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CPU and MEM
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Memory Data Register
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Memory Access Operations

Memory CPU Memory CPU

WR |RD1

8-bit Data 8-bit Data

8-bit Address 8-bit Address

ISA (1A) 6 Young Won Lim

3/22/25



Memory Interface

Input 16-bit Data
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12-bit

Address ‘

Read
Write

Output 16-bit Data
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Memory Map

12-bit Address 16-bit data

0000 0000 0000 —
0000 0000 0001 —»
0000 0000 0010 —*
0000 0000 0011 —»
0000 0000 0100 —
0000 0000 0101 —»

212\words <

1111 1111 1011

1111 1111 1100 —»
1111 1111 1101 —»
1111 1111 1110 —»
1111 1111 1111 —»
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Instruction Set Architecture

4-bit
OP code
LOAD 1 addr LOAD addr ; AC — Mladdr]
STA 2 addr STA addr ; M[addr] — AC
ADD 5 addr ADD addr ; AC - AC + Mladdr]
JUMP 8 adar JUMP addr ; PC — adadr

fixed length (16-bit)

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

LOAD addr : AC . Maddr]

MEM_RD
IR op addr 1 adadr

MEM_RD

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

STA  addr : Maddr] — AC
MEM_RD
IR op addr 2 addr
MEM_WR
AC - addr M[addr]

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

ADD addr : AC — AC + M[addr]

MEM_RD
IR op addr 5 addr

—

AC

MEM_RD
1 oo | e

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

JUMP addr  PC . addr

ISA (1A)

op

addr

l

PC

MEM_RD

New
PC

addr

8 addr

next inst

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

12-bit Address 16-bit data
OFF
100 1250 LOAD 250 . AC ~ M[250]
101 5251 STA 251 ; M[251] - AC
102 2251 ADD 251 ;. AC ~ AC + M[251]
103 8170 JUMP 170 - PC ~ 170
104
170
250 0004
251 0003
252
ISA (1A) 14 Young ng;‘;‘;



The 1 Instruction : LOAD 250 - Fetch Cycle

PC

0100

—» 100

101
102
103

170

250
251

1250

5251

2251

8170

0004

0003

1250 IR
AC
LOAD 250 : AC — M[250]

ISA (1A)

Young Won Lim
3/22/25



The 1 Instruction : LOAD 250 - Execution Cycle

PC 0100

LOAD 250  AC — M[250]
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The 2™ Instruction : ADD 251 - Fetch Cycle

PC

0101

100
101
102
103

170

250
251

1250

5251

2251

5251

8170

0004

0004

0003

ADD

AC

251 . AC - AC + M[251]
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The 2™ Instruction : ADD 251 - Execution Cycle

PC| 0101 100 1250 5 251 IR
N\ 101 5251

102 2251 7—3+4
103 8170

g

ADD 251 ; AC — AC + M[251]
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The 3™ Instruction : STA 251 - Fetch Cycle

PC

0102

L

100
101
102
103

170

250
251

1250

5251

2251

8170

2251

0004

0003

0007

STA

AC

251  ; M[251] — AC

ISA (1A)
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The 3™ Instruction : STA 251 - Execution Cycle

PC 0102 100 1250 2 251e IR
X 101 5251
102 2251

STA 251  ; M[251] — AC
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The 4™ Instruction: JUMP 170 - Fetch Cycle

PC

0103

\

100
101
102
103

170

250
251

1250

5251

2251

8170

0004

0003

8170 IR
0007 AC
JUMP 170 , PC ~ 170
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The 4™ Instruction: JUMP 170 - Execution Cycle

PC 0170 100 1250 8 170 IR
101 5251
102 2251
103 8170
170
250 0004 0007 AC
251 0007
JUMP 170 , PC « 170
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