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Computer Simulator

ad A computer simulator mimics the way a computer
runs machine language programs

ad A computer simulator must display the status of the
system, including
m [he special-purposes registers (e.g. program counter,
Instruction register)
m [he data registers
m The main memory cells

m Simple I/O devices
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Simulators of a Simple Computer

a Our textbook describes a simple computer and the
author provides a simple command-line simulator
program, sim.c, that simulates the operation of this
computer

m You can compile the source code using any C compiler (like
Visual C++ or gcc)

a A more user-friendly simulator, SimpSim, of the
same machine can be obtained from the University of

I Twente (http://wwwes.cs.utwente.nl/software/simpsim/)

You can download the source code of sim.c from the class website.
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Screenshot of the sim.c Simulator

Main Memory
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RO:00 R1:00 R2:00 R3:00 R4:00 RS5:00 RG6:00 R7:00 PC: 00
RE:00 R9:00 RA:00 RE:00 RC:00 RD:00 RE:00 RF:00 IR: 0000

Type one of the following (H for help): M, R, P, C, 5, G, F, Q:
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Screenshot of SImpSim

7. simple Simulator o ] B
Fle Edit Run Help
Main Mermnaory Registers s
e e e ) Bt e e e e e e Bl B e i S e E e

o0 fO0 GO0 0D OO 0O OO OO OO 0O OO OO OO 00 OO0 00 o0  ROJoo F'I:|IZIIZI =0

10 {00 00 00 00 00 00 00 00 /00 00 00 00 00 (00 00 0o B1 {00 1A {0000

20 {00 00 0D 0D 0D 0D 0D 0D 00 OO 00 00 00 00 00 00 B2 100

a0 {00 |00 00 00 00 00 00 ‘00 0O 00 OO0 00 |00 00 00 @00 R3 00 =5 Open...

40 {00 00 00O (00 00 OO0 00 00 00 0O 00 00 00 00 (00 00 R4.100 —

G0 {00 00 00 00 00 00 00 00 /00 00 00 00 00 00 00 @00 RS {00 (=] Save

E0 {00 |00 0D OO0 00 00 00 ‘00 0O 00 OO 00 |00 00 00 @00 RE |00

#0400 00 0O 00 00 |00 00 00 ‘00 00 00 00 00 00 00 00 R7 {00

80 {00 |00 0D 00 00 00 00 ‘00 0O 00 OO0 00 |00 00 00 @00 R& {00

50 {00 |00 00 OO OO OO0 0O '00 0O OO0 OO 00 |00 00 00 @00 B9 {00 % Fiun

A0J00 OO0 00 0O 00 DD OO '00 DO OO OO 00 0D OO (D0 0O Ra o0 :

BOi00 |00 0D 0O 00 OO0 00 ‘00 0O 00 OO 00 |00 00 00 @00 RE |00 g Slep

COJ00 |00 00 00 00 00 00 00 0O 00 OO0 00 |00 00 00 @00 RC:{ 00 :

DOJ00 00 00 00 00 00 00 00 (00 0O 00 00 |00 00 00 00 RD {00 [III" Break

E0 {00 0O OO OO 0O Q0 00 0D /DO (00 OO OO OO 00 00 00 RE {00

FO {00 ‘00 00 00 |00 00 ‘00 ‘00 00 00 @0 00 00 00 00 00 RFE {00 [ Clear..

00: 00,00 invalid i’

02z 00,00 invalid

04: 00,00 -invalid .

oe- 00,00 1mvalid  Aggsembly Window

08z 00,00 Edinwalid

i e =] B | Foean |
& ddress: [Ready
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Assembly Language Program

ad We have learned about the machine code program in
Chapter 2, however, it is not easy to read and write
programs in assembly directly

3 A more human readable form of the machine code
program is called the assembly language program

Machine Code Program

156C
166D
5056
306E
c0o00

Assembly Program

]
load R5, [$6C]
load R6, [$6D]
addi RO, R5, R6

Store [$6E], RO

A number with a ‘$’
|~ prefix means the
number is in radix 16

halt

\assembM
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Initialization of Simulated Machine

d The machine can be initialized by typing machine
codes and data into main memory and registers

d However, this
IS not very
convenient!

Q A faster way
IS to load a
program to
Initialize the
machine

*.! simple Simulator - H:\my_classnotes\ics06\SimpSim\hello.prg o ] 3
File Edit Run Help
Mairy Memory Registers Ke
A e e b S e e A e B R R S R .

