had nbtdabout the reason why.

Unable to construct genuine nanoassemblers, Xynagsusing bacteria to crank out their
molecules. This was genetic engineering, not nahoi@ogy. “Well, not exactly,” Ricky
said, when | told him what | thought. “But | admig’re using a hybrid technology. Not
much of a surprise in any case, is it?” That was.tFor at least ten years, observers had
been predicting that genetic engineering, compgutegramming, and nanotechnology
would eventually merge. They were all involved wstmilar—and interconnected—
activities. There wasn’t that much difference betwesing a computer to decode part of
a bacterial genome and using a computer to helpngart new genes into the bacteria,
to make new proteins. And there wasn’'t much difieeebetween creating a new bacteria
to spit out, say, insulin molecules, and creatimgaa-made, micromechanical assembler
to spit out new molecules. It was all happeninthatmolecular level. It was all the same
challenge of imposing human design on extremelypersystems. And molecular
design was nothing if not complicated.

You could think of a molecule as a series of atsnmapped together like Lego blocks,
one after another. But the image was misleadingaBse unlike a Lego set, atoms
couldn’t be snapped together in any arrangementiged. An inserted atom was subject
to powerful local forces—magnetic and chemical—virquently undesirable results.
The atom might be kicked out of its position. ligmi remain, but at an awkward angle. It
might even fold the entire molecule up in knots.

As a result, molecular manufacturing was an exericishe art of the possible, of
substituting atoms and groups of atoms to makevatgrit structures that would work in
the desired way. In the face of all this difficyliywas impossible to ignore the fact that
there already existed proven molecular factorigslbbke of turning out large numbers of
molecules: they were called cells.



“Unfortunately, cellular manufacturing can takeamdy so far,” Ricky said. “We harvest
the substrate molecules—the raw materials—andw®ebuild on them with
nanoengineering procedures. So we do a little tf.bo

| pointed down at the tanks. “What cells are yoomgng?”

“Theta-d 5972,” he said.

“Which is?”

“A strain of E. coli.”

E. coli was a common bacterium, found pretty mugrgvhere in the natural
environment, even in the human intestine. | sdidg ‘anyone think it might not be a

good idea to use cells that can live inside hune&ands?”

“Not really,” he said. “Frankly that wasn’t a codsration. We just wanted a well-studied
cell that was fully documented in the literaturee Whose an industry standard.”

“Uh-huh ...”

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

“So that’'s how you get your molecules. Bacteria entilem for you.”

“Yes,” he said, “that’'s how we get the primary nolées. We harvest twenty-seven
primary molecules. They fit together in relativéigh-temperature settings where the
atoms are more active and mix quickly.”

“That’'s why it's hot in here?”

“Yes. Reaction efficiency has a maxima at one heddorty-seven degrees Fahrenheit,
so we work there. That’s where we get the faststbination rate. But these molecules
will combine at much lower temperatures. Even adotlnirty-five, forty degrees
Fahrenheit, you'll get a certain amount of molecglambination.”

“And you don’t need other conditions,” | said. “Magm? Pressure? High magnetic
fields?” Ricky shook his head. “No, Jack. We maimthose conditions to speed up
assembly, but it's not strictly necessary. Thegless really elegant. The component
molecules go together quite easily.”

“And these component molecules combine to form ymal assembler?”

“Which then assembles the molecules we want. Yes.”



It was a clever solution, creating his assembletis bacteria. But Ricky was telling me
the components assembled themselves almost autathgtivith nothing required but
high temperature. What, then, was this complexsgbasiding used for? “Efficiency, and
process separation,” Ricky said. “We can build asymas nine assemblers
simultaneously, in the different arms.”

“And where do the assemblers make the final moés&il
“In this same structure. But first, we reapply thém
| shook my head. | wasn’t familiar with the ternReapply?”

“It's a little refinement we developed here. Welratenting it. You see, our system
worked perfectly right from the start—but our yielMere extremely low. We were
harvesting half a gram of finished molecules anrhatithat rate, it would take several
days to make a single camera. We couldn’t figuteandhat the problem was. The late
assembly in the arms is done in gas phase. ltduroethat the molecular assemblers
were heavy, and tended to sink to the bottom. Hutdbia settled on a layer above them,
releasing component molecules that were light#éy atid floated higher. So the
assemblers were making very little contact withrtie@ecules they were meant to
assemble. We tried mixing technologies but they'tidelp.”

“So you did what?”

“We modified the assembler design to provide atligghic base that would attach to the
surface of the bacteria. That brought the assesbiér better contact with the
component molecules, and immediately our yieldsgedifive orders of magnitude.”

“And now your assemblers sit on the bacteria?”
“Correct. They attach to the outer cell membrane.”

At a nearby workstation, Ricky punched up the asdendesign on the flat panel display.
The assembler looked like a sort of pinwheel, &esaf spiral arms going off in different
directions, and a dense knot of atoms in the cefitey fractal, as | said,” he said. “So it
looks sort of the same at smaller orders of magdeituHe laughed. “Like the old joke,
turtles all the way down.” He pressed more keysiyWay, here’s the attached
configuration.” The screen now showed the assendakering to a much larger pill-
shaped object, like a pinwheel attached to a submdiThat’s the Theta-d bacterium,”
Ricky said. “With the assembler on it.”

As | watched, several more pinwheels attached tek@s. “And these assemblers make
the actual camera units?”



“Correct.” He typed again. | saw a new image. “Tisisur target micromachine, the final
camera. You've seen the bloodstream version. Bhisae Pentagon version, quite a bit
larger and designed to be airborne. What you'r&itapat is a molecular helicopter.”

“Where’s the propeller?” | said.

“Hasn’t got one. The machine uses those little doprotrusions you see there, stuck in at
angles. Those’re motors. The machines actually maereby climbing the viscosity of
the air.”

“Climbing the what?”

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

However innovative the design, Ricky was still bduloy the Pentagon’s engineering
specs for the product, and the product wasn'’t periftg. Yes, they had built a camera
that couldn’t be shot down, and it transmitted iemgery well. Ricky explained it
worked perfectly during tests indoors. But outselesn a modest breeze tended to blow
it away like the cloud of dust it was. The engimegteam at Xymos was attempting to
modify the units to increase mobility, but so fatheut success. Meanwhile the
Department of Defense decided the design constraiete unbeatable, and had backed
away from the whole nano concept; the Xymos contrad been canceled; DOD was
going to pull funding in another six weeks. | séithat’'s why Julia was so desperate for
venture capital, these last few weeks?”

“Right,” Ricky said. “Frankly, this whole companguld go belly up before Christmas.”
“Unless you fix the units, so they can work in wihd
“Right, right.”

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

“Um, | know that.” He paused, frowned. “But actyalve think the program code may
be involved in the solution.”

“The code? Involved in the solution to what?”
“Jack, | have to be frank with you. We've made atake,” he said. “But it's not our

fault. | swear to you. It wasn't us. It was the trantors.” He started down the stairs.
“Come on, I'll show you.”



Walking briskly, he led me to the far side of theifity, where | saw an open yellow
elevator cage mounted on the wall. It was a snhelator, and | was uncomfortable
because it was open; | averted my eyes. Ricky $amh't like heights?”

“Can’t stand them.”

“Well, it's better than walking.” He pointed off tne side, where an iron ladder ran up
the wall to the ceiling. “When the elevator goes ae have to climb up that.” |
shuddered. “Not me.”

We rode the elevator all the way up to the ceilthgge stories above the ground.
Hanging beneath the ceiling was a tangle of duntiscenduits, and a network of mesh
walkways to enable workers to service them. | h#tednesh, because | could see
through it to the floor far below. I tried not todk down. We had to duck repeatedly
beneath the low-hanging pipes. Ricky shouted dweraoar of the equipment.

“Everything’s up here!” he yelled, pointing in vaus directions. “Air handlers over there!
Water tank for the fire sprinkler system there!dilieal junction boxes there! This is
really the center of everything!” Ricky continuedveh the walkway, finally stopping
beside a big air vent, about three feet in diam#tat went into the outer wall.

“This is vent three,” he said, leaning close toeay. “It's one of four main vents that
exhausts air to the outside. Now, you see thoss along the vent, and the square boxes
that sit in the slots? Those are filter packs. \&eehmicrofilters arranged in successive
layers, to prevent any external contamination fthenfacility.”

“| see them ...”

“You see them now,” Ricky said. “Unfortunately, tbentractor forgot to install the

filters in this particular vent. In fact, they ditleven cut the slots, so the building
inspectors never realized anything was missingy Bigned off on the building; we
started working here. And we vented unfiltered@ithe outside environment.”

“For how long?”

Ricky bit his lip. “Three weeks.”

“And you were at full production?”

He nodded. “We figure we vented approximately twefivte kilos of contaminants.”

“And what were the contaminants?”

“A little of everything. We’'re not sure of exactiyhat.”

“So you vented E. coli, assemblers, finished mdessieverything?”



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

“Do the proportions matter?”

“They might. Yes.”

Ricky was increasingly edgy as he told me all thisng his lip, scratching his head,
avoiding my eyes. | didn’t get it. In the annalgrafustrial pollution, fifty pounds of
contamination was trivial. Fifty pounds of matemnauld fit comfortably in a gym bag.
Unless it was highly toxic or radioactive—and itsmd—such a small quantity simply
didn’t matter. | said, “Ricky, so what? Those paés were scattered by the wind across
hundreds of miles of desert. They'll decay fromlgln and cosmic radiation. They’ll
break up, decompose. In a few hours or days, teggne. Right?”

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

It was at that moment that the alarm went off.

It was a quiet alarm, just a soft, insistent piggibut it made Ricky jump. He ran down
the walkway, feet clanging on the metal, towar@mputer workstation mounted on the
wall. There was a status window in the corner efrtionitor. It was flashing red: PV-90
ENTRY.

| said, “What does that mean?”

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

The radio crackled. “We’re locked down, Ricky.”

“Raise positive pressure.”

“It's up five pounds above baseline. You want mbre?

“No. Leave it there. Do we have visualization?”

“Not yet.”

“Shit.” Ricky stuck the radio back on his belt, begyping quickly. The workstation
screen divided into a half-dozen small images fsgeturity cameras mounted all around
the facility. Some showed the surrounding deserhfhigh views, looking down from

rooftops. Others were ground views. The camerasgzhslowly.

| saw nothing. Just desert scrub and occasionaipdwof cactus.



“False alarm?” | said.

Ricky shook his head. “l wish.”

| said, “l don’t see anything.”

“It'll take a minute to find it.”

“Find what?”

“That.”

He pointed to the monitor, and bit his lip.

| saw what appeared to be a small, swirling cloudagk particles. It looked like a dust
devil, one of those tiny tornado-like clusters timatved over the ground, spun by
convection currents rising from the hot desertrfléxcept that this cloud was black, and
it had some definition—it seemed to be pinchederniddle, making it look a bit like an
old-fashioned Coke bottle. But it didn’t hold tistape consistently. The appearance kept
shifting, transforming. “Ricky,” | said. “What axge looking at?”

“I was hoping you’d tell me.”

“It looks like an agent swarm. Is that your cam&searm?”

“No. It's something else.”

“How do you know?”

“Because we can't control it. It doesn’t responatw radio signals.”

“You've tried?”

“Yes. We've tried to make contact with it for almdao weeks,” he said. “It's generating
an electrical field that we can measure, but fonsoeason we can'’t interact with it.”

“So you have a runaway swarm.”
“Yes.”

“Acting autonomously.”

“Yes.”

“And this has been going on for ...”



“Days. About ten days.”

“Ten days?” | frowned. “How is that possible, Riékyhe swarm’s a collection of micro-
robotic machines. Why haven’t they decayed, orauinof power? And why exactly
can’t you control them? Because if they have thitybo swarm, then there’s some
electrically mediated interaction among them. So sioould be able to take control of
the swarm—or at least disrupt it.”

“All true,” Ricky said. “Except we can’t. And we’viegied everything we can think of.”
He was focused on the screen, watching intentlizatTloud is independent of us.
Period.”

“And so you brought me out here ...”

“To help us get the fucking thing back,” Ricky said

DAY 6

9:32 AM.

It was, | thought, a problem no one had ever imedjipefore. In all the years that | had
been programming agents, the focus had been angyéiem to interact in a way that
produced useful results. It never occurred to asttiere might be a larger control issue,
or a question of independence. Because it simpljdod happen. Individual agents were
too small to be self-powered; they had to get trargy from some external source,
such as a supplied electrical or microwave fiellll yAu had to do was turn off the field,
and the agents died. The swarm was no more diffioidontrol than a household
appliance, like a kitchen blender. Flip the powiéaod it went dead.

But Ricky was telling me this cloud had been saHtaining for days. That just didn’t
make sense. “Where is it getting power?”

He sighed. “We built the units with a small piezafer to generate current from photons.
It's only supplementary—we added it as an aftergjinbe-but they seem to be managing
with it alone.”

“So the units are solar-powered,” | said.

“Right.”

“Whose idea was that?”

“The Pentagon asked for it.”

“And you built in capacitance?”



“Yeah. They can store charge for three hours.”

“Okay, fine,” | said. Now we were getting somewhé®o they have enough power for
three hours. What happens at night?”

“At night, they presumably lose power after threeits of darkness.”
“And then the cloud falls apart?”

“Yes.”

“And the individual units drop to the ground?”

“Presumably, yes.”

“Can’t you take control of them then?”

“We could,” Ricky said, “if we could find them. Wi out every night, looking. But we
can never find them.”

“You've built in markers?”

“Yes, sure. Every single unit has a fluorescing atedn the shell. They show up blue-
green under UV light.”

“So you go out at night looking for a patch of désleat glows blue-green.”

“Right. And so far, we haven't found it.”

That didn’t really surprise me. If the cloud cokapl tightly, it would form a clump about
six inches in diameter on the desert floor. Anglak a big desert out there. They could
easily miss it, night after night.

But as | thought about it, there was another agpettdidn’t make sense. Once the cloud
fell to the ground—once the individual units losiyer—then the cloud had no
organization. It could be scattered by wind, likensany dust particles, never to re-form.
But evidently that didn’t happen. The units didscatter. Instead, the cloud returned day
after day. Why was that?

“We think,” Ricky said, “that it may hide at night.

“Hide?”

“Yeah. We think it goes to some protected area,b@an overhang, or a hole in the
ground, something like that.”



| pointed to the cloud as it swirled toward us. tiihink that swarm is capable of
hiding?”

“I think it's capable of adapting. In fact, | knaws.” He sighed. “Anyway, it's more
than just one swarm, Jack.”

“There’s more than one?”
“There’s at least three. Maybe more, by now.”

| felt a momentary blankness, a kind of sleepy g@yfusion that washed over me. |
suddenly couldn’t think, | couldn’t put it togethéwhat are you saying?”

“I'm saying it reproduces, Jack,” he said. “TheKung swarm reproduces.” The camera
now showed a ground-level view of the dust cloud awirled toward us. But as |
watched, | realized it wasn't swirling like a dulgvil. Instead, the particles were twisting
one way, then another, in a kind of sinuous moveémen

They were definitely swarming.

“Swarming” was a term for the behavior of certangial insects like ants or bees, which
swarmed whenever the hive moved to a new siteoAdcbf bees will fly in one direction
and then another, forming a dark river in the Blire swarm might halt and cling to a tree
for perhaps an hour, perhaps overnight, beforemainty onward. Eventually the bees
settled on a new location for their hive, and sezppwarming.

In recent years, programmers had written progrdsaisrhodeled this insect behavior.
Swarme-intelligence algorithms had become an impotaol in computer programming.
To programmers, a swarm meant a population of ceen@gents that acted together to
solve a problem by distributed intelligence. Swargnbecame a popular way to organize
agents to work together. There were professiorgdrizations and conferences devoted
entirely to swarm-intelligence programs. Latelfaid become a kind of default
solution—if you couldn’t code anything more investj you made your agents swarm.

But as | watched, | could see this cloud was naraving in any ordinary sense. The
sinuous back-and-forth motion seemed to be onlygdats movement. There was also a
rhythmic expansion and contraction, a pulse, alrikstreathing. And intermittently,

the cloud seemed to thin out, and rise higher, tbewllapse down, and become more
squat. These changes occurred continuously, kautépeating rhythm—or rather a series
of superimposed rhythms. “Shit,” Ricky said. “I dosee the others. And | know it's not
alone.” He pressed the radio again. “Vince? Youasgeothers?”

“No, Ricky.”

“Where are the others? Guys? Speak to me.”



Radios crackled all over the facility. Bobby LemketRicky, it's alone.”
“It can’t be alone.”

Mae Chang: “Ricky, nothing else is registering thare.”

“Just one swarm, Ricky.” That was David Brooks.

“It can’'t be alone!” Ricky was gripping the radio 8ghtly his fingers were white. He
pressed the button. “Vince? Take the PPI up torséve

“You sure?”

“Do it.”

“Well, all right, if you really think—"

“Just skip the fucking commentary, and do it!”

Ricky was talking about increasing the positivesprge inside the building to seven
pounds per square inch. All clean facilities mamad a positive pressure so that outside
dust particles could not enter from any leak; thveyld be blown outward by the
escaping air. But one or two pounds was enoughaiatain that. Seven pounds of
positive pressure was a lot. It was unnecessakgep out passive particles.

But of course these particles weren’t passive.

Watching the cloud swirl and undulate as it canosel, | saw that parts of it
occasionally caught the sunlight in a way thateédrit a shimmering, iridescent silver.
Then the color faded, and the swarm became blaaik aghat had to be the piezo panels
catching the sun. But it clearly demonstrated thatindividual microunits were highly
mobile, since the entire cloud never turned siatehe same time, but only portions, or
bands. “I thought you said the Pentagon was giumgn you, because you couldn’t
control this swarm in wind.”

“Right. We couldn’t.”

“But you must have had strong wind in the last tiys.”

“Of course. Usually comes up in late afternoon. Neld ten knots yesterday.”

“Why wasn’t the swarm blown away?”

“Because it's figured that one out,” Ricky said@aly. “It's adapted to it.”

“How?”



“Keep watching, you'll probably see it. Whenevee thind gusts, the swarm sinks, hangs
near the ground. Then it rises up again once thd dies down.”

“This is emergent behavior?”

“Right. Nobody programmed it.” He bit his lip. Whe lying again?
“So you're telling me it's learned ...”

“Right, right.”

“How can it learn? The agents have no memory.”

“Uh ... well, that's a long story,” Ricky said.

“They have memory?”

“Yes, they have memory. Limited. We built it in.’idRy pressed the button on his radio.
“Anybody hear anything?”

The answers came back, crackling in his handset.

“Not yet.”

“Nothing.”

“No sounds?”

“Not yet.”

| said to Ricky, “It makes sounds?”

“We’re not sure. Sometimes it seems like it. Wedeen trying to record it ...” He flicked
keys on the workstation, quickly shifting the manitmages, making them larger, one
after another. He shook his head. “I don't likestfiihat thing can’'t be alone,” he said. “I
want to know where the others are.”

“How do you know there are others?”

“Because there always are.” He chewed his lip fgresehe looked at the monitor. “I
wonder what it's up to now ..."

We didn’'t have long to wait. In a few moments, kii@ck swarm had come within a few
yards of the building. Abruptly, it divided in twand then divided again. Now there were
three swarms, swirling side by side.



“Son of a bitch,” Ricky said. “It was hiding thehatrs inside itself.” He pushed his button
again. “Guys, we got all three. And they’re close.”

They were, in fact, too close to be seen by thempgleview camera. Ricky switched to
the overhead views. | saw three black clouds, alling laterally along the side of the
building. The behavior seemed distinctly purposeful

“What're they trying to do?” | said.

“Get inside,” Ricky said.

“Why?”

“You’'d have to ask them. But yesterday one of theim—

Suddenly, from a clump of cactus near the buildangottontail rabbit sprinted away
across the desert floor. Immediately, the threeswadurned and pursued it. Ricky
switched the monitor view. We now watched at grolewvel. The three clouds converged
on the terrified bunny, which was moving fast, atish blur on the screen. The clouds
swirled after it with surprising speed. The behawas clear: they were hunting. | felt a
moment of irrational pride. PREDPREY was workingfeetly! Those swarms might as
well be lionesses chasing a gazelle, so purposefsitheir behavior. The swarms turned
sharply, then split up, cutting off the rabbit'sape to the left and right. The behavior of
the three clouds clearly appeared coordinated. thew were closing in. And suddenly
one of the swarms sank down, engulfing the rabii¢ other two swarms fell on it
moments later. The resulting particle cloud wadesase, it was hard to see the rabbit
anymore. Apparently it had flipped onto its backcéuse | saw its hind legs kicking
spasmodically in the air, above the cloud itself.

| said, “They’re killing it ...”

“Yeah,” Ricky said, nodding. “That’s right.”
“I thought this was a camera swarm.”
“Yeah, well.”

“How are they Kkilling it?”

“We don’t know, Jack. But it’s fast.”

| frowned. “So you've seen this before?”

Ricky hesitated, bit his lip. Didn’t answer me,tjstared at the screen.



| said, “Ricky, you've seen this before?”

He gave a long sigh. “Yeah. Well, the first timesyeesterday. They killed a rattlesnake
yesterday.”

| thought, they killed a rattlesnake yesterdayaitis“Jesus, Ricky.” | thought of the men
in the helicopter, talking about all the dead adgmbwondered if Ricky was telling me
all he knew.

“Yeah.”

The rabbit no longer kicked. A single protrudingtfiecrembled with small convulsions,
and then was still. The cloud swirled low to thewgrd around the animal, rising and
falling slightly. This continued for almost a mieut

| said, “What're they doing now?”

Ricky shook his head. “I'm not sure. But they diistbefore, too.”
“It almost looks like they're eating it.”

“I know,” Ricky said.

Of course that was absurd. PREDPREY was just adidl analogy. As | watched the
pulsing cloud, it occurred to me that this behawnght actually represent a program
hang. | couldn’t remember exactly what rules we Waitten for individual units after the
goal was attained. Real predators, of course, wealdheir prey, but there was no
analogous behavior for these micro-robots. So perbize cloud was just swirling in
confusion. If so, it should start moving again soon

Usually, when a distributed-intelligence prograwilet, it was a temporary phenomenon.
Sooner or later, random environmental influencesld/cause enough units to act that
they induced all the others to act, too. Then tlogam would start up again. The units
would resume goal seeking.

This behavior was roughly what you saw in a lechak, after the lecture was over. The
audience milled around for a while, stretchingkitaj to people close to them, or
greeting friends, collecting coats and belongil@sly a few people left at once, and the
main crowd ignored them. But after a certain petags of the audience had gone, the
remaining people would stop milling and begin tave quickly. 1t was a kind of focus
change. If I was right, then | should see sometkinglar in the behavior of the cloud.
The swirls should lose their coordinated appearahege should be ragged wisps of
particles rising into the air. Only then would thain cloud move.

| glanced at the timeclock in the corner of the it@n“How long has it been now?”



“About two minutes.”

That wasn't particularly long for a stall, | thougAt one point when we were writing
PREDPREY, we used the computer to simulate coorglihagent behavior. We always
restarted after a hang, but finally we decided &itand see if the program was really
permanently stalled. We found that the program iriigimg for as long as twelve hours
before suddenly kicking off, and coming back te Egain. In fact, that behavior
interested the neuroscientists because—

“They’re starting,” Ricky said.

And they were. The swarms were beginning to riséap the dead rabbit. | saw at once
that my theory was wrong. There was no raggedmesssing wisps. The three clouds
rose up together, smoothly. The behavior seememonrandom and controlled. The
clouds swirled separately for a moment, then mengidone. Sunlight flashed on
shimmering silver. The rabbit lay motionless orsitse.

And then the swarm moved swiftly away, whooshingmb the desert. It shrank toward
the horizon. In moments, it was gone.

Ricky was watching me. “What do you think?”

“You've got a breakaway robotic nanoswarm. That saedmot made self-powered and
self-sustaining.”

“You think we can get it back?”

“No,” | said. “From what I've seen, there’s notlaanice in hell.”

Ricky sighed, and shook his head.

“But you can certainly get rid of it,” | said. “Yocan kill it.”

“We can?”

“Absolutely.”

“Really?” His face brightened.

“Absolutely.” And | meant it. | was convinced tHaicky was overstating the problem he
faced. He hadn’t thought it through. He hadn’t dalidne could do. | was confident that |
could destroy the runaway swarm quickly. | expec¢ked I'd be done with the whole

business by dawn tomorrow—at the very latest. Vet how little | understood my
adversary.



DAY 6

10:11 A.M.

In retrospect, | was right about one thing: it waally important to know how the rabbit
had died. Of course | know the reason now. | atsmakwhy the rabbit was attacked. But
that first day at the laboratory, | didn’'t have faetest notion of what had happened.
And | could never have guessed the truth.

None of us could have, at that point.

Not even Ricky.

Not even Julia.

It was ten minutes after the swarms had gone andeve all standing in the storage
room. The whole group had gathered there, tensaaxidus. They watched me as |
clipped a radio transmitter to my belt, and pubeldeadset over my head. The headset
included a video camera, mounted by my left eagndk a while to get the video
transmitter working right. Ricky said, “You're réaboing out there?”

“l'am,” I said. “I want to know what happened tathabbit.” | turned to the others.
“Who'’s coming with me?”

Nobody moved. Bobby Lembeck stared at the floondisan his pockets. David Brooks
blinked rapidly, and looked away. Ricky was inspeghis fingernails. | caught Rosie
Castro’s eye. She shook her head. “No fucking wagk.”

“Why not, Rosie?”

“You saw it yourself. They’re hunting.”

“Are they?”

“Sure as hell looked like it.”

“Rosie,” | said, “I trained you better than thisow can the swarms be hunting?”

“We all saw it.” She stuck her chin out stubborriill three of the swarms, hunting,
coordinated.”

“But how?” | said.

Now she frowned, looking confused. “What are yokirag? There’s no mystery. The
agents can communicate. They can each generatecincal signal.”

“Right,” | said. “How big a signal?”



“Well ...” She shrugged.

“How big, Rosie? It can’t be much, the agent isyanhundredth of the thickness of a
human hair. Can’'t be generating much of a sigingtht?”

“True ...”

“And electromagnetic radiation decays accordintheosquare of the radius, right?”
Every school kid learned that fact in high schdofgics. As you moved away from the
electromagnetic source, the strength faded fasty-fast.

And what that meant was the individual agents coulg communicate with their
immediate neighbors, with agents very close to tHéat to other swarms twenty or
thirty yards away. Rosie’s frown deepened. The wlgsbup was frowning now, looking
at each other uneasily.

David Brooks coughed. “Then what did we see, Jack?”

“You saw an illusion,” | said firmly. “You saw theeswarms acting independently, and
you thought they were coordinated. But they're Aatd I'm pretty certain that other
things you believe about these swarms aren't titleer.”

* % %

There was a lot | didn’t understand about the swgar@and a lot | didn’t believe. | didn’t
believe, for example, that the swarms were repriogud thought Ricky and the others
must be pretty unnerved even to imagine it. Aftertlae fifty pounds of material they’'d
exhausted into the environment could easily acctarthe three swarms | had seen—
and dozens more besides. (I was guessing thatsganim consisted of three pounds of
nanoparticles. That was roughly the weight of gddree swarm.)

As for the fact that these swarms showed purposefaavior, that was not in the least
troubling; it was the intended result of low-leypebgramming. And | didn’t believe the
swarms were coordinated. It simply wasn’t possibégause the fields were too weak.
Nor did | believe the swarms had the adaptive pewmat Ricky attributed to them. I'd
seen too many demos of robots carrying out sonke-thlse cooperating to push a box
around the room—which was interpreted by obserasistelligent behavior, when in
fact the robots were stupid, minimally programmeaat] cooperating by accident. A lot of
behavior looked smarter than it was. (As Charleydd@ort used to say, “Ricky should
thank God for that.”) And finally, | didn’t reallgelieve that the swarms were dangerous.
| didn’t think that a three-pound cloud of nanoaes could represent much of a threat
to anything, not even a rabbit. | wasn't at allesitthad been killed. | seemed to recall
that rabbits were nervous creatures, prone tofdigght. Or the pursuing particles might
have swarmed in through the nose and mouth, blgdkie respiratory passages and
choking the animal to death. If so, the death veagdantal, not purposeful. Accidental



death made more sense to me. In short, | thoughRitky and the others had
consistently misinterpreted what they saw. Thepddaked themselves.

On the other hand, | had to admit that several ssvared questions nagged at me. The
first, and most obvious, was why the swarm hadpest#heir control. The original
camera swarm was designed to be controlled by ameRBEmitter beaming toward it.
Now apparently the swarm ignored transmitted radimmands, and | didn’t understand
why. | suspected an error in manufacturing. Theéigdas had probably been made
incorrectly. Second was the question of the swaftamigevity. The individual particles
were extremely small, subject to damage from cosays, photochemical decay,
dehydration of their protein chains, and other emmnental factors. In the harsh desert,
all the swarms should have shriveled up and di¢dldfage” many days ago. But they
hadn’t. Why not? Third, there was the problem ef $lvarm’s apparent goal. According
to Ricky, the swarms kept coming back to the maiitding. Ricky believed they were
trying to get inside. But that didn’'t seem to beeasonable agent goal, and | wanted to
look at the program code to see what was causiigankly, | suspected a bug in the
code. And finally, | wanted to know why they hadsued the rabbit. Because
PREDPREY didn’t program units to become literaldaters. It merely used a predator
model to keep the agents focused and goal-orieBmuehow, that had changed, and the
swarms now appeared to be actually hunting.

