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UNDERSTANDING
MANO COMPUTER
SYSTEM
ARCHITECTURE: A
COMPREHENSIVE
GUIDE

Computer  architecture
forms the backbone of
modern  computing,
a n d  a m o n g  t h e
foundational  models
that have shaped how
g e n e r a t i o n s  o f
students and engineers
understand  digital
systems,  the  Mano
Computer  System
Architecture  holds  a
s p e c i a l  p l a c e .
Developed by M. Morris
Mano and presented in

h i s  w i d e l y  u s e d
t e x t b o o k s ,  t h i s
architecture provides a
clear,  educational
f r a m e w o r k  f o r
understanding  how
computers work at the
h a r d w a r e  l e v e l .
Whether  you  are  a
student  just  starting
y o u r  j o u r n e y  i n
computer  engineering
o r  a  p ro fess iona l
looking to refresh core
concepts, exploring the
Mano computer model
offers  valuable insights
into  the  fundamental
principles  of  digital
design  and  system
organization.
In  this  article,  we will
take a deep dive into
the  Mano  Computer
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System  Architecture.
We will examine its key
componen t s ,  t he
ins t ruc t i on  se t  i t
employs,  the  role  of
the  control  unit,  and
h o w  m e m o r y  a n d
input-output operations
are  handled.  By  the
end,  you  will  have  a
t h o r o u g h
understanding  of  why
th i s  a rch i tec tu re
remains  relevant  in
computer  sc ience
education  and  how  it
relates  to  the  more
complex systems used
in modern computers.

What Is
Mano
Computer
System

Architect
ure?
The  Mano  Computer
System Architecture is
a  simplified,
hypothetical  computer
model introduced by M.
Morr is  Mano  in  his
classic  textbooks  on
computer  sys tem
architecture and digital
logic design. It is not a
physical  machine  but
rather  a  pedagogical
tool designed to teach
t h e  f u n d a m e n t a l
concepts  of  computer
o r g a n i z a t i o n ,
instruction  set  design,
c o n t r o l  u n i t
implementation,  and
data  flow.  The
a r c h i t e c t u r e  i s
intent ional ly  kept
simple so that learners
can  grasp  the  core
ideas  without  being
overwhelmed  by  the
complexity  of  real-
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world  processors.
At its heart, the Mano
computer  is  a  basic
s t o r e d - p r o g r a m
machine. It follows the
v o n  N e u m a n n
architecture,  meaning
that  both  instructions
and data reside in the
same  memory  space
and  are  processed
sequent ia l ly .  The
a r c h i t e c t u r e
emphasizes  clarity  in
t h e  r e l a t i o n s h i p
between  hardware
components  and  the
ins t ruct ions  they
execute,  making it  an
ideal starting point for
understanding  more
advanced systems like
R I S C  a n d  C I S C
architectures.
T h e  M a n o  m o d e l
typically  includes  a
central processing unit
with a control unit and
an  arithmetic  logic
unit,  a  memory  unit,
and  input -ou tput
interfaces.  The  design

i s  suppor ted  by  a
deta i l ed  reg i s te r
transfer  language that
describes  how  data
m o v e s  b e t w e e n
registers  and  memory
during  instruct ion
execution.  This  clarity
is  one  of  the  reasons
the  Mano  architecture
h a s  b e e n  u s e d  i n
countless  classrooms
around  the  world.

Key
Compone
nts of the
Mano
Computer
To fully appreciate the
M a n o  C o m p u t e r
System Architecture, it
i s  e s s e n t i a l  t o
understand  its  main
building  blocks.  Each
component  plays  a
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specific  role  in  the
e x e c u t i o n  o f
ins t ruc t ions ,  and
together  they  form  a
coherent  system  that
can perform a  variety
of computational tasks.

THE CENTRAL
PROCESSING UNIT
(CPU)
The  CPU in  the  Mano
a r c h i t e c t u r e  i s
composed  of  several
registers, an arithmetic
logic unit (ALU), and a
con t ro l  un i t .  The
registers are small, fast
storage  locations  that
hold  temporary  data
during  instruct ion
processing. Among the
m o s t  i m p o r t a n t
reg i s te r s  a re  the
program  counter,  the
instruction register, the
m e m o r y  a d d r e s s
register,  the  memory
data  register ,  the
accumulator,  and  the
status  register.  Each

register  has  a  defined
function  in  the  fetch-
decode-execute  cycle,
a n d  t h e  r e g i s t e r
transfer  language
precisely  defines  how
data  moves  among
them.
The  accumulator  is
particularly  significant
in  this  architecture.  It
serves as  the primary
register  for  arithmetic
and  logic  operations.
Most  instructions  that
perform  calculations
use the accumulator as
both  a  source  and  a
destination,  which
simplifies  the
instruction  format  and
the  control  logic.  This
d e s i g n  c h o i c e  i s
cha rac te r i s t i c  o f
accumulator -based
architectures  and
m a k e s  t h e  M a n o
computer  easy  to
u n d e r s t a n d  a n d
implement.
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THE CONTROL UNIT

