
hyperactive. Increasing Wnt signals in McSCs 
induced their differentiation into melanocytes 
and prevented the cells from dedifferentiating 
in the bulge. The authors showed that the 
Wnt signals that activate McSCs come 
from surrounding cells in the hair germ 
and bulge — and genetically inhibiting this 
cell–cell signalling prevented McSCs from 
differentiating.

Melanocyte production is also stimulated 
by sunlight. Ito and colleagues found that 
irradiating mouse skin using ultraviolet light 
increased pigment production from melano-
cytes. But, again, the melanocytes retained 
the ability to yo-yo back to undifferentiated 
McSCs. 

Finally, the authors asked how McSC 
behaviour was affected by ageing — a question 
pertinent to those of us with grey hair, which 
is caused by a lack of pigmentation. Analysis 
of follicles from aged mice revealed that McSC 
transit was diminished, meaning that fewer 
melanocytes were produced, thus leaving new 
hair shafts grey. This finding could open the 
door to new treatments to prevent greying by 
improving McSC activity. 

It is worth noting that McSCs are thought to 
be key players in melanoma14, a life-threatening 
cancer. Sun et al. suggest that the developmen-
tal plasticity they observed might explain why 
melanoma is so difficult to treat. It is also 
interesting to speculate that the reason hair 
greying is one of the first signs of ageing might 
be because the way in which McSCs produce 
progeny is more physically demanding than is 
the case for other stem cells. This would imply 
that the cells simply become worn out earlier. 
However, the premature ageing of McSCs 
could be an evolutionary strategy to prevent 
the formation of melanoma — if the cells stop 
replicating, they can’t acquire the mutations 
that lead to cancer.

The unusual observations made in this study 
were possible only because the authors’ inno-
vative approach allowed them to monitor the 
same cells in their niche over time. Going for-
ward, similar techniques should be applied 
where possible to take a fresh look at the 
behaviour of other populations of adult stem 
cells. Perhaps this yo-yoing behaviour will turn 
out not to be so unusual, after all.
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Engineering

Human–AI team halves 
cost of chip-design step
Ying-Lang Wang & Mao-Chih Huang

Engineers and algorithms have competed in a virtual test to 
design a step in the process of manufacturing computer chips. 
Pairing human expertise with computational efficiency proves 
most cost-effective, but only when the timing is right. See p.707

Swift progress in semiconductor technology 
has lowered the cost of computer chips, but 
it has also introduced challenges for chip 
manufacturers. The operational dynamics 
associated with production processes have 
become increasingly complex, requiring that 
intelligent solutions be developed to maintain 
the quality of ever-smaller chips. On page 707, 
Kanarik et al.1 explore how artificial intelli-
gence (AI) can be used to decrease the cost of 
designing semiconductor processes without 
compromising quality. Their game-based 
approach shows that AI is best used during 
the late stages of process development, and 
that a hybrid strategy involving both humans 
and AI can markedly reduce costs compared 
with an AI-free production line.

The authors built a virtual game that tests 
how well humans and computers can design 
a single step in the chip-fabrication process. 
The step involves plasma etching2, in which a 
gas of ions and electrons (a plasma) is used to 
etch features into the surface of a solid — in 
this case, a hole in a film of silicon dioxide. The 
team used existing data and a plasma- physics 
model to simulate a realistic etch output from 
a collection of input parameters, such as 
 pressure and temperature, which were  chosen 
by the player.

The goal of the game was to minimize the 
cost of producing an etched hole with a set 
of target characteristics, such as depth and 
diameter. Each player submitted batches 
of ‘recipes’ for the etch until they met the 
target. Recipes were each assigned a cost of 
US$1,000, with an extra $1,000 for the over-
heads associated with each batch — in other 
words, the typical costs incurred during 
process design.

Three senior engineers, three junior engi-
neers and three players with no relevant experi-
ence participated in Kanarik and colleagues’ 
experiment. The engineers all undertook a 
rapid initial phase of ‘rough-tuning’ before 
fine- tuning their designs, and the senior 
experts’ strategies cost around half as much 
as those of their junior colleagues. The winning 
human player was a senior engineer, who spent 
just $105,000 to meet the target.

The authors then used a machine-learning 
method known as Bayesian optimization to 
design computer players that could compete 
with the humans without any previous train-
ing. These players were assigned a success 
rate on the basis of the percentage of their 
attempts that beat the winning engineer’s 
low cost. Only 13 out of 300 attempts did so. 
Kanarik et al. concluded that the algorithms 
were no match for the winning human, and 
hypothesized that the computer players’ lack 
of expert knowledge made them waste time 
exploring the full range of possible processes.

This hypothesis prompted the authors to 
test a ‘human first–computer last’ strategy, 
in which the expert undertook the rough- 
tuning and constrained the search, before 
handing over to the algorithms for fine- 
tuning. They found that this implementation 
reduced the cost of reaching the target, and 
that the amount by which the computer play-
er’s  success rate improved depended on the 
point at which the human relinquished con-
trol of the game (Fig. 1). Specifically, as the 
algorithm gained access to more expert data, 
the cost decreased — but only up to a certain 
point. Beyond this point, further expert data 
increased the cost without aiding the algo-
rithm. At the threshold, the most successful 
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algorithm reached the target at a cost of just 
$52,000.