That, too, was probably a bug in the code.

To my mind, all these uncertainties came downgmgle, central question—how had
the rabbit died? | didn’t think it had been killdduspected the rabbit’s death was
accidental, not purposeful.

But we needed to find out.

| adjusted my portable radio headset, with the Egsgs and the video camera mounted
by the left eye. | picked up the plastic bag fa thbbit's body and turned to the others.
“Anybody coming with me?”

There was an uncomfortable silence.

Ricky said, “What's the bag for?”

“To bring the rabbit back in.”

“No fucking way,” Ricky said. “You want to go outére, that's your business. But
you're not bringing that rabbit back here.”

“You've got to be kidding,” | said.

“I'm not. We run a level-six clean environment hetack. That rabbit’s filthy. Can’t
come in.”



“All right, then, we can store it in Mae’s lab and—

“No way, Jack. Sorry. It's not coming through tlirstfairlock.” | looked at the others.
They were all nodding their heads in agreement.

“All right, then. I'll examine it out there.”

“You're really going to go out?”

“Why not?” | looked at them, one after anotherhdve to tell you guys, | think you've
all got your knickers in a twist. The cloud’s n@rgjerous. And yes, I'm going out.” |
turned to Mae. “Do you have a dissection kit of sdtind that—"

“I'll come with you,” she said quietly.

“Okay. Thanks.” | was surprised that Mae was th& tio come around to my way of
seeing things. But as a field biologist, she wadably better than the others at assessing
real-world risk. In any case, her decision seerndat¢éak some tension in the room; the
others visibly relaxed. Mae went off to get thesdisting tools and some lab equipment.
That was when the phone rang. Vince answereddtfamed to me. “You know
somebody named Dr. Ellen Forman?”

“Yes.” It was my sister.

“She’s on the line.” Vince handed me the phone,stedped back. | felt suddenly
nervous. | glanced at my watch. It was eleven aklm the morning, time for Amanda’s
morning nap. She should be asleep in her crib by iden | remembered | had
promised my sister | would call her at eleven teakhin, to see how things were going. |
said, “Hello? Ellen? Is everything all right?”

“Sure. Fine.” A long, long sigh. “It's fine. | donknow how you do it, is all.”

“Tired?”

“About as tired as I've ever felt.”

“Kids get off to school okay?”

Another sigh. “Yes. In the car, Eric hit Nicole thre back, and she punched him on the
ear.”

“You've got to interrupt them if they start that]én.”

“So I'm learning,” she said wearily.



“And the baby? How’s her rash?”

“Better. I'm using the ointment.”

“Her movements okay?”

“Sure. She’s well coordinated for her age. Is treepeoblem | should know about?”

“No, no,” | said. | turned away from the group, leng&d my voice. “| meant, is she
pooping okay?”

Behind me, | heard Charley Davenport snicker.

“Copiously,” Ellen said. “She’s sleeping now. | tober to the park for a while. She was
ready to go down. Everything’s okay at the houseelgt the pilot for the water heater
went out, but the guy’s coming to fix it.”

“Good, good ... Listen, Ellen, I'm in the middle ®dmething here—"

“Jack? Julia called from the hospital a few minwge. She was looking for you.”
“Uh-huh ...”

“When | said you'd gone to Nevada, she got prefiyat.”

“Is that right?”

“She said you didn’'t understand. And you were gamgake it worse. Something like
that. | think you better call her. She soundedaagd.”

“Okay. I'll call.”
“How are things going out there? You be back tot#fjh
“Not tonight,” | said. “Sometime tomorrow morningllen, | have to go now—"

“Call the kids at dinnertime, if you can. They’'#dito hear from you. Auntie Ellen is fine,
but she’s not Dad. You know what | mean.”

“Okay. You'll eat at six?”
“About.”

| told her I'd try to call, and | hung up.

* % %



Mae and | were standing by the double glass wallseoouter airlock, just inside the
building entrance. Beyond the glass, | could seestiiid-steel fire door that led outside.
Ricky was standing beside us, gloomy and nervoas;hing as we made our final
preparations. “You sure this is necessary? To ¢sicer”

“It's essential.”
“Why don’t you and Mae wait until nightfall, and gait then?”

“Because the rabbit won’t be there,” | said. “Bglmifall, coyotes or hawks will have
come and taken the carcass away.”

“I don’t know about that,” Ricky said. “We haverséen any coyotes around here for a
while.”

“Oh hell,” | said impatiently, turning on my radieeadset. “In the time we’ve spent
arguing about this, we could have been out and aleldy. See you, Ricky.” | went
through the glass door, and stood in the airlotie oor hissed shut behind me. The air
handlers whooshed briefly in the now-familiar patieand then the far glass slid open. |
walked toward the steel fire door. Looking backaw Mae stepping into the airlock. |
opened the fire door a crack. Harsh, glaring shnligid a burning strip on the floor. |
felt hot air on my face. Over the intercom, Riclyds “Good luck, guys.” | took a breath,
pushed the door wider, and stepped out into therieghe wind had dropped, and the
midmorning heat was stifling. Somewhere a birdteh#d; otherwise it was silent.
Standing by the door, | squinted in the glare efghnlight. A shiver ran down my back.
| took another deep breath.

| was certain that the swarms were not dangerouisn®&w that | was outside, my
theoretical inferences seemed to lose force. | imag¢ caught Ricky’s tension, because |
was feeling distinctly uneasy. Now that | was algsithe rabbit carcass looked much
farther away than | had imagined. It was perhdpg yards from the door, half the length
of a football field. The surrounding desert seefaaden and exposed. | scanned the
shimmering horizon, looking for black shapes. | sewe.

The fire door opened behind me, and Mae said, “Redwen you are, Jack.”

“Then let's do it.”

We set off toward the rabbit, feet crunching ondeeert sand. We moved away from the
building. Almost immediately, my heart began to pouand | started to sweat. | forced
myself to breathe deeply and slowly, working toystalm. The sun was hot on my face. |
knew | had let Ricky spook me, but | couldn’t seenmelp it. | kept glancing toward the
horizon. Mae was a couple of steps behind med], SHiow’re you doing?”

“I'll be glad when it's over.”



We were moving through a field of knee-high yellokolla cactus. Their spines caught
the sun. Here and there, a large barrel cactuk sfufrom the floor like a bristling green
thumb. Some small, silent birds hopped on the gipbaneath the cholla. As we
approached, they took to the air, wheeling spegkiat the blue. They landed a hundred
yards away. At last we came to the rabbit, surredrioy a buzzing black cloud. Startled,

| hesitated a step.

“It's just flies,” Mae said. She moved forward acrduched down beside the carcass,
ignoring the flies. She pulled on a pair of rubglEwves, and handed me a pair to put on.
She placed a square sheet of plastic on the greecdring it with a rock at each corner.
She lifted the rabbit and set it down in the cepfahe plastic. She unzipped a little
dissection kit and laid it open. | saw steel instemts glinting in sunlight: forceps, scalpel,
several kinds of scissors. She also laid out anggrand several rubber-topped test tubes
in a row. Her movements were quick, practiced. Isetdone this before.

| crouched down beside her. The carcass had no Bdtarnally | could see no sign of
what had caused the death. The staring eye loadk&dpd healthy. Mae said, “Bobby?
Are you recording me?”

Over the headset, | heard Bobby Lembeck say, “M@we camera down.”
Mae touched the camera mounted on her sunglasses.
“Little more ... little more ... Good. That's endu)

“Okay,” Mae said. She turned the rabbit’'s body awener hands, inspecting it from all
sides. She dictated swiftly: “On external examioatihe animal appears entirely normal.
There is no sign of congenital anomaly or disetmefur is thick and healthy in
appearance. The nasal passages appear partialyi@ly blocked. | note some fecal
material excreted at the anus but presume thatrisal evacuation at the time of death.”
She flipped the animal onto its back and held tnegaws apart with her hands. “I need
you, Jack.” She wanted me to hold the paws for Tiee. carcass was still warm and had
not begun to stiffen.

She took the scalpel and swiftly cut down the ergdasidsection. A red gash opened;
blood flowed. | saw bones of the rib cage, and igimkoils of intestine. Mae spoke
continuously as she cut, noting the tissue coldrtarture. She said to me “Hold here,”
and | moved my one hand down, to hold aside tloi glitestine. With a single stroke of
the scalpel she sliced opened the stomach. Mudzndrquid spilled out, and some
pulpy material that seemed to be undigested fiblee. inner wall of the stomach
appeared roughened, but Mae said that was nortmaltegh her finger expertly around
the stomach wall, then paused. “Umm. Look therk¢’ said.

“What?”



“There.” She pointed. In several places the stonweahreddish, bleeding slightly as if it
had been rubbed raw. | saw black patches in thetrofdhe bleeding. “That’s not
normal,” Mae said. “That’s pathology.” She took agnifying glass and peered closer,
then dictated: “| observe dark areas approximdtaly to eight millimeters in diameter,
which | presume to be clusters of nanoparticlesgmein the stomach lining,” she said.
“These clusters are found in association with roleeding of the villous wall.”

“There are nanoparticles in the stomach?” | saithw did they get there? Did the rabbit
eat them? Swallow them involuntarily?”

“I doubt it. I would assume they entered actively.”
| frowned. “You mean they crawled down the—"
“Esophagus. Yes. At least, | think so.”

“Why would they do that?”

“I don’t know.”

She never paused in her swift dissection. She $osors and cut upward through the
breastbone, then pushed the rib cage open witfingars. “Hold here.” | moved my
hands to hold the ribs open as she had done. Tgesed bone were sharp. With my
other hand, | held the hind legs open. Mae worledd/een my hands.

“The lungs are bright pink and firm, normal appeas” She cut one lobe with the
scalpel, then again, and again. Finally she exptistronchial tube, and cut it open. It
was dark black on the inside.

“Bronchi show heavy infestation with nanopartickessistent with inhalation of swarm
elements,” she said, dictating. “You getting tispby?”

“Getting it all. Video resolution is good.”

She continued to cut upward. “Following the broathiee toward the throat ...” And she
continued cutting, into the throat, and then fréw® nose back across the cheek, then
opening the mouth ... | had to turn away for a meimBut she continued calmly to
dictate. “I am observing heavy infiltration of &étle nasal passages and pharynx. This is
suggestive of partial or full airway obstructiorhish in turn may indicate the cause of
death.” | looked back. “What?”

The rabbit’'s head was hardly recognizable any lorgjee had cut the jaw free and was
now peering down the throat. “Have a look for y@lft she said, “there seems to be
dense patrticles closing the pharynx, and a respbiaséooks something like an allergic
reaction or—" Then Ricky: “Say, are you guys gotogtay out much longer?”



“As long as it takes,” | said. | turned to Mae. “@ttkind of allergic reaction?”

“Well,” she said, “you see this area of tissue, hod/ swollen it is, and you see how it's
turned gray, which is suggestive—"

“You realize,” Ricky said, “that you’'ve been ouktie four minutes already.”

“We’re only out here because we can’t bring thébraback,” | said.

“That’s right, you can't.”

Mae was shaking her head as she listened to Risky, you're not helping here ...”
Bobby said, “Don’t shake your head, Mae. You're immgwthe camera back and forth.”
“Sorry.”

But | saw her raise her head, as if she was lodkingrd the horizon, and while she did
so, she uncorked a test tube and slipped a slis®ofach lining into the glass. She put it
in her pocket. Then looked back down. No one watglihe video would have seen what
she did. She said, “All right, we’ll take blood sales now.”

“Blood’s all you're bringing in here, guys,” Riclsaid.

“Yes, Ricky. We know.”

Mae reached for the syringe, stuck the needleantartery, drew a blood sample,
expelled it into a plastic tube, popped the neefflene-handed, put on another, and
drew a second sample from a vein. Her pace nevesesl.

| said, “I have the feeling you've done this befbre

“This is nothing. In Sichuan, we were always wogkin heavy snowstorms, you can’t
see what you're doing, your hands are freezingathmal’s frozen solid, can’'t get a
needle in ...” She set the tubes of blood asidew/Me will just take a few cultures, and
we’re done ...” She flipped over her case, lookéxdh, bad luck.”

“What's that?” | said.

“The culture swabs aren’t here.”

“But you had them inside?”

“Yes, I'm sure of it.”

| said, “Ricky, you see the swabs anywhere?”



“Yes. They're right here by the airlock.”
“You want to bring them out to us?”

“Oh sure, guys.” He laughed harshly. “No way I'miggpout there in daylight. You
want 'em, you come get 'em.”

Mae said to me, “You want to go?”

“No,” | said. | was already holding the animal opery hands were in position. “I'll wait
here. You go.”

“Okay.” She got to her feet. “Try and keep thedl@f. We don’t want any more
contamination than necessary. I'll be back in a motyi She moved off at a light jog
toward the door. | heard her footsteps fade, therclang of the metal door shutting
behind her. Then silence. Attracted by the slitroparcass, the flies came back in force,
buzzing around my head, trying to land on the eggdaguits. | released the rabbit’s hind
legs and swatted the flies away with one handpt keyself busy with the flies, so |
wouldn’t think about the fact that | was alone bate.

| kept glancing off in the distance, but | nevewsanything. | kept brushing away the
flies, and occasionally my hand touched againstabéit’s fur, and that was when |
noticed that beneath the fur, the skin was brigtt r

Bright red—exactly like a bad sunburn. Just sedingade me shiver.

| spoke into my headset. “Bobby?”

Crackle. “Yes, Jack.”

“Can you see the rabbit?”

“Yes, Jack.”

“You see the redness of the skin? Are you pickivag tp?”

“Uh, just a minute.”

| heard a soft whirr by my temple. Bobby was coalfitrg the camera remotely, zooming
in. The whirring stopped.

| said, “Can you see this? Through my camera?”

There was no answer.



“Bobby?”

| heard murmurs, whispers. Or maybe it was static.

“Bobby, are you there?”

Silence. | heard breathing.

“Uh, Jack?” Now it was the voice of David Brook¥.du better go in.”
“Mae hasn’t come back yet. Where is she?”

“Mae’s inside.”

“Well, I have to wait, she’s going to do cultures—"

“No. Come in now, Jack.”

| let go of the rabbit, and got to my feet. | lodk&round, scanned the horizon. “I don’t
see anything.”

“They’re on the other side of the building, Jack.”
His voice was calm, but | felt a chill. “They are?”
“Come inside now, Jack.”

| bent over, picked up Mae’s samples, her dissediiblying beside the rabbit carcass.
The black leather of the kit was hot from the sun.

“Jack?”
“Just a minute ...”
“Jack. Stop fucking around.”

| started toward the steel door. My feet crunctonghe desert floor. | didn’t see
anything at all.

But | heard something.

It was a peculiar low, thrumming sound. At firdshbught | was hearing machinery, but
the sound rose and fell, pulsing like a heartb@#ier beats were superimposed, along
with some kind of hissing, creating a strange, uhdlp quality—Ilike nothing I'd ever
heard. When | look back on it now, | think that m¢inan anything else, it was the sound
that made me afraid.



| walked faster. | said, “Where are they?”

“Coming.”

“Where?”

“Jack? You better run.”

“What?”

“‘Run.”

| still couldn’t see anything, but the sound wagding in intensity. | broke into a jog.
The frequency of the sound was so low, | felt inasbration in my body. But | could
hear it, too. The thumping, irregular pulse.

“Run, Jack.”

| thought, Fuck it.

And | ran.

* % %

Swirling and glinting silver, the first swarm cammeund the corner of the building. The
hissing vibration was coming from the cloud. Slgladong the side of the building, it
moved toward me. It would reach the door long kefaould.

| looked back to see a second swarm as it camendritve far end of the building. It, too,
moved toward me.

The headset crackled. | heard David Brooks: “Jgok,can’t make it.”

“| see that,” | said. The first swarm had alreadgahed the door, and was standing in
front of it, blocking my way. | stopped, uncertauhat to do. | saw a stick on the ground
in front of me, a big one, four feet long. | pickédp, swung it in my hand. The swarm
pulsed, but did not move from the door.

The second swarm was still coming toward me.
It was time for a diversion. | was familiar withetfPREDPREY code. | knew the swarms

were programmed to pursue moving targets if theymsal to be fleeing from them. What
would make a good target?



| cocked my arm, and threw the black dissectiomigh into the air, in the general
direction of the second swarm. The kit landed ogeednd tumbled across the ground for
a moment. Immediately, the second swarm began #dtgpit.

At the same moment, the first swarm moved away fifeendoor, also pursuing the kit. It
was just like a dog chasing a ball. | felt a momarglation as | watched it go. It was,
after all, just a programmed swarm. | thought: Tisishild’s play. | hurried toward the
door. That was a mistake. Because apparently my has/ement triggered the swarm,
which immediately stopped, and swirled backwartheodoor again, blocking my path.
There it remained, pulsing streaks of silver, kkilade glinting in the sun. Blocking my
path.

It took me a moment to realize the significancéhat. My movement hadn’t triggered
the swarm to pursue me. The swarm hadn’t chasedt mlé Instead it had moved to
block my way. It was anticipating my movement.

That wasn't in the code. The swarm was inventing hehavior, appropriate to the
situation. Instead of pursuing me, it had fallenkoand trapped me.

It had gone beyond its programming—way beyond.uladwt see how that had happened.
| thought it must be some kind of random reinforeaimBecause the individual particles
had very little memory. The intelligence of the smavas necessarily limited. It

shouldn’t be that difficult to outsmart it.

| tried to feint to the left, then the right. Thieed went with me, but only for a moment.
Then it dropped back to the door again. As if wrthat my goal was the door, and by
staying there it would succeed.

That was far too clever. There had to be additipnagramming they hadn’t told me
about. | said into the headset, “What the hell haaeguys done with these things?”
David: “It's not going to let you get past, Jack.”

Just hearing him say that irritated me. “You th&o? We'll see.” Because my next step
was obvious. Close to the ground like this, thereawaas structurally vulnerable. It was
a cluster of particles no larger than specks of.dfisdisrupted the cluster—if | broke up
its structure—then the particles would have togeaaize themselves, just as a scattered
flock of birds would re-form in the air. That woulake at least a few seconds. And in
that time | would be able to get through the door.

But how to disrupt it? | swung the stick in my hahdaring it whoosh through the air,
but it was clearly unsatisfactory. | needed sonmgtlwith a much bigger flat surface, like
a paddle or a palm frond—something to create a@ldrgrupting wind ... My mind was
racing. | needed something.

Something.



Behind me, the second cloud was closing in. It daweevard me in an erratic zigzag
pattern, to cut off any attempt | might make to past it. | watched with a kind of
horrified fascination. | knew that this, too, haglar been coded in the program. This
was self-organized, emergent behavior—and its m&peas only too clear. It was
stalking me. The pulsing sound grew louder as Wee's came closer and closer.

| had to disrupt it.

Turning in a circle, | looked at the ground alland me. | saw nothing | could use. The
nearest juniper tree was too far away. The chaltduses were flimsy. | thought, of
course there’s nothing out here, it's the fuckiegelt. | scanned the exterior of the
building, hoping someone had left out an implemkke, a rake ...

Nothing.

Nothing at all. | was out here with nothing but gert on my back, and there was
nobody that could help me to—

Of course!
The headset crackled: “Jack, listen ...”

But | didn’t hear any more after that. As | pulley shirt over my head, the headset came
away, falling to the ground. And then, holding #tert in my hand, | swung it in broad
whooshing arcs through the air. And screamingdik@nshee, | charged the swarm by
the door.

The swarm vibrated with a deep thrumming sounffatiened slightly as | ran toward it,
and then | was in the midst of the particles, dodged into an odd semidarkness, like
being in a dust storm. | couldn’t see anything—ildo't see the door—I groped blindly
for the doorknob—and my eyes stung from the pasidbut | kept swinging my shirt in
broad whooshing arcs, and in a moment the darkveggasn to fade. | was dispersing the
cloud, sending particles spinning off in all diieas. My vision was clearing, and my
breathing was still okay, though my throat felt dnd painful. | began to feel thousands
of tiny pinpricks all over my body, but they hardiyrt.

Now | could see the door in front of me. The doatknvas just to my left. | kept
swinging my shirt, and suddenly the cloud seemetddar entirely away, almost as if it
was moving out of range of my disruption. In thadtant | slipped through the door and
slammed it shut behind me. | blinked in sudden wlask. | could hardly see. | thought
my eyes would adjust from the glare of sunlight] &waited a moment, but my vision
did not improve. Instead, it seemed to be gettiogse. | could just make out the glass
doors of the airlock directly ahead. | still feliet stinging pinpricks all over my skin. My
throat was dry and my breathing was raspy. | codghty vision was dimming. | started
to feel dizzy.



On the other side of the airlock, Ricky and Maedtwatching me. | heard Ricky shout,
“Come on, Jack! Hurry!”

My eyes burned painfully. My dizziness grew rapidigrse. | leaned against the wall to
keep from falling over. My throat felt thick. | wasving difficulty breathing. Gasping, |
waited for the glass doors to open, but they reathirlosed. | stared stupidly at the
airlock. “You have to stand in front of the doo8hnd!”

| felt like the world was in slow motion. All myreingth was gone. My body felt weak
and shaky. The stinging was worse. The room wasgedarker. | didn’t think | could
stand up on my own.

“Stand! Jack!”

Somehow, | shoved away from the wall, and lurcloedard the airlock. With a hiss, the
glass doors slid open.

“Go, Jack! Now!”

| saw spots before my eyes. | was dizzy, and sicky stomach. | stumbled into the
airlock, banging against the glass as | steppadansVith every second that passed it
was harder to breathe. | knew | was suffocating.

Outside the building, | heard the low thrummingmsstart up again. | turned slowly to
look back.

The glass doors hissed shut.

| looked down at my body but could barely see iy. 8kin appeared black. | was covered
in dust. My body ached. My shirt was black with fltiso. The spray stung me, and |
closed my eyes. Then the air handlers started hpoghing loudly. | saw the dust sucked
off my shirt. My vision was clearer, but I still gloin’t breathe. The shirt slipped from my
hand, flattening against the grate at my feetnt be reach down for it. My body began

to shake, tremble. | heard only the roar of thedkexs.

| felt a wave of nausea. My knees buckled. | sagggainst the wall. | looked at Mae and
Ricky through the second glass doors; they seeareaiifay. As | watched, they receded
even farther, moving away into the distance. Sbewy were too far away for me to
worry any longer. | knew | was dying. As | closeg ayes, | fell to the ground, and the
roar of the air handlers faded into cold and tsili@nce.

DAY 6
11:12 A.M.
“Don’t move.”



Something icy-cold coursed through my veins. | stardd.

“Jack. Don’t move. Just for a second, okay?”

Something cold, a cold liquid running up my arropkened my eyes. The light was
directly overhead, glaring, greenish-bright; | wedc My whole body ached. | felt like I'd
been beaten. | was lying on my back on the blacktz of Mae’s biology lab. Squinting
in the glare, | saw Mae standing beside me, beat oy left arm. She had an
intravenous line in my elbow. “What’s going on?”

“Jack, please. Don’t move. I've only done this ah Animals.”

“That’s reassuring.” | lifted my head to see whag svas doing. My temples throbbed. |
groaned, and lay back.

Mae said, “Feel bad?”

“Terrible.”

“I'll bet. | had to inject you three times.”
“With what?”

“You were in anaphylactic shock, Jack. You hadweseallergic reaction. Your throat
almost closed up.”

“Allergic reaction,” | said. “That’s what it was?”

“Severe one.”

“It was from the swarm?”

She hesitated for a moment, then: “Of course.”

“Would nano-sized particles cause an allergic readike that?”
“They certainly could ...”

| said, “But you don’t think so.”

“No, I don’t. | think the nanoparticles are antigedly inert. | think you reacted to a
coliform toxin.”



“A coliform toxin ...” My throbbing headache camewaves. | took a breath, let it out
slowly. I tried to figure out what she was sayiMy. mind was slow; my head hurt. A
coliform toxin.

“Right.”

“A toxin from E. coli bacteria? Is that what you am®”

“Right. Proteolytic toxin, probably.”

“And where would a toxin like that come from?”

“From the swarm,” she said.

That made no sense at all. According to Ricky thedh bacteria were only used to
manufacture precursor molecules. “But bacteria éiotibe present in the swarm itself,”
| said. “I don’t know, Jack. | think they could be.

Why was she so diffident? | wondered. It wasn’ellker. Ordinarily, Mae was precise,
sharp. “Well,” | said, “somebody knows. The swarinéen designed. Bacteria’s either
been designed in, or not.”

| heard her sigh, as if | just wasn't getting it.

But what wasn't | getting?

| said, “Did you salvage the particles that wemnbi off in the airlock? Did you keep the
stuff from the airlock?”

“No. All the airlock particles were incinerated.”

“Was that a smart—"

“It's built into the system, Jack. As a safety teat We can’t override it.”

“Okay.” Now it was my turn to sigh. So we didn’tyeaany examples of swarm agents to
study. | started to sit up, but she put a gentledlan my chest, restraining me. “Take it

slowly, Jack.”

She was right, because sitting up made my headaahk worse. | swung my feet over
the side of the table. “How long was | out?”

“Twelve minutes.”

“I feel like | was beaten up.” My ribs ached withegy breath.



“You had a lot of trouble breathing.”

“I still do.” | reached for a Kleenex and blew mgse. A lot of black stuff came out,
mixed with blood and dust from the desert. | hallltav my nose four or five times to
clear it. | crumpled the Kleenex and started touhit away. Mae held out her hand. “I'll
take that.”

“No, it's okay—"
“Give it to me, Jack.”

She took the Kleenex and slipped it into a litliespic bag and sealed it. That was when |
realized how stupidly my mind was working. Of cauthat Kleenex would contain
exactly the particles | wanted to study. | closedayes, breathed deeply, and waited for
the throbbing in my head to ease up a little. Whepened my eyes again the glare in the
room was less bright. It almost looked normal.

“By the way,” Mae said, “Julia just called. Shedsgou can't call her back, something
about some tests. But she wanted to talk to you.”

“‘Uh-huh.”

| watched Mae take the Kleenex bag and put it esidealed jar. She screwed down the
lid tightly. “Mae,” | said, “if there’s E. coli irthe swarm, we can find out by looking at
that right now. Shouldn’t we do that?”

“I can’t right now. | will as soon as | can. I'mViag a little trouble with one of the
fermentation units, and | need the microscope#air”

“What kind of trouble?”

“I’'m not sure yet. But yields are falling in onenta” She shook her head. “It's probably
nothing serious. These things happen all the tirhes whole manufacturing process is
incredibly delicate, Jack. Keeping it going is likggling a hundred balls at once. | have
my hands full.” | nodded. But | was starting torthithat the real reason she wasn'’t
looking at the Kleenex was that she already knemstharm contained bacteria. She just
didn’t think it was her place to tell me that. Aifidhat’'s what was going on, then she
never would tell me. “Mae,” | said. “Somebody hagell me what’'s going on here. Not
Ricky. | want somebody to really tell me.”

“Good,” she said. “I think that's a very good idea.

* k% %

That was how | found myself sitting in front of anaputer workstation in one of those
small rooms. The project engineer, David Brookspsaide me. As he talked, David



continuously straightened his clothes—he smootl®tidy shot his cuffs, snugged his
collar, pulled up the creases in his trousers fnigithighs. Then he’d cross one ankle
over his knee, pull up his sock, cross the oth&leafRun his hands over his shoulders,
brushing away imaginary dust. And then start oggira It was all unconscious, of
course, and with my headache | might have foumdtiating. But | didn’t focus on it.
Because with every piece of new information Daadegme, my headache got worse
and worse.

Unlike Ricky, David had a very organized mind, dadtold me everything, starting from
the beginning. Xymos had contracted to make a mmgbotic swarm that would function
as an aerial camera. The particles were successfalhufactured, and worked indoors.
But when they were tested outside, they lacked litp wind. The test swarm was
blown away in a strong breeze. That was six weghks a

“You tested more swarms after that?” | said.

“Yes, many. Over the next four weeks, or so.”

“None worked?”

“Right. None worked.”

“So those original swarms are all gone—blown awayhe wind?”

HYeS.H

“Which means the runaway swarms that we see now hathing to do with your
original test swarms.”

“Correct ...”
“They are a result of contamination ...”
David blinked rapidly. “What do you mean, contantioa?”

“The twenty-five kilos of material that was blowg the exhaust fan into the
environment because of a missing filter ...”

“Who said it was twenty-five kilos?”
“Ricky did.”
“Oh, no, Jack,” David said. “We vented stuff forydaWe must have vented five or six

hundred kilos of contaminants—bacteria, molecudssemblers.” So Ricky had been
understating the situation again. But | didn’t ursiend why he bothered to lie about this.



