ned,
on

19

tract

Des
of AbS

puter

yst
evel

v

Com
=5
[

Ut

puter
a-Low:

o

d at

¢ S

St

i

Ani
linimalist
ramme

rog!

]
—~

. The

/
"

nd P

let

omp

AC
Buiilt

Anltra s two universal |nstruct|ons

pulers work by mechanicaly execulng a sequence of so-called

s vt

avanced operlons may bo &ynnesised The Al compulr has & pregafined area in momory
‘whoro nsiructons may roside, subdivided o locks o 8 nsructons each-Theso wil cxocuto over
i
. Aniva's

“movSQ" Read the vaue in momry at address S,
and savo an ivertd copy 1 03055 Q.

eS0T Resgine vesnmarory ot aesen S
nd 0, a ot and savo o o.
S nerad st adress & i resul 100
s 10 G,k neretcrne
hacurent bock (n e

5

lastono i s bock,sipa th instuctions
In th following Bock nstead)

sing In ant oach suen
5 bmary 041
Complementad (15 becomes 05 and s vers3)
and anough
e s <
70 hom. Bocaus tho par of tho

Q00 i e ol clssic il st st st of s Curi's On st
‘S Computar (OISC), withorly oo nsiructo. namely. “subrac-and branchfrosulL ega” A
Oisc: i torms of

aded o costat al (smply skipflhing he second operand).

The Anira CPU Hardware Regisers and SignalsList

S T e W o v
Pmbar W obectons pomten solocedy . Polerslesst genart
Samteanon
£ — - I Increase PC.
o e e o =
2 Mem ~ x Fons

=i s Bocass P ot sk

Figure 3: Schematics of the Anitra Development Board

sy

We herby certfy tha he aboe sitmensar corect and he

nformation prorséod i the Abset i h el of on ears resrce
o h above propert s myfou own work

L

e

Abstract

Goal and Requirements

The question of this investigation is as follows: How simple can
aba basic computer be designed to be, given the requirements be-
Jow

+ Acomputer is a machine that, given enough time and
data retaining units (memory), can perform any rigid-
Iy defined computational operation on a set of input

+ The hardware of the computer should be designed in
detail using only standard 74-series TTL-compatible
digital logic circuits (ICs). Asingle standard SRAM chip
may may be used for main memory, since this requires.
less supporting circuitry than DRAM. Some analog
support circuits may be included as appropriate.

« The design’s order of simplicity is given primarily from
the total number of simple logic gates logically in-
volved in the standard circuits used, but also from the
number of physical ICs and connection points involved.
It should be practically possible to build a prototype of
the hardware.

+ The amount of accessible and addressable memory

should not be the main functional limitation of the com-
puter (see the first point). Specifically, the computer
can be designed for an address space of anywhere
between 2 and 64 kilobytes, inclusive.
Given the necessary level of complexity decided on
after considering the requirements above, it s also a
goal to get as much functionality as possible out of the
available components through efficient design.
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Website: http://www.princeton.edu/~ebakke/anitra

Conclusions

Given my requirements, | have shown it possible to construct a computer that comes.
close to a provable lower component limit, and my investigations suggests that a simpler
datapath portion of the CPU is unlikely to exist. In order to write a value to an address
in memory, at least four 8-bit wide data retaining units are needed simultaneously: one
to hold the value to be written to memory, one to hold the first half of the destination ad-
dress while the second half is retrieved, and two for providing both parts of the address
of this second half of the destination address. Interestingly, one of these registers take
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on the familiar role of a program counter. The computer hardware is, how-
ever, simplified by placing limits on this register's operation. The finished
computer, called Anitra, is capable of executing two primitive yet universal
instructions which are both based on an inverted addition operation.

The study of minimalist computers is interesting because it casts light upon
issues in computer architecture design that may otherwise go unnoticed,
end/becalie|lstndistme o] etanlinderstandinglcrlhoWjEomuarslend
hardware specifications interact with each other. Software and hardwar
B e L e
and not.

o Spmelrarey RRERCEAISANS W ST
e
flops S and A may both retrieve set of
e T e g e 25, o1 ety it s Bl o
Gty Tha seqentnaperts U o ol coren  ondinscton e, vch e o e
e T e oy e, Facn o, ocked o S Whlo A s sl frr
- Uy . Sonsamy o PO e e s6doss Tl cuent. Sopardng o cr
e BT o e T 130w et o ey 0 S T
= o ook, eration overflows. and retums a
ter PC difer- The  camy signal, the \nmmn wil
et ond have PG s oo

puls enabled. PCs st and a4
Bl may e ersased orrset

o
" The exacuton sequence sarts by s fip-fops.
R

oo

A simplo

oy

s
Soridanct e e it e ::::',:‘7::.:"_'".:9'_“:.‘:

CantbtiesatioD Thiswilgenerte

et the et two byes o e -

A computr s up o 2K of mamary, i I 128 25t sogmrts
T ey s s o 3 o i gt e, o

Eo o e § by, g 130 mmln, e

Fanitors sa. Sranins S an arzion i dona b ST B AR

i o campite oo bock Tha messcn et Shown i Toe 5
Instruction formst and st bt s

Bet [z B eyt
o st . o o scmont rmoer

e e 1

(caios Sy caios
& o o ekt b 3 b o uumr o
st e msoion o b o o 2 o 5 s T
e o s g o T &

Qusiter st Operston
im0 [y e— asss
. 2 (i compamen) SR

(e oo o care ot esior=0

Testlng and software develog)ment
an ordinary desktop
mmpuler it have witten a cross-assembler, which translates assembly
yimage, which
lnpu(s thei image and |r\teracl|vely simulates the software’s operation on
itra computer, and a parallel port uploader, which transfers the
|mage to the Development Board’s memory chip. These tools make the
programming process similar to that of any modern computer or micro-

controller.

The project's most important piece of Anitra software is the Debug Rou-
tine. It tests all distinct aspects of Anitra’s operation by running a se-
quence of tests that all result in different numerical answers, and then
outputs the sum of all results to the user. Since the tests are designed
to give a different result if Anitra does not behave according to speci-
fication, the precence of the expected sum on the output is very likely
to indicate a working model. The routine was used in all development
stages: first to test the operation of the emulator, then to test circuit sim-
ulations on CAD software, and finally to to test the physical prototype.

Another piece of interesting Anitra software is the Virtual Machine Emu-
lator. The routine executes virtual instruction of another, hypothetical,
computer. The virtual machine is far more advanced than Anitra itself,
with 14 instructions, in-built function calls, separate data and return
stacks, relative local variable addressing, unconstrained branches and
S0 on. Although at a cost of speed, this aliows Anitra to be programmed.
without any of the initial limitation on code size, branching etc. Anoth-
er interesting observation is that the two simple instructions provided
by Anitra seem to be perfectly suffient for solving common program-
ming tasks. The code is fairly compact, and there is plenty of space for
emulating more virtual instructions, or
possibly, to emulate a 16-bit machine
instead.

A Lower Limit
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