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goompautler is a machine that, given enough time and memory, can perform any rigidly defined com- T h e An Itra CO m p u te r

putational operation. A minimalist computer is a computer thal satisfies this requirement with only a
minimum level of architectural ity. Although minimalist has long been
an interesting study in Computer Science, there exists very few actual hardware implementations

of such, and the goal of this investigation was to design one from scratch
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using the standard 74-series TTL-compatible digital logic circuits (ICs).

The Investigation

| started my investigation by defining the exact requirements for my com-
puter. Then, as | was aiming to keep its design as simple as possible, |
tried to discuss which components would unquestionably have to be in-
cluded. The resulting set of components included D-flip flops for holding
target addresses and values during memory write cycles, and a unit resem-
bling a program counter for simultaneously keeping track of an additional

combine two values into one. Using only components presumed to be es- ;"',ZSZZ'?"" ot s W

sential, | could put together a structure that should be capable of fetching

and defining all circuits in detail on paper. The resulting computer, called Anitra, has two universal
instructions: “move with complement” and “add with complement and branch if carry”. Branching is
done in a special way which does not require program counter to be programmable. In addition, the
program counter is limited in size, which restricts the memory area where instructions may reside.

Conclusions

The CPU part of the finished Anitra computer has an
8-bit data bus and consists of three octal D-flip-flops,
two octal tri-state buffers, one 8-bit non-programmable
counter, two 4-bit arithmetic adders and some control
logic (single gates and D-flip-flops only). Given the ini-
tial premises, it is difficult to imagine how the structural
parts of the computer could have been made with sig-
nificantly fewer or simpler components than those used;
each of its components has been shown to fill a specific
need during the execution of operations presumed to be
essential.

I have now completed the next great step in this project, which is the construction of a working physi-
cal prototype of the Anitra computer. Finally, | am now in the process of writing an operating system
for the computer.
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and executing instructions in memory. From this, | went on by designing the necessary control logic same rogister.
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Anitra s built around a 32+ kvlobyle SRAM memory
chip with . Full 1

4 bits may be increased or reset individually. PC's
least significant bit is controlled directly by the con-

T octe
bit is set to 0. This will generate the address of the
instructi . which y wi

trol logic.
o the data bus. The flip-flops R may be triggered,
which will add the current data from memory to its
existing value through an arithmetic adder, or it may
be reset to zero. The result may be directed back to
‘memory during write cycles through an inverting tri-
state buffer. To execute instructions, the control log-

the memory are made from a 7-bit segment number
and an 8-bit near address. The two octal D flip-flops
S and A may both retrieve data from the memory
through the data bus. The segment number is al-
ways prepared in flip-flops S. The latter may contain
data from the memory, orit may be resetto zero. The
near address can come from either fip-flops Aor the

icoutputs a 7- f control signals, one
for each clock cycle. A set of D fiip-flops, called ES,
is configured to keep track of the current execution
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this byte is clocked into A while PC is still selected.
PC’s least significant bit is then set to 1. The mermo-
y will load the second instruction byte, which is next
clocked into S while Ais selected. PC s increased.
The address that is now passed to memory is no
longer the address of the instruction itself, but the
pointer that was specified as its first argument. The
memory willload the value at this address, which is
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struction
and load the val-
ue pointed o by its sec-

ond argument. At this point,
the loaded value may or may not be
added to the accumulator to be added to
the value of the previous argument, depending
on the current instruction type. If it is added, and if
the arithmetic addition operation

turns a carry signal, the instruction will branch and
have PC skip to the instruction in the beginning of
the next instruction block. In any case, the inverse
of the resulting accumulator value is finally written to
memory at the same address as the last instruction
argument.
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“A computer is a machine
that, given enough time and
memory, can perform any
computational operation on
a set of data. A minimalist
computer is a computer that
satisfies  this requirement
with only a minimum level
of architectural complexity.”

Anitra’s two universal
mstructlons

mputer work by executing a seq so-called in-
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the order insiructions are execuled themselves. By combining such in-

thesised. The Anitra computer has a predefined area in memory where
instructions may reside, subdivided into blocks of 8 instructions each.
These will execute over and over again in an eternal loop. While tradi-

the
programmer to use, Anitra is a ‘minimalist* computer and has only two:

“movS,Q"  Readthe value in memory ataddress S, and
save an inverted copy at address Q

“add 5,Q" Read the values in memory at addresses S
and Q, add them together, and save the re-
sultinverted at address Q. If the result is too.
large to it into Q, skip the rest of the instruc-
tions i the current block. (In the latter case,
discard the result's most significant bit and
save the rest. If the current instruction is the.
last one in its block, skip all the instructions.
i the following block instead.)

An address is a value identifying a single place in memory. In
Anitra, an 8-bit computer, each such place may hold a value
made up of 8 binary digits. A value is said to be inverted if each
of its digits are complemented (1s becomes 0s and vice versa)

although the area of memory where instructions are executed can only
alnough the area of ere Instructions are ox