After all, it was just a mistake. And as Ricky hsdd, it was the contractor’s mistake.
“Okay,” | said. “And you saw the first of these detsswarms when?”

“Two weeks ago,” David said, nodding and smoothirggtie.

He explained that at first, the swarm was so deoied that when it first appeared, they
thought it was a cloud of desert insects, gnasoarething. “It showed up for a while,
going here and there around the laboratory buildamgl then it was gone. It seemed like
a random event.”

A swarm appeared again a couple of days lateraide and by then it was much better
organized. “It displayed distinctive swarming beiloayvthat sort of swirling in the cloud
that you've seen. So it was clear that it was ¢wif.5

“And what happened then?”

“The swarm swirled around the desert near theliasitsn, like before. It came and went.
For the next few days, we tried to gain controit dfy radio, but we never could. And
eventually—about a week after that—we found thatenof the cars would start.” He
paused. “| went out there to have a look, and hibthat all the onboard computers were
dead. These days all automobiles have microprocebsdt into them. They control
everything from fuel injection to radios and doocKs.”

“But now the computers were not functioning?”

“Yeah. Actually, the processor chips themselvesawigre. But the memory chips had
eroded. They'd literally turned to dust.”

| thought, Oh shit. | said, “Could you figure ouhy®”

“Sure. It wasn’t any big mystery, Jack. The erodiad the characteristic signature of
gamma assemblers. You know about that? No? Welhave nine different assemblers
involved in manufacturing. Each assembler hasfaréifit function. The gamma
assemblers break down carbon material in siliaters. They actually cut at the nano
level—slicing out chunks of carbon substrate.”

“So these assemblers cut the memory chips in tie’ca

“Right, right, but ...” David hesitated. He wasiagtas if | were missing the point. He
tugged at his cuffs, fingered his collar. “The thyou have to keep in mind, Jack, is that
these assemblers can work at room temperatureythfimg, the desert heat’s even better
for them. Hotter is more efficient.”

For a moment | didn’t understand what he was tglkbout. What difference did it make
about room temperature or desert heat? What dichthee to do with memory chips in
cars? And then suddenly, finally, the penny dropped



“Holy shit,” | said.
He nodded. “Yeah.”

David was saying that a mixture of components reghlvented into the desert, and that
these components—which were designed to self-adsemthe fabrication structure—
would also self-assemble in the outside world. Adsg could be carried out
autonomously in the desert. And obviously, thaxaatly what was happening.

| ticked the points off to make sure | had it riglgasic assembly begins with the
bacteria. They’'ve been engineered to eat anytlewegn garbage, so they can find
something in the desert to live off of.”

“Right.”

“Which means the bacteria multiply, and begin cimgrout molecules that self-combine,
forming larger molecules. Pretty soon you haverab$ers, and the assemblers begin to
do the final work and turn out new microagents.”

“Right, right.”

“Which means that the swarms are reproducing.”

“Yes. They are.”

“And the individual agents have memory.”

“Yes. A small amount.”

“And they don’t need much, that's the whole poifitstributed intelligence. It's
collective. So they have intelligence, and sin@ythave memory, they can learn from
experience.”

“Yes.”

“And the PREDPREY program means they can solvelenod And the program
generates enough random elements to let them itedva

“Right. Yes.”
My head throbbed. | was seeing all the implicatjortav, and they weren’t good. “So,” |

said, “what you're telling me is this swarm reprods, is self-sustaining, learns from
experience, has collective intelligence, and caowate to solve problems.”



HYeS.H

“Which means for all practical purposes, it's alive

“Yes.” David nodded. “At least, it behaves as ifialive. Functionally it's alive, Jack.”
| said, “This is very fucking bad news.”

Brooks said, “Tell me.”

“I'd like to know,” | said, “why this thing wasn'destroyed a long time ago.”

David said nothing. He just smoothed his tie, aakéd uncomfortable. “Because you
realize,” | said, “that you're talking about a maaircal plague. That's what you've got
here. It's just like a bacterial plague, or a vplgue. Except it's mechanical organisms.
You've got a fucking man-made plague.”

He nodded. “Yes.”

“That’s evolving.”

“Yes.”

“And it's not limited by biological rates of evolon. It's probably evolving much
faster.”

He nodded. “It is evolving faster.”

“How much faster, David?”

Brooks sighed. “Pretty damn fast. It'll be diffetehis afternoon, when it comes back.”
“Will it come back?”

“It always does.”

“And why does it come back?” | said.

“It's trying to get inside.”

“And why is that?”

David shifted uncomfortably. “We have only theoriéack.”

“Try me.”



“One possibility is that it's a territorial thind\s you know, the original PREDPREY
code includes a concept of a range, of a territoryhich the predators will roam. And
within that core range, it defines a sort of horasdy which the swarm may consider to
be the inside of this facility.”

| said, “You believe that?”

“Not really, no.” He hesitated. “Actually,” he saftinost of us think that it comes back
looking for your wife, Jack. It's looking for Julia

DAY 6

11:42 A.M.

That was how, with a splitting headache, | foundelfjon the phone to the hospital in
San Jose. “Julia Forman, please.” | spelled theenfamthe operator. “She’s in the ICU,”
the operator said.

“Yes, that's right.”

“I'm sorry but direct calls are not allowed.”

“Then the nursing station.”

“Thank you, please hold.”

| waited. No one was answering the phone. | cdiletk, went through the operator again,
and finally got through to the ICU nursing statidihe nurse told me Julia was in X-ray
and didn’t know when she would be back. | saidaulas supposed to be back by now.
The nurse said rather testily that she was loo&infplia’s bed right now, and she could
assure me Julia wasn't in it.

| said I'd call back.

| shut the phone and turned to David. “What wagJibing in all this?”

“Helping us, Jack.”

“I'm sure. But how, exactly?”

“In the beginning, she was trying to coax it badkg”said. “We needed the swarm close
to the building to take control again by radio.Jodia helped us keep it close.”

“How?”

“Well, she entertained it.”



“She what?”

“I guess you'd call it that. It was very quicklywbus that the swarm had rudimentary
intelligence. It was Julia’s idea to treat it lizechild. She went outside with bright blocks,
toys. Things a kid would like. And the swarm seerntede responding to her. She was
very excited about it.”

“The swarm was safe to be around at that time?”

“Yes, completely safe. It was just a particle cldudlavid shrugged. “Anyway, after the
first day or so, she decided to go a step furthdrfarmally test it. You know, test it like

a child psychologist.”

“You mean, teach it,” | said.

“No. Her idea was to test it.”

“David,” | said. “That swarm’s a distributed intigience. It's a goddamn net. It'll learn
from whatever you do. Testing is teaching. What#dyavas she doing with it?”

“Just, you know, sort of games. She’d lay out troelered blocks on the ground, two
blue and one yellow, see if it would choose théoyel Then with squares and triangles.
Stuff like that.”

“But David,” | said. “You all knew this was a runaw; evolving outside the laboratory.
Didn’t anybody think to just go out and destroy it?

“Sure. We all wanted to. Julia wouldn’t allow it.”

“Why?”

“She wanted it kept alive.”

“And nobody argued with her?”

“She’s a vice president of the company, Jack. S &aying the swarm was a lucky
accident, that we had stumbled onto somethingyréadl, that it could eventually save
the company and we mustn’t destroy it. She waenltcknow, she was really taken with
it. | mean, she was proud of it. Like it was harantion. All she wanted to do was ‘rein it
in.” Her words.”

“Yeah. Well. How long ago did she say that?”

“Yesterday, Jack.” David shrugged. “You know, siméydeft here yesterday afternoon.”
It took me a moment to realize that he was rigldt & single day had passed since Julia



had been here, and then had had her accident.nAhdt time, the swarms had already
advanced enormously.

“How many swarms were there yesterday?”

“Three. But we only saw two. | guess one was hidiktg shook his head. “You know,
one of the swarms had become like a pet to heragtsmaller than the others. It'd wait
for her to come outside, and it always stuck ctodger. Sometimes when she came out it
swirled around her, like it was excited to see Bée’d talk to it, too, like it was a dog or
something.” | pressed my throbbing temples. “Shieethto it,” | repeated. Jesus Christ.
“Don’t tell me the swarms have auditory sensors,”to

“No. They don't.”

“So talking was a waste of time.”

“Uh, well ... we think the cloud was close enoulgatther breath deflected some of the
particles. In a rhythmic pattern.”

“So the whole cloud was one giant eardrum?”

“In a way, yeah.”

“And it's a net, so it learned ...”

“Yeah.”

| sighed. “Are you going to tell me it talked batk?

“No, but it started making weird sounds.”

| nodded. I'd heard those weird sounds. “How doe®ithat?”

“We’re not sure. Bobby thinks it's the reverse loé fauditory deflection that allows it to
hear. The particles pulse in a coordinated fromd, generate a sound wave. Sort of like
an audio speaker.”

It would have to be something like that, | thoudhten though it seemed unlikely that it
could do it. The swarm was basically a dust clouchimiature particles. The particles

didn’t have either the mass or the energy to géaeraound wave.

A thought occurred to me. “David,” | said, “wasidubut there yesterday, with the
swarms?”

“Yes, in the morning. No problem. It was a few holater, after she left, that they killed
the snake.”



“And was anything killed before that?”

“Uh ... possibly a coyote a few days ago, I'm nates”
“So maybe the snake wasn't the first?”

“Maybe ..."

“And today they killed a rabbit.”

“Yeah. So it's progressing fast, now.”

“Thank you, Julia,” | said.

| was pretty sure the accelerated behavior of Weerss that we were seeing was a
function of past learning. This was a characteristidistributed systems—and for that
matter a characteristic of evolution, which couéddonsidered a kind of learning, if you
wanted to think of it in those terms. In eitheresas meant that systems experienced a
long, slow starting period, followed by ever-incseay speed.

You could see that exact speedup in the evolutidifiecon earth. The first life shows up
four billion years ago as single-cell creaturesthiwm changes for the next two billion
years. Then nuclei appear in the cells. Thingd stguick up. Only a few hundred million
years later, multicellular organisms. A few hundnaitlion years after that, explosive
diversity of life. And more diversity. By a coupde hundred million years ago there are
large plants and animals, complex creatures, duresin all this, man’s a latecomer:
four million years ago, upright apes. Two millioeays ago, early human ancestors.
Thirty-five thousand years ago, cave paintings. dbeeleration was dramatic. If you
compressed the history of life on earth into tweotyr hours, then multicellular
organisms appeared in the last twelve hours, dinmesa the last hour, the earliest men in
the last forty seconds, and modern men less tharsecond ago. It had taken two billion
years for primitive cells to incorporate a nuclethg, first step toward complexity. But it
had taken only 200 million years—one-tenth of iheet—to evolve multicellular animals.
And it took only four million years to go from srhérained apes with crude bone tools
to modern man and genetic engineering. That wasfasithe pace had increased.

This same pattern showed up in the behavior oftaggsed systems. It took a long time
for agents to “lay the groundwork” and to acconiplige early stuff, but once that was
completed, subsequent progress could be swift.€ellvas no way to skip the
groundwork, just as there was no way for a humamght® skip childhood. You had to

do the preliminary work. But at the same time, ¢hwas no way to avoid the subsequent
acceleration. It was, so to speak, built into tystem.

Teaching made the progression more efficient, amdd sure Julia’s teaching had been
an important factor in the behavior of the swarrwn8imply by interacting with it, she



had introduced a selection pressure in an orgamsimemergent behavior that couldn’t
be predicted. It was a very foolish thing to do.

So the swarm—already developing rapidly—would depedven more rapidly in the
future. And since it was a man-made organism, éxvlwas not taking place on a
biological timescale. Instead, it was happening matter of hours.

Destroying the swarms would be more difficult wetiach passing hour. “Okay,” | said to
David. “If the swarms are coming back, then wedyeget ready for them.” | got to my
feet, wincing at the headache, and headed fordbe tWhat do you have in mind?”
David said.

“What do you think | have in mind?” | said. “We"gmt to kill these things cold stone
dead. We have to wipe them off the face of thegilafind we have to do it right now.”
David shifted in his chair. “Fine with me,” he satBut | don’t think Ricky’s going to
like it.”

“Why not?”

David shrugged. “He’s just not.”

| waited, and said nothing.

David fidgeted in his chair, more and more uncomafole. “The thing is, he and Julia are,
uh, in agreement on this.”

“They’re in agreement.”
“Yes. They see eye to eye. | mean, on this.”
| said, “What are you trying to say to me, David?”

“Nothing. Just what | said. They agree the swaruikl be kept alive. | think Ricky’s
going to oppose you, that's all.”

| needed to talk to Mae again. | found her in tleédgy lab, hunched over a computer
monitor, looking at images of white bacterial grbwinh dark red media. | said, “Mae,
listen, I've talked to David and | need to—uh, M&#&/e you got a problem?” She was
looking fixedly at the screen.

“I think 1 do,” she said. “A problem with the feddsk.”

“What kind of problem?”

“The latest Theta-d stocks aren’t growing propérBhe pointed to an image in the upper
corner of the monitor, which showed bacteria grgnmsmooth white circles. “That’s



normal coliform growth,” she said. “That’s how issipposed to look. But here ...” She
brought up another image in the center of the scrElee round forms appeared moth-
eaten, ragged and misshapen. “That’s not normaltbrd she said, shaking her head.
“I'm afraid it's phage contamination.”

“You mean a virus?” | said. A phage was a virug #ittacked bacteria. “Yes,” she said.
“Coli are susceptible to a very large number ofgdsa T4 phage is of course the most
common, but Theta-d was engineered to be T4-resis$a | suspect it's a new phage
that’s doing this.”

“A new phage? You mean it's newly evolved?”

“Yes. Probably a mutant of an existing strain, s@nhehow gets around the engineered
resistance. But it's bad news for manufacturingvéfhave infected bacterial stocks,
we’ll have to shut down production. Otherwise wgilt be spewing viruses out.”

“Frankly,” | said, “shutting down production mighé a good idea.”

“I'll probably have to. I'll try to isolate it, buit looks aggressive. | may not be able to get
rid of it without scrubbing the kettle. Startingeswvith fresh stock. Ricky’s not going to
like it.”

“Have you told him about this?”

“Not yet.” She shook her head. “I don’t think heeds more bad news right now. And
besides ...” She stopped, as if she had thougtdrlstwhat she was going to say.
“Besides what?”

“Ricky has a huge stake in the success of this emyp She turned to face me. “Bobby
heard him on the phone the other day, talking abmustock options. And sounding
worried. | think Ricky sees Xymos as his last iguece to score. He’s been here five
years. If this doesn’t work out, he’ll be too sertio start over at a new company. He’s
got a wife and baby; he can’t gamble another figarg, waiting to see if the next
company clicks. So he’s really trying to make thégppen, really driving himself. He’s up
all night, working, figuring. He isn’t sleeping methan three or four hours. Frankly, |
worry it’s affecting his judgment.”

“I can imagine,” | said. “The pressure must beibder”
“He’s so sleep-deprived it makes him erratic,” Magd. “I'm never sure what he’ll do,
or how he’ll respond. Sometimes | get the feelieglbesn’t want to get rid of the

swarms at all. Or maybe he’s scared.”

“Maybe,” | said.



“Anyway, he’s erratic. So if | were you I'd be céuk” she said, “when you go after the
swarms. Because that’s what you're going to ddt ikthGo after them?”

“Yes,” | said. “That’'s what I'm going to do.”

DAY 6

1:12 P.M.

They had all gathered in the lounge, with the vigames and pinball machines. Nobody
was playing them now. They were watching me witki@us eyes as | explained what we
had to do. The plan was simple enough—the swaeti isas dictating what we had to
do, although | was skipping that uncomfortablettrut

Basically, | told them we had a runaway swarm waaot control. And the swarm
exhibited self-organizing behavior. “Whenever yavé a high SO component, it means
the swarm can reassemble itself after an injurgisnuption. Just as it did with me. So
this swarm has to be totally, physically destroyHtht means subjecting the particles to
heat, cold, acid, or high magnetic fields. And fraumat I've seen of its behavior, I'd say
our best chance to destroy it is at night whersth@m loses energy and sinks to the
ground.”

Ricky whined, “But we already told you, Jack, we'tdind it at night—"

“That’s right, you can’t,” | said. “Because you ditltag it. Look, it's a big desert out
there. If you want to trace it back to its hidirigqe, you've got to tag it with something
so strong you can follow its trail wherever it gdes

“Tag it with what?”

“That’s my next question,” | said. “What kind ofgiging agents have we got around
here?” | was greeted with blank looks. “Come onyggrhis is an industrial facility. You
must have something that will coat the particled l@ave a trail we can follow. I'm
talking about a substance that fluoresces inteneely pheromone with a characteristic
chemical signature, or something radioactive .2?'"No

More blank looks. Shaking their heads.

“Well,” Mae said, “of course, we have radioisotofies

“All right, fine.” Now we were getting somewhere.

“We use them to check for leaks in the system. AdiEopter brings them out once a
week.”

“What isotopes do you have?”



“Selenium-72 and Rhenium-186. Sometimes Xenon-£38dl. I'm not sure what
we’ve got on hand right now.”

“What kind of half-lives are we talking about?” @a&n isotopes lost radioactivity very
rapidly, in a matter of hours or minutes. If s@\tlwouldn’t be useful to me. “Half-life
averages about a week,” Mae said. “Selenium’s @lghis. Rhenium’s four days. Xenon-
133 is five days. Five and a quarter.”

“Okay. Any of them should do fine for our purpo$dsaid. “We only need the
radioactivity to last for one night, after we tdg tswarm.”

Mae said, “We usually put the isotopes in FDG. dt'squid glucose base. You could
spray it.”

“That should be fine,” | said. “Where are the igms now?”
Mae smiled bleakly. “In the storage unit,” she said
“Where is that?”

“Outside. Next to the parked cars.”

“Okay,” | said. “Then let’s go out and get them.”

“Oh, for Christ’s sake,” Ricky said, throwing upsthands. “Are you out of your mind?
You nearly died out there this morning, Jack. Yan'tgo back out.”

“There isn’t any choice,” | said.

“Sure there is. Wait until nightfall.”

“No,” | said. “Because that means we can’t spragnituntil tomorrow. And we can't
trace and destroy them until tomorrow night. Thatams we wait thirty-six hours with an

organism that is evolving fast. We can't risk it.”

“Risk it? Jack, if you go out now, you'll never siwe. You're fucking crazy even to
consider it.”

Charley Davenport had been staring at the moriitow he turned to the group. “No,
Jack’s not crazy.” He grinned at me. “And I’'m gowgh him.” Charley began to hum:
“Born to Be Wild.”

“I'm going, too,” Mae said. “I know where the isqi@s are stored.”

| said, “It's not really necessary, Mae, you cdhriee—"



“No. I'm coming.”

“We’ll need to improvise a spray apparatus of st&ame.” David Brooks was rolling up
his sleeves carefully. “Presumably, remotely cdlgdo That's Rosie’s specialty.”

“Okay, I'll come, too,” Rosie Castro said, lookiagDavid. “You're all going?” Ricky
stared from one to another of us, shaking his h&dds is extremely risky,” he said.
“Extremely risky.”

Nobody said anything. We all just stared at him.

Then Ricky said, “Charley, will you shut the fucg2i He turned to me. “I don’t think |
can allow this, Jack ...”

“I don’t think you have a choice,” | said.
“I'm in charge here.”

“Not now,” | said. | felt a burst of annoyanceeltflike telling him he’'d screwed the
pooch by allowing a swarm to evolve in the enviremt But | didn’t know how many
critical decisions Julia had made. In the end, Rigls obsequious to management,
trying to please them like a child pleasing a parde did it charmingly; that was how he
had moved ahead in life. That was also his greateakness.

But now Ricky stuck out his chin stubbornly. “Yausf can't do it, Jack,” he said. “You
guys can’t go out there and survive.”

“Sure we can, Ricky,” Charley Davenport said. Hepex to the monitor. “Look for
yourself.”

The monitor showed the desert outside. The eattyradon sun was shining on scrubby
cactus. One stunted juniper in the distance, dgaknat the sun. For a moment | didn’t
understand what Charley was talking about. Thewl the sand blowing low on the
ground. And | noticed the juniper was bent to ade.s

“That’s right, folks,” Charley Davenport said. “Vg@t a high wind out there. High wind,
no swarms—remember? They have to hug the grourelli¢dded toward the
passageway leading to the power station. “Timeigating. Let’s do it, guys.”
Everybody filed out. | was the last to leave. To asyonishment, Ricky pulled me aside,
blocked the door with his body. “I'm sorry, Jackditin’t want to embarrass you in front
of the others. But | just can't let you do this.”

“Would you rather have somebody else do it?” | said

He frowned. “What do you mean?”



“You better face facts, Ricky. This is already saditer. And if we can’t get it under
control right away, then we have to call for help.”

“Help? What do you mean?”

“I mean, call the Pentagon. Call the Army. We heoveall somebody to get these
swarms under control.”

“Jesus, Jack. We can't do that.”

“We have no choice.”

“But it would destroy the company. We’'d never getding again.”

“That wouldn’t bother me one bit,” | said. | wasfeg angry about what had happened
in the desert. A chain of bad decisions, errorsfanklups extending over weeks and
months. It seemed as if everyone at Xymos was dslilogt-term solutions, patch-and-fix,

quick and dirty. No one was paying attention toltreg-term consequences.

“Look,” | said, “you’ve got a runaway swarm thatipparently lethal. You can’t screw
around with this anymore.”

“But, Julia—"

“Juliaisn’t here.”

“But she said—"

“I don’t care what she said, Ricky.”

“But the company—"

“Fuck the company. Ricky.” | grabbed him by the slders, shook him once hard.
“Don’t you get it? You won’t go outside. You're afd of this thing, Ricky. We have to
kill it. And if we can’t kill it soon, we have toadl for help.”

“No.”

“Yes, Ricky.”

“We’ll see about that,” he snarled. His body tendesl eyes flared. He grabbed my shirt
collar. | just stood there, staring at him. | didmove. Ricky glared at me for a moment,
and then released his grip. He patted me on thelddoand smoothed out my collar.

“Ah hell, Jack,” he said. “What am | doing?” And bave me his self-deprecating surfer
grin. “I'm sorry. | think the pressure must be gejtto me. You're right. You're



absolutely right. Fuck the company. We have tohile e have to destroy those things
right away.”

“Yes,” | said, still staring at him. “We do.”

He paused. He took his hand away from my collanu'think I’'m acting weird, don’t
you? Mary thinks I'm acting weird, too. She said tb@ other day. Am | acting weird?”

“Well ..."

“You can tell me.”

“Maybe on edge ... You getting any sleep?”
“Not much. Couple of hours.”

“Maybe you should take a pill.”

“I did. Doesn’t seem to help. It's the damn pressilive been here a week now. This
place gets to you.”

“l imagine it must.”

“Yeah. Well, anyway.” He turned away, as if sudgesinbarrassed. “Look, I'll be on the
radio,” he said. “I'll be with you every step ofethvay. I'm very grateful to you, Jack.
You've brought sanity and order here. Just ... lpastareful out there, okay?”

“I will.”

Ricky stepped aside.

| went out the door past him.

Going down the hallway to the power station, witk &ir conditioners roaring full blast,
Mae fell into step beside me. | said to her, “Yeally don’'t need to go out there, Mae.

You could tell me over the radio how to handleidwopes.”

“It's not the isotopes I'm concerned with,” shedsdier voice low, so it would be buried
in the roar. “It's the rabbit.”

| wasn’t sure I'd heard her. “The what?”
“The rabbit. | need to examine the rabbit again.”

“Why?”



“You remember that tissue sample | cut from thenstch? Well, | looked at it under the
microscope a few minutes ago.”

“And?”

“I'm afraid we have big problems, Jack.”

DAY 6

2:52 P.M.

| was the first one out the door, squinting in desert sunlight. Even though it was
almost three o’clock, the sun seemed as brighhahds ever. A hot wind ruffled my
trousers and shirt. | pulled my headset mouthpotmser to my lips and said, “Bobby,
you reading?”

“I read you, Jack.”

“Got an image?”

“Yes, Jack.”

Charley Davenport came out and laughed. He saidyu‘®&how, Ricky, you really are a
stupid shmuck. You know that?”

Over my headset, | heard Ricky say, “Save it. Yoavk | don’t like compliments. Just
get on with it.”

Mae came through the door next. She had a baclgbac§ over one shoulder. She said
to me, “For the isotopes.”

“Are they heavy?”
“The containers are.”

Then David Brooks came out, with Rosie close behimil She made a face as she
stepped onto the sand. “Jesus, it's hot,” she said.

“Yeah, | think you'll find deserts tend to be thvedy,” Charley said.
“No shit, Charley.”

“I wouldn’t shit you, Rosie.” He belched.



| was busy scanning the horizon, but | saw nothiitge cars were parked under a shed
about fifty yards away. The shed ended in a squware concrete building with narrow
windows. That was the storage unit.

We started toward it. Rosie said, “Is that placecanditioned?”

“Yes,” Mae said. “But it’s still hot. It's poorlyrisulated.”

“Is it airtight?” | said.

“Not really.”

“That means no,” Davenport said, laughing. He spol@his headset. “Bobby, what
wind do we have?”

“Seventeen knots,” Bobby Lembeck said. “Good stragy.”
“And how long until the wind dies? Sunset?”

“Probably, yeah. Another three hours.”

| said, “That’ll be plenty of time.”

| noticed that David Brooks was not saying anythidg just trudged toward the building.
Rosie followed close behind him.

“But you never know,” Davenport said. “We could ladl toast. Any minute now.” He
laughed again, in his irritating way.

Ricky said, “Charley, why don’t you shut the fugi@i

“Why don’t you come out and make me, big boy?” @Gdasaid. “What’s the matter,
your veins clogged with chicken shit?”

| said, “Let’s stay focused, Charley.”

“Hey, I'm focused. I'm focused.”

The wind was blowing sand, creating a brownish hlst above the ground. Mae walked
beside me. She looked across the desert and saigklgh“l want to have a look at the
rabbit. You all go ahead if you want.”

She headed off to the right, toward the carcasgnt with her. And the others turned in

a group and followed us. It seemed everybody watdesthy together. The wind was still
strong. Charley said, “Why do you want to see iae@”



“I want to check something.” She was pulling onvgle as she walked.

The headset crackled. Ricky said, “Would somebddgge tell me what the hell is going
on?”

“We’re going to see the rabbit,” Charley said.

“What for?”

“Mae wants to see it.”

“She saw it before. Guys, you're very exposed beatd. | wouldn’'t be waltzing around.”
“Nobody’s waltzing around, Ricky.”

By now | could see the rabbit in the distance,iplytobscured by the blowing sand. In a
few moments, we were all standing over the card@sswind had blown the body over
on its side. Mae crouched down, turned it on itskbéaid open the carcass.

“Jeez,” Rosie said.

| was startled to see that the exposed flesh wadsnger smooth and pink. Instead, it was
roughened everywhere, and in a few places lookéfdtdsad been scraped. And it was
covered by a milky white coating.

“Looks like it was dipped in acid,” Charley said.

“Yes, it does,” Mae said. She sounded grim.

| glanced at my watch. All this had occurred in tiaurs. “What happened to it?” Mae
had taken out her magnifying glass and was besedio the animal. She looked here and
there, moving the glass quickly. Then she saids een partially eaten.”

“Eaten? By what?”

“Bacteria.”

“Wait a minute,” Charley Davenport said. “You thitiks is caused by Theta-d? You
think the E. coli is eating it?”

“We’ll know soon enough,” she said. She reached @npouch, and pulled out several
glass tubes containing sterile swabs.

“But it's only been dead a short time.”



“Long enough,” Mae said. “And high temperaturesede@te growth.” She daubed the
animal with one swab after another, replacing eéaehglass tube. “Then the Theta-d
must be multiplying very aggressively.”

“Bacteria will do that if you give them a good natit source. You shift into log phase
growth where they’re doubling every two or threeates. | think that's what'’s
happening here.”

| said, “But if that’s true, it means the swarm—"

“I don’t know what it means, Jack,” she said quck&he looked at me and gave a slight
shake of the head. The meaning was clear: not now.

But the others weren't put off. “Mae, Mae, Mae,”&ley Davenport said. “You're

telling us that the swarms killed the rabbit in@rtb eat it? In order to grow more coli?
And make more nanoswarms?”

“I didn’t say that, Charley.” Her voice was calnimast soothing. “But that’s what you
think,” Charley continued. “You think the swarmsxsome mammalian tissue in order to
reproduce—"

“Yes. That's what | think, Charley.” Mae put heravg away carefully, and got to her
feet. “But I've taken cultures, now. We’'ll run thamLuria and agerose, and we’ll see
what we see.”

“I bet if we come back in another hour, this wtstaff will be gone, and we’ll see black
forming all over the body. New black nanoparticlésd eventually there’ll be enough
for a new swarm.”

She nodded. “Yes. | think so, t00.”

“And that's why the wildlife around here has disepped?” David Brooks said.

“Yes.” She brushed a strand of hair back with reerch “This has been going on for a
while.” There was a moment of silence. We all staoglind the rabbit carcass, our backs
to the blowing wind. The carcass was being consusoeglickly, | imagined | could
almost see it happening right before my eyes, ahtmme.

