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Memory Access Operations

Memory CPU

WR

Memory CPU

RD

n-bit Data  

k-bit Address 

n-bit Data  

k-bit Address 
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A Memory Write Example

00
01
10
11

0101

1100

2-bit  
address

 4-bit  
data

00
01
10
11

1100

WR

Address: 01

Data: 0111

01

0111

0101
0111

2-bit  
address

 4-bit  
data

Memory CPU

WR

4-bit Data  

2-bit  address 
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A Memory Read Example

00
01
10
11

1100

0101
0101

2-bit  
address

 4-bit  
data

RD
Address: 10

Data:    1100

10

1100

Memory CPU

RD

4-bit Data  

2-bit  address 
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A Memory and A Memory Map

Memory Unit
2k words

n-bit per word

Input n-bit  Data 

Output n-bit  Data 

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

k-bit  Address  n-bit  data

24 words

k-bit  
Address

Read

Write 

Write Data

Read Data
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The Inputs and Outputs of a Memory

Memory Unit
2k words

n-bit per word

Input n-bit  Data 

Output n-bit  Data 

Memory CPUk-bit  
Address

Read

Write n-bit Data  

k-bit Address 
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Assignment and Write Operation

00
01
10
11

1100

WR

Address: 01

Data: 0111

01

0111

0101
0111

2-bit  
address

 4-bit  
data

Memory CPU

WR

4-bit Data  

2-bit  address 

int a;

a = 7;
&a a

address    data

LHS (Left Hand Side)
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Assignment and Read Operation

00
01
10
11

1100

0101
0101

2-bit  
address

 4-bit  
data

RD
Address: 10

Data:    1100

10

1100

Memory CPU

RD

4-bit Data  

2-bit  address 

int a;

x = a + b;
&a a

address    data

RHS (Right Hand Side)

&b b
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Acc IR

TinyCPU 

Add/Sub

PC

MAR

MDR

Z

pcl

pcinc

mmx mal

mdil

mdol

irlaccl
cla

intrs

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf

mdi

mem_w

1

0

mdo
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TinyCPU and Memory

mmx

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf

mdil

mdol

MAR

MDR

mal

mdi

mem_w

1

0

mdo

Address
Bus

Data
Bus 

TinyCPUTinyCPU

Memory
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Clock

Address

Data

WE

Memory Unit
2k words
n-bit per word

Input n-bit  word 

Output n-bit  word 

k-bit  
address

Mem_En

RD/WR 

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

24 words

k-bit  n-bit 

k-bit Address Bus

n-bit Data  Bus

Memory CPU

WR

Memory Write Cycle

CPU      Valid Address 

CPU     Valid Data 

Synchronous WRITE
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k-bit Address Bus

n-bit Data  Bus

Memory CPU

RD

Memory Unit
2k words
n-bit per word

Input n-bit  word 

Output n-bit  word 

k-bit  
address

Mem_En

RD/WR 

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

24 words

k-bit  n-bit 

Memory Read Cycle – Synchronous

Clock

Address

Data

WE

CPU      Valid Address 

MEM     Valid Data 

Synchronous READ
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2-bit  address Bus

4-bit Data  Bus

Memory CPU

WR

Clock

Address

Enable
Memory
Initiating 
WR op

Data

CPU      01

CPU     0111 

R/W

Memory 
Latch 
Data

Address: 01 Data: 0111

01

0111
BC

R/W

input output
BC

input output
BC

input output
BC

R/W

input output
BC

select

BC

R/W

BC

R/W

BC

select select select

BC

R/W

input output
BC

input output
BC

input output
BC

R/W

input output
BC

select

BC

R/W

BC

R/W

BC

select select select

BC

R/W

input output
BC

input output
BC

input output
BC

R/W

input output
BC

select

BC

R/W

BC

R/W

BC

select select select

BC

R/W

input output
BC

input output
BC

input output
BC

R/W

input output
BC

select

BC

R/W

BC

R/W

BC

select select select

2-bit  
address

 4-bit  word

A0

A1

word0

word1

word2

word3

I3 I2 I1 I0

O3 O2 O1 O0

R/W

2 x 4
decoder

Data Bus

Address: 01

Data: 0111

Data: 0111

Output (RD)

Input (WR)

Data & Address Buses

Write Cycle Example for a 4x4 Memory 
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Instruction Set Architecture

Based on http://www.ele.uri.edu/Courses/ele306/f01/Tinydoc.pdf

001ADD

010STR

011CLA

101JNZ

111RST

OP code

M

M

M

ADD $M ;   ACC ← ACC + [M] 

STR $M ;  [M] ← ACC 

CLA ;  ACC ← 0 

JNZ $M ;  PC ← M   if Z=0

RST ;  PC ← 0 

Variable Length

M: Operand Address

8-bit 8-bit
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Addr. Machine Codes
00 60 CLA ;Clear Acc and then adding the operand is
01 20 78 ADD $ONE ;equivalent to move the operand to Acc
03 40 FF STR $FF
05 A0 01 JNZ $01
07 E0 RST
78 01 ONE: DAT 0000 0001 ;Constant 1

00 → 01 → … → FE → FF → 00

60
20
78
40
FF
A0
01
E0

 
 

 01

00
01
02
03
04
05
06
07

 
 
 78 FF
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Array
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