Developing a CPU Simulator For Education

Aim: Simulate the Zllog Z80 CPU in software

<’> RAM Line length: 64 = Byte Group Size: 4 -
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Load Bin
0000 060A8000 00000000 00000ACO 00000000 OQODOO0O0 Q0000000 O0000000 Q0000000 00000000 00000000 OO000000 000000
0040 00000000 00000000 Q0000000 00000000 COQ000000 Q0000000 OOOD00000 Q0000000 00000000 00000000 OO0C0000 000000
0080 00000000 00000000 Q0000000 00000000 COQ000000 Q0000000 O0D00000 Q0000000 00000000 00000000 OO0C0000 000000
00COo 00000000 00000000 00000000 00000000 COQ000000 Q0000000 O0OD00000 Q0000000 00000000 00000000 OO0C0000 000000
0100 00000000 00000000 00000000 00000000 O0000000 Q0000000 OOOD0O000 Q0000000 00000000 00000000 OO0QC0000 000000
0140 00000000 00000000 QOO000000 00000000 Q0000000 00000000 00000000 Q0000000 00000000 00000000 Q0000000 000000
0180 00000000 00000000 QOO000000 00000000 Q0000000 00000000 00000000 Q0000000 00000000 00000000 Q0000000 000000
B 01Co 00000000 00000000 QOO000000 00000000 Q0000000 00000000 00000000 Q0000000 00000000 00000000 Q0000000 000000
Reg|5ters 0200 00000000 00000000 QOO000000 00000000 Q0000000 00000000 00000000 Q0000000 00000000 00000000 Q0000000 000000
0240 00000000 00000000 OO00000O0 00000000 00000000 00000000 00000000 OO00C0000 00000000 00000000 Q0000000 000000
Register Size (bits Data (uint Data (h 0230 00000000 00000000 OO00000O0 00000000 00000000 00000000 00000000 OO00C0000 00000000 00000000 Q0000000 000000
g ( ) (uint) ata (hex) 02C0 00000000 00000000 OO00000O0 00000000 00000000 00000000 00000000 OO00C0000 00000000 00000000 Q0000000 000000
0300 00000000 00000000 OO00000O0 00000000 00000000 00000000 00000000 OO00C0000 00000000 00000000 Q0000000 000000
a 1 0 0 0540 00000000 00000000 00000000 00000000 CO0000000 Q0000000 COOO0O0D0 Q0000000 00000000 0Q000000 OO0Q00000 000000
0380 00000000 00000000 00000000 00000000 CO0000000 Q0000000 COOO0O0D0 Q0000000 00000000 0Q000000 OO0Q00000 000000
03C0 00000000 00000000 00000000 00000000 CO0000000 Q0000000 COOO0O0D0 Q0000000 00000000 0Q000000 OO0Q00000 000000
B 1 o o 0400 00000000 00000000 00000000 00000000 CO0000000 Q0000000 COOO0O0D0 Q0000000 00000000 0Q000000 OO0Q00000 000000
0440 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
0480 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
C 1 1] 0 04C0 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
0500 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
0540 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
D 1 1] 1] 0580 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
05C0 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
0600 00000000 00000000 00000000 00000000 O000O0000 Q0000000 COOOD00000 Q0000000 00000000 00000000 OO0QO0000 000000
E 1 o o 0640 00000000 00000000 00000000 Q0000000 CO0000000 00000000 00000000 Q0000000 00000000 00000000 OO0C0000 000000
0680 00000000 00000000 00000000 00000000 COQ000000 Q0000000 O0OD00000 Q0000000 00000000 00000000 OO0C0000 000000
06C0 00000000 00000000 00000000 00000000 COQ000000 Q0000000 O0OD00000 Q0000000 00000000 00000000 OO0C0000 000000
F 1 o o 0700 00000000 00000000 00000000 00000000 O0000000 Q0000000 OOOD0O000 Q0000000 00000000 00000000 OO0QC0000 000000
0740 00000000 00000000 QOO000000 00000000 Q0000000 00000000 00000000 Q0000000 00000000 00000000 Q0000000 000000
0780 00000000 00000000 QOO000000 00000000 Q0000000 00000000 00000000 Q0000000 00000000 00000000 Q0000000 000000
H 1 o o 07Co 00000000 00000000 QOO000000 00000000 Q0000000 00000000 00000000 Q0000000 00000000 00000000 Q0000000 000000
0300 ooo00000 00000000 OO00O000O0 OO00OO0CC 00000000 OCC000000 00000000 00000000 00000000 00000000 Q0000000 000000
L 1 ) 0 0340 00000000 00000000 OO00000O0 00000000 00000000 00000000 00000000 OO00C0000 00000000 00000000 Q0000000 000000
08380 00000000 00000000 OO00000O0 00000000 00000000 00000000 00000000 OO00C0000 00000000 00000000 Q0000000 000000
08C0 00000000 00000000 OO00000O0 00000000 00000000 00000000 00000000 OO00C0000 00000000 00000000 Q0000000 000000
| 1 o o 0900 00000000 00000000 00000000 00000000 C0000000 Q0000000 COQD000D0 Q0000000 00000000 0Q00Q0000 QOOQO0000 000000
0940 00000000 00000000 00000000 00000000 CO0000000 Q0000000 COOO0O0D0 Q0000000 00000000 0Q000000 OO0Q00000 000000
0930 00000000 00000000 00000000 00000000 CO0000000 Q0000000 COOO0O0D0 Q0000000 00000000 0Q000000 OO0Q00000 000000
R 1 o 0 03C0 00000000 00000000 00000000 00000000 CO0000000 Q0000000 COOO0O0D0 Q0000000 00000000 0Q000000 OO0Q00000 000000
0ADOD 00000000 00000000 00000000 00000000 CO0000000 Q0000000 COOO0O0D0 Q0000000 00000000 0Q000000 OO0Q00000 000000
0A40 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
IXH 1 1] 1] 0ABO 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
0ACO 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
0BOO 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
XL 1 o o 0B40 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
0B30 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
0BCO 00000000 00000000 00000000 00000000 OQ00O0000 Q0000000 COO000000 Q0000000 00000000 00000000 OO000000 000000
IYH 1 o o 0C00 00000000 00000000 00000000 00000000 COQ000000 Q0000000 O0OD00000 Q0000000 00000000 00000000 OO0C0000 000000
0C40 00000000 00000000 00000000 00000000 COQ000000 Q0000000 O0OD00000 Q0000000 00000000 00000000 OO0C0000 000000
0C80 00000000 00000000 Q0000000 00000000 COQ000000 Q0000000 OOD0O000 Q0000000 00000000 00000000 OO0C0000 000000
L 1 o o 0CCo 00000000 00000000 00000000 00000000 00000000 Q0000000 00000000 00000000 00000000 00000000 OO0C0000 000000
0DOo0 00000000 00000000 Q0000000 00000000 OO0000000 Q0000000 COODOO0D0 Q0000000 00000000 00000000 OO0CO000 000000
pC 2 o o oDa0 00000000 00000000 QOO000000 00000000 Q0000000 00000000 00000000 Q0000000 00000000 00000000 Q0000000 000000
ODE0 00000000 00000000 QOO000000 00000000 Q0000000 00000000 00000000 Q0000000 00000000 00000000 Q0000000 000000
oDCo 00000000 00000000 QOO000000 00000000 Q0000000 00000000 00000000 Q0000000 00000000 00000000 Q0000000 000000
sp 2 o o OEDD 00000000 00000000 OO00000O0 00000000 00000000 00000000 00000000 OO00C0000 00000000 00000000 Q0000000 000000
OE4D 00000000 00000000 OO00000O0 00000000 00000000 00000000 00000000 OO00C0000 00000000 00000000 Q0000000 000000
OE30 00000000 00000000 OO00000O0 00000000 00000000 OO0000000 00000000 OO00C0000 00000000 00000000 Q0000000 000000
OECOD 00000000 00000000 OOO00000O0 00000000 00000000 OC0000000 00000000 OOOC0C0O0O0 00000000 00000000 OO0O000000 000000