“We better get rid of those fucking swarms,” Charsaid.

We all turned, and set off for the shed.

Nobody spoke.

There was nothing to say.



As we walked ahead, some of those small birdshibaped around the desert floor under
the cholla cactus suddenly took to the air, chitteand wheeling before us. | said to Mae,
“So there’s no wildlife, but the birds are here?”

“Seems to be that way.”

The flock wheeled and came back, then settledg@tbund a hundred yards away.
“Maybe they’re too small for the swarms to bothéthyi Mae said. “Not enough flesh on
their bodies.”

“Maybe.” | was thinking there might be another aesvBut to be sure, | would have to
check the code.

| stepped from the sun into the shade of the cataedyshed, and moved along the line of
cars toward the door of the storage unit. The da® plastered with warning symbols—
for nuclear radiation, biohazard, microwaves, tegplosives, laser radiation. Charley
said, “You can see why we keep this shit outside.”

As | came to the door, Vince said, “Jack, you hawall. I'll patch it.” My cell phone
rang. It was probably Julia. | flipped it open. ‘lIl4€”

“Dad.” It was Eric. With that emphatic tone thatd@ when he was upset.
| sighed. “Yes, Eric.”

“When are you coming back?”

“I'm not sure, son.”

“Will you be here for dinner?”

“I'm afraid not. Why? What's the problem?”

“She is such an asshole.”

“Eric, just tell me what the problem—"

“Aunt Ellen sticks up for her all the time. It's tiair.”
“I'm kind of busy now, Eric, so just tell me—"
“Why? What are you doing?”

“Just tell me what's wrong, son.”



“Never mind,” he said, turning sulky, “if you're hooming home, it doesn’t matter.
Where are you, anyway? Are you in the desert?”

“Yes. How did you know that?”

“| talked to Mom. Aunt Ellen made us go to the htago see her. It's not fair. | didn’t
want to go. She made me anyway.”

“Uh-huh. How is Mom?”

“She’s checking out of the hospital.”

“She’s finished all her tests?”

“The doctors wanted her to stay,” Eric said. “Bla¢ svants to get out. She has a cast on
her arm, that’s all. She says everything elsenis.fibad? Why do | always have to do
what Aunt Ellen says? It's not fair.”

“Let me talk to Ellen.”

“She isn’t here. She took Nicole to buy a new dfesser play.”

“Who’s with you at the house?”

“Maria.”

“Okay,” | said. “Have you done your homework?”

“Not yet.”

“Well, get busy, son. | want your homework donedoefdinner.” It was amazing how
these lines just popped out of a parent’s mouth.

By now | had reached the storage room door. | dtatall the warning signs. There were
several | didn’t know, like a diamond made up afrfdifferent colored squares inside,
each with a number. Mae unlocked the door and went

“Dad?” Eric started to cry. “When are you comingrie®”

“I don’t know,” | said. “I hope by tomorrow.”

“Okay. Promise?”

“| promise.”



| could hear him sniffling, and then through thepé a long snarff sound as he wiped his
nose on his shirt. | told him he could call medatée wanted to. He seemed better, and
said okay, and then said good-bye.

| hung up, and entered the storage building.

The interior was divided into two large storagemsowith shelves on all four walls, and
freestanding shelves in the middle of the roomsid@&te walls, concrete floor. There
was another door in the second room, and a coedgatlup door for truck deliveries.
Hot sunlight came in through wood-frame windowse Hir-conditioning rumbled

noisily but, as Mae had said, the rooms werelstill | closed the door behind me, and
looked at the seal. It was just ordinary weathepging. The shed was definitely not
airtight. |1 walked along the shelves, stacked witls of spare parts for the fabrication
machinery, and the labs. The second room had monelame items: cleaning supplies,
toilet paper, bars of soap, boxes of cereal, arwbale of refrigerators filled with food. |
turned to Mae. “Where are the isotopes?”

“Over here.” She led me around a set of shelvea dieel lid set in the concrete floor.
The lid was about three feet in diameter. It lookkel a buried garbage can, except for
the glowing LED and keypad in the center. Mae deapfp one knee, and punched in a
code quickly. The lid lifted with a hiss.

| saw a ladder that led down into a circular stdeimber. The isotopes were stored in
metal containers of different sizes. Apparently Maald tell which they were just by
looking, because she said, “We have Selenium-17all e use that?”

“Sure.”
Mae started to climb down into the chamber.

“Will you fucking cut it out?” In a corner of th@om, David Brooks jumped back from
Charley Davenport. Charley was holding a big sjhaiyie of Windex cleaner. He was
testing the squeeze trigger mechanism, and inrtteeps spraying streaks of water on
David. It didn’t look accidental. “Give me that darthing,” David said, snatching the
bottle away. “I think it might work,” Charley saldandly. “But we’'d need a remote
mechanism.” From the first room, Rosie said, “Woihid work?” She held up a shiny
cylinder, with wires dangling from it. “Isn’t thia solenoid relay?”

“Yes,” David said. “But | doubt it can exert enoufgiice to squeeze this bottle. Has it got
a rating? We need something bigger.”

“And don't forget, you also need a remote contrgli€harley said. “Unless you want to
stand there and spray the fucker yourself.”

Mae came up from below, carrying a heavy metal .t@he walked to the sink, and
reached for a bottle of straw-colored liquid. Shéqul on heavy rubber-coated gloves,



and started to mix the isotope into the liquid.aélintion counter over the sink was
chattering. Over the headset, Ricky said, “Arentiguys forgetting something? Even if
you have a remote, how are you going to get thedcto come to it? Because | don't
think the swarm will just come over and stand thehde you hose it down.”

“We'll find something to attract them,” | said.

“Like what?”

“They were attracted to the rabbit.”

“We don’t have any rabbits.”

Charley said, “You know, Ricky, you are a very riagaperson.”

“I'm just telling you the facts.”

“Thank you for sharing,” Charley said.

Like Mae, Charley was seeing it, too: Ricky hadgdged his feet every step of the way. It
was as if Ricky wanted to keep the swarms aliveicWimade no sense at all. But that’s
how he was behaving.

| would have said something to Charley about Ritkyt,over our headsets everybody
heard everything. The downside of modern commuioieat everybody can listen in.
“Hey guys?” It was Bobby Lembeck. “How’s it comirig?

“We're getting there. Why?”

“The wind’s dropping.”

“What is it now?” | said.

“Fifteen knots. Down from eighteen.”

“That’s still strong,” | said. “We’re okay.”

“I know. I'm just telling you.”

From the next room, Rosie said, “What'’s thermiti?her hand she held a plastic tray
filled with thumb-sized metal tubes.

“Careful with that,” David said. “It must be leftzer from construction. | guess they did
thermite welding.”

“But what is it?”



“Thermite is aluminum and iron oxide,” David saitt.burns very hot—three thousand
degrees—and so bright you can’t look directly afnd it'll melt steel for welding.”

“How much of that have we got?” | said to Rosieetiause we can use it tonight.”

“There’s four boxes back there.” She plucked ome tiiom the box. “So how do you
set 'em off?”

“Be careful, Rosie. That's a magnesium wrapper. Aegent heat source will ignite it.”
“Even matches?”

“If you want to lose your hand. Better use roadeffa something with a fuse.”

“Ill see,” she said, and she disappeared arouadtmner.

The radiation counter was still clicking. | turnidthe sink. Mae had capped the isotope
tube. She was now pouring the straw-colored lignio a Windex bottle. “Hey, guys?” It
was Bobby Lembeck again. “I’'m picking up some ibdtey. Wind’s fluctuating at
twelve knots.”

“Okay,” | said. “We don’t need to hear every litthange, Bobby.”

“I'm seeing some instability, is all.”

“I think we’re okay for the moment, Bobby.”

Mae was going to be another few minutes, in ang.dasent over to a computer
workstation and turned it on. The screen gloweeglwas a menu of options. Aloud, |
said, “Ricky, can | put up the swarm code on thaitor?”

“The code?” Ricky said. He sounded alarmed. “Wimayolu want the code for?”

“I want to see what you guys have done.”

“Why?”

“Ricky, for Christ's sake, can | see it or not?”

“Sure, of course you can. All the code revisiorsiarthe directory slash code. It's
passworded.”

| was typing. | found the directory. But | wasn&ihg allowed to enter it. “And the
password is?”



“It's I-a-n-g-t-o0-n, all lowercase.”

“Okay_”

| entered the password. | was now in the directiogking at a list of program
modifications, each with file size and date. Theuwtoent sizes were large, which meant
that these were all programs for other aspectseofivarm mechanism. Because the code
for the particles themselves would be small—julgva lines, maybe eight, ten kilobytes,
no more. “Ricky.”

“Yes, Jack.”

“Where’s the particle code?”

“Isn’'t it there?”

“God damn it, Ricky. Stop screwing around.”

“Hey, Jack, I'm not responsible for the archiving—"

“Ricky, these are workfiles, not archives,” | sdidell me where.”

A brief pause. “There should be a subdirectorytsasD-N. It's kept there.”

| scrolled down. “| see it.”

Within this directory, | found a list of files, allery small. The modification dates started
about six weeks ago. There was nothing new frontaitetwo weeks. “Ricky. You
haven’'t changed the code for two weeks?”

“Yeah, about that.”

| clicked on the most recent document. “You gothhigvel summaries?” When these
guys had worked for me, | always insisted that tiwveye natural language summaries of
the program structure. It was faster to review tth@acumentation within the code itself.
And they often solved logic problems when they twadrite it out briefly. “Should be
there,” Ricky said.

On the screen, | saw:

[*Initialize*/

Forj=1to L xV do



Sj = 0 /*set initial demand to 0/

End For

Fori=lto z do

Forj=1toLxVdo

ij = (state (x,y,z)) /*agent threshold param*/

@ ij = (intent (Cj,Hj)) /*agent intention fill*/
Response = 0 /* begin agent response*/

Zone = z(i) /* intitial zone unlearned by agent*/
Sweep =1 /* activate agent travel*/

End For

End For

*Main*/

For kl=1 to Rvd do

For tm=1 to nv do

For =ito j do /* tracking surrounds*/

@ ij = (intent (Cj,Hj)) /*agent intention fill*/
ij <> (state (x,y,z)) /*agent is in motion*/

ikl = (filed (x,y,z)) /*track nearest agents */

| scanned it for a while, looking for how they hathnged it. Then | scrolled down into
the actual code, to see the implementation. Buintip@rtant code wasn't there. The
entire set of particle behaviors was marked asbggrocall to a something titled
“compstat_do.”

“Ricky,” | said, “what’s ‘compstat_do’? Where i21it



“Should be there.”
“It's not.”
“I don’t know. Maybe it's compiled.”

“Well that isn’t going to do me any good, is it?d¥ couldn’t read compiled code.
“Ricky, | want to see that damn module. What isghgblem?”

“No problem. | have to look for it, is all.”

“Okay ...”

“I'll do it when you get back.”

| glanced over at Mae. “Have you gone through theke@”

She shook her head. Her expression seemed towayg ihever going to happen, that
Ricky would make up more excuses and keep puttie@fi | didn’t understand why. |
was there to advise them on the code, after allit Was my area of expertise. In the next
room, Rosie and David were poking through the srebf supplies, looking for radio
relays. They weren’t having any success. Acrossdbm, Charley Davenport farted
loudly and cried, “Bingo!”

“Jesus, Charley,” Rosie said.

“You shouldn’t hold things in,” Charley said. “Itakes you sick.”

“You make me sick.” Rosie said.

“Oh, sorry.” Charley held up his hand, showing agimetal contraption. “Then | guess
you don’t want this remote-controlled compressiatve.”

“What?” Rosie said, turning.

“Are you kidding?” David said, going over to look.
“And it's got a pressure rating of ADC twenty pi.”
“That should work fine,” David said.

“If you don't fuck it up,” Charley said.

They took the valve and went to the sink, where Mas still pouring, wearing her
heavy gloves. She said, “Let me finish ...”



“Will I glow in the dark?” Charley said, grinning her.

“Just your farts,” Rosie said.

“Hey, they already do that. 'Specially when yothligem.”

“Jesus, Charley.”

“Farts are methane, you know. Burns with a hare lgjemlike flame.” And he laughed.
“I'm glad you appreciate yourself,” Rosie said. ‘teise nobody else does.”

“Ouch, ouch,” Charley said, clutching his breasdig, | die ...”

“Don’t get our hopes up.”

My headset crackled. “Hey guys?” It was Bobby Leokagain. “Wind'’s just dropped
to six knots.”

| said, “Okay.” | turned to the others. “Let’s fati up, guys.”
David said, “We're waiting for Mae. Then we’ll fihis valve.”
“Let’s fit it back in the lab,” | said.

“Well, | just want to make sure—"

“Back at the lab,” | said. “Pack it up, guys.”

| went to the window and looked out. The wind wals iuffling the juniper bushes, but
there was no longer a layer of sand blowing adfesground.

Ricky came on the headset: “Jack, get your fuckaagn out of there.”
“We’re doing it now,” | said.

David Brooks said in a formal tone, “Guys, thenmespoint in leaving until we have a
valve that we know fits this bottle—"

“I think we better go,” Mae said. “Finished or riot.
“What good would that do?” David said.

“Pack up,” | said. “Stop talking and pack it up ndw



Over the headset, Bobby said, “Four knots andgllFast.”
“Let’s go, everybody,” | said. | was herding themvard the door.
Then Ricky came on. “No.”

“What?”

“You can’t leave now.”

“Why not?”

“Because it's too late. They're here.”

DAY 6

3:12 P.M.

Everyone went to the window; we banged heads trigrigok out in all directions. As
far as | could see, the horizon was clear. | sathing at all. “Where are they?” | said.
“Coming from the south. We have them on the moasitor

“How many?” Charley said.

“Four.”

“Four!”

“Yeah, four.”

The main building was south of us. There were naaws in the south wall of the shed.
David said, “We don’t see anything. How fast areytboming?”

“Fast.”

“Do we have time to run for it?”

“I don't think so.”

David frowned. “He doesn't think so. Jesus.”

And before | could say anything, David had boltedthe far door, opened it, and

stepped out into the sunlight. Through the receofithe open door we saw him look to
the south, shading his eyes with his hand. Wepalks at once:



“David!”

“David, what the fuck are you doing?”

“David, you asshole!”

“I'm trying to see ...”

“Get back here!”

“You stupid bastard!”

But Brooks remained where he was, hands over l@s.élydon’t see anything yet,” he
said. “And | don't hear anything. Listen, | thinkaybe we can make a run for—uh, no
we can't.” He sprinted back inside, stumbled ondber frame, fell, scrambled to his feet,
and slammed the door shut, pulled it tight behiimal, hugging on the doorknob. “Where
are they?”

“Coming,” he said. “They’re coming.” His voice shHowith tension. “Oh Jesus, they're
coming.” He pulled back on the doorknob with boéiméis, using his whole body weight.
He muttered over and over, “Coming ... they’re aagni..”

“Oh great,” Charley said. “The fucking guy’s cradke

| went over to David, and put my hand on his sheultie was pulling on the doorknob,
breathing in ragged gasps. “David,” | said quietlyet’s take it easy now. Let’s take a

deep breath.”

“| just—I have to keep—have to keep them—" He waseating, his whole body tense,
his shoulder shaking under my hand. It was purécpan

“David,” | said. “Let’s take a deep breath, okay?”
“I have to—have to—have—have—have—"

“Big breath, David ...” | took one, demonstratififhat feels better. Come on now. Big
breath ...”

David was nodding, trying to hear me. He took arsheath. Then resumed his quick
gasps.

“That’s good, David, now another one ...”
Another breath. His breathing slowed slightly. Hepped shaking.

“Okay, David, that’s good ...”



Behind me, Charley said, “I always knew that guyitecked up. Look at him, talking to
him like a fucking baby.”

| glanced back, and shot Charley a look. He jusigdped. “Hey, I'm fucking right.”
Mae said, “It's not helping, Charley.”

“Fuck helping.”

Rosie said, “Charley, just shut up for a while, yKa

| turned back to David. | kept my voice even. “Af@iht, David ... That's good, breathe ...
okay now, let go of the doorknob.”

David shook his head, refusing, but he seemed sedfnow, uncertain of what he was
doing. He blinked his eyes rapidly. It was as ifwees coming out of a trance.

| said softly, “Let go of the doorknob. It's notidg any good.”

Finally, he let go, and sat back on the groundbefgan to cry, head in hands.

“Oh Jesus,” Charley said. “That’s all we need.”

“Shut up, Charley.”

Rosie went to the refrigerator and came back wilbtde of water. She gave it to David,
who drank as he cried. She helped him to his fextded to me that she’d take it from
here. | went back to the center of the room, wiieeeothers were standing by the
workstation screen. On the screen, the lines oé ¢l been replaced by a monitor view
of the north face of the main building. Four swamese there, glinting silver as they
moved up and down the length of the building.

“What're they doing?” | said.

“Trying to get in.”

| said, “Why do they do that?”

“We’re not sure,” Mae said.

We watched for a moment in silence. Once agains stiack by the purposefulness of
their behavior. They reminded me of bears tryingrieak into a trailer to get food. They

paused at every doorway and closed window, hovehege, moving up and down along
the seals, until finally moving on to the next oen



| said, “And do they always try the doors like that

“Yes. Why?”

“Because it looks like they don’'t remember thatdloers are sealed.”

“No,” Charley said. “They don’t remember.”

“Because they don’t have enough memory?”

“Either that,” he said, “or this is another gengnat’

“You mean these are new swarms since noon?”

HYeS.H

| looked at my watch. “There’s a new generationrgvieree hours?”

Charley shrugged. “I couldn’t say. We never fourtteve they reproduce. I'm just
guessing.” The possibility that new generationseamming that fast meant that
whatever evolutionary mechanism was built intodbde was progressing fast, too.
Ordinarily, genetic algorithms—which modeled reprotion to arrive at solutions—
ordinarily, they ran between 500 and 5,000 genamatto arrive at an optimization. If
these swarms were reproducing every three hourgant they had turned over
something like 100 generations in the last two weékd with 100 generations, the

behavior would be much sharper.

Mae watched them on the monitor and said, “At |#aesy're staying by the main
building. It seems like they don’t know we’re hére.

“How would they know?” | said.

“They wouldn’t,” Charley said. “Their main sensanpdality is vision. They may have
picked up a little auditory over the generations, its still primarily vision. If they don’t
see it, it doesn’t exist for them.”

Rosie came over with David. He said, “I'm reallyrso guys.”

“No problem.”

“It's okay, David.”

“I don’t know what happened. | just couldn’t stand

Charley said, “Don’t worry, David. We understanditre a psycho and you cracked.
We get the picture. No problem.”



Rosie put her arm around David, who blew his nosélly. She stared at the monitor.
“What's happening with them now?” Rosie said.

“They don’t seem to know we’re here.”
“Okay ...”

“We’re hoping it stays that way.”
“Uh-huh. And if it doesn’t?” Rosie said.

| had been thinking about that. “If it doesn’t, vedy on the holes in the PREDPREY
assumptions. We exploit the weaknesses in the anoging.”

“Which means?”

“We flock,” | said.

Charley gave a horse laugh. “Yeah, right, we floaaé-pray like hell!”
“I'm serious,” | said.

Over the last thirty years, scientists had stugiediator-prey interactions in everything
from the lion to the hyena to the warrior ant. eas now a much better understanding
of how prey defended themselves. Animals like zelarad caribou didn’t live in herds
because they were sociable; herding was a defgasesa predation. Large numbers of
animals provided increased vigilance. And attackirepators were often confused when
the herd fled in all directions. Sometimes thegrltly stopped cold. Show a predator too
many moving targets and it often chased none.

The same thing was true of flocking birds and sthgdish—those coordinated group
movements made it harder for predators to pickaainhgle individual. Predators were
drawn to attack an animal that was distinctiveame way. That was one reason why
they attacked infants so often—not only becausg Wexe easier prey, but because they
looked different. In the same way, predators kilieore males than females because
nondominant males tended to hang on the outsKittsecherd, where they were more
noticeable. In fact, thirty years ago when Hansukrstudied hyenas in the Serengeti, he
found that putting paint on an animal guaranteebitld be killed in the next attack.
That was the power of difference.

So the message was simple. Stay together. Staathe.
That was our best chance.

But | hoped it wouldn’t come to that.



The swarms disappeared for a while. They had gomend to the other side of the
laboratory building. We waited tensely. Eventudligy reappeared. They once again
moved along the side of the building, trying opgsione after another.

We all watched the monitor. David Brooks was swepprofusely. He wiped his
forehead with his sleeve. “How long are they gdm@geep doing that?”

“As long as they fucking want,” Charley said.

Mae said, “At least until the wind kicks up aga#md it doesn’t look like that’s going to
happen soon.”

“Jesus,” David said. “I don’t know how you guys cstand it.” He was pale; sweat had
dripped from his eyebrows onto his glasses. Hedddike he was going to pass out. |
said, “David. Do you want to sit down?”

“Maybe | better.”

“Okay.”

“Come on, David,” Rosie said. She took him acrb&sroom to the sink, and sat him on
the floor. He hugged his knees, put his head d&hke. put cold water on a paper towel
and placed it on the back of his neck. Her gestweze tender.

“That fucking guy,” Charley said, shaking his he@that’s all we need right now.”

“Charley,” Mae said, “you’re not helping ...”

“So what? We're trapped in this fucking shed, it& fucking airtight, there’s nothing we
can do, no place we can go, and he’s fucking crgcip, makes everything worse.”

“Yes,” she said quietly, “that’s all true. And yoa’not helping it.”

Charley gave her a look, and began to hum the theoneThe Twilight Zone.

“Charley,” | said. “Pay attention.” | was watchitige swarms. Their behavior had subtly
changed. They no longer stayed close to the bgjldivstead, they now moved in a
zigzag pattern away from the wall into the desart then back again. They were all
doing it, in a kind of fluid dance.

Mae saw it, too. “New behavior ...”

“Yes,” | said. “Their strategy isn’t working, sodir're trying something else.”

“Not going to do shit for them,” Charley said. “Thean zigzag all they want, it won't
open any doors.”



Even so, | was fascinated to see this emergenwimhdhe zigzags were becoming
more exaggerated; the swarms were moving farthetfather away from the buildings.
Their strategy was shifting progressively. It wasleing as we watched. “It's really
amazing,” | said. “Little fuckers,” Charley said.

One of the swarms was now quite close to the raalodass. It approached within a few
yards, and swirled away again, heading back torthi@ building. A thought occurred to
me. “How well do the swarms see?”

The headset clicked. It was Ricky. “They see fabsilp,” he said. “It's what they were
made to do, after all. Eyesight’'s twenty-oh-fiveg¢ said. “Fantastic resolution. Better
than any human.” | said, “And how do they do thagimg?” Because they were just a
series of individual particles. Like the rods awdes in the eye, central processing was
required to form a picture from all the inputs. Hasas that processing accomplished?
Ricky coughed. “Uh ... not sure.”

Charley said, “It showed up in later generations.”

“You mean they evolved vision on their own?”

“Yeah.”

“And we don’'t know how they do it ...”

“No. We just know they just do.”

We watched as the swarm angled away from the mal,ed back near the rabbit, then
returned to the wall once more. The other swarme father down the building, doing
the same thing. Swirling out into the desert, theirling back again. Over the headset,
Ricky said, “Why do you ask?”

“Because.”

“You think they’ll find the rabbit?”

“I'm not worried about the rabbit,” | said. “Anywait looks like they already missed it.”
“Then what?”

“Uh-oh,” Mae said.

“Shit,” Charley said, and he gave a long sigh.



We were looking at the nearest swarm, the onehth@dfust bypassed the rabbit. That
swarm had moved out into the desert again, peregpgards away from the rabbit. But
instead of turning back in its usual pattern, dl paused in the desert. It didn’t move, but
the silvery column rose and fell.

“Why is it doing that?” | said. “That up and dowmwing?”
“Something to do with imaging? Focusing?”

“No,” | said. “I mean, why did it stop?”

“Program stall?”

| shook my head. “I doubt it.”

“Then what?”

“I think it sees something.”

“Like what?” Charley said.

| was afraid | knew the answer. The swarm represkah extremely high-resolution
camera combined with a distributed intelligencevoek. And one thing distributed
networks did particularly well was detect patteffisat was why distributed network
programs were used to recognize faces for seaygtems, or to assemble the shattered
fragments of archaeological pottery. The networkdda find patterns in data better than
the human eye. “What patterns?” Charley said, wheld him. “There’s nothing out
there to detect except sand and cactus thorns.”

Mae said, “And footprints.”

“What? You mean our footprints? From us walkingrdvere? Shit, Mae, the sand’s been
blowing for the last fifteen minutes. There’s nofforints left to find.” We watched the
swarm hang there, rising and falling like it waedthing. The cloud had turned mostly
black now, with just an occasional glint of silviirhad remained at the same spot for ten
or fifteen seconds, pulsing up and down. The asla&arms were continuing in their
zigzag course, but this one stayed where it was.

Charley bit his lip. “You really think it sees sothieg?”

“I don’t know,” | said. “Maybe.”

Suddenly, the swarm rose up, and began to move.dgai it wasn’t coming toward us.
Instead, it moved on a diagonal over the deseatling back toward the door in the

power building. When it came to the door, it staghpend swirled in place. “What the
hell?” Charley said.



| knew what it was. So did Mae. “It just tracked’ushe said. “Backward.” The swarm
had followed the path we had originally taken fridma door to the rabbit. The question
was, what would it do next?

The next five minutes were tense. The swarm redrédsgyath, going back to the rabbit. It
swirled around the rabbit for a while, moving inwlsemicircles back and forth. Then
once again it retraced the route back to the petation door. It stayed at the door for a
while, then returned to the rabbit.

The swarm repeated this sequence three times. Melanthe other swarms had
continued their zigzagging around the building, amde now out of sight. The solitary
swarm returned to the door, then headed back toatht@t again.

“It's stuck in a loop,” Charley said. “It just do&se same thing over and over again.”

“Lucky for us,” | said. | was waiting to see if tisezarm would modify its behavior. So
far it hadn’t. And if it had very little memory, ¢ it might be like an Alzheimer’s patient,
unable to remember it had done all this before.

Now it was going around the rabbit, moving in sarmles.
“Definitely stuck in a loop,” Charley said.
| waited.

| hadn’t been able to review all the changes theyatle to PREDPREY, because the
central module was missing. But the original progiead a randomizing element built
into it, to handle situations exactly like this. @ftever PREDPREY failed to attain its
goal, and there were no specific environmental ispw provoke new action, then its
behavior was randomly modified. This was a well\knsolution. For example,
psychologists now believed a certain amount of camehavior was necessary for
innovation. You couldn’t be creative without strigiout in new directions, and those
directions were likely to be random—

“Uh-oh,” Mae said.

The behavior had changed.

The swarm moved in larger circles, going aroundanadind the rabbit. And almost
immediately, it came across another path. It paasedment, and then suddenly rose up,
and began to move directly toward us. It was foitmpexactly the same path we had

taken, walking to the shed.

“Shit,” Charley said. “I think we’re fucked.”



Mae and Charley rushed across the room to lookhewvindow. David and Rosie stood
and peered out the window above the sink. Andrteseto shout: “No, no! Get away
from the windows!”

“What?”

“It's visual, remember? Get away from the windows!”

There was no good place to hide in the storage rootreally. Rosie and David crawled
under the sink. Charley pushed in beside them riggdheir protests. Mae slipped into
the shadows of one corner of the room, easing énse the space where two shelves
didn’t quite meet. She could only be seen fromvilest window, and then not easily. The
radio crackled. “Hey guys?” It was Ricky. “One’sdaeng for you. And uh ... No ... two
others are joining it.”

“Ricky,” | said. “Go off air.”

“What?”

“No more radio contact.”

“Why?”

“Off, Ricky.”

| dropped down on my knees behind a cardboard rcaftsupplies in the main room.
The carton wasn’t large enough to hide me entiratyyfeet stuck out—but like Mae, |
wasn't easily seen. Someone outside would haveoio dt an angle through the north
window to see me. In any case, it was the bestilidodo.

From my crouched position, | could just see theerthhuddled beneath the sink. |
couldn’t see Mae at all, unless | really stuck repdh around the corner of the carton.
When | did, she looked quiet, composed. | duckexk laand waited.

| heard nothing but the hum of the air conditioner.

Ten or fifteen seconds passed. | could see thégbtistreaming in through the north
window above the sink. It made a white rectangléhenfloor to my left. My headset
crackled. “Why no contact?”

“Jesus fucking A,” Charley muttered.

| put my finger to my lips, and shook my head.

“Ricky,” | said, “don’t these things have auditagpacity?”



“Sure, maybe a little, but—"
“Be quiet and stay off.”
HBut_H

| reached for the transmitter at my belt, and @itk off. | signaled the others beneath
the sink. They each turned their transmitters off.

Charley mouthed something to me. | thought he nmexjthrhat fucking guy wants us
killed.”

But | couldn’t be sure.
We waited.

