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The goal of this investigation was to determine whether it 
would be feasible to use a register machine (RM) 
computation method to simulate biological functions and, if 
so, attempt to create a compiler that would automate the 
process of design.  The functions that were chosen for 
simulation were not meant to represent actual chemical 
processes that occur in biological systems, but to present a 
range of very simple functions that could be easily built into 
a prototype compiler.

Introduction

The computation method used in this investigation operated 
on a very limited instruction set.  The machine could 
increment a register, decrement a register, and obey a “goto” 
statement that would specify the location of the next 
instruction.  The machine used in this investigation could 
also test if a register was empty or not.

The Machine

An Example of RM Pseudocode 
Multiplication
Ra and Rb are registers that contain the values that are to be 
multiplied.  Rd is where the final answer will be stored. 

1. If Ra = 0, end; else, Ra--, go to line 2;
/* The iterations will only end when Rb is added Ra times*/
2. If Rb = 0, go to line 3; else, Rb--, go to line 4;
/*If Rb is nonzero, it will decrement Rb and increment Rc/*
3. If Rc = 0, end; else, Rc--, go to line 7;
/*If Rc is nonzero, it will decrement Rc and increment Rb*/
4. Rc++; go to line 5;
/*while Rb is being decremented, Rc is being incremented 
so that the original value of Rb is stored for the next 
iteration/*
5. Rd++; go to line 6;
6. If Rb = 0, go to line 1; else, Rb--, go to line 4;
7. Rb++; go to line 8;
8. Rd++; go to line 9;
9. If Rc = 0, go to line 1; else, Rc--, go to line 7;

T -> C (very slowly)

L1 + C -> nothing
Ra + L1 -> L1'
L1' + C -> L2 + T

L2 + C -> L3 + T
L2 + Rb -> L2'
L2' + C -> L4 + T

L3 + C -> Nothing
L3 + Rc -> L3'
L3' + C -> L7 + T

L4 + C -> Rc + L5 + T

L5 + C -> Rd + L6 + T

L6 + C -> L1 + T
L6 + Rb -> L6'
L6' + C -> L4 +T

L7 + C -> Rb + L8 + T

L7 + C -> Rd + L9 + T

L9 + C -> L1 + T
L9 + Rc -> L9'
L9' + C -> L7 + T

Previous research by the Circuits and Biology Lab at the 
University of Minnesota indicated a way to directly translate 
each of the RM commands into theoretical chemical reactions. 
This research also outlined a way to control the sequence and 
rate of reactions with a locking and clocking mechanism1. 

In these simulations, there were three different categories of 
molecules:

* Clocking molecules, T and C.  These molecules regulate the 
timing of the reactions and determine when the reaction 
would proceed to the next line.  
* Line molecules, denoted with an L.  These regulate which 
line of the original register machine language code that the 
chemical reaction is on.  They work in conjunction with the 
clocking molecules to assure that only one step of the code is 
being executed at one time.  Multi-reaction lines use “prime” 
to delineate between different line molecules.  For instance, 
L3 and L3' would be part of the same line in register machine 
language, but are part of different reactions in biochemical 
language.
* Register molecules, denoted with an R.  The number of 
molecules of a species of register molecule is analogous to the 
value of a register in register machine language.

*Desired functions were converted into RM pseudocode.
Functions included:

Addition
Subtraction
Clearing a register
Copying a register
Multiplication
Division
Modulation
Exponentiation
Collatz function
Fibonacci sequence

*Functions were programmed into a Java compiler to test 
accuracy.
*Each line of code was translated into a list of theoretical 
chemical reactions.

Process

The Translation

The clocking mechanism: One simple reaction that proceeds 
at a much slower rate than all other reactions.  Any faster 
reactions that can occur, given the current set of molecules, 
will occur before the next clocking period1.  

The addition module: The reaction involves the line molecule 
and the clocking molecule. The products include the 
incremented register molecule, the next line molecule, and the 
pre-clocking molecule1.

The subtraction module: Subtraction requires three separate 
reactions.  The first tests whether the register molecule that is 
about to be decremented is zero.  If it is, then no reaction will 
take place until another clock cycle is initiated, at which time 
it will produce the next line molecule.  The second line 
decrements the register and produces the prime of the current 
line to await another clock cycle. The third line of 
biochemical code will produce the next line molecule1. 

Instruction Set Modules

Each of the chosen functions were able to be translated into 
register machine language and subsequently into 
biochemical reactions.  Because each command in the 
instruction set of the register machine language can be 
simulated with a chemical reaction or a series of chemical 
reactions, anything that can be computed on a register 
machine can be computed with these theoretical chemical 
reactions. 

The results of this investigation are promising.  While a 
functional compiler may still be years in the future, the 
systematic approach to computing afforded by the register 
machine language indicates that it is not an impossibility.  
The process used in this investigation (i.e. first translating 
a function into RM language and then converting to 
biochemical language) could serve as an outline for 
automated design.
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LN + C → LM + T + R
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