The  control  unit  is
r e s p o n s i b l e  f o r
c o o r d i n a t i n g  a l l
activities  within  the
computer. In the Mano
arch i tec ture ,  the
control  unit  can  be
implemented either as
a  hardwired  controller
o r  a s  a
m i c r o p r o g r a m m e d
controller.  Hardwired
c o n t r o l  u s e s
combinational  logic
circuits  to  generate
control  signals,  while
m i c r o p r o g r a m m e d
c o n t r o l  u s e s  a
s e q u e n c e  o f
m i c r o i n s t r u c t i o n s
stored  in  a  control
m e m o r y .  B o t h
a p p r o a c h e s  a r e
covered  in  detail  in
Mano's  texts ,  and
understanding  the
trade-offs  between
them is a key learning
objective.
The control  unit  reads

inst ruct ions  f rom
memory,  decodes
them,  and  generates
the appropriate control
signals to activate the
necessary  data  paths.
The  control  logic  is
designed  around  the
instruction  set  and
ensures  that  each
instruction  executes
correctly  and  in  the
proper  sequence.  The
c o n t r o l  u n i t  a l s o
h a n d l e s  t i m i n g ,
ensuring  that  each
step of the instruction
cycle  occurs  at  the
right  moment.

MEMORY UNIT

The memory unit in the
Mano  computer  is  a
r a n d o m  a c c e s s
memory  that  stores
both  instructions  and
data.  The  memory  is
typically organized as a
set of words, each with
a  fixed  length.  In  the
standard Mano model,
the  memory  size  is



6

6 Mano Computer System
Architecture

2023-06-02

4096 words, each word
being 16 bits long. This
p rov ides  a  12 -b i t
address space, which is
a d e q u a t e  f o r
demonstrating the core
concepts  of  memory
addressing  and  data
retrieval.
T h e  m e m o r y  u n i t
interfaces with the CPU
through  the  memory
address  register  and
t h e  m e m o r y  d a t a
register.  The  control
unit manages read and
wr i te  operat ions ,
ensuring  that  data
flows  correctly
between the  CPU and
m e m o r y  d u r i n g
instruction  execution.
The  simplicity  of  the
memory  model  allows
students  to  focus  on
t h e  i n t e r a c t i o n
between the processor
and  memory  without
getting lost in complex
caching  or  v i r tual
memory  schemes.

INPUT AND OUTPUT
INTERFACES

I n p u t  a n d  o u t p u t
operations in the Mano
a r c h i t e c t u r e  a r e
h a n d l e d  t h r o u g h
dedicated  input-output
registers  and  control
logic.  The architecture
supports  basic  I /O
operations  that  allow
data to be transferred
between the computer
and  external  devices.
These  operations  are
typical ly  managed
through  programmed
I/O,  where  the  CPU
cont ro l s  the  data
transfer  directly.  The
simplicity  of  the  I/O
subsystem  keeps  the
focus  on  the  co re
architectural  concepts
while  still  providing  a
complete  picture  of
h o w  c o m p u t e r s
i n te rac t  w i th  the
outside  world.
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The
Instructio
n Set of
the Mano

Computer
The  instruction  set  of
the  Mano  Computer
System Architecture is
deliberately  small  and
s t r a i g h t f o r w a r d ,
containing  only  a  few
dozen instructions. This
limited set  covers  the
essential  operations
that  a  computer  must
perform, including data
movement,  arithmetic,
logic,  branching,  and
i n p u t - o u t p u t .  B y
keeping the instruction
se t  compac t ,  t he
architecture  makes  it
easy  for  students  to
learn  how  instructions
are encoded, decoded,

and executed.
Each instruction in the
Mano  computer  i s
e i ther  a  memory -
reference instruction, a
r e g i s t e r - r e f e r e n c e
instruction, or an input-
output  instruction.
M e m o r y - r e f e r e n c e
instructions  include
operations  such  as
l o a d ,  s t o r e ,  a d d ,
subtract,  and  branch.
Reg i s te r - re fe rence
instructions  perform
operations  directly  on
the  accumulator,  such
as  clear,  complement,
and  increment.  Input-
output  instructions
handle  data  transfers
to  and  from  external
d e v i c e s .  T h i s
classification  helps
students  understand
the different categories
of instructions and how
they  interact  with  the
hardware.
The  instruction  format
i n  t h e  M a n o
architecture  is  simple:
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a 16-bit word is divided
into  fields  that  specify
the operation code, the
addressing  mode,  and
the  operand  address.
This  consistent  format
m a k e s  i t  e a s y  t o
design the control unit
and to trace the flow of
data during instruction
execution. The use of a
fixed instruction length
also  simplifies  the
fe tch  and  decode
s t a g e s  o f  t h e
instruction  cycle.