It couldn’t have been more than two or three migubit it seemed forever. My knees
began to hurt on the hard concrete floor. Tryinggbmore comfortable, | shifted my
position cautiously; by now | was sure the firsasm was in our vicinity. It hadn’t
appeared at the windows yet, and | wondered whattaking so long. Perhaps as it
followed our path it had paused to inspect the.das®ndered what swarm intelligence
would make of an automobile. How puzzling it musiKk to that high-resolution eye. But
maybe because the cars were inanimate, the swauhd wgmore them as some sort of
large, brightly colored boulders. But still ... Wieas taking so long?

My knees hurt more with every passing second. hghd my position, putting weight on
my hands and raising my knees like a runner ablbeks. | had a moment of temporary
relief. | was so focused on my pain that | didrotice at first that the glaring white
rectangle on the floor was turning darker at the&texe and spreading out to the sides. In a
moment the entire rectangle turned dull gray.

The swarm was here.

| wasn’t certain, but | fancied that beneath thetai the air conditioner was a deep
thrumming sound. From my position behind the criasaw the window above the sink
grow progressively darker from swirling black peles. It was as if there was a dust
storm right outside. Inside the shed it was dadkp8singly dark.

Underneath the sink, David Brooks began to moaarléf clapped his hand over his
mouth. They looked upward, even though the sinkk#d their view of the window
above them. And then the swarm vanished from timelowv, as quickly as it had come.
Sunlight poured in again.

Nobody moved.

We waited.



Moments later, the window in the west wall turnedlg in the same way. | wondered
why the swarm didn’t enter. The window wasn'’t ginti. The nanoparticles could slide
through the cracks without difficulty. But they ditdeven seem to try. Perhaps this was
an instance where network learning was on our stdehaps the swarms had been
trained by their experience at the lab to thinkrd@nd windows were impermeable.
Maybe that's why they weren't trying.

The thought gave me a hopeful feeling that helgrohteract the pain in my knees. The
west window was still dark, when the north windoveothe sink turned dark again. Now
two swarms were looking in at the same time. Ric&g said there were three coming
toward the building. He hadn’t mentioned the fourttwvondered where the third swarm
was. A moment later, | knew.

Like a silent black mist, nanoparticles began tmeaonto the room underneath the west
door. Soon more particles entered, all around tue ttame. Inside the room, the
particles appeared to spin and swirl aimlessly,| kamew they would self-organize in a
few moments. Then at the north window, | saw mamiges flooding through the
cracks. Through the air-conditioning vents in tkdiicg, still more particles rushed
downward. There was no point in waiting any longeot to my feet and stepped from
my hiding place. | shouted for everybody to comedadthiding. “Form up in two rows!”
Charley grabbed the Windex spray bottle and feédl Ime, grumbling, “What do you
think our fucking chances are?”

“The best they'll ever get,” | said. “Reynolds rsld&-orm up and stay with me! Let’s
go—now!”

If we weren’t so frightened, we might have felticidlous, shuffling back and forth across
the room in a tight cluster, trying to coordinater movements—trying to imitate a flock
of birds. My heart was pounding in my chest. | ldearoaring sound in my ears. It was
hard to focus on our steps. | knew we were awkwautiywe got better quickly. When we
came to a wall, we wheeled and headed back agawinmin unison. | started swinging
my arms and clapping with each step. The othershdicdame. It helped our coordination.
And we each fought our terror. As Mae said latérwas step aerobics from hell.” And
all the time, we watched the black nanoparticlethag came hissing into the room
through cracks in doors and windows. It seemedtorgfor a long time, but it was
probably only thirty or forty seconds. Soon a kofdindifferentiated fog filled the room.

| felt pinpricks all over my body, and | was suhne others felt it, too. David started
moaning again, but Rosie was right beside him, eragpng him, urging him to keep it
together. Suddenly, with shocking speed the fogrel&, the particles coalescing into two
fully formed columns that now stood directly befoig rising and falling in dark ripples.
Seen this close, the swarms exuded an unmistakabse of menace, almost
malevolence. Their deep thrumming sound was cleartiible, but intermittently | heard
an angry hiss, like a snake.



But they did not attack us. Just as | had hopedpthgramming deficits worked for us.
Confronted by a cluster of coordinated prey, th@eelators were stymied. They did
nothing at all.

At least for now.

Between claps, Charley said, “Do you believe—thisking shit—it's working!” | said,
“Yes but maybe—not for long.” | was worried abowihlong David could control his
anxiety. And | was worried about the swarms. | di#now how long they’d just stand
there before they innovated new behavior. | sdidufjgest we—move toward that—
back door behind us—and get the hell out.”

As we wheeled away from the wall, | angled slightdward the rear room. Clapping and
stepping in unison, our group moved away from tharms, which thrummed deeply and
followed.

“And if we get outside, then what?” David whinede Was having trouble staying in
sync with the rest of us. In his panic, he kepirdgiling. He was sweating and blinking
rapidly. “We continue this way—flocking this way—diato the lab—and get inside—
are you willing to try?”

“Oh jeez,” he moaned. “It's so far ... | don’t knafn..” He stumbled again, nearly lost
his balance. And he wasn’t clapping with the résts | could almost feel his terror, his
overwhelming urge to flee.

“David you stay with us—if you go on your own—yaduilever make it—are you
listening?” David moaned, “I don’t know ... Jackl.don’t know if | can ...” He stumbled
again, bumped into Rosie, who fell against Chamdyo caught her and pulled her back
to her feet. But our flock was knocked into momentisarray, our coordination gone.
Immediately, the swarms turned dense black, caitetitightened, as if ready to spring. |
heard Charley whisper “Oh fuck,” under his breaiid indeed, for a moment | thought
he was right, and that it was all over.

But then we regained our rhythm, and immediatedysivarms rose up, returned to
normal. Their dense blackness faded. They resuheadsteady pulsing. They followed
us into the next room. But still they did not aka@/e were now about twenty feet from
the back door, the same door we had come in.testéo feel optimistic. For the first
time, | thought it was possible we really might raak

And then, in an instant, everything went to hell.

* % %

David Brooks bolted.



We were well into the back room, and about to wark way around the freestanding
shelves in the center of the room, when he raigsiraetween the swarms and past them,
heading for the far door.

The swarms instantly spun and chased him.

Rosie was screaming for him to come back, but Dasad focused on the door. The
swarms pursued him with surprising speed. Davidaiast reached the door—his hand
was reaching for the doorknob—when one swarm sankdnd spread itself across the
floor ahead of him, turning it black.

The moment David Brooks reached the black surfaisgeet shot out from under him,
as if he had stepped on ice. He howled in pairesddmmed onto the concrete, and
immediately tried to scramble to his feet again,H®icouldn’t get up; he kept slipping
and falling, again and again. His eyeglasses skdttéhe frames cut his nose. His lips
were coated with swirling black residue. He stattetlave trouble breathing.

Rosie was still screaming as the second swarm ddedeon David, and the black spread
across his face, onto his eyes, into his hair.rhkbgements became increasingly frantic,
he moaned pitifully like an animal, yet somehowhasslid and tumbled on hands and
knees, he managed to make his way toward the dotast he lunged upward, grabbed
the doorknob, and managed to pull himself to hisden With a final desperate movement,
he twisted the knob, and kicked the door open dslhe

Hot sunlight flared into the shed—and the third swawirled in from outside.

Rosie cried, “We’ve got to do something!” | grabbest arm as she ran past me toward
David. She struggled in my grip. “We have to healp!hWe have to help him!”

“There’s nothing we can do.”

“We have to help him!”

“Rosie. There’s nothing we can do.”

David was now rolling on the ground, black from théa toe. The third swarm had
enveloped him. It was difficult to see through ttacing particles. It looked as though
David’s mouth was a dark hole, his eyeballs congyddlack. | thought he might be
blind. His breath came in ragged gasps, with littieking sounds. The swarm was

flowing into his mouth like a black river.

His body began to shudder. He clutched at his ndrskfeet drummed on the floor. | was
sure he was dying.

“Come on, Jack,” Charley said. “Let’s get the fumk of here.”



“You can't leave him!” Rosie shouted. “You can’gy can’t!” David was sliding out the
door, into the sunlight. His movements were leg®rous now; his mouth was moving,
but we heard only gasps.

Rosie struggled to get free.

Charley grabbed her shoulder and said, “God danpRogie—"

“Fuck you!” She wrenched free from his grip, shengped on my foot and in my moment
of surprise | let go, and she sprinted acrossliled sto the next room, shouting “David!
David!” His hand, black as a miner’s, stretcheddoivher. She grabbed his wrist. And in
the same moment she fell, slipping on the bladtrfjast as he had done. She kept saying
his name, until she began to cough, and a blaclappeared on her lips.

Charley said, “Let’s go, for Christ’s sake. | cawatch.”

| felt unable to move my feet, unable to leaveirheéd to Mae. Tears were running down
her cheeks. She said: “Go.”

Rosie was still calling out David’s name as shedgaaphim, pulled his body to her chest.
But he didn’t seem to be moving on his own anymore.

Charley leaned close to me and said, “It's not yfoaking fault.”
| nodded slowly. | knew what he was saying was.true

“Hell, this is your first day on the job.” Charlegached down to my belt, flicked my
headset on. “Let’'s go.”

| turned toward the door behind me.

And we went outside.

DAY 6

4:12 P.M.

Beneath the corrugated roof, the air was hot alid®ie line of cars stretched away
from us. | heard the whirr of a video camera mojoby the roof. Ricky must have seen
us coming out on the monitors. Static hissed inhegdset. Ricky said, “What the hell’'s
going on?”

“Nothing good,” | said. Beyond the line of shade fafternoon sun was still bright.

“Where are the others?” Ricky said. “Is everybo#dgys?”



“No. Everybody is not.”
“Well tell me—"

“Not now.” In retrospect, we were all numb from wihad happened. We didn’t have
any reaction except to try and get to safety.

The lab building stood across the desert a hungleds to our right. We could reach the
power station door in thirty or forty seconds. V¢ aff toward it at a brisk jog. Ricky
was still talking, but we didn’t answer him. We wexll thinking about the same thing: in
another half a minute we would reach the door,safdty.

But we had forgotten the fourth swarm.
“Oh fuck,” Charley said.

The fourth swarm swirled out from the side of thk building, and started straight
toward us. We stopped, confused. “What do we do&g Ighid, “Flock?”

“No.” | shook my head. “There’s only three of usVe were too small a group to confuse
a predator. But | couldn’t think of any other séxgy to try. All the predator-prey studies |
had ever read began to play back in my head. Tétoskes agreed on one thing. Whether
you modeled warrior ants or Serengeti lions, theiss confirmed one major dynamic:
left to their own devices, predators would kill #le prey until none remained—unless
there was a prey refuge. In real life the preygefmight be a nest in a tree, or an
underground den, or a deep pool in a river. Ifgtey had a refuge, they’'d survive.
Without a refuge, the predators would kill them all

“I think we're fucked,” Charley said.

We needed a refuge. The swarm was bearing dowss.drcauld almost feel the
pinpricks on my skin, and taste the dry ashen iastey mouth. We had to find some
kind of shelter before the swarm reached us. letifall circle, looking in all directions,
but there was nothing | could see, except—

“Are the cars locked?”

My headset crackled. “No, they shouldn’t be.”

We turned and ran.

The nearest car was a blue Ford sedan. | openettittee’s door, and Mae opened the
passenger side. The swarm was right behind usiléideear the thrumming sound as |

slammed the door shut, as Mae slammed hers. Chatikgyolding the Windex spray,
was trying to open the rear passenger door, bvastlocked. Mae twisted in the seat to



unlock the door, but Charley had already turnetthéonext car, a Land Cruiser, and
climbed inside. And slammed the door.

“Yow!” he said. “Fucking hot!”

“I know,” | said. The inside of the car was like anen. Mae and | were both sweating.
The swarm rushed toward us, and swirled over tha fivindshield, pulsating, shifting
back and forth.

Over the headset, a panicked Ricky said, “Guys?ré&/aee you? Guys?”

“We’'re in the cars.”

“Which cars?”

“What fucking difference does it make?” CharleydsdiVe’re in two of the fucking cars,
Ricky.”

The black swarm moved away from our sedan overd¢dbyota. We watched as it slid
from one window to another, trying to get in. Clegrgrinned at me through the glass.
“It's not like the shed. These cars are airtightt.. Sfuck 'em.”

“What about the air vents?” | said.
“l shut mine.”
“But they aren't airtight, are they?”

“No,” he said. “But you'd have to go under the hdodegin to get in. Or maybe through
the trunk. And I'm betting this overbred buzzbalhtt figure that out.” Inside our car,
Mae was snapping closed the dashboard air ductaftereanother. She opened the glove
compartment, glanced inside, shut it again. | s&du find any keys?”

She shook her head, no.
Over the headset, Ricky said, “Guys? You got moragany.”

| turned to see two additional swarms coming ardimedshed. They immediately swirled
over our car, front and back. | felt like we wemeai dust storm. | looked at Mae. She was
sitting very still, stony-faced, just watching.

The two new clouds finished circling the car, tlkame to the front. One was positioned
just outside Mae’s passenger door window. It pylgédting silver. The other was on

the hood of the car, moving back and forth from Ntaene. From time to time, it would
rush the windshield, and disperse itself over fhegy Then it would coalesce again, back
away down the hood, and rush again.



Charley cackled gleefully. “Trying to get in. | tbyou: they can’t do it.” | wasn’t so sure.
| noticed that with each charge, the swarm woulderfarther back down the hood,
taking a longer run. Soon it would back itself aghe front grill. And if it started
inspecting the grill, it could find the openingttee air vents. And then it would be over.
Mae was rummaging in the utility compartment betwte seats. She came up with a
roll of tape and a box of plastic sandwich baggsie said, “Maybe we can tape the
vents ...” | shook my head. “There’s no point,aic “They’re nanopatrticles. They're
small enough to pass right through a membrane.”

“You mean they’d come through the plastic?”

“Or around, through small cracks. You can’t sealell enough to keep them out.”

“Then we just sit here?”

“Basically, yes.”

“And hope they don't figure it out.”

| nodded. “That’s right.”

Over the headset, Bobby Lembeck said, “Wind’s stgrto pick up again. Six knots.” It
sounded like he was trying to be encouraging, xutrsots wasn’t anywhere near enough
force. The swarms outside the windshield movedrédfesly around the car. Charley said,
“Jack? | just lost my buzzball. Where is it?”

| looked over at Charley’s car, and saw that thel ttbwarm had slid down to the front

tire well, where it was swirling in circles and niog in and out through the holes in the
hubcap. “Checking your hubcaps, Charley,” | said.

“Umm.” He sounded unhappy, and with good reasothdfswarm started exploring the
car thoroughly, it might stumble on a way in. Haelsél guess the question is, how big is
their SO component, really?”

“That’s right,” | said.

Mae said, “In English?”

| explained. The swarms had no leader, and noaedntelligence. Their intelligence was
the sum of the individual particles. Those partdelf-organized into a swarm, and their
self-organizing tendency had unpredictable resMlibsL really didn’t know what they
would do. The swarms might continue to be ineffegtas they were now. They might
come upon the solution by chance. Or they might s&arching in an organized way.
But they hadn’t done that so far.



My clothes were heavy, soaked in sweat. Sweat wapidg from my nose and chin. |
wiped my forehead with the back of my arm. | lookeédae. She was sweating, too.
Ricky said, “Hey, Jack?”

“What.”

“Julia called a while ago. She’s checked out ofttbspital and—"

“Not now, Ricky.”

“She’s coming out here tonight.”

“We'll talk later, Ricky.”

“I just thought you'd want to know.”

“Jesus,” Charley said, exploding. “Someone teB #ishole to shut up. We're busy!”
Bobby Lembeck said, “Eight knots of wind now. Norry ... seven.”

Charley said, “Jesus, the suspense is killing meeMYs my swarm now, Jack?”

“Under the car. | can’t see what it's doing ... M@it ... It's coming up behind you,
Charley. Looks like it's checking out your taillitg’

“Some kind of car freak,” he said. “Well, it canextk away.”

| was looking over my shoulder at Charley’s swarhew Mae said, “Jack. Look.” The
swarm outside her window on the passenger sidelmaaged. It was almost entirely
silver now, shimmering but pretty stable, and as #ilver surface | saw Mae’s head and
shoulders reflected back. The reflection wasn’fquy because her eyes and mouth were
slightly blurred, but basically it was accurate.

| frowned. “It's a mirror ...”

“No,” she said. “It's not.” She turned away fronettvindow to look at me. Her image on
the silver surface did not change. The face coetirto stare into the car. Then, after a
moment or two, the image shivered, dissolved arfdmmaed to show the back of her
head. “What does that mean?” Mae said.

“I've got a pretty good idea, but—"
The swarm on the front hood was doing the samejtleixcept that its silver surface

showed the two of us sitting side by side in the lceoking very frightened. Again, the
image was somewhat blurred. And now it was cleanédahat the swarm was not a literal



mirror. The swarm itself was generating the imagéhle precise positioning of
individual particles, which meant—

“Bad news,” Charley said.

“I know,” | said. “They’re innovating.”

“What do you figure, is it one of the presets?”

“Basically, yes. | assume it’s imitation.”

Mae shook her head, not understanding.

“The program presets certain strategies to heypragfoals. The strategies model what
real predators do. So one preset strategy is ézdrevhere you are and wait, to ambush.
Another is to random-walk until you stumble on ypuey, and then pursue. A third is to
camouflage yourself by taking on some element efathvironment, so you blend in. And
a fourth is to mimic the prey’s behavior—to imitété

She said, “You think this is imitation?”

“I think this is a form of imitation, yes.”

“It's trying to make itself appear like us?”

“Yes.”

“This is emergent behavior? It's evolved on its @vn

“Yes,” | said.

“Bad news,” Charley said mournfully. “Bad, bad néws

Sitting in the car, | started to get angry. Becawubat the mirror imaging meant to me
was that | didn’t know the real structure of theoparticles. I'd been told there was a
piezo wafer that would reflect light. So it wasstirprising that the swarm occasionally
flashed silver in the sun. That didn’t call for bggiicated orientation of the particles. In
fact, you would expect that sort of silvery ripple a random effect, just the way heavily
trafficked highways will clog up and then flow figeagain. The congestion was caused
by random speed changes from one or two motohstshe effect rippled down the
entire highway. The same would be true of the swamchance effect would pass like a
wave down the swarm. And that's what we had seen.

But this mirroring behavior was something entireifferent. The swarms were now

producing images in color, and holding them fagtigble. Such complexity wasn’t
possible from the simple nanopatrticle I'd been smovdoubted you could generate a full



spectrum from a silver layer. It was theoretic@bssible that the silver could be
precisely tilted to produce prismatic colors, thattimplied enormous sophistication of
movement.

It was more logical to imagine that the particles lanother method to create colors. And
that meant | hadn’t been told the truth about thetiges, either. Ricky had lied to me yet
again. So | was angry.

| had already concluded something was wrong wittk{Riand in retrospect, the problem
lay with me, not him. Even after the debacle ingterage shed, | still failed to grasp that
the swarms were evolving faster than our abilitkeep pace with them. | should have
realized what | was up against when the swarms dstraied a new strategy—making
the floor slippery to disable their prey, and tovmdhem. Among ants, that would be
called collective transport; the phenomenon was kvelwn. But for these swarms, it

was unprecedented, newly evolved behavior. Ydiatitne | was too horrified to
recognize its true significance. Now, sitting ie tot car, it wasn’t useful to blame Ricky,
but | was scared, and tired, and | wasn't thinlctegrly.

“Jack.” Mae nudged my shoulder, and pointed to (€& car.

Her face was grim.

The swarm by the taillight of Charley’s car was n@Wwlack stream that curved high in
the air, and then disappeared in the seam whemedthglastic joined the metal. Over the
headset | said, “Hey, Charley ... | think it's fala way.”

“Yeah, | see it. Fuck a duck.”

Charley was scrambling into the backseat. Alreaalyigles were beginning to fill the
inside of the car, making a gray fog that rapiddylkened. Charley coughed. | couldn’t
see what he was doing, he was down below the windi@acoughed again.

“Charley?”

He didn’'t answer. But | heard him swearing.

“Charley, you better get out.”

“Fuck these guys.”

And then there was an odd sound, which at firsilldn’t place. | turned to Mae, who
was pressing her headset to her ear. It was agstramythmic rasping. She looked at me

guestioningly.

“Charley?”



“I'm—spray these little bastards. Let's see howytde when they’re wet.”

Mae said, “You're spraying the isotope?”

He didn’t answer. But a moment later he appeard¢darwindow again, spraying in all
directions with the Windex bottle. Liquid streakadtoss the glass, and dripped down.
The interior of the car was growing darker as naré more particles entered. Soon we
couldn’t see him at all. His hand emerged fromhlaek, pressed against the glass, then
disappeared again. He was coughing continuoustiryAcough.

“Charley,” | said, “run for it.”

“Ah fuck. What's the point?”

Bobby Lembeck said, “Wind’s ten knots. Go for it.”

Ten knots wasn’t enough but it was better thaningth

“Charley? You hear?”

We heard his voice from the black interior. “Yeakay ... I'm looking—can’t find—
fucking door handle, can’t feel ... Where’s the d@ahn door handle on this—" He broke

into a spasm of coughing.

Over the headset, | heard voices inside the lhbpabking rapidly. Ricky said, “He’s in
the Toyota. Where’s the handle in the Toyota?”

Bobby Lembeck: “I don’t know, it's not my car.”
“Whose car is it? Vince?”

Vince: “No, no. It's that guy with the bad eyes.”
“Who?”

“The engineer. The guy who blinks all the time.”
“David Brooks?”

“Yeah. Him.”

Ricky said, “Guys? We think it's David’s car.”

| said, “That’s not going to do us any—"



And then | broke off, because Mae was pointing helmer to the backseat of our car.
From the seam where the seat cushion met the padicles were hissing into the car
like black smoke.

| looked closer, and saw a blanket on the floahefbackseat. Mae saw it, too, and threw
herself bodily into the back, diving between thatseShe kicked me in the head as she
went, but she had the blanket and began stuffimgatthe crack. My headset came off,
and caught on the steering wheel as | tried tolrlyack to help her. It was cramped in
the car. | heard a tinny voice from the earpieces.

“Come on,” Mae said. “Come on.”

| was bigger than she was; there wasn’'t room fobaek there; my body jackknifed over
the driver’s seat as | grabbed the blanket andelddter stuff it. | was vaguely aware that
the passenger door banged open on the Toyota,sawd Charley’s foot emerge from the
black. He was going to try his luck outside. Mayieeshould, too, | thought, as | helped
her with the blanket. The blanket wouldn’t do ampd, it was just a delaying tactic.
Already | sensed the particles were sifting riglbtigh the cloth; the car was continuing
to fill. The air was getting darker and darkerelt the pinpricks all over my skin. “Mae,
let’s run.”

She didn’t answer, she just kept pushing the blahn&eder into the cracks. Probably she
knew we’d never make it if we went outside. The smswould run us down, get in our
path, make us slip and fall. And once we fell, tiuld suffocate us. Just as they did to
the others. The air was thicker. | started to coligthe semidarkness | kept hearing a
tinny voice from the headsets. | couldn’t tell whé@rwas coming from. Mae’s headset
had fallen off, too, and | thought | had seen itloa front seat, but now it was becoming
too dark to see. My eyes burned. | coughed contislyo Mae was coughing, too. | didn’t
know if she was still stuffing the blanket. She Wast a shadow in the fog.

| squeezed my eyes against the sharp pain. Mytthras tightening, and my cough was
dry. | felt dizzy again. | knew we couldn’t survimeore than a minute or so, perhaps less.
| looked back at Mae, but couldn’t see her. | hdsdcoughing. | waved my hand, trying
to clear the fog so | could see her. It didn't wdriwaved my hand in front of the
windshield, and it cleared momentarily.

Despite my fit of coughing, | saw the lab in thetdnce. The sun was shining.
Everything looked normal. It was infuriating thesshould appear so normal and peaceful
while we coughed ourselves to death. | couldn’twgkat happened to Charley. He wasn’t
in front of me anywhere. In fact—I waved my hanaiag—all | saw was—

Blowing sand.

Jesus, blowing sand.

The wind was back up.



“Mae.” | coughed. “Mae. The door.”

| don’t know if she heard me. She was coughing hlargiached for the driver’s side door,
fumbling for the handle. | felt confused and disated. | was coughing continuously. |
touched hot metal, jerked it down.

The door swung open beside me. Hot desert air dushewirling the fog. The wind had
definitely come up. “Mae.”

She was racked with coughing. Perhaps she couttme. | lunged for the passenger
door opposite me. My ribs banged on the gearshiie. fog was thinner now, and | saw
the handle, twisted it, and shoved the door ogdrariged shut in the wind. | pushed
forward, twisted, shoved it open again, holdinggén with my hand.

Wind blew through the car.

The black cloud vanished in a few seconds. Thedsatkwas still dark. | crawled
forward, out the passenger door, and opened tHedmsar. She reached to me, and |
hauled her out. We were both coughing hard. Hes bagckled. | threw her arm over my
shoulder and half carried her out into the operedes

Even now, | don’'t know how | made it back to thbdeatory building. The swarms had
vanished; the wind was blowing hard. Mae was a aezight on my shoulders, her body
limp, her feet dragging over the sand. | had nagnd was racked with spasms of
coughing, which often forced me to stop. | couldyét my breath. | was dizzy,
disoriented. The glare of the sun had a greenigfetand | saw spots before my eyes.
Mae was coughing weakly; her breaths shallow. Ithadeeling she wouldn’t survive. |
trudged on, putting one foot ahead of the othem&uww the door loomed in front of me,
and | got it open. | brought Mae into the blackesubom. On the other side of the glass
airlock, Ricky and Bobby Lembeck were waiting. Tivegre cheering us on, but |
couldn’t hear them. My headset was back in theTae. airlock doors hissed open, and |
got Mae inside. She managed to stand, though sbke&lewubled over coughing. | stepped
away. The wind began to blow her clean. | leanedrag the wall, out of breath, dizzy.

| thought, Haven't | done this before?

| looked at my watch. It was just three hours sihlsad narrowly escaped the last attack.
| bent over and put my hands on my knees. | stardge floor and waited for the airlock
to become free. | glanced over at Ricky and Bofilwey were yelling, pointing to their
ears. | shook my head.

Couldn’t they see | didn’t have a headset?

| said, “Where’s Charley?”



They answered, but | couldn’t hear them.
“Did he make it? Where’s Charley?”

| winced at a harsh electronic squeal, and then tinveintercom Ricky said, “—not much
you can do.”

“Is he here?” | said. “Did he make it?”

“No.”

“Where is he?”

“Back at the car,” Ricky said. “He never got outloé car. Didn’t you know?”
“I was busy,” | said. “So he’s back there?”

“Yeah.”

“Is he dead?”

“No, no. He's alive.”

| was still breathing hard, still dizzy. “What?”

“It's hard to tell on the video monitor, but it lke like he is alive ...”
“Then why the fuck don’t you guys go get him?”

Ricky’s voice was calm. “We can’t, Jack. We havéaike care of Mae.”
“Someone here could go.”

“We don’t have anyone to spare.”

‘I can’t go,” | said. “I'm in no shape to go.”

“Of course not,” Ricky said, turning on his soothwoice. The undertaker’s voice. “All
this must be a terrible shock to you, Jack, all'yegone through—"

“Just ... tell me ... who'’s going to get him, Ri€Ry

“To be brutally honest,” Ricky said, “I don'’t thirtkere’s any point. He had a convulsion.
A bad one. | don’t think he has much left.”

| said, “Nobody’s going?”



“I'm afraid there’s no point, Jack.”

Inside the airlock, Bobby was helping Mae out aeatling her down the corridor. Ricky
was standing there. Watching me through the glass.

“Your turn, Jack. Come on in.”

| didn’t move. | stayed leaning against the wa#lald, “Somebody has to go get him.”
“Not right now. The wind isn’t stable, Jack. Itflll again any minute.”

“But he’s alive.”

“Not for long.”

“Somebody has to go,” | said.

“Jack, you know as well as | do what we’re up aggirRicky said. He was doing the
voice of reason now, calm and logical. “We've hedtible losses. We can’t risk anybody
else. By the time somebody gets to Charley, he’llbad. He may be dead already.

Come on and get in the airlock.”

| was taking stock of my body, feeling my breathinty chest, my deep fatigue. |
couldn’t go back out right now. Not in the conditibwas in.

So | got into the airlock.

* k% %

With a roar, the blowers flattened my hair, flutt@my clothes, and cleaned the black
particles from my clothes and skin. My vision imped almost immediately. | breathed
easier. Now they were blowing upward. | held outlmayd and saw it turn from black to
pale gray, then to normal flesh color again.

Now the blowers came from the sides. | took a deepth. The pinpricks were no longer
so painful on my skin. Either | was feeling theredeor they were being blown off my
skin. My head cleared a little. | took another lineadidn’t feel good. But | felt better.
The glass doors opened. Ricky held out his arnaekK.JThank God you're safe.”

| didn’t answer him. | just turned around, and wieatk the way | had come.

“Jack ...”