The implication is that algorithms need 
guidance from humans to improve semi-
conductor processes, but that human input 
can become costly if this guidance is pro-
longed. Applying Kanarik and colleagues’ 
human first–computer last strategy to other 
processes in the semiconductor industry will 
therefore require careful consideration of the 
most advantageous point at which to switch 
from human-led to algorithmic development.

As well as designing processes, the authors’ 
strategy could be applied as a means of 
monitoring equipment abnormalities dur-
ing production. The increasing complexity 
of semi conductor technology has made it diffi-
cult to diagnose and classify faults using data-
driven methods alone. Instead, intelligent 
devices with self-diagnosis and self-tuning 
capabilities are required to ensure that 
faults can be accurately detected and rapidly 
repaired. This, in turn, relies on integrating 
advanced AI algorithms and big-data analytics 
with the knowledge of engineering experts. 
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Figure 1 | A hybrid human–computer strategy 
for designing chip-fabrication processes. 
Using a virtual game, Kanarik et al.1 tested 
how cost-effectively expert engineers and 
algorithms could design a step in the process of 
manufacturing semiconductor computer chips. 
The winning engineer completed the step at a 
cost of US$105,000, but the most successful 
algorithm matched this cost only 11% of the time. 
When the expert started the design process and 
the computer took over at a certain transfer 
point (where 0 indicates that no human was 
involved and 1 to 5 indicate little-to-large human 
involvement), the success rate increased (a) 
and the median cost decreased (b). However, 
this improvement was sensitive to the point of 
transfer: if it was too late in the game, the cost 
increased again. At the optimal transfer point (3), 
the human–computer team spent just $52,000. 
(Adapted from Fig. 3c of ref. 1.)

Human input is also essential for monitoring 
these recovery processes.

For example, the ion-implantation process 
(in which impurities are deliberately injected 
into a chip device to improve its conductivity) 
involves targeting the semiconductor with a 
high-speed ion beam3. Accurate targeting is 
crucial for ensuring process uniformity and 
maintaining device yields, yet for manufactur-
ers that prioritize product variety and customi-
zation over large output volumes, these beams 
must fulfil various device  requirements. The 
ability to dynamically control the uniformity, 
strength and stability of the ion beam’s elec-
tric current is therefore essential. Experienced 
human engineers are usually tasked with 
 manually fine-tuning dozens of equipment 
parameters to achieve such  control.

Over the past decade4, several chip man-
ufacturers have invested in and developed 
intelligent technologies such as the one 
reported by Kanarik and colleagues. Despite 
this, there are considerable challenges in 
implementing these technologies effectively. 
One key challenge is that the processes rely on 
external suppliers, many of whom are not able 
to provide integrated and intelligent equip-
ment, especially in the software and data-en-
gineering sectors. Transitioning from merely 

manufacturing hardware to also providing 
software solutions requires a mindset shift, 
but one that will ultimately propel the semi-
conductor industry into the digital future.

As fabrication processes improve, chip 
manufacturers must find ways of bridging the 
gaps between existing technologies and intel-
ligent designs. Kanarik and colleagues have 
shown that combining AI with human experts 
is a fruitful strategy, but that careful timing is 
crucial to its success. By harnessing the power 
of AI and expert knowledge, hybrid approaches 
such as theirs will enable the semi conductor 
industry to maintain high-quality production 
standards in the era of digital transformation.
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Viral infections are often represented as a 
direct clash between a virus and its host. How-
ever, viruses that infect the same cell can also 
interact with each other, working jointly or 
in opposition. These collective interactions 
in viral populations are poorly understood, 
but are likely to be crucial in shaping infection 
dynamics and disease progression. Writing 
in PLoS Biology, Sims et al.1 reveal one conse-
quence of inter-virus interactions: influenza 
virus particles can restrict each other’s spread, 
and, by doing so, partition a host into distinct 
territories of infection.

The idea of influenza viruses antagonizing 
one another is especially interesting given 
the many incentives that the viruses have to 
cooperate. The influenza genome comprises 
eight gene segments, but most individual viral 

particles (virions) lack functional copies of one 
or more segments, rendering them incapa-
ble of independent infection2. Co-infecting 
viruses can share gene segments, restoring 
their infectious capacity3. Co-infection can 
also accelerate viral replication kinetics, 
giving the virus a leg-up in its race to outrun 
the host’s immune response4. Finally, viruses 
infecting the same cell can swap segments, to 
create progeny that are a genetic combination 
of the original strains. These reshuffling events 
build diversity in influenza populations, and 
sometimes result in the generation of new 
pandemic viruses5. 

However, despite the clear benefits of 
co-infection, once an influenza virus infects a 
cell, other virions are often blocked from infect-
ing the same cell6,7. The mechanism underlying 

Virology

Influenza viruses don’t 
play well with others
Mireille Farjo & Christopher B. Brooke

Influenza viruses that infect the same host can interfere with 
each other’s replication. This behaviour seems to result in 
spatial structuring of infected groups of cells in tissue, with 
implications for viral evolution. 
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