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1 INTRODUCTION

Around two thousand years ago, Plutarch asked a question that
still refuses to leave philosophy classes: if every plank of the ship
of Theseus is replaced, one by one, is it still the same ship [18]?
Centuries later, Hobbes made things worse by asking what happens
if someone quietly collects the discarded planks and builds a second
ship out of them [12]. Which one is the real ship of Theseus?

Computer architects have been running this experiment for over
fifty years, only with silicon instead of timber. The simple in-order
scalar core of the early 1970s [9] has been patched, extended, and
rebuilt every time a new class of applications hit it: ILP, floating
point, multimedia, graphics, Al, and finally the energy wall left
behind by the end of Dennard Scaling (7, 8]. Every obstacle was
answered the same way: add something new to the chip. As the
“general-purpose” chip gathers more and more special-purpose
crew, a wild but surprisingly serious question appears: What is it,
to be or not to be general purpose' ?

We present the Chip of Theseus A-[A, a story-cum-provocation
that retraces this journey plank by plank, looks at the old planks
we left on the shore, and asks which of the resulting chips deserves
the name. The subsequent sections describe the journey, the three
ships, and the question it leaves behind.

2 THE JOURNEY TILL NOW

Our voyage starts with the Original One: a simple in-order scalar
core [9], with nothing more than a fetch/decode unit, an ALU, and
an execution context (Figure 3). It issues at most one instruction
per cycle, and it was perfectly happy doing so, until the situations
changed. We follow this one chip through the five obstacles it met
on its voyage, where each new obstacle exposed something the
previous version of the chip could not do, and each fix became a
new plank on the ship. Figure 1 charts how many distinct kinds of
units ended up on board (our own tally of the milestones below),
and where the ship is heading by 2050.

Floating Point: The first storm was numerical. Scientific codes
spend their time on real numbers, which an integer-only core em-
ulates slowly, so a floating-point unit moved on-die [6]. The chip
was no longer only an integer machine.

Larger, Complex Programs: Next came software itself. As
programs grew larger and more complex, a core issuing at most one
instruction per cycle left most of its pipeline idle, and the demand
shifted to higher pipeline utilisation and instruction-level parallelism.
The chip answered with superscalar issue [4], followed by out-of-
order and speculative execution with branch prediction [16]. The
simple in-order scalar planks that made this possible were no longer
needed, and were set aside on the shore.

IWith apologies to Hamlet [20].
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Figure 1: The crew of the chip of Theseus towards 2050.

B Esmaeilzadeh et al. ?

S 100 9 1= Lightsout? 2050) 77 g
N ]
~ 1
5 :
S :
2 >50% 5
@« 50 A ;
=< ]
H :
a8 21%

0 - —

22 nm 8 nm 0.6 nm (2050)
Technology node

Figure 2: Dark silicon: the energy foe eating the chip.

Real-Time Audio and Video: Then the workloads became in-
teractive. Signal processing and graphics brought the third storm,
with hard deadlines and streams of data that a general core han-
dled poorly. Vector/SIMD units answered first [17], and were later
strengthened alongside DSP instructions, media engines, and inte-
grated graphics [22]. All these data-hungry units also made memory
latency and bandwidth the bottleneck, and the memory controller
left the Northbridge and moved onto the chip [15]. How much of
the chip is still the “CPU” now?

The New Age of AI: The answer got smaller with the next
storm. A tornado of AI/ML applications hit the ship, and the existing
units were too inefficient for its matrix-heavy kernels, so a neural
processing unit was integrated [5]. Another specialist, another plank
that computes one thing very well.

The Energy Foe: The planks kept piling on, but the power
budget did not grow with them. The biggest challenge of all arrived
with the end of Dennard Scaling [7]: transistors kept shrinking, but
voltage stopped scaling with them, so a chip could no longer power
all of its transistors, and thus all of its specialised units, at once.
With 21% of a chip dark at 22 nm and more than half projected dark
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Figure 3: The three ships, seen through a different lens.
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Figure 4: The Turing Tariff of a single add, using Horowitz’s
45 nm energy estimates [13].

at 8 nm [8] (Figure 2), the chip evolved into a hybrid of performance
and efficiency cores [19], and had to become smart just to manage
its own other kinds of heterogeneity as well. Is this still a general-
purpose chip, or a fleet in disguise?

3 WHICH IS THE CHIP OF THESEUS?

The journey leaves us with three ships (Figure 3). The Original
One: a simple in-order core with a fetch/decode unit, an ALU, and
an execution context. The Final One: the Original One after the
whole voyage, carrying OoO, superscalar and branch predictors,
a better FPU/VPU, DSP units and an integrated GPU, a memory
controller, an NPU, and a hybrid core arrangement. And, following
Hobbes, the Thrift One: built only from the planks we left on the
shore, the in-order fetch/decode and the FPU/VPU lanes.

Seen through a different lens, the Thrift One is, well, a simple
GP-GPU core: an in-order front end feeding many simple FP/vector
lanes. In other words, the planks we discarded along the journey
quietly reassembled themselves into the engine that powers today’s
Al boom [10]. Meanwhile, every new plank added to the Final One
raises an uncomfortable question: Is the energy cost of such ad hoc
integration worth it?

The Turing Tariff: Turing showed that one universal machine
can compute any function [21], but never promised that it would do

so efficiently. Paul Kelly calls this price of universality the Turing

Tariff [1]. Figure 4 makes it concrete: a general-purpose core spends

around 70 pJ to execute one add instruction, of which the add itself

costs about 0.1 pJ; the rest goes to instruction-cache access, register-
file access, and control [13]. An ASIC pays only for the add. That is

a tariff of hundreds of times, paid on every single instruction, by

the only passenger who never gets off the ship.

The voyage does not end here. Three stretches of uncharted
water lie ahead of the Chip of Theseus. We hand the compass to the
readers and leave the charting to them:

o Is the Final One still the same chip? Almost every plank has been
replaced, even the ISA: x86 grew from x87 to MMX, SSE, AVX,
x86-64, and AMX matrix extensions [14]. Yet the ISA only ever
adds planks; the attempt to throw the oldest ones overboard,
Intel’s X86S, was abandoned [3]. Perhaps what keeps it the same
chip is not any plank, but the promise that yesterday’s software
still sails.

o Then which is the Chip of Theseus? The Thrift One already rules
the data-parallel world. The Final One rules everything else, at a
tariff. The Original One remains the blueprint both were built
from.

e Do domain-specific cores make more sense? If every new obstacle is
answered with a new specialist anyway, perhaps the ship should
openly become a fleet of accelerators [11], with the general-
purpose core promoted to captain rather than oarsman.

4 CONCLUSION

The journey of the Chip of Theseus shows that every “general-
purpose” chip has quietly become a crew of specialists, while the
planks we threw away rebuilt themselves into the data-parallel
engines of today. Therefore, looking back at this journey should
not only shape how we design the next generation of chips, but
also provoke a fundamental question: What is it, to be or not to be
general purpose? Whether the next voyage is sailed by a single ship
or a fleet of domain-specific cores? is a question we leave for you
to answer.

2And hence, as a butterfly effect, everything that orchestrates them.
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