The glass doors whished shut, and locked with akhl'm not leaving him out there,” |
said.



“What're you going to do? You can’t carry him, h&d® big. What're you going to do?”
“I don’t know. But I'm not leaving him behind, RigK
And | went back outside.

Of course | was doing exactly what Ricky wanted—etlyavhat he expected me to do—
but | didn’t realize it at the time. And even ifrsebody had told me, | wouldn’t have
credited Ricky with that degree of psychologicaitsstication. Ricky was pretty obvious
in the way he managed people. But this time, hergot

DAY 6

4:22 P.M.

The wind was blowing briskly. There was no sigrihe swarms, and | crossed to the
shed without incident. | didn’t have a headset s@$ spared Ricky’s commentary. The
back passenger door of the Toyota was open. | f@hatley lying on his back,
motionless. It took me a moment to see he wasbsakthing, although shallowly. With
an effort, | managed to pull him into a sitting pas. He stared at me with dull eyes. His
lips were blue and his skin was chalky gray. A t@ardown his cheek. His mouth
moved. “Don’t try to talk,” | said. “Save your emggr” Grunting, | pulled him over to the
edge of the seat, by the door, and swung his le@sd so he was facing out. Charley
was a big guy, six feet tall and at least twentymus heavier than | was. | knew |
couldn’t carry him back. But behind the backseatefToyota | saw the fat tires of a dirt
bike. That might work. “Charley, can you hear me?”

An almost imperceptible nod.

“Can you stand up?”

Nothing. No reaction. He wasn’t looking at me; hasvstaring into space.

“Charley,” | said, “do you think you can stand?”

He nodded again, then straightened his body stichefsthe seat, and landed on the
ground. He stood shakily for a moment, his legsi\bing, and then he collapsed against

me, clutching me to hold himself up. | sagged uridemveight.

“Okay, Charley ...” | eased him back to the cad aat him down on the running board.
“Just stay there, okay?”

| let go of him, and he remained sitting. He silired into space, unfocused.

“I'll be right back.”



| went around to the back of the Land Cruiser, pojped the trunk. There was a dirt
bike, all right—the cleanest dirt bike | had eveens. It was encased in a heavy Mylar
bag. And it had been wiped down after it was u3éet would be David’s way, | thought.
He was always so clean, so organized.

| pulled the bike out of the car and set it ongheund. There was no key in the ignition.

| went to the front of the Toyota, and opened thgspnger door. The front seats were
spotless and carefully ordered. David had one agelsuction cup notepads on the
dashboard, a cradle for his cell phone, and alteleg headset mounted on a little hook. |
opened his glove box and saw that the interior megdly arranged, too. Registration
papers in an envelope, beneath a small plastidixaged into compartments containing
lip balm, Kleenex, Band-Aids. No keys. Then | netichat between the seats there was a
storage box for the CD player, and beneath it wlasked tray. It had the same kind of
lock as the ignition. It probably opened with thaition key.

| banged the tray with the heel of my hand, anddsamething metallic rattle inside. It
might have been a small key. Like a dirt bike kigyway, something metal. Where
were David’s keys? | wondered if Vince had takewid'a keys away on arrival, as he
had taken mine. If so, then the keys were in theThaat wouldn’t do me any good. |
looked toward the lab building, wondering if | sldbgo back to get them. That was
when | noticed that the wind was blowing less ggignThere was still a layer of sand
blowing along the ground, but it was less vigorous.

Great, | thought. That's all | need now.

Feeling new urgency, | decided to give up on tiiehdke and its missing key. Perhaps
there was something in the storage shed that tame to move Charley back to the lab.
| didn’t remember anything, but | went into the dlte check, anyway. | entered
cautiously, hearing a banging sound. It turnedtole the far door, banging open and
shut in the wind. Rosie’s body lay just inside tloor, alternately light and dark as the
door banged. She had the same milky coating oskiweithat the rabbit had had. But |
didn’t go over to look closely. | hastily searctted shelves, opened the utility closet,
looked behind stacked boxes. | found a furnituléydoade of wooden slats with small
rollers. But it would be useless in sand. | wertkoautside under the corrugated shed,
and hurried to the Toyota. There was nothing tbakdiry to carry Charley across to the
lab building. I might be able to manage it if heilcbsupport part of his own weight.
Maybe by now he was feeling better, | thought. Maile was stronger.

But one look at his face told me he wasn't. If &unyy, he appeared weaker.
“Shit, Charley, what am | going to do with you?”

He didn’'t answer.



“I can’t carry you. And David didn’t leave any keyshis car, so we’re out of luck—" |
stopped.

What if David were locked out of his car? He wasagineer, he thought of
contingencies like that. Even if it was unlikelyitappen, David would never be caught
unprepared. He’d never be flagging down cars askitiggy had a wire hanger he could
borrow. No, no. David would have hidden a key. Rigip in one of those magnetic key
boxes. | started to lie down on my back to lookennéath the car when it occurred to me
that David would never get his clothes dirty justétrieve a key. He’'d hide it cleverly,
but within easy reach. With that in mind, | ran fimgers along the inside of the front
bumpers. Nothing. | went to the back bumper, delgame. Nothing. | felt under the
running boards on both sides of the car. Nothingniignetic box, no key. | couldn’t
believe it, so | got down and looked under the tasee if there was a brace or a strut |
had somehow missed with my fingers. No, there wakfelt no key.

| shook my head, puzzled. The hiding place needéxt tsteel for the magnetic box. And
it needed to be protected from the elements. Thatwhy almost everybody hid their
keys inside the car bumpers.

David hadn’t done that.

Where else could you hide a key?

| walked around the car again, looking at the siméioes of the metal. | ran my fingers
around the front grill opening, and under the biazdnse plate indentation. No key.

| started to sweat. It wasn’t only the tensionnioyv | could definitely feel the drop in the
wind. | went back to Charley, who was still sittiag the sideboard.

“How you doing, Charley?”

He didn’t answer, just gave a little shrug. | tdo& headset off, and put it on. | heard
static, and voices talking softly. It sounded IRieky and Bobby, and it sounded like an
argument. | pulled the mouthpiece near my lips gaid, “Guys? Speak to me.”

A pause. Bobby, surprised: “Jack?”

“That’s right ...”

“Jack, you can't stay there. The wind’s been fgllgteadily for the last few minutes. It's
only ten knots now.”

“Okay . .”

“Jack, you've got to come back in.”



“l can't just yet.”

“Below seven knots, the swarms can move.”

“Okay ...”

Ricky: “What do you mean, okay? Jesus, Jack, amecgming in or not?”

“I can’'t carry Charley.”

“You knew that when you went out.”

“Uh-huh.”

“Jack. What the hell are you doing?”

| heard the whirr of the video monitor in the caroéthe shed. | looked over the roof of
the car and saw the lens rotate as they zoomenl ineo The Toyota was such a big car,
it almost blocked my view of the camera. And therakk on top made it even higher. |
vaguely wondered why David had a ski rack, bectiesaidn’t ski; he always hated cold.
The rack must have come with the car as standarigmegnt and—

| swore. It was so obvious.

There was only one place | hadn’t checked. | jumpedn the running board and looked
at the roof of the car. | ran my fingers over tkerack, and along the parallel tracks
bolted to the roof. My fingers touched black tapaiast the black rack. | pulled the tape
away, and saw a silver key.

“Jack? Nine knots.”

“Okay.”

| dropped back down to the ground, and climbedhéndriver’'s seat. | put the key in the
lock box and twisted it. The box opened. Insideurfd a small yellow key. “Jack?

What're you doing?”

| hurried around to the back of the car. | fitted yellow key in the ignition. | straddled
the bike and started it up. The motor rumbled Iguwdtider the corrugated shed.

“Jack?”
| walked the bike around the side of the car tonet@harley was sitting. That was going

to be the tricky part. The bike didn’t have a kiehksl; | moved as close to Charley as |
could and then tried to support him enough thatdwéd climb onto the backseat while |



still sat on the bike and kept it upright. Fortuelpt he seemed to understand what | was
doing; I got him in place and told him to hold annte.

Bobby Lembeck: “Jack? They're here.”

“Where?”

“South side. Coming toward you.”

“Okay.”

| gunned the motor, and pulled the passenger dadr And | stayed exactly where | was.
“Jack?”

Ricky: “What's the matter with him? He knows whlaétdanger is.”

Bobby: “I know.”

“He’s just sitting there.”

Charley had his hands around my waist. His headomasy shoulder. | could hear his
raspy breathing. | said, “Hold tight, Charley.” Hedded.

Ricky: “Jack? What're you doing?”

Then at my ear, in a voice just above a whispearlel said, “Fucking idiot.”

“Yes.” | nodded. | waited. | could see the swarragncoming around the building. This
time there were nine swarms, and they headed Btrimigme in a V formation. Their
own flocking behavior.

Nine swarms, | thought. Soon there would be themsarms, and then two hundred ...
Bobby: “Jack, do you see them?”

“| see them.” Of course | saw them.

And of course they were different from before. Tinmre denser now, the columns
thicker and more substantial. Those swarms dideigtvthree pounds anymore. | sensed
they were closer to ten or twenty pounds. Maybaewere than that. Maybe thirty
pounds. They would have real weight now, and reb$wnce.

| waited. | stayed where | was. Some detachedgdamly brain was wondering what the

formation would do when it reached me. Would thiegle me? Would some of the
swarms hang back and wait? What did they makeeohiisy bike?



Nothing—they came right for me, flattening the Yo line, then into a kind of inverted
V. | could hear the deep vibrating hum. With so gnawarms it was much louder. The
swirling columns were twenty yards away from mentlen. Were they able to move
faster now, or was it my imagination? | waited Utitey were almost upon me before |
twisted the throttle and raced forward. | passealgit through the lead swarm, into the
blackness and out again, and then | was gunninth&power station door, bouncing
over the desert, not daring to look back over nyuddter. It was a wild ride, and it only
lasted a few seconds. As we reached the poweorstatiropped the bike, put my
shoulder under Charley’s arm, and staggered tla¢ $tep or two to the door.

The swarms were still fifty yards away from the daten | managed to turn the knob,
pull, get one foot in the crack, and kick the dopen the rest of the way. When | did that
| lost my balance, and Charley and | more or lefiglirough the door onto the concrete.
The door came swinging shut, and whanged intoegs, lwhich hung outside. | felt a
sharp pain in my ankles—but worse, the door wélsogten, kept ajar by our legs.
Through the opening | could see the swarms appnogch

| scrambled to my feet and dragged Charley’s ibedy into the room. The door shut,

but I knew it was a fire door, and it wasn’'t aitigNanopatrticles could come right in. |
had to get both of us into the airlock. We wouldrétsafe until the first set of glass doors
had hissed shut. Grunting and sweating, | hauleati€pninto the airlock. | got him into a
sitting position, propped up against the side bisw&hat cleared his feet of the glass
doors. And because only one person could be iaithaxk at a time, | stepped back
outside. And | waited for the doors to close.

But they didn’t close.

| looked on the side wall for some sort of buttbat | didn’t see anything. The lights
were on inside the airlock, so it was getting povigert the doors didn’t close. And |
knew the swarms were fast approaching.

Bobby Lembeck and Mae came running into the fantdosaw them through the second
set of glass doors. They were waving their armsimgabig gestures, apparently
indicating for me to come back into the airlocktBhuat didn’'t make sense. Into my
headset, | said, “I thought you had to go onetaha.”

They didn’'t have headsets, and couldn’t hear meyWere waving frantically, come in,
come in.

| held up two fingers questioningly.
They shook their heads. They seemed to be indgativas missing the point. At my feet,

| saw the nanopatrticles begin to come into the rbkenblack steam. They were coming
through the edges of the fire door. | had only fivéen seconds now. | stepped back in



the airlock. Bobby and Mae were nodding, approvBugf. the doors did not close. Now
they were making other gestures, lifting.

“You want me to lift Charley?”

They did. | shook my head. Charley was slumpecdethen sitting position, a dead
weight on the ground. | looked back at the antercmmd saw it was filling with black
particles, starting to form a grayish mist in tlre 8he grayish mist was coming into the
airlock as well. | felt the first tiny pinpricks any skin.

| looked at Bobby and Mae, on the other side ofgllass. They could see what was
happening; they knew only seconds remained. Theg again making gestures: lift
Charley up. | bent over him, got my hands undemhspits. | tried to haul him to his
feet, but he didn’t budge.

“Charley, for God’s sake, help.” Groaning, | triagain. Charley kicked his legs and
pushed with his arms and | got him a couple of ¢éethe ground. Then he slid back
down. “Charley, come on, once more ...” | pulledagphard as | could, and this time he
helped a lot and we got his legs back under himvatida final heave, got him standing.
| kept my hands under his armpits; we were in @ kihcrazy lovers’ clench. Charley
was wheezing. | looked back to the glass doors.

The doors didn't close.

The air was getting blacker all the time. | lookedVae and Bobby, and they were
frantic, holding up two fingers, shaking them at ing@idn’t get it. “Yes, there’s two of

us ...” What was wrong with the damned doors? Birldbe bent over, and very
deliberately pointed with one finger of each hamtiér two shoes. | saw her mouth,
“Two shoes.” And point to Charley. “Yeah, so, werdawo shoes. He’s standing on two
shoes.”

Mae shook her head.
She held up four fingers.
“Four shoes?”

The pinpricks were irritating, making it difficuio think. I felt the old confusion begin to
seep over me. My brain felt sluggish. What did stean, four shoes? It was beginning to
get dark in the airlock. It was becoming hardesd¢e Mae and Bobby. They were
pantomiming something else, but | didn’t get iteytbegan to feel distant to me, distant
and trivial. | was without energy, and without cafevo shoes, four shoes.

And then | got it. | turned my back to Charley,red against him, and said, “Put your
hands around my neck.” He did, and | grabbed lgs &nd lifted his feet off the floor.
Instantly, the door hissed shut.



That was it, | thought.

The blowers began to blast down on us. The aidhagieared. | strained to hold Charley
up and | managed until | saw the second set ofsdoolock and slide open. Mae and
Bobby hurried into the airlock.

And I just fell down. Charley landed on top of mhéhink it was Bobby who dragged him
off me. I'm not sure. From that point on, | doretmember much at all.

NEST

DAY 6

6:18 P.M.

| woke up in my bed in the residential module. Bivehandlers were roaring so loudly
the room sounded like an airport. Bleary-eyedagigered over to the door. The door was
locked. | pounded on it for a while but nobody aessd, even when | yelled. | went to
the little workstation on the desk and clickednt & menu came up and | searched for
some kind of intercom. | didn’t see anything likat, although | poked around the
interface for a while. | must have set somethirfglzécause a window opened and Ricky
appeared, smiling at me. He said, “So, you're awkksv do you feel?”

“Unlock the goddamn door.”

“Is your door locked?”

“Unlock it, damn it.”

“It was only for your own protection.”

“Ricky,” | said, “open the damn door.”

“| already did. It's open, Jack.”

| walked to the door. He was right, it opened imrataly. | looked at the latch. There
was an extra bolt, some kind of remote locking raecdm. I'd have to remember to tape
over that. On the monitor, Ricky said, “You mighant to take a shower.”

“Yeah, | would. Why is the air so loud?”

“We turned on full venting in your room,” Ricky ski‘In case there were any extra
particles.”

| rummaged in my bag for clothes. “Where’s the st

“Do you want some help?”



“No, | do not want some help. Just tell me wheeedbddamn shower is.”

“You sound angry.”

“Fuck you, Ricky.”

The shower helped. | stood under it for about tywenmihutes, letting the steaming hot
water run over my aching body. | seemed to haw# aflbruises—on my chest, my
thigh—but | couldn’t remember how | had gotten them

When | came out, | found Ricky there, sitting obeach. “Jack, I'm very concerned.”
“How’s Charley?”

“He seems to be okay. He’s sleeping.”

“Did you lock his room, too?”

“Jack. | know you’'ve been through an ordeal, améiht you to know we're all very
grateful for what you’'ve done—I mean, the compangrateful, and—"

“Fuck the company.”
“Jack, | understand how you might be angry.”

“Cut the crap, Ricky. | got no goddamn help atldibt from you, and not from anybody
else in this place.”

“I'm sure it must feel that way ...”

“It is that way, Ricky. No help is no help.”

“Jack, Jack. Please. I'm trying to tell you thahlIsorry for everything that happened. |
feel terrible about it. | really do. If there weary way to go back and change it, believe
me, | would.”

| looked at him. “I don’t believe you, Ricky.”

He gave a winning little smile. “I hope in time thaill change.”

“It won't.”

“You know that | always valued our friendship, Jaktkvas always the most important
thing to me.”



| just stared at him. Ricky wasn't listening at &lke just had that silly smile-and-
everything-will-be-fine look on his face. | thought he on drugs? He was certainly
acting bizarrely.

“Well, anyway.” He took a breath, changed the scibjglulia’s coming out, that's good
news. She should be here sometime this evening.”

“Uh-huh. Why is she coming out?”
“Well, I'm sure because she’s worried about theseway swarms.”

“How worried is she?” | said. “Because these swacmdd have been killed off weeks
ago, when the evolutionary patterns first appedded that didn’t happen.”

“Yes. Well. The thing is, back then nobody realhderstood—"
“I think they did.”

“Well, no.” He managed to appear unjustly accused, slightly offended. But | was
getting tired of his game.

“Ricky,” | said, “I came out here on the helicopteith a bunch of PR guys. Who notified
them there’s a PR problem here?”

“I don’t know about any PR guys.”

“They’d been told not to get out of the helicoptEnat it was dangerous here.”

He shook his head. “I have no idea ... | don’t knelat you're talking about.”

| threw up my hands, and walked out of the bathroom

“I don’t!” Ricky called after me, protesting. “I ssar, | don’t know a thing about it!” Half
an hour later, as a kind of peace offering, Rickguight me the missing code | had been
asking for. It was brief, just a sheet of paper.

“Sorry about that,” he said. “Took me a while todiit. Rosie took a whole subdirectory
offline a few days ago to work on one section. @éggishe forgot to put it back. That's
why it wasn’t in the main directory.”

“Uh-huh.” | scanned the sheet. “What was she warkin?”

Ricky shrugged. “Beats me. One of the other files.”



/*Mod Compstat_do*/

Exec (move{@ ij (Cx1, Cy1, Cz1)} )/*init */
{ij (x1, y1, z1)} /*state*/

{ikl (x1,y1,z1) (x2,y2,z2) } [*track*/
Push {z(i)} /*store*/

React <advan> /*ref state*/

31 {(dx(i, j, k)} {(place(Cj,Hj)}

32 {(fx,(a,q)}

Place {z(q)} /*store*/

Intent <advan> /*ref intent*/

Bijk {(dx(i, j, K)} {(place(Cj,Hj)}

Bx {(fx,(a,q)}

Load {z(i)} /*store*/

Exec (move{d ij (Cx1, Cyl, Cz1)})
Exec (pre{d ij (Hx1, Hyl, Hz1)})
Exec (post{d ij (Hx1, Hyl, Hz1)})
Push {ij (x1, y1, z1)}

{ikl (x1,y1,z1) move (x2,y2,z2) } /*track*/ {0,1,@1)

“Ricky,” | said, “this code looks almost the santethe original.”

“Yeah, | think so. The changes are all minor. I’'td&now why it's such an issue.” He
shrugged. “I mean, as soon as we lost controlettiarm, the precise code seemed a
little beside the point to me. You couldn’t charige@anyway.”



“And how did you lose control? There’s no evoluaoy algorithm in this code here.” He
spread his hands. “Jack,” he said, “if we knew,thetfd know everything. We wouldn’t
be in this mess.”

“But | was asked to come here and check problertis tive code my team had written,
Ricky. | was told the agents were losing trackhefit goals ...”

“I'd say breaking free of radio control is losing¢k of goals.”

“But the code’s not changed.”

“Yeah well, nobody really cared about the coddfitdack. It's the implications of the
code. It's the behavior that emerges from the cdtat’'s what we wanted you to help us
with. Because | mean, it is your code, right?”

“Yeah, and it's your swarm.”

“True enough, Jack.”

He shrugged in his self-deprecating way, and keftroom. | stared at the paper for a
while, and then wondered why he’d printed it outrfze. It meant | couldn’t check the
electronic document. Maybe Ricky was glossing getranother problem. Maybe the
code really had been changed, but he wasn’t shomgOr maybe—

The hell with it, | thought. | crumpled up the shegpaper, and tossed it in the
wastebasket. However this problem got solved, gnitayoing to be with computer code.

That much was clear.

Mae was in the biology lab, peering at her monit@and cupped under her chin. | said,
“You feel okay?”

“Yes.” She smiled. “How about you?”

“Just tired. And my headache’s back.”

“I have one, too. But | think mine’s from this pleagShe pointed to the monitor screen.
There was a scanning electron microscope imageviofis in black and white. The phage
looked like a mortar shell—bulbous pointed heathcited to a narrower tail. | said,

“That’s the new mutant you were talking about be®sr

“Yes. I've already taken one fermentation tankio#l Production is now at only sixty
percent capacity. Not that it matters, | suppose.”

“And what're you doing with that offline tank?”



“I'm testing anti-viral reagents,” she said. “I leag limited number of them here. We're
not really set up to analyze contaminants. Protiscpist to go offline and scrub any tank
that goes bad.”

“Why haven’t you done that?”

“I probably will, eventually. But since this is &w mutant, | thought | better try and find
a counteragent. Because they’ll need it for fupnaduction. | mean, the virus will be
back.”

“You mean it will reappear again? Re-evolve?”

“Yes. Perhaps more or less virulent, but esseptib# same.” | nodded. | knew about
this from work with genetic algorithms—programstthere specifically designed to
mimic evolution. Most people imagined evolution® a one-time-only process, a
confluence of chance events. If plants hadn’t stimbaking oxygen, animal life would
never have evolved. If an asteroid hadn’t wipedtbatdinosaurs, mammals would never
have taken over. If some fish hadn’t come onto Javeld all still be in the water. And so
on. All that was true enough, but there was analtkr of evolution, too. Certain forms,
and certain ways of life, kept appearing againagain. For example, parasitism—one
animal living off another—had evolved independemtigny times in the course of
evolution. Parasitism was a reliable way for liéerhs to interact; and it kept reemerging.
A similar phenomenon occurred with genetic prograhimey tended to move toward
certain tried-and-true solutions. The programmalieet about it in terms of peaks on a
fitness landscape; they could model it as threesdsional false-color mountain range.
But the fact was that evolution had its stable side.

And one thing you could count on was that any baj,broth of bacteria was likely to get
contaminated by a virus, and if that virus couldnfect the bacteria, it would mutate to a
form that could. You could count on that the way yould count on finding ants in your
sugar bowl if you left it out on the counter tomdp

Considering that evolution has been studied fanradhed and fifty years, it was
surprising how little we knew about it. The old adeabout survival of the fittest had gone
out of fashion long ago. Those views were too samphded. Nineteenth-century
thinkers saw evolution as “nature red in tooth elasv,” envisioning a world where

strong animals killed weaker ones. They didn't take account that the weaker ones
would inevitably get stronger, or fight back in seother way. Which of course they
always do.

The new ideas emphasized interactions among cantsty evolving forms. Some
people talked of evolution as an arms race, by lwthiey meant an ever-escalating
interaction. A plant attacked by a pest evolvesstipide in its leaves. The pest evolves
to tolerate the pesticide, so the plant evolvetsanger pesticide. And so on.



Others talked about this pattern as coevolutiomhith two or more life-forms evolved
simultaneously to tolerate each other. Thus a @tatked by ants evolves to tolerate the
ants, and even begins to make special food for thethe surface of its leaves. In return
the resident ants protect the plant, stinging anigal that tries to eat the leaves. Pretty
soon neither the plant nor the ant species canveuithout the other.

This pattern was so fundamental that many peoplagtht it was the real core of
evolution. Parasitism and symbiosis were the tagsfor evolutionary change. These
processes lay at the heart of all evolution, ardildeen present from the very beginning.
Lynn Margulies was famous for demonstrating thatdé@a had originally developed
nuclei by swallowing other bacteria.

By the twenty-first century, it was clear that cokersion wasn't limited to paired
creatures in some isolated spinning dance. There eeevolutionary patterns with three,
ten, or n life-forms, where n could be any numbealla A cornfield contained many
kinds of plants, was attacked by many pests, antyes¢t many defenses. The plants
competed with weeds; the pests competed with gibsts; larger animals ate both the
plants and the pests. The outcome of this complexaction was always changing,
always evolving. And it was inherently unpredictabl

That was, in the end, why | was so angry with Ricky

He should have known the dangers, when he fourtbtleln’t control the swarms. It
was insanity to sit back and allow them to evoladtweir own. Ricky was bright; he
knew about genetic algorithms; he knew the biolalgi@ckground for current trends in
programming. He knew that self-organization wayviiadle.

He knew that emergent forms were unpredictable.

He knew that evolution involved interaction wittiaims.

He knew all that, and he did it anyway.

He did, or Julia did.

* % %

| checked on Charley. He was still asleep in haawpsprawled out on the bed. Bobby
Lembeck walked by. “How long has he been asleep?”

“Since you got back. Three hours or so.”
“Do you think we should wake him up, check on him?”

“Nah, let him sleep. We'll check him after dinner.”



“When is that?”
“Half an hour.” Bobby Lembeck laughed. “I'm cookifig

That reminded me | was supposed to call home ardumrtime, so | went into my
room and dialed.

Ellen answered the phone. “Hello? What is it!” Sleended harried. | heard Amanda
crying and Eric yelling at Nicole in the backgrouidien said, “Nicole, do not do that to
your brother!”

| said, “Hi, Ellen.”

“Oh, thank God,” she said. “You have to speak toryadaughter.”

“What's going on?”

“Just a minute. Nicole, it's your father.” | coutell she was holding out the phone to her.
A pause, then, “Hi, Dad.”

“What's going on, Nic?”

“Nothing. Eric is being a brat.” Matter-of-factly.

“Nic, | want to know what you did to your brother.”

“Dad.” She lowered her voice to a whisper. | kndw svas cupping her hand over the
phone. “Aunt Ellen is not very nice.”

“I heard that,” Ellen said, in the background. Btiteast the baby had stopped crying;
she’d been picked up.

“Nicole,” | said. “You're the oldest child, I'm cauing on you to help keep things
together while I'm gone.”

“I'm trying, Dad. But he is a majorly turkey butt.”
From the background: “I am not! Up yours, weaseagbd
“Dad. You see what I'm up against.”

Eric: “Up your hole with a ten-foot pole!”

| looked at the monitor in front of me. It showedws of the desert outside, rotating
images from all the security cameras. One cameyaesth my dirt bike, lying on its side,



near the door to the power station. Another carskoaved the outside of the storage
shed, with the door swinging open and shut, remgahe outline of Rosie’s body inside.
Two people had died today. | had almost died. Ao my family, which yesterday had
been the most important thing in my life, seemextagit and petty.

“It's very simple, Dad,” Nicole was saying in heost reasonable grown-up voice. “I
came home with Aunt Ellen from the store, | goeaywnice blouse for the show, and
then Eric came into my room and knocked all my tsooi the floor. So | told him to
pick them up. He said no and called me the b-wswd,kicked him in the butt, not very
hard, and took his G.l. Joe and hid it. That's’ all.

| said, “You took his G.I. Joe?” G.I. Joe was Esimost important possession. He talked
to G.1. Joe. He slept with G.I. Joe on the pillogsidle him.

“He can have it back,” she said, “as soon as hensleip my books.”

“Nic ..."

“Dad, he called me the b-word.”

“Give him his G.I. Joe.”

The images on the screen were rotating througkaheus cameras. Each image only
stayed on screen for a second or two. | waitedhf@image of the shed to come back up.
| had a nagging feeling about it. Something bottiene.

“Dad, this is humiliating.”

“Nic, you're not the mother—"

“Oh yeah, and she was here for maybe five seconds.”

“She was at the house? Mom was there?”

“But then, big surprise, she had to go. She hadmepto catch.”

“Uh-huh. Nicole, you need to listen to Ellen—"

“Dad, | told you she’s being—"

“Because she’s in charge until | get back. So é& shys to do something, you do it.”

“Dad. | feel this is unreasonable.” Her memberdhaf-ury voice.

“Well, honey, that’'s how it is.”



“But my problem—"

“Nicole. That's how it is. Until | get back.”

“When are you coming home?”

“Probably tomorrow.”

“Okay.”

“So. We understand each other?”

“Yes, Dad. I'll probably have a nervous breakdoveneh...”

“Then | promise I'll visit you in the mental hosgit as soon as | get back.”

“Very funny.”

“Let me speak to Eric.”

| had a short conversation with Eric, who told megesal times that it was not fair. | told
him to put Nicole’s books back. He said he didmbkk them down, it was an accident. |
said to put them back anyway. Then | talked torEbaefly. | encouraged her as best |
could. Sometime during this conversation, the sgcoamera showing the outside of the
shed came up again. And | again saw the swinging, @nd the outside of the shed. In
this elevation the shed was slightly above graueret were four wooden steps leading
from the door down to ground level. But it all l@akthe way it should. | did not know
what had bothered me. Then | realized.