Register
Transfer
Language
in Mano
Architect

ure
O n e  o f  t h e  m o s t
p o w e r f u l  t o o l s
introduced  alongside
the  Mano  Computer
System Architecture is
the  register  transfer
language.  RTL  is  a
symbolic notation used
t o  d e s c r i b e  t h e
sequence  of  micro-
operations  that  occur
during the execution of
an  ins t ruc t ion .  I t
p rov ides  a  c l ea r ,
unambiguous  way  to
specify  how  data  flows
between  registers,
memory, and the ALU,
and  i t  serves  as  a
bridge  between  the
high-level  instruction
set  and  the  low-level
control signals.
In  the  context  of  the
Mano architecture, RTL
statements  describe
each step of the fetch-
decode-execute  cycle.
F o r  e x a m p l e ,  a n
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instruction fetch might
b e  d e s c r i b e d  a s
follows:  the  memory
a d d r e s s  r e g i s t e r
receives  the  contents
o f  t h e  p r o g r a m
counter,  a  memory
read  opera t ion  i s
initiated,  the  memory
data  register  receives
the  instruction  word
from memory, and the
instruction  register
receives  the  contents
of  the  memory  data
register. Each of these
steps is expressed in a
compact symbolic form
t h a t  i s  e a s y  t o
understand  and  to
i m p l e m e n t  i n
hardware.
The use of RTL in the
Mano architecture  has
been  instrumental  in
teaching  computer
organization.  It  allows
students to see exactly
what  happens  at  the
register  level  during
each  ins t ruc t ion ,
providing  a  level  of

detail  that is essential
for understanding how
computers  work.  The
clar i ty  of  RTL  also
makes  it  possible  to
design the control unit
s y s t e m a t i c a l l y ,
w h e t h e r  u s i n g
h a r d w i r e d  o r
m i c r o p r o g r a m m e d
approaches.

Control
Unit
Design:
Hardwire
d and
Microprog
rammed
The  Mano  Computer
System  Architecture
prov ides  deta i led
cove rage  o f  bo th
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h a r d w i r e d  a n d
m i c r o p r o g r a m m e d
control  unit  design.
This  dual  approach
g i v e s  s t u d e n t s  a
c o m p r e h e n s i v e
understanding  of  how
control  units  can  be
implemented  and  the
trade-offs  involved  in
each  method.
Hardwired control units
are  built  using  flip-
flops,  gates,  and  other
combinational  logic
components .  The
control  signals  are
generated  directly  by
the logic circuits, which
a r e  d e s i g n e d
specifically  for  the
instruction  set  of  the
computer.  Hardwired
control  is  fast  and
efficient  but  becomes
increasingly  complex
as  the  instruction  set
grows.  In  the  Mano
arch i tec ture ,  the
hardwired  control  unit
is  designed  using  a
finite  state  machine

t h a t  s e q u e n c e s
through  the  steps  of
the  instruction  cycle.
The state diagram and
the  associated  logic
e q u a t i o n s  a r e
presented  in  a  clear,
step-by-step manner.
M i c r o p r o g r a m m e d
control  units,  on  the
other  hand ,  use  a
s e q u e n c e  o f
m i c r o i n s t r u c t i o n s
stored  in  a  control
m e m o r y .  E a c h
m i c r o i n s t r u c t i o n
contains control signals
tha t  ac t i va te  the
necessary  data  paths
for  one  step  of  the
instruction  cycle.  The
m i c r o p r o g r a m  i s
essentially  a  small
program  that  runs
inside the control  unit
and  interprets  the
machine  instructions.
M i c r o p r o g r a m m e d
control  is  more flexible
than hardwired control,
as  changes  to  the
instruction  set  can be
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made by modifying the
microprogram  rather
than  redesigning  the
logic circuits. However,
it  is  typically  slower
than hardwired control
d u e  t o  t h e  e x t r a
memory  access.
By  s tudy ing  bo th
approaches  in  the
context  of  the  Mano
architecture,  students
g a i n  a  d e e p
appreciation  for  the
design  choices  that
computer  architects
face.  The  Mano  texts
prov ide  complete
designs for both types
o f  c o n t r o l  u n i t s ,
allowing  students  to
compare  and  contrast
them directly.