Why? Concepts
Many tools already exist to demonstrate the fundamen-
tal concepts of a CPU, such as JASP, however, none of
them use real architectures, and so never fully demon-
strate the capabilities and operations of modern CPUs
in the real world. This can limit a student’s understand-
ing when faced with real-world architectures. This simu-
lator removes that restriction by using a real architec-
ture, and simulating it exactly as it runs on actual hard-
ware. This also allows the more complex internal CPU
of a real architecture to be demonstrated.
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3 core areas are used to demonstrate the concepts of a
CPU, the first, is the control unit and clock, in the top left
corner, the second is the registers, and finally, the RAM.
They are presented to the user in a way that shows the
exact internal state of all the components of the CPU
that would be exposed to a programmer, allowing for
state changes as a program runs to be observed and
linked to the line of code running at any given time.

By Lewis

RAM AND REGISTERS

Another important concept to understand about a CPU is how
RAM and registers are used to store data for a running program.
RAM stores the bits of the program in use at the current time, an
registers are used to temporarily store data being used by the
CPU in the operations it is currently performing.

The simulator shows the user the roles of these components, by
displaying all the data in the RAM, and all the registers, allowing
them to learn exactly how the data is moved around the CPU, an
to what addresses and registers based on the instruction it is exe-
cuting. Not only that, but to show the user what instruction the
CPU is executing, a pointer identifies the memory address current-
ly being read.
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Holds all the data currently in use by the
running program.
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Controls all CPU components
via an internal control bus
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