David’s body wasn't there. It wasn't in the frani&rlier in the day, | had seen his body
slide out the door and disappear from view, sbaiusd be lying outside. Given the slight
grade, it might have rolled a few yards from therddut not more than that. No body.
But perhaps | was mistaken. Or perhaps there wsretes. In any case the camera
image had now changed. I'd have to sit throughtsratycle to see it again. | decided
not to wait. If David’s body was gone, there washintg | could do about it now. It was
about seven o’clock when we sat down to eat difm#re little kitchen of the residential
module. Bobby brought out plates of ravioli witlrato sauce, and mixed vegetables. |
had been a stay-at-home dad long enough to re@mtrezorands of frozen food he was
using. “I really think that Contadina is better icv”

Bobby shrugged. “I go to the fridge, | find whatfgere.”

| was surprisingly hungry. | ate everything on nigte.

“Couldn’t have been that bad,” Bobby said.



Mae was silent as she ate, as usual. Beside hare\dte noisily. Ricky was at the far end
of the table, away from me, looking down at hisd@nd not meeting my eyes. It was all
right with me. Nobody wanted to talk about Rosid &avid, but the empty stools

around the table were pretty obvious. Bobby saiaéo “So, you're going to go out
tonight?”

“Yes,” | said. “When is it dark?”

“Sunset should be around seven-twenty,” Bobby daédflicked on a monitor on the
wall. “I'll get you the exact time.”

| said, “So we can go out three hours after tham&ime after ten.”
Bobby said, “And you think you can track the swatm?
“We should. Charley sprayed one swarm pretty thginbu”

“As a result of which, | glow in the dark,” Charlegid, laughing. He came into the room
and sat down.

Everyone greeted him enthusiastically. If nothifsgeit felt better to have another body
at the table. | asked him how he felt.

“Okay. A little weak. And | have a fucking headadham hell.”
“I know. Me too.”
“And me,” Mae said.

“It's worse than the headache Ricky gives me,” @hasaid, looking down the table.
“Lasts longer, too.”

Ricky said nothing. Just continued eating.
“Do you suppose these things get into your bra®Rarley said. “I mean, they're
nanoparticles. They can get inhaled, cross thedshwain barrier ... and go into the

brain?”

Bobby pushed a plate of pasta in front of Chattéyimmediately ground pepper all over
it.

“Don’t you want to taste it?”

“No offense. But I'm sure it needs it.” He startedeat.



“I mean,” he continued, “that’s what everybody’smied about nanotechnology
polluting the environment, right? Nanoparticles smaall enough to get places nobody’s
ever had to worry about before. They can get indosynapses between neurons. They
can get into the cytoplasm of cardiac cells. Thay get into cell nuclei. They're small
enough to go anywhere inside the body. So maybeewa&ected, Jack.”

“You don’t seem that worried about it,” Ricky said.

“Hey, what can | do about it now? Hope | give itytou, is about all. Hey, this spaghetti’s
not bad.”

“Ravioli,” Bobby said.

“Whatever. Just needs a little pepper.” He growrdes more over the top. “Sundown is
seven-twenty-seven,” Bobby said, reading the tiffiéhe monitor. He went back to
eating. “And it does not need pepper.”

“Fucking does.”

“| already put in pepper.”

“Needs more.”

| said, “Guys? Are we missing anybody?”

“I don’t think so, why?”

| pointed to the monitor. “Who’s that standing authe desert?”

DAY 6

7:12 P.M.

“Oh shit,” Bobby said. He jumped up from the tahfed ran out of the room. Everyone
else did, too. | followed the others.

Ricky was holding his radio as he went: “Vince Kass down. Vince?”

“We're locked down,” Vince said. “Pressure is fipleis.”

“Why didn’t the alarm go off?”

“Can’t say. Maybe they've learned to get past ttaad,”

| followed everybody into the utility room, wheieetre were large wall-mounted liquid
crystal displays showing the outside video cameérasys of the desert from all angles.



The sun was already below the horizon, but thensky a bright orange, fading into
purple and then dark blue. Silhouetted againstskyswas a young man with short hair.
He was wearing jeans and a white T-shirt and lodikeda surfer. | couldn’t see his face
clearly in the failing light, but even so, watchitige way he moved, | thought there was
something familiar about him.

“We got any floodlights out there?” Charley saie Was walking around, holding his
bowl of pasta, still eating.

“Lights coming up,” Bobby said, and a moment ldtexr young man stood in glaring light.
Now | could see him clearly—

And then it hit me. It looked like the same kid wined been in Julia’s car last night after
dinner, when she drove away, just before her antiddéne same blond surfer kid who,
now that | saw him again, looked like—

“Jesus, Ricky,” Bobby said. “He looks like you.”
“You're right,” Mae said. “It's Ricky. Even the That.”

Ricky was getting a soft drink out of the dispegsmachine. He turned toward the
display screen. “What're you guys talking about?”

“He looks like you,” Mae said. “He even has yousHift with | Am Root on the front.”
Ricky looked at his own T-shirt, then back at theeen. He was silent for a moment. “I'll
be damned.”

| said, “You’ve never been out of the building, RicHow come it's you?”
“Fucking beats me,” Ricky said. He shrugged cagudibo casually?

Mae said, “I can't make out the face very well.dan the features.” Charley moved
closer to the largest of the screens and squintdebamage. “The reason you can't see
features,” he said, “is because there aren’'t any.”

“Oh, come on.”
“Charley, it's a resolution artifact, that’s all.”

“It's not,” Charley said. “There’re no fucking feaes. Zoom it in and see for yourself.”
Bobby zoomed. The image of the blond head enlarfjeel figure was moving back and
forth, in and out of the frame, but it was immeeigtclear that Charley was right. There
were no features. There was an oval patch of paebeneath the blond hairline; and
there was the suggestion of a nose and brow ridgeisa sort of mound where the lips
should be. But there were no actual features.



It was as if a sculptor had started to carve a,facd had stopped before he was finished.
It was an unfinished face.

Except that the eyebrows moved, from time to tifkeort of wiggle, or flutter. Or
perhaps that was an artifact.

“You know what we’re looking at here, don’'t you?h&ley said. He sounded worried.
“Pan down. Let’s see the rest of him.” Bobby pandedn, and we saw white sneakers
moving over the desert dirt. Except the sneakahs'dseem to be touching the ground,
but rather hovering just above it. And the sneak®emselves were sort of blurry. There
was a hint of shoelaces, and a streak where alblgkewould be. But it was like a sketch,
rather than an actual sneaker.

“This is very weird,” Mae said.

“Not weird at all,” Charley said. “It's a calculat@pproximation for density. The swarm
doesn’t have enough agents to make high-resolshoes. So it's approximating.”

“Or else,” | said, “it's the best it can do withetimaterials at hand. It must be generating
all these colors by tilting its photovoltaic surtaat slight angles, catching the light. It's
like those flash cards the crowd holds up in fobttadiums to make a picture.”

“In which case,” Charley said, “its behavior is igusophisticated.”

“More sophisticated than what we saw earlier,”itIsa

“Oh, for Christ’s sake,” Ricky said irritably. “Yote acting like this swarm is Einstein.”
“Obviously not,” Charley said, “ 'cause if it's meling you, it's certainly no Einstein.”
“Give it a rest, Charley.”

“I would, Ricky, but you're such an asshole | gedyioked over and over.”

Bobby said, “Why don’t you both give it a rest?”

Mae turned to me and said, “Why is the swarm ddingf? Imitating the prey?”
“Basically, yes,” | said.

“I hate to think of us as prey,” Ricky said.

Mae said, “You mean it's been coded to, litergtligysically imitate the prey?”

“No,” | said. “The program instruction is more gealized than that. It simply directs the
agents to attain the goal. So we are seeing orglg@&mergent solution. Which is more



advanced than the previous version. Before, itthatble making a stable 2-D image.
Now it's modeling in three dimensions.”

| glanced at the programmers. They had strickekdam their faces. They knew exactly
how big an advance they were witnessing. The tiiandio three dimensions meant that
not only was the swarm now imitating our externgdearance, it was also imitating our
behavior. Our walks, our gestures. Which impliddramore complicated internal model.
Mae said, “And the swarm decided this on its own?”

“Yes,” | said. “Although I'm not sure ‘decided’ the right term. The emergent behavior
is the sum of individual agent behaviors. Theré& snybody there to ‘decide’ anything.
There’s no brain, no higher control in that swarm.”

“Group mind?” Mae said. “Hive mind?”

“In a way,” | said. “The point is, there is no cettcontrol.”

“But it looks so controlled,” she said. “It look&é a defined, purposeful organism.”
“Yeah, well, so do we,” Charley said, with a halashgh.

Nobody else laughed with him.

If you want to think of it that way, a human beisgctually a giant swarm. Or more
precisely, it's a swarm of swarms, because eachneréhlood, liver, kidneys—is a
separate swarm. What we refer to as a “body” ibyrfae combination of all these organ
swarms. We think our bodies are solid, but thatly because we can’t see what is going
on at the cellular level. If you could enlarge theman body, blow it up to a vast size,
you would see that it was literally nothing butaring mass of cells and atoms,
clustered together into smaller swirls of cells atains.

Who cares? Well, it turns out a lot of processingus at the level of the organs. Human
behavior is determined in many places. The cowmtirour behavior is not located in our
brains. It's all over our bodies.

So you could argue that “swarm intelligence” ridesnan beings, too. Balance is
controlled by the cerebellar swarm, and rarely cotoeconsciousness. Other processing
occurs in the spinal cord, the stomach, the intes# lot of vision takes place in the
eyeballs, long before the brain is involved.

And for that matter, a lot of sophisticated braingessing occurs beneath awareness, too.
An easy proof is object avoidance. A mobile robad bo devote a tremendous amount of
processing time simply to avoid obstacles in tharenment. Human beings do, too, but
they’re never aware of it—until the lights go olihen they learn painfully just how

much processing is really required.



So there’s an argument that the whole structuemps$ciousness, and the human sense of
self-control and purposefulness, is a user illusiWe don’t have conscious control over
ourselves at all. We just think we do.

Just because human beings went around thinkingeofgelves as “I” didn’t mean that it
was true. And for all we knew, this damned swarmh $@me sort of rudimentary sense of
itself as an entity. Or, if it didn’t, it might weisoon start to.

Watching the faceless man on the monitor, we saittie image was now becoming
unstable. The swarm had trouble keeping the appearsolid. Instead it fluctuated: at
moments, the face and shoulders seemed to dissddvdust, then reemerge as solid
again. It was strange to watch it.

“Losing its grip?” Bobby said.

“No, | think it's getting tired,” Charley said.

“You mean it’s running out of power.”

“Yeah, probably. It'd take a lot of extra juicetith all those particles into exact
orientations.”

Indeed, the swarm was reverting back to a cloueéamce again.
“So this is a low-power mode?” | said.

“Yeah. I'm sure they were optimized for power magiagnt.”

“Or they are now,” | said.

It was getting darker quickly, now. The orange wagse from the sky. The monitor was
starting to lose definition.

The swarm turned, and swirled away.
“I'll be goddamned,” Charley said.
| watched the swarm disappear into the horizon.

“Three hours,” | said, “and they’re history.”

DAY 6
10:12 P.M.



Charley went back to bed right after dinner. He st#lsasleep at ten that night, when
Mae and | were preparing to go out again. We wegaring down vests and jackets,
because it was going to be cold. We needed apleirsbn to go with us. Ricky said he
had to wait for Julia, who was flying in any minutew; that was fine with me, | didn’t
want him anyway. Vince was off somewhere watchiivgahd drinking beer. That left
Bobby. Bobby didn’'t want to go, but Mae shamed hito coming. There was a question
about how the three of us would get around, sihe&as possible the swarm hiding place
might be some distance away, perhaps even sevieal We still had David’s dirt bike,
but that could only sit two. It turned out Vincedhan ATV in the shed. | went to see him
in the power unit to ask him for the key.

“Don’t need a key,” he said. He was sitting on aatg watching Who Wants to Be a
Millionaire. | heard Regis say, “Final answer?”

“l said, What do you mean?”
“Key’s in it,” Vince said. “Always there.”

“Wait a minute,” | said. “You mean there was a win the shed with keys in it all the
time?”

“Sure.” On the TV, | heard, “For four thousand dodl, what is the name of the smallest
state in Europe?”

“Why didn’t anybody tell me?” | said, starting tetgmad.

Vince shrugged. “Couldn’t say. Nobody asked me.”

| stalked back to the main unit. “Where the heRisky?”

“He’s on the phone,” Bobby said. “Talking to theabs back in the Valley.”

Mae said, “Take it easy.”

“I'm taking it easy,” | said. “Which phone? In tineain unit?”

“Jack.” She put her hands on my shoulders, stoppedt’s after ten o’clock. Forget it.”
“Forget it? He could have gotten us killed.”

“And right now we have work to do.”

| looked at her calm face, her steady expressitmought of the swift way she had
eviscerated the rabbit.

“You're right,” | said.



“Good,” she said, turning away. “Now | think as sas we get some backpacks, we'll
be ready to go.”

There was a reason, | thought, why Mae never losirgument. | went to the storage
cupboard and got out three packs. | threw one tibBo

“Let’s hit the road,” | said.

It was a clear night, filled with stars. We walkaddarkness toward the storage shed, a
dark outline against the dark sky. | pushed theldke along. None of us talked for a
while. Finally, Bobby said, “We’re going to neegdHts.”

“We’re going to need a lot of things,” Mae saidnibde a list.” We came to the storage
shed, and pushed open the door. | saw Bobby harlgibh#he darkness. | went in, and
fumbled for the lights. | flicked them on. The inter of the storage shed appeared just as
we had left it. Mae unzipped her backpack and begaking down the row of shelves.
“We need portable lights ... ignition fuses ..rdla... oxygen ...”

Bobby said, “Oxygen? Really?”

“If this site is underground, yes, we may ... areliveed thermite.”

| said, “Rosie had it. Maybe she set it down whea s. I'll look.” | went into the next
room. The box of thermite tubes lay overturnedranftoor, the tubes nearby. Rosie must
have dropped it when she ran. | wondered if shehlaaidany in her hand. | looked over at
her body by the door.

Rosie’s body was gone.

“‘Jesus.”

Bobby came running in. “What is it? What's wrong?”

| pointed to the door. “Rosie’s gone.”

“What do you mean, gone?”

| looked at him. “Gone, Bobby. The body was her®tgeand now it's gone.”

“How can that be? An animal?”

“I don’t know.” | went over and crouched down agtspot where her body had been.
When | had last seen her, five or six hours agobbdy had been covered with a milky

secretion. Some of that secretion covered the floor It looked exactly like thick, dried
milk. Up where her head had been, the secretiorswa®th and undisturbed. But closer



to the door, it appeared to have been scrapedeMnere streaks in the coating. “It looks
like she was dragged out,” Bobby said.

“Yes.”

| peered closely at the secretion, looking for foiwits. A coyote alone couldn’t have
dragged her; a pack of animals would be neededltder out the door. They would
surely leave marks. | saw none.

| got up and walked to the door. Bobby stood besidelooking out into the darkness.
“You see anything?” he said.

“No.”

| returned to Mae. She had found everything. Shiededed magnesium fuse. She had
flare guns. She had portable halogen flashlights.l#&ad head-mounted lamps with big
elastic bands. She had small binoculars and nigitrvgoggles. She had a field radio.
And she had oxygen bottles and clear-plastic gaksé was uneasy when | recognized
that these were the same plastic masks | had setireanen in the SSVT van back in
California last night, except they weren't silvered

And then | thought, Was it only last night? It whlardly twenty-four hours had passed.
It felt to me like a month.

Mae was dividing everything into the three backgatkatching her, | realized that she
was the only one of us with actual field experienoecomparison, we were all stay-at-
homes, theoreticians. | was surprised how deperateher | felt tonight. Bobby hefted
the nearest pack and grunted. “You really thinkneed all this stuff, Mae?”

“It's not like you have to carry it; we're drivindAnd yes, better safe than sorry.”
“Okay, fine, but | mean—a field radio?”

“You never know.”

“Who you gonna call?”

“The thing is, Bobby,” she said, “if it turns ouby need any of this stuff, you really need
it.”

“Yeah, but its—"

Mae picked up the second backpack, and slung itlmmeshoulder. She handled the
weight easily. She looked at Bobby. “You were sg¥in



“Never mind.”

| picked up the third backpack. It wasn’t bad. Bplas complaining because he was
scared. It was true that the oxygen bottle wattla larger and heavier than | would have
liked, and it fitted awkwardly into the backpackutBViae insisted we have extra oxygen.
Bobby said nervously, “Extra oxygen? How big do guys think this hiding place is?”

“I have no idea,” Mae said. “But the most recenasws are much larger.” She went to
the sink, and picked up the radiation counter.\Bugn she unplugged it from the wall,
she saw the battery was dead. We had to huntfemnabattery, unscrew the case, replace
the battery. | was worried the replacement would&gd, too. If it was, we were finished.

Mae said, “We better be careful with the night-ersgoggles, too. | don’t know how
good any of the batteries are for the stuff we tiave

But the counter clicked loudly. The battery indaraglowed. “Full power,” she said.
“I'll last four hours.”

“Let’s get started,” | said.
It was 10:43 P.M.

The radiation counter went crazy when we cameddltiyota, clicking so rapidly the
sound was continuous. Holding the wand in frortt@f, Mae left the car, walked into the
desert. She turned west and the clicks diminisBad.went east and they picked up again.
But as she continued east, the clicks slowed. @imed north, and they increased.

“North,” she said.

| got on the bike, gunned the engine.

Bobby rumbled out of the shed on the All-Terraim\ée, with its fat rear tires and
bicycle handlebars. The ATV looked ungainly buhklv it was probably better suited to
night travel in the desert.

Mae got on the back of my bike, leaned over to lieédwand near the ground, and said,
“Okay. Let’s go.”

We started off into the desert, under a cloudlégistrsky.

The headlight on the bike bounced up and downirjgrthe shadows on the terrain ahead,
making it difficult to see what was coming. The ei¢¢hat had looked so flat and
featureless in daylight was now revealed to hanesaips, rock-filled beds, and deep
arroyos that came up without warning. It took ajl attention to keep the bike upright—
particularly since Mae was continuously callingne, “Go left ... now right ... now

right ... okay, too much, left ...” Sometimes wel lha make a full circle until she could be



certain of the right path. If anybody followed drack in daylight, they’d think the driver
must be drunk, it twisted and turned so much. Tike jumped and swerved on rough
ground. We were now several miles from the lab, lamds starting to worry. | could
hear the counter clicks, and they were becomingflesjuent. It was getting hard to
distinguish the swarm trail from the backgroundatdn. | didn’t understand why that
should happen but there was no question it wage Iflidn’t locate the swarm hiding
place soon, we’d lose the trail entirely. Mae wasned, too. She kept bending over
closer and closer to the ground, with one hanchewtand and one hand around my
waist. And | had to go slower, because the tra isacoming so faint. We lost the trail,
found it, went off it again. Under the black canap\stars, we backtracked, turned in
circles. | caught myself holding my breath. Andaat | was going around and around in
the same spot, trying not to feel desperate. | nilaeleircle three times, then four, but to
no avail: the counter in Mae’s hand just clickeddamly. And suddenly it was clear to
us that the trail was truly lost. We were out harthe middle of nowhere, driving in
circles.

We had lost the trail.

Exhaustion hit me suddenly, and hard. | had beening on adrenaline all day and now
that | was finally defeated a deep weariness caraermy body. My eyes drooped. | felt
as if | could go to sleep standing on the bike.

Behind me, Mae sat up and said, “Don’t worry, oKay?

“What do you mean?” | said wearily. “My plan hasalty failed, Mae.”

“Maybe not yet,” she said.

Bobby pulled up close to us. “You guys look behyodi?” he said.

“Why?”

“Look back,” he said. “Look how far we’ve come.”

| turned and looked over my shoulder. To the soushw the bright lights of the
fabrication building, surprisingly close. We couldoe more than a mile or two away.
We must have traveled in a big semicircle, evehtuaining back toward our starting

point. “That’s weird.”

Mae had got off the bike, and stepped in fronhefthieadlamp. She was looking at the
LCD readout on the counter. She said, “Hmmm.”

Bobby said hopefully, “So, what do you say, Maefdito go back?”



“No,” Mae said. “It's not time to go back. Takeaok at this.” Bobby leaned over, and
we both looked at the LCD readout. It showed algi@radiation intensity, stepping
progressively downward, and finally dropping quickBobby frowned. “And this is?”
“Time course of tonight’s readings,” she said. “Thachine’s showing us that ever since
we started, the intensity of the radiation hasidedl arithmetically—it’s a straight-line
decrease, a staircase, see there? And it's stalechatic until the last minute or so,
when the decrease suddenly became exponentiast gl to zero.”

“So?” Bobby looked puzzled. “That means what? I'tiget it.”

“l do.” She turned to me, climbed back on the bikehink | know what happened. Go
forward—slowly.”

| let out the clutch, and rumbled forward. My boumgcheadlight showed a slight rise in
the desert, scrubby cactus ahead ...

“No. Slower, Jack.”

| slowed. Now we were practically going at a waligawned. There was no point in
guestioning her; she was intense, focused. | wsidijed and defeated. We continued up
the desert rise until it flattened, and then thestldegan to tilt downward—

“Stop.”

| stopped.

Directly ahead, the desert floor abruptly endexhw blackness beyond.

“Is that a cliff?”

“No. Just a high ridge.”

| edged the bike forward. The land definitely &alay. Soon we were at the edge and |
could get my bearings. We were at the crest adgerfifteen feet high, which formed
one side of a very wide streambed. Directly beneaH saw smooth river rocks, with
occasional boulders and clumps of scraggly bruahstietched about fifty yards away,
to the far side of the riverbed. Beyond the distarik, the desert was flat again. I
understand now,” | said. “The swarm jumped.”

“Yes,” she said, “it became airborne. And we |bst trail.”

“But then it must have landed somewhere down th&ahby said, pointing to the
streambed.

“Maybe,” | said. “And maybe not.”



| was thinking it would take us many minutes talfe safe route down. Then we would
spend a long time searching among the bushes akd ob the streambed, before picking
up the trail again. It might take hours. We migbt find it at all. From our position up
here on top of the ridge, we saw the daunting espanf desert stretching out before us. |
said, “The swarm could have touched down in theastibed. Or it could have come
down just beyond the bed. Or it could have gonetquanile beyond.” Mae was not
discouraged. “Bobby, you stay here,” she said. “Naoark the position where it jumped.
Jack and I will find a path down, go out into tp&in, and run in a straight line east-west
until we pick up the trail again. Sooner or latee/ll find it.”

“Okay,” Bobby said. “Got you.”

“Okay,” | said. We might as well do it. We had nioidpto lose. But | had very little
confidence we would succeed.

Bobby leaned forward over his ATV. “What's that?”

“What?”

“An animal. | saw glowing eyes.”

“Where?”

“In that brush over there.” He pointed to the cewofiethe streambed. | frowned. We both
had our headlights trained down the ridge. We \ighging a fairly large arc of desert. |
didn’t see any animals.

“There!” Mae said.

“I don’t see anything.”

She pointed. “It just went behind that juniper huSke the bush that looks like a pyramid?
That has the dead branches on one side?”

“| see it,” | said. “But ...” | didn’t see an anirha

“It's moving left to right. Wait a minute and it'tome out again.” We waited, and then |
saw a pair of bright green, glowing spots. Clostheéoground, moving right. | saw a flash
of pale white. And almost immediately | knew thatrgething was wrong. So did Bobby.
He twisted his handlebars, moving his headlamptotmirectly to the spot. He reached
for binoculars.

“That’s not an animal ...” he said.



Moving among the low bushes, we saw more white—hflgkite. But we saw only
glimpses. And then | saw a flat white surface thratlized with a shock was a human
hand, dragging along the ground. A hand with oetslred fingers.

“Jesus,” Bobby said, staring through the binoculars

“What? What is it?”

“It's a body being dragged,” he said. And thenaifunny voice, he said, “It's Rosie.”

DAY 6

10:58 P.M.

Gunning the bike, | took off with Mae, running atpthe edge of the ridge until it sloped
down toward the streambed floor. Bobby stayed whereras, watching Rosie’s body. In
a few minutes | had crossed the streambed to tiex bank, and was moving back
toward his light on the hill.

Mae said, “Let’s slow down, Jack.”

So | slowed down, leaning forward over my handlepaying to see the ground far
ahead. Suddenly the radiation counter began taechagain.

“Good sign,” | said.

We moved ahead. Now we were directly across frombgan the ridge above. His
headlamp cast a faint light on the ground all adous, sort of like moonlight. | waved
for him to come down. He turned his vehicle anddeelavest. Without his light, the
ground was suddenly darker, more mysterious.

And then we saw Rosie Castro.

Rosie lay on her back, her head tilted so she apgdda be looking backward, directly at
me, her eyes wide, her arm outstretched towarcharegpale hand open. There was an
expression of pleading—or terror—on her face. Rigortis had set in, and her body
jerked stiffly as it moved over low shrubs and desactus.

She was being dragged away—but no animal was drgdigr.

“I think you should turn your light off,” Mae said.

“But | don't see what's doing it ... there’s likesaadow underneath her ...”

“That’s not a shadow,” Mae said. “It's them.”



“They’re dragging her?”
She nodded. “Turn your light off.”

| flicked off the headlamp. We stood in darknessaid, “I thought swarms couldn’t
maintain power more than three hours.”

“That’s what Ricky said.”
“He’s lying again?”
“Or they’ve overcome that limitation in the wild.”

The implications were unsettling. If the swarmsldawow sustain power through the
night, then they might be active when we reached thiding place. | was counting on
finding them collapsed, the particles spread orgtieeind. | intended to kill them in their
sleep, so to speak. Now it seemed they weren’psige

We stood there in the cool dark air, thinking tismyer. Finally Mae said, “Aren’t these
swarms modeled on insect behavior?”

“Not really,” | said. “The programming model wasepator-prey. But because the swarm
is a population of interacting particles, to soregree it will behave like any population
of interacting particles, such as insects. Why?”

“Insects can execute plans that take longer thatifdspan of a single generation. They
can build nests that require many generationst tkat true?”

“l think so ...”

“So maybe one swarm carried the body for a whibel, then another took over. Maybe
there have been three or four swarms so far. Tagtnene of them has to go three hours
at night.” | didn'’t like the implications of thatlea any better. “That would mean the
swarms are working together,” | said. “It would mehkey’re coordinated.”

“They clearly are, by now.”

“Except that's not possible,” | said to her. “Besauhey don't have the signaling
capability.”

“It wasn’t possible a few generations ago,” MaalsdNow it is. Remember the V
formation that came toward you? They were cooreith&t

That was true. | just hadn’t realized it at thedirStanding there in the desert night, |
wondered what else | hadn’t realized. | squinted the darkness, trying to see ahead.
“Where are they taking her?” | said.



Mae unzipped my backpack, and pulled out a seigbitigoggles. “Try these.” | was
about to help her get hers, but she’d deftly takempack off, opened it, and pulled out
her own goggles. Her movements were quick, sure.

| slipped on the headset, adjusted the strap, lgomeé the lenses down over my eyes.
These were the new Gen 4 goggles that showed inmagested color. Almost
immediately, | saw Rosie in the desert. Her bodg digappearing behind the scrub as
she moved farther and farther away.

“Okay, so where are they taking her?” | said aggiren as | spoke, | raised the goggles
higher, and at once | saw where they were takimg he

From a distance it looked like a natural formaticen+fround of dark earth about fifteen
feet wide and six feet high. Erosion had carvegdeertical clefts so that the mound
looked a little like a huge gear turned on edgedtild be easy to overlook this
formation as natural. But it wasn’t natural. Andsgon hadn’t produced its sculpted look.
On the contrary, | was seeing an artificial condian, similar to the nests made by
African termites and other social insects.

Wearing the second pair of goggles, Mae lookedfahile in silence, then said, “Are
you going to tell me that is the product of selfiamized behavior? That the behavior to
make it just emerged all by itself?”

“Actually, yes,” | said. “That’s exactly what happsd.”
“Hard to believe.”
“I know.”

Mae was a good biologist, but she was a primatedist. She was accustomed to
studying small populations of highly intelligentiaals that had dominance hierarchies
and group leaders. She understood complex behtavime the result of complex
intelligence. And she had trouble grasping the shewer of self-organized behavior
within a very large population of dumb animals.

In any case, this was a deep human prejudice. Himaiags expected to find a central
command in any organization. States had governmé€otporations had CEOs. Schools
had principals. Armies had generals. Human beiegddd to believe that without central
command, chaos would overwhelm the organizationretlling significant could be
accomplished. From this standpoint, it was diffi¢albelieve that extremely stupid
creatures with brains smaller than pinheads wegualdla of construction projects more
complicated than any human project. But in facytivere.