Memory
Hierarchy

and
Addressin
g in Mano
Architect
ure
W h i l e  t h e  M a n o
c o m p u t e r  u s e s  a
simple  flat  memory
model, the concepts of
memory hierarchy and
addressing  are  still
i n t roduced  in  the
c o n t e x t  o f  t h i s
arch i tecture .  The
memory  is  organized
as  a  single  level  of
r a n d o m  a c c e s s
m e m o r y ,  b u t  t h e
principles  of  address
decoding,  memory
mapping,  and  data
alignment are covered
in detail.
Addressing  modes  in
the  Mano  architecture
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i n c l u d e  d i r e c t
addressing,  indirect
a d d r e s s i n g ,  a n d
immediate  addressing.
Direct addressing uses
the address field of the
instruction  to  specify
the memory location of
the  operand.  Indirect
addressing  uses  the
address  field  to  point
to  a  memory  location
that  conta ins  the
actual  address  of  the
operand.  Immediate
addressing  includes
the  operand  value
d i r e c t l y  i n  t h e
instruction.  These
three modes provide a
solid  foundation  for
understanding  more
complex  addressing
s c h e m e s  u s e d  i n
modern processors.
The instruction set also
inc ludes  a  branch
instruction  that  allows
for  conditional  and
unconditional  jumps.
This  introduces  the
concept  of  program

flow control  and shows
h o w  t h e  p r o g r a m
counter  is  modified
during  execution.  The
branch  instruction,
combined  with  the
arithmetic  and  logic
instructions,  gives  the
Mano  computer  the
ability  to  implement
any algorithm that can
be  expressed  as  a
s e q u e n c e  o f
instructions.

Input-
Output
Organizat
ion in the
Mano
Computer
The  input -ou tpu t
organization  in  the
M a n o  C o m p u t e r
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System Architecture is
designed to be simple
yet  instructive.  The
architecture  supports
basic  I/O  operations
through  dedicated
i n p u t  a n d  o u t p u t
reg is ters .  Data  i s
transferred  between
the  accumulator  and
the I/O registers under
the  control  of  specific
I/O  instructions.  This
p r o g r a m m e d  I / O
approach  requires  the
C P U  t o  a c t i v e l y
manage  each  data
transfer ,  which  is
straightforward  to
i m p l e m e n t  a n d
understand.
The I/O instructions in
the  Mano  architecture
include  operations  to
input  data  from  an
external  device  into
the accumulator and to
output  data  from  the
accumulator  to  an
external  device.  The
control  unit  handles
t h e  t i m i n g  a n d

synchronization  of
t h e s e  t r a n s f e r s ,
ensuring  that  data  is
read or written at the
correct moment. While
modern computers use
more sophisticated I/O
m e t h o d s  s u c h  a s
interrupt-driven I/O and
direct memory access,
the  programmed  I/O
model  in  the  Mano
architecture provides a
clear starting point for
l e a r n i n g  a b o u t
computer  input  and
output.

The
Relevanc
e of Mano
Architect
ure
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Today
D e s p i t e  b e i n g  a
simplified  educational
m o d e l ,  t h e  M a n o
Computer  System
Architecture  remains
highly  re levant  in
c o n t e m p o r a r y
computer  science  and
engineering  curricula.
I t s  e m p h a s i s  o n
fundamental principles,
clear  register  transfer
n o t a t i o n ,  a n d
systematic control unit
design  makes  it  an
ideal  tool  for  teaching
the  core  concepts  of
computer organization.
Many  univers i t ies
continue to use Mano's
textbooks  as  primary
or  supplementary
resources  in  their
computer  architecture
courses.
Moreover,  the  skills
and knowledge gained
from  studying  the
Mano  architecture

translate  directly  to
understanding  modern
p r o c e s s o r s .  T h e
concepts of instruction
fetch  and  decode,
register  operations,
A L U  d e s i g n ,  a n d
c o n t r o l  u n i t
implementation  are
un iversa l .  Once  a
student  has  mastered
the  Mano  computer,
moving  on  to  more
complex  architectures
such  as  RISC-V,  ARM,
or  x86  becomes  a
m a t t e r  o f
understanding how the
same  fundamental
ideas  are  scaled  up
and  adapted  to  meet
real-world performance
a n d  c o m p l e x i t y
requirements.
The  arch i tectura l
des ign  pr inc ip les
taught  through  the
M a n o  m o d e l  a l s o
in form  embedded
systems  and  digital
d e s i g n .  M a n y
microcontrollers  and
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simple processors used
i n  e m b e d d e d
applications  follow
similar design patterns,
and understanding the
Mano  architecture
p r o v i d e s  a  s o l i d

foundation for working
with these devices. The
reg i s te r  t rans fe r
language, in particular,
is  a  valuable  skill  for
anyone  involved  in
hardware  design


