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Multiprocessing with emcee

Useful python package multiprocessing (https://docs.python.org/3/library/multiprocessing.html)

Here we use the package ONLY in the context of emcee.  

https://docs.python.org/3/library/multiprocessing.html
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Multiprocessing means using two or more central processing units (CPUs) in a single computer system. 

Its definition can vary, but generally it refers to the ability to support multiple CPUs and to the capacity to distribute work 
among them.

Present–day multicore processors can easily have 12, 24 or more cores on the same motherboard, enabling concurrent 
processing of numerous tasks.
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What are processes?

A process, or a running process, is a collection of instructions carried out by the computer processor.
A process's execution proceeds in a sequential manner, just as a computer program which is written in a text file, but when  executed, it 
becomes a process and performs sequentially all the tasks crafted in the program.

A normal computer runs several processes continuously to manage operating system, and all hardware and applications installed on the 
machine. This can range from simple background tasks like a spell-checker or system event handlers to a complex application like Microsoft 
Word.

Processes vs. threads

According to a common misconception processes and threads are the same while, in fact, they are different execution sequences. Here is a list 
of differences between a processes and a threads:

• A process is part of a running program, while a thread belongs to a given process.
• Threads are small when compared to processes.
• A process takes much longer to terminate.
• The creation of a process takes longer than the creation of a thread.
• Processes require more time for context switching.
• Unlike threads, which share memory, processes have their own memory space.
• Data is not shared across processes, but it is between threads.

Multiprocessing can also be confused with multitasking or time sharing, the management of programs and the system services they request as 
tasks that can be interleaved, and with multithreading, the management of multiple execution paths through the computer or of multiple 
users sharing the same copy of a program.
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Illustration of multithreading with 4 threads
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PRO's 

Multiprocessing environments are widely adopted and offer a 
many advantages such as increased speed, throughput and 
reliability. Common benefits of multiprocessing include the 
following:

• Reliability. If one processor fails in a multiprocessor system, the 
other processors can pick up the slack and continue to function. 
While the shutting down of one processor might cause a 
gradual slowdown, the system can still function smoothly. This 
makes multiprocessing systems highly reliable.

• Increased throughput. Throughput is the number of processes 
executed at a given time. Given that multiprocessor systems use 
many CPUs to handle data, increased performance is expected 
when the system uses parallel processing. This means more 
tasks can be accomplished in a shorter amount of time, as 
they're divided among different processors.

• Cost saving. Multiprocessing systems are more economical 
compared to multiple single processor systems. This is because 
multiple processors within a single system share the same 
memory, disk space, buses and peripherals.

CON's 

While multiprocessing improves system performance and reliability, 
it does come with the following challenges:

• Expensive. Systems with multiple processors may be expensive. 
Having just one processor is less expensive than having two or 
more.

• Deadlocks. In systems with multiple processors, a deadlock can 
occur if one processor attempts to access an I/O device while 
another processor is trying to use it.

• Extra memory requirements. Due to their improved computing 
capability, multiprocessor computers are widely used. However, 
they require more memory. In multiprocessing architectures, 
memory is shared across all processes and each processor 
needs memory space. All processors work together and have 
direct access to the main memory, which causes an increase in 
memory usage.

• Complex operating system. In multiprocessing OSs, each CPU 
has its own operating system, which assigns each processor with 
several minor tasks and the load is distributed among the 
processors. However, the use of multiple processors makes it 
more complex for the OSs to function.
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Radiocarbon dating
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Radiocarbon dating



Edoardo Milotti - Bayesian Methods - Spring 2025 10

(from the Nobel Lecture of W. F. Libby, link)

https://www.nobelprize.org/uploads/2018/06/libby-lecture.pdf
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Willard F. Libby (right), the 
physical chemist who 
conceived of radiocarbon 
dating, with graduate student 
Ernest Anderson.
(from this webpage of the ACS)

https://www.acs.org/education/whatischemistry/landmarks/radiocarbon-dating.html
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https://en.wikipedia.org/wiki/Radiocarbon_dating
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Important considerations
 

In its basic form, the method assumes
 

• constancy of cosmic radiation
• no contamination of samples

However, this is not always true, issues at stake are

• space-time variations of the 14C/12C ratio in the atmosphere
• impact of the industrial age
• impact of nuclear bomb tests

• isotopic fractionation (uneven intake/metabolism of 14C and 12C in 
different environments/organisms)

• variations of the 14C/12C ratio in different parts of the carbon reservoir
• marine effect
• hemisphere effect

• contamination

Calibration methods are needed, such as tree rings. 
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The likelihood function
 
In this plot, we observe data where both the collection time and the fraction of C-14 are subject to measurement errors.

Let T be the "true" collection time, and  be the "true" C-14 fraction, then the measured values (times and fractions) have pdf's

while

Then, we can write 
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Annually resolved measurements of the radiocarbon content in tree-rings have revealed rare sharp rises in carbon-14 production. These ‘Miyake 
events’ are likely produced by rare increases in cosmic radiation from the Sun or other energetic astrophysical sources. The radiocarbon 
produced is not only circulated through the Earth’s atmosphere and oceans, but also absorbed by the biosphere and locked in the annual growth 
rings of trees. To interpret high-resolution tree-ring radiocarbon measurements therefore necessitates modelling the entire global carbon cycle. 
Here, we introduce ‘ticktack’ (https://github.com/SharmaLlama/ticktack/ ), the first open-source Python package that connects box models of 
the carbon cycle with modern Bayesian inference tools. We use this to analyse all public annual 14C tree data, and infer posterior parameters for 
all six known Miyake events. They do not show a consistent relationship to the solar cycle, and several display extended durations that challenge 
either astrophysical or geophysical models.

https://github.com/SharmaLlama/ticktack/
https://github.com/SharmaLlama/ticktack/
https://github.com/SharmaLlama/ticktack/
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MCMC code stored in https://github.com/edymil/Bayes-TS 

https://github.com/edymil/Bayes-TS
https://github.com/edymil/Bayes-TS
https://github.com/edymil/Bayes-TS
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