African termites were a classic example. Thesecissmade earthen castlelike mounds a
hundred feet in diameter and thrusting spires tyvésdt into the air. To appreciate their



accomplishment, you had to imagine that if termitese the size of people, these
mounds would be skyscrapers one mile high andrfiides in diameter. And like a
skyscraper, the termite mound had an intricateniadearchitecture to provide fresh air,
remove excess CO2 and heat, and so on. Insidértiotuse were gardens to grow food,
residences for royalty, and living space for as yrestwo million termites. No two
mounds were exactly the same; each was individgalhstructed to suit the
requirements and advantages of a particular sitehi& was accomplished with no
architect, no foreman, no central authority. Noswaélueprint for construction encoded
in the termite genes. Instead these huge creatiers the result of relatively simple rules
that the individual termites followed in relatiamane another. (Rules like, “If you smell
that another termite has been here, put a dirtfpeti this spot.”) Yet the outcome was
arguably more complex than any human creation. Wewvere seeing a new
construction made by a new creature, and it wam alyficult to conceive how it might
have been made. How could a swarm make a moundigg®yBut | was beginning to
realize that out here in the desert, asking howesbimg happened was a fool’s errand.
The swarms were changing fast, almost minute tateirirhe natural human impulse to
figure it out was a waste of time. By the time ymured it out, things would have
changed.

Bobby rumbled up in his ATV, and cut his light. \&k stood there under the stars.
Bobby said, “What do we do now?”

“Follow Rosie,” | said.
“Looks like Rosie is going into that mound,” hedsdiYou mean we follow her there?”
“Yes,” | said.

At Mae’s suggestion, we walked the rest of the viaygging our backpacks, it took us
the better part of ten minutes to reach the vigioftthe mound. We paused about fifty
feet away. There was a nauseating smell in theaiutrid odor of rotting and decay. It
was so strong it made my stomach turn. Then té@mpagreen glow seemed to be
emanating from inside the mound.

Bobby whispered, “You really want to go in there?”

“Not yet,” Mae whispered. She pointed off to ongesiRosie’s body was moving up the
slope of the mound. As she came to the rim, hét tegs pointed into the air for a
moment. Then her body toppled over, and she falltime interior. But she stopped
before she disappeared entirely; for several sex;dret head remained above the rim,
her arm outstretched, as if she were reachingifolben, slowly, she slid the rest of the
way down, and vanished. Bobby shivered.

Mae whispered, “Okay. Let’'s go.”



She started forward in her usual noiseless wayoWwolg her, | tried to be as quiet as |
could. Bobby crunched and crackled his way aloeggitound. Mae paused, and gave
him a hard look.

Bobby held up his hands as if to say, what car?l do

She whispered, “Watch where you put your feet.”

He whispered, “l am.”

“You're not.”

“It's dark, | can’'t see.”

“You can if you try.”

| couldn’t recall ever seeing Mae show irritaticefdre, but we were all under pressure
now. And the stench was terrible. Mae turned armk@gain moved forward silently.
Bobby followed, making just as much noise as befdre had only gone a few steps
before Mae turned, held up her hand, and signaledifm to stay where he was. He
shook his head, no. He clearly didn’t want to bedéone.

She gripped his shoulder, pointed firmly to theumpa, and whispered, “You stay here.”
“No ...”

She whispered, “You'll get us all killed.”

He whispered, “I promise.”

She shook her head, pointed to the ground. Sit.

Finally, Bobby sat down.

Mae looked at me. | nodded. We set out again. By we were twenty feet from the
mound itself. The smell was almost overpowering.dtymach churned; | was afraid |
might be sick. And this close, we began to head#ep thrumming sound. More than
anything it was that sound that made me want tcamsay. But Mae kept going.

We crouched down as we climbed the mound, andl¢yeflat along the rim. | could see
Mae'’s face in the green glow coming from insider §@me reason the stench didn’t
bother me anymore. Probably because | was tootémgul.

Mae reached into the side pouch of her pack, atfitveéw a small thumb-sized camera

on a thin telescoping stick. She brought out a i@ screen and set it on the ground
between us. Then she slid the stick over the rim.



On the screen, we saw a green interior of smoadiulating walls. Nothing seemed to be
moving. She turned the camera this way and thhwélsaw were green walls. There
was no sign of Rosie.

Mae looked at me, pointed to her eyes. Want to salk@k now?
| nodded.

We inched forward slowly, until we could look ovee rim.

It wasn’t what | expected at all.

The mound simply narrowed an existing opening Wes huge—twenty feet wide or
more, revealing a rock slide that sloped downwasthfthe rim and ended at a gaping
hole in the rock to our right. The green light veasning from somewhere inside this
gaping hole. What | was seeing was the entraneevary large cave. From our position
on the rim, we couldn’t see into the cave itsalit, the thrumming sound suggested
activity within. Mae opened the telescoping stickts full length, and gently lowered the
camera into the hole. Soon we could see farthertire cave. It was undoubtedly natural,
and large: perhaps eight feet high, ten feet withe. rock walls were pale white, and
appeared to be covered with the milky substance weén on Rosie.

And Rosie’s body was only a short distance insitle.could see her hand sticking out
around a bend in the rock wall. But we could se&ing beyond the bend. Mae signaled
me: want to go down?

| nodded slowly. | didn't like how this felt, | dick like that | had no idea what was
beyond the bend. But we really had no choice.

She pointed back toward Bobby. Get him?

| shook my head, no. He wouldn’t help us here.

She nodded, and started very slowly to slide ottenfoackpack, making no sound at all,
when she suddenly froze. Literally froze: she digmove a muscle. | looked at the screen.

And | froze, too.

A figure had walked from behind the bend, and ntwd alertly at the entrance of the
cave, looking around.

It was Ricky.

* % %



He was behaving as if he had heard a sound, obé&al alerted for some other reason.
The video camera still dangled down the rim ofrreund. It was pretty small; | didn’t
know if he would see it.

| watched the screen tensely.

The camera didn’t have good resolution and theescvaas the size of my palm, but it
was still clear that the figure was Ricky. | didoitderstand what he was doing here—or
even how he had gotten here. Then another man aauad the bend.

He was also Ricky.

| glanced at Mae, but she remained utterly stifitadue. Only her eyes moved. | squinted
at the screen. Within the limits of video resoluatithe two figures appeared to be
identical in every respect. Same clothes, same memnts, same gestures and shrugs. |
couldn’t see the faces well, but | had the imp@sshey were more detailed than before.
They didn’t seem to notice the camera.

They looked up at the sky, and then at the rodedir a while, and then they turned
their backs on us, and returned to the interighefcave.

Still Mae did not move. She had been motionlesafmost a minute already and in that
time she hadn’t even blinked. Now the men were gand—

Another figure came around the corner. It was D&8nobks. He moved awkwardly,
stiffly at first, but he quickly became more fluichad the feeling | was watching a
puppeteer perfect his moves, animating the figur imore lifelike way. Then David
became Ricky. And then David again. And the Daigdre turned and went away.

Still Mae waited. She waited fully two more minytasd then finally withdrew the
camera. She jerked her thumb, indicating we shgaldack. Together, we crept away
from the rim, back down the mound, and moved avianty into the desert night. We
gathered a hundred yards to the west, near oucleshiMae was rummaging in her
backpack; she pulled out a clipboard with a feltkea She flicked on her penlight and
began to draw.

“This is what you’re up against,” she said. “Thee&as an opening like this, which you
saw. Past the bend, there’s a big hole in the flaod the cave spirals downward for
maybe a hundred yards. That brings you into orgelahamber that is maybe a hundred
feet high, and a couple of hundred feet wide. ®ifglj room, that's all. There are no
passages leading off, at least none that | saw.”

“That you saw?”

“I've been in there,” she said, nodding.



“When?”

“A couple of weeks ago. Back when we first stattauking for the swarm’s hiding place.
| found that cave and went in there in day-lighdidn’t find any indication of a swarm
then.” She explained that the cave was filled Wwals, the whole ceiling covered with
them, packed together in a pink squirming masgshellway out to the entrance. “Ugh,”
Bobby said. “I hate bats.”

“I didn’t see any bats there tonight.”
“You think they've been driven away?”
“Eaten, probably.”

“Jesus, guys,” Bobby said, shaking his head. “list ja programmer. | don’t think | can
do this. | don’t think | can go in there.”

Mae ignored him. She said to me, “If we go in,” sla&d, “we’ll have to set off thermite,
and keep doing it all the way down to the chambernot sure we have enough thermite
to do that.”

“Maybe not,” | said. | had a different concern. “Wewasting our time unless we destroy
all the swarms, and all the assemblers that arengakem. Right?” They both nodded.

“I'm not sure that'll be possible,” | said. “I thght the swarms would be powered down
at night. | thought we could destroy them on theugd. But they’re not powered
down—at least not all of them. And if just one lo¢éin gets past us, if it escapes from the
cave ...” | shrugged. “Then this has all been atevattime.”

“Right,” Bobby said, nodding. “That’s right. It'deba waste of time.”

Mae said, “We need some way to trap them in the ¢av

“There isn’t any way,” Bobby said. “I mean, theyngast fly out, whenever they want.”
Mae said, “There might be a way.” She started rugintain her backpack again,
looking for something. “Meanwhile, the three ofhedter spread out.”

“Why?” Bobby said, alarmed.

“Just do it,” Mae said. “Now get moving.”

| tightened my backpack, and adjusted the strajisveouldn’t rattle. | locked the night-

vision goggles up on my forehead, and | starteddiod. | had gotten about halfway to
the mound when | saw a dark figure climb out ifite hight.



| dropped down as quietly as | could. | was iniakipatch of sagebrush three feet high,
so | was reasonably well concealed. | looked oweshoulder, but | didn’t see either
Mae or Bobby; they’d dropped to the ground, todidn’t know if they’'d separated yet.
Cautiously, | pushed aside a plant in front of argj looked toward the mound. The legs
of the figure were silhouetted against the fairtegrglow. The upper body was black
against the night stars. | flipped down the gogghesl waited a moment while they
flared blue, and then saw the image resolve.

This time it was Rosie. Walking around in the njgboking in all directions, her body
vigilant and alert. Except that she didn’t moveslRosie, she moved more like a man.
Then after a moment, the silhouette changed int&RIANd it moved like Ricky. The
figure crouched down, and appeared to be lookireg the tops of the sage. | wondered
what had brought it out of the mound. | didn’t haeevait long to find out. Behind the
figure, a white light appeared on the western loorizt grew rapidly in brilliance, and
soon | heard the thumping of helicopter bladest Wwauld be Julia coming from the
Valley, | thought. | wondered what was so urgeat $he had had to leave the hospital
against orders, and fly out here in the middlehefright.

As the helicopter approached, it switched on iss@dight. | watched the circle of blue-
white light as it rippled over the ground toward Tke Ricky figure watched, too, then
slid down out of sight.

And then the helicopter roared over me, blindingfatea moment in the halogen light.
Almost immediately it banked sharply, and circledtk.

What the hell was going on?

The helicopter made a slow arc, passing over thenchdut not stopping, then coming to
a stop right above where | was hiding. | was caiughite blue glow. | rolled onto my
back and waved to the helicopter, pointing repdgtiedvard the lab. | mouthed “Go!”
and pointed away.

The helicopter descended, and for a moment | thotigfas going to land right beside
me. Then it abruptly banked again, and moved aaaytd the ground, heading south
toward the concrete pad. The sound faded.

| decided | had better change my position fasatltg my knees and in a crouch, moved
crabwise thirty yards to the left. Then | droppedvd again. When | looked back at the
mound, | saw three—no, four figures coming outhef interior. They moved apart, each
heading to a different area of the mound. Theloaked like Ricky. | watched as they
went down the slope of the mound, and moved oottt bush. My heart began to
pound in my chest. One of the figures was comingiyndirection. As it approached, |
saw it veer off to the right. It was going to tHaqe where | had been before. When it
reached my last hiding place, it stopped, and thinaell directions. It was not far from
me at all. | could see through the goggles thatriew Ricky figure now had a complete
face, and the clothing was much more detaileddthteon, this figure moved with the



sensation of real body weight. It might be an ibbas of course, but | guessed that the
swarm had increased mass, and now weighed fiftpg®umaybe more. Maybe twice
that. If so, then the swarm now had enough magidttpou with a physical impact. Even
knock you off your feet.

Through the goggles | saw the figure’s eyes mond,ldink. The surface of the face now
had the texture of skin. The hair appeared to Ipeposed of individual strands. The lips
moved, the tongue licked nervously. All in all tfége looked very much like Ricky—
disturbingly like Ricky. When the head turned in digection, | felt that Ricky was

staring right at me. And | suppose it was, becalusdigure began to move directly
toward me. | was trapped. My heart was thumpingaiynchest. | hadn’t planned for this;

| had no protection, no sort of defense. | couldugeand run, of course, but there was
nowhere to go. | was surrounded by miles of desead,the swarms would hunt me down.
In a few moments | would be—

With a roar, the helicopter came back. The Riclgyrfe looked toward it as it came, and
then turned and fled, literally flying over the grml, not bothering any longer to animate
the legs and feet. It was creepy to see this huealica, suddenly floating over the
desert. But the other three Ricky figures were mgytoo. Running hard, conveying a
distinct sense of panic. Did the swarms fear tHedwger? It seemed they did. And as |
watched, | understood why. Even though the swarere wow heavier and more
substantial, they were still vulnerable to strorigds. The helicopter was a hundred feet
in the air but the downdraft was powerful enoughleform the running figures,
flattening them patrtially as they fled. It was ey were being hammered down.

The figures vanished into the mound.

| looked back at Mae. She was standing up in tleastbed now, talking on her radio to
the helicopter. She’'d needed that radio, all rigite yelled to me, “Let’s go!” and began
running toward me. | was dimly aware of Bobby, rmgnaway from the mound, back to
his ATV. But there was no time to worry about hifine helicopter hung poised right
above the mound itself. Dust whipped up, stingingayes.

Then Mae was beside me. Removing our goggles, Wedpon our oxygen masks. She
turned me, twisted the tank valve behind me. Itdesame for her. Then we put the
night goggles back on. It seemed like a lot of aptions jiggling and rattling around my
face. She clipped a halogen flashlight to my lzeit) another to her own. She leaned
close, shouted: “Ready?”

“I'm ready!”
“Okay, let’s go!”

There was no time to think. It was better that wilye helicopter downdraft roared in my
ears. Together we clawed our way up the slopeeofrtbund, our clothes whipping



around us. We arrived at the edge, barely visibkae thick swirling dust. We couldn’t
see anything beyond the rim. We couldn’t see wiest below.

Mae took my hand, and we jumped.

DAY 6

11:22 P.M.

| landed on loose stones, and half stumbled, hdlflewn the slope toward the cave
entrance. The thumping of the helicopter bladesvalus was loud. Mae was right beside
me, but | could hardly see her in the thick dusiere were no Ricky figures anywhere in
sight. We came to the cave entrance and stoppee pMiéed out the thermite capsules.
She gave me the magnesium fuses. She tossed rastia pigarette lighter. | thought,
that's what we’re using? Her face was already patuded behind the mask. Her eyes
were hidden behind the night-vision goggles. Shetpd to the interior of the cave. |
nodded.

She tapped me on the shoulder, pointed to my geghtedn’t understand, so she
reached forward by my cheek and flicked a switch.

“—me now?” she said.

“Yes, | hear.”

“Okay then, let's go.”

We started into the cave. The green glow had vadigihthe thick dust. We had only the
infrared light mounted on top of our night-visiooggles. We saw no figures. We heard
nothing but the thumping of the helicopter. Buinaswent deeper into the cave, the
sound began to fade.

And as the sound faded, so did the wind.

Mae was focused. She said, “Bobby? Do you hear me?”

“Yes, | hear you.”

“Get your ass in here.”

“I'm trying to—"

“Don’t try. Get in here, Bobby.”

| shook my head. If | knew Bobby Lembeck, he wagene&oming into this pit. We
rounded the bend, and saw nothing but suspendédtdesyague outlines of cave walls.



The walls seemed smooth here, with no place to Aiden from the gloom directly
ahead | saw a Ricky figure emerge. He was expneless, just walking toward us. Then
another figure from the left, and another. Thealfegmed a line. They marched toward
us at a steady pace, their faces identical ancesgjamless.

“First lesson,” Mae said, holding out the thernuégp.

“Let’s hope they don’t learn it,” | said, and | thie fuse. It sputtered white-hot sparks.
She tossed the cap forward. It landed a few fefbmt of the advancing group. They
ignored it, staring forward at us.

Mae said, “It's a three count ... two ... onend &rn away.” | twisted away, ducking my
head under my arm just as a sphere of blindingeafilied the tunnel. Even though my
eyes were closed, the glare was so strong that Epats when | opened my eyes again. |
turned back.

Mae was already moving forward. The dust in théhad a slightly darker tint. | saw no
sign of the three figures.

“Did they run?”
“No. Vaporized,” she said. She sounded pleased.

“New situations,” | said. | was feeling encouragddhe programming assumptions still
held, the swarms would be weak when reacting taigety new situations. In time they
would learn; in time they would evolve strategiesleal with the new conditions. But
initially their response would be disorganized,atia That was a weakness of
distributed intelligence. It was powerful, and és\lexible, but it was slow to respond to
unprecedented events. “We hope,” Mae said.

We came to the gaping hole in the cave floor shiedescribed. In the night goggles, |
saw a sort of sloping ramp. Four or five figureseveoming up toward us, and there
seemed to be more behind. They all looked like Ribkit many of them were not so
well formed. And those in the rear were just swglclouds. The thrumming sound was
loud. “Second lesson.” Mae held out a cap. It sidzihite when | lit it. She rolled it
gently down the ramp. The figures hesitated whew gaw it.

“Damn,” | said, but then it was time to duck awawpd shield my eyes from the explosive
flash. Inside the confined space, there was aagbaxpanding gas. | felt a burst of
intense heat on my back. When | looked again, mwioste swarms beneath us had
vanished. But a few hung back, apparently undamaged

They were learning.

Fast.



“Next lesson,” Mae said, holding two caps this tirkt both and she rolled one, and
threw the second one deeper down the ramp. Thesgpk roared simultaneously, and a
huge gust of hot air rolled upward past us. Mytstaught fire. Mae pounded it out with
the flat of her hand, smacking me with rapid stsoke

When we looked again, there were no figures intseyid no dark swarms.
We went down the ramp, heading deeper into the.cave

We had started with twenty thermite caps. We heigen left, and we had gone only a
short distance down the ramp toward the large rabthe bottom. Mae moved quickly
now—I had to hurry to catch up with her—but hetimsts were good. The few swarms
that materialized before us all quickly backed awagur approach.

We were herding them into the lower room.
Mae said, “Bobby, where are you?”

The headset crackled. “—trying—get—"
“Bobby, come on, damn it.”

But all the while we were moving deeper into theegaand soon we heard only static.
Down here, dust hung suspended in the air, diftudie infrared beams. We could see
clearly the walls and ground directly ahead oftug,beyond that, there was total
blackness. The sense of darkness and isolatiorirightening. | couldn’t tell what was
on either side of me unless | turned my head, singapy beam back and forth. | began
to smell that rotten odor again, sharp and nausgati

We were coming to level ground. Mae stayed calmemwa half-dozen swarms buzzed
before us, she held out another cap for me to.lg@tore | could light the fuse, the
swarms backed off. She advanced at once.

“Sort of like lion taming,” she said.
“So far,” | said.

| didn’t know how long we could keep this up. Treve was large, much larger than |
had imagined. Sixteen caps didn’t seem like endagjet us through it. | wondered if
Mae was worried, too. She didn’t seem to be. Babably she wouldn’t show it.
Something was crunching underfoot. | looked dowh saaw the floor was carpeted with
thousands of tiny, delicate yellow bones. Like lhahes. Except these were the bones of
bats. Mae was right: they’d all been eaten.



In the upper corner of my night-vision image, a light began to blink. It was some kind
of warning, probably the battery. “Mae ...” | begdien the red light went out, as
abruptly as it had begun.

“What?” she said. “What is it?”
“Never mind.”

And then at last we came to the large central cleariexcept there was no central
chamber, at least, not anymore. Now the huge spasdilled from floor to ceiling with
an array of dark spheres, about two feet in diamatel bristling with spiky protrusions.
They looked like enormous sea urchins. They wexeksd in large clusters. The
arrangement was orderly. Mae said, “Is this wtthtrik it is?” Her voice was calm,
detached. Almost scholarly. “Yeah, | think so,’aic Unless | was wrong, these spiked
clusters were an organic version of the fabricagitamt that Xymos had built on the
surface. “This is how they reproduce.” | moved fard.

“I don’t know if we should go in ...” she said.

“We have to, Mae. Look at it: it's ordered.”

“You think there’s a center?”

“Maybe.” And if there was, | wanted to drop therendn it. | continued onward. Moving
among the clusters was an eerie sensation. Thickishike liquid dripped from the tips
of the spikes. And the spheres seemed to be cuétiea kind of thick gel that quivered,
making the whole cluster seem to be moving, aliyaused to look more closely. Then |
saw that the surface of the spheres really was;atrawling within the gel were masses
of twisting black worms. “Jesus ..."

“They were here before,” she said calmly.

“What?”

“The worms. They were living in the layer of guamothe cave floor, when | came here
before. They eat organic material and excrete battent phosphorus compounds.”

“And now they’re involved in swarm synthesis,” iddThat didn’t take long, just a few
days. Coevolution in action. The spheres probaldyide food, and collect their
excretions in some way.”

“Or collect them,” Mae said dryly.

“Yeah. Maybe.” It wasn’t inconceivable. Ants raisgphids the way we raised cows.
Other insects grew fungus in gardens for food.



We moved deeper into the room. The swarms swintedllcsides of us, but they kept
their distance. Probably another unprecedentedt eMdrought: intruders in the nest.
They hadn’t decided what to do. | moved careful floor was now increasingly
slippery in spots. There was a kind of thick muaoktlee ground. In a few places it
glowed streaky green. The streaks seemed to gadniweavard the center. | had the
sense that the floor sloped gently downward. “Houcinfarther?” Mae said. She still
sounded calm, but | didn’t think she was. | wagither; when | looked back | could no
longer see the entrance to the chamber, hiddemd&he clusters.

And then suddenly we reached the center of the rbecause the clusters ended in an
open space, and directly ahead | saw what lookedaiminiature version of the mound
outside. It was a mound about four feet high, mefecircular, with flat vanes extending
outward on all sides. It too was streaked with gré&ale smoke was coming off the
vanes. We moved closer.

“It's hot,” she said. And it was. The heat was n#e; that's why it was smoking. She
said, “What do you think is in there?”

| looked at the floor. | could see now that theaks of green were running from the
clusters down to this central mound. | said, “AsBlrs.” The spiky urchins generated
raw organic material. It flowed to the center, whthre assemblers churned out the final
molecules. This is where the final assembly occlrre

“Then this is the heart,” Mae said.

“Yeah. You could say.”

The swarms were all around us, hanging back byltisters. Apparently, they wouldn’t
come into the center. But they were everywhereratais, waiting for us. “How many
you want?” she said quietly, taking the thermitavirher pack.

| looked around at all the swarms.

“Five here,” | said. “We’ll need the rest to getSu

“We can't light five at once ...”

“It's all right.” | held out my hand. “Give them tme.”

“But, Jack ...”

“Come on, Mae.”

She gave me five capsules. | moved closer andddblsen, unlit, into the central mound.
The surrounding swarms buzzed, but still did ngirapch us.



“Okay,” she said. She understood immediately wiveéd$ doing. She was already taking
out more capsules.

“Now four,” | said, looking back at the swarms. Vheere restless, moving back and
forth. 1 didn’t know how long they would stay thef@hree for you, one for me. You do
the swarms.”

“Right ...” She gave me one capsule. | lit the astfer her. She threw them back in the
direction we had come. The swarms danced away.

She counted: “Three ... two ... one ... now!”

We crouched, ducked away from the harsh blasgbt.li heard a cracking sound; when
| looked again, some of the clusters were breakmdalling apart. Spikes were rolling
on the ground. Without hesitating, | lit the neapsule, and as it spit white sparks, |
tossed it into the central mound.

“Let’s go!”

We ran for the entrance. The clusters were crumgbiirfront of us. Mae leapt easily over
the falling spikes, and kept going. | followed hewunting in my mind ... three ... two ...
one ...

Now.

There was a kind of high-pitched shriek, and thégriafic blast of hot gas, a booming
detonation and stabbing pain in my ears. The shaole knocked me flat on the ground,
sent me skidding forward in the sludge. | felt spgkes sticking in my skin all over my
body. My goggles were knocked away, and | was suded by blackness. Blackness. |
could see nothing at all. | wiped the sludge frosnface. | tried to get to my feet, slipped
and fell. “Mae,” | said. “Mae ...”

“There was an explosion,” she said, in a surpriggde.
“Mae, where are you? | can't see.”

Everything was pitch black. | could see nothinglatl was deep in some damn cave full
of spiky things and | couldn’t see. | fought panic.

“It's all right,” Mae said. In the darkness | féler hand gripping my arm. Apparently she
could see me. She said, “The flashlight’s on yait.bShe guided my hand. | fumbled in
the darkness, feeling for the clip. | found it, bebuldn’t get it open. It was a spring clip
and my fingers kept slipping off. | began to he#énramming sound, low at first, but
starting to build. My hands were sweating. Findtlg clip opened, and | flicked the
flashlight on with a sigh of relief. | saw Mae tmetcold halogen beam; she still had her
goggles, and looked away. | swung the beam ardumddve. It had been transformed by



the explosion. Many of the clusters had brokentagoada the spikes were all over the
floor. Some substance on the floor was beginnirfgutm. Acrid, foul smoke was
billowing up. The air was thick and dark. ... Igped backward, and felt something
squishy.

| looked down and saw David Brooks’s shirt. Theedlized | was standing on what was
left of David’s torso, which had turned into a kiofbiwhitish jelly. My foot was right in

his abdomen. His rib cage scraped against my Eading a white streak on my pants. |
looked back and saw David’s face, ghostly white aratled, his features eaten away
until he looked as featureless as the faces osvilaems. | felt instant nausea, and tasted
bile. “Come on,” Mae said, grabbing my arm, squegz hard. “Come on, Jack.” With a
sucking sound, my foot pulled free of the bodyidd to scrape my shoe on the floor, to
get clean of the white muck. | was not thinking mwaye, | was just fighting nausea and
an overpowering sense of horror. | wanted to ruaeMas talking to me but | didn’t hear
her. | saw only glimpses of the room around me,vaas only dimly aware that the
swarms were emerging all around us, swarm afterrsvadter swarm. They were
buzzing everywhere. “I need you, Jack,” Mae saadiding out four caps, and somehow,
fumbling with the flashlight, | managed to ligheth and she flung them in all directions.
| threw my hands over my eyes as the hot sphe@sded around me. When | looked
again, the swarms were gone. But in only a few nmiseéhey began to reemerge. First
one swarm, then three, then six, then ten—andttbeemany to count. They were
converging, with an angry buzz, toward us. “How gnaaps have we got left?” | said.

“Eight.”

| knew then that we were not going to make it. Werewtoo deep in the cave. We would
never get out. | had no idea how many swarms wengna us—my halogen beam swung
back and forth across what seemed like an army.

“Jack ...” Mae said, holding out her hand. She neeemed to lose confidence. | lit three
more caps and Mae threw them, retracing her stepsrt the entrance as she did so. |
stayed close to her, but | knew our situation waselhess. Each blast scattered the
swarms for just a moment. Then they quickly regeal here were far too many
swarms. “Jack.” More thermite in her hands.

Now | could see the entrance to the chamber, jiestveyards ahead. My eyes were
watering from all the acrid smoke. My halogen ligfgs just a narrow beam cutting
through the dust. The air was getting thicker dmcker.

A final series of white-hot blasts, and we caméhtentrance. | saw the ramp leading
back toward the surface. | never thought we’d histfiar. But | wasn’t thinking anymore,
everything was impressions.

“How many left?” | said.



Mae didn’t answer me. | heard the rumble of an eafiom somewhere above us.
Looking up | saw a wobbling white light in the cavigher up. The rumble became very
loud—I heard an engine gunned—and then | saw th¢ pdised on the ramp above.
Bobby was up there, shouting “Get outttttt!”

Mae turned and ran up the ramp, and | scrambléalltawv her. | was vaguely aware of
Bobby lighting something that burst into orangerfta and then Mae pushed me against
the wall as the riderless ATV roared down the raoward the chamber below, with a
flaming cloth hanging from its gas tank. It was atomized Molotov cocktail.

As soon as it passed, Mae shoved me hard in the twn!” | sprinted the last few
yards up the ramp. Bobby was reaching down fohasling us up over the lip to the
level above. | fell and scraped my knee but hafellyit as he dragged me onto my feet
again. Then | was running hard toward the caveaan& and had almost reached the
opening when a fiery blast knocked us off our faety | went tumbling through the air,
and smashed against one of the cave walls. | goytteet, head ringing. My flashlight
was gone. | heard a kind of strange screaming srondsomewhere behind me, or
thought | did. | looked at Mae and Bobby. They wgetting to their feet. With the
helicopter still thumping above us, we clamberedhgpincline and collapsed over the lip
of the mound, and tumbled down the slopes, outtimtacool, black desert night.

The last thing | saw was Mae waving the helicopteay, gesturing for it to go, go, go—
And then the cav