00 (15 6C 16 6D 50 56 30 GE 'CO 00O 00 0O 00 00 00 00  Rajod F'C|IZIIZI =0

10 {00 00 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 R1doo IR |cooo

20 {00 DO 00 OO OO OO OO OO OO0 0O OO0 0O OO 00 00 00 RE|oo

30 {00 00 00 OO0 0O OO OO 00O 00 0O OO0 0O OO0 00 00 00 R3joo

40 {00 00 00 00 0O OO OO0 OO OO 0O OO 0O 00 00 00 00  R4jo0

50 {00 00 00 OO0 0O OD OO0 00O 00 00O OO 0O OO 00 OO0 00  RS|o0

G0 {00 00 00 OO 00 00 OO0 00 00 00 00 00 02 03 05 00 R |00

70 {00 0O 00 OO OO OO OO 0D 00 0O OO OO OO 00 OO 00 RE o0

80 {00 00 00 00 0O 0D OO 00O OO0 0O OO0 0O OO 00 OO0 00  RE|oo

90 {00 00 00 00 0O 0D OO 00O 00 0O OO0 0O 00 00 00 00  RYjo0

A0 {00 00 00 00 OO 00 OO0 00 OO OO OO OO 00 00 00 00  RAjOO

BO {00 00 00 00 0O OO OO OO OO0 00O OO0 0O 00 00 OO0 00  RE|o0

CO {00 OO 00 OO0 0O OO OO OO OO 0O 00 0O 00 00 00 00  RCjod .

DO{00 0O 00 OO 0O OO OO 00O 00 0O OO 0O OO 00 OO0 00  ROjo0 [I[I" Bresk

E0 {00 00 00 OO0 0O OO OO0 OO 00 00 00 0O 00 00 OO0 00  RE|o0

FO {00 0O 00 OO 00 OO OO 0D OO0 0O OO0 0O OO 00 OO0 00 RF{oo [ Clear..

02: 16,80 1load BE, [8D]

04- 50,56 addi BO,R5,EE

0&: 30,68E agteore HO, [6E]

[NE= 5 Co,00 halt

e =l Bien | @oiwen |
{4ddiess: 110 | [Ready




Loading an Assembly Program

a Use the “Open” button to load an assembly program
into the SimpSim simulator: \

¢ cimple Simitator

File: Edit Run

N

=10 =]

tMain Mernory

sl B e e e e e e R e --F\

Registers

0o {on 00 00 00 00 00 OO 00 00 OO0 00 00 00  ROMND PO (oo
10 {00 00 00 00 00 OO0 OO0 00 OO0 OO 00 00 00 R ﬁNIH
nn o0 ononnoononnonogQ 00 00 00 OO0 RZ |00
Open Program File 20Xl oo oo oo oo oo R3|oo ( i
paE [ s = = o0 00 00 00 00 R4 f0o
;Eﬁl_m I:fsmpsml J &= EF |:|E| oo o ao |:||:| ao AR5 | 00 Lg] Sale
_Jexamples 0000 0o 00 00 RE | 0O
example1.asm 00 0o 0o 00 00 R7 |00
[CF examplez.asm 00 00 0o 00 00 Ra |00
B ccinicd asi 00 00 00 00 00 RE (00 b Run |
00 00 00 00 00 R 00 ——
00 00 00 00 00 RE|o0 & Slep |
00 00 00 00 00 RC|00 =
00 00 00 00 00 RO (00 [Il] Break |
: ; 00 00 00 00 00 RE |00 |
ﬁx%ﬁ@ Iemphl'asm (S o A T RO [ A BE |00 D Clear...
EFIRI(D): [Assermbly Files (*sm) BH 3]
0m: invalid
i s of Bigen | @i |
[Address: [Ready \

N\
Select the “Assembly Files” type
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Assembling the Program

d After loading of an assembly program, you must
assemble it into the main memory

:_Simple Simulator - H:\my_dla »
Fils Edit: Bum Help

5

=101 %]

Main Mermory Registers i
e e e A sl L e )l ST e

{20 oF 21 m 22 m 23 00 52 21 53 32 B2 10 B0 03 Rofoo pofon <O
10 {33 60 CO 0D 00 0O 0D 0D OO 0D OO 00 OO OO 00 00 R1jOD IR Iu:nau
=i = el i B2 oo
! _mml‘lﬁlﬂ"m‘w & : =X ;IEI_)Q DU H3 “'u E’ Open
File: Edit &Assemblet Errors  Help oo R4 |00 —
. Brogram : erampfef .asm &7 a0 RS |00 (2] Save
v Autior - Chun-fen Trar .00 RE |00
Pt - SO o0 R7 | 00
: m Re|oo
- Thrs 15 a machme program that comprie the sum f+2474,, 405 .00 R3 |00 b Bun
i o Ralon .
load R0, 15 ;RO siores the finaf loop mofer 00 FB |00 &l
loadRI,1 i storss ] D0 CRERO0 |
loadRL0 [ £7 5 the bop mdic oo |WSEGf o0 [WEERTEE
loadR3,0 ;&% stoves the sum 100 gt 00
Loopl: addi B2, B2 Rl [ iocrease the foop mndec By one 00 RF 00
addi B3 B3 B2 ;Add $he sdfer io som :
smpEq BE2=R0, Bxit ; Check of we reached the st nomber
jmpEq BO=E0, Loopl ; Oo Sack and addf ihe pect nomber
Exit: store B3, [350] - Saves the resuftm mémory cell Fbd it
halt /ﬂ\ x| (&7 Asm | Disasm |
[T TS
/ azzemble
| i | (It / 4
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Press the “assemble’ button to generate machine codes




Executing the Program

a Two different execution modes: Run and Step:

* " simple Simulater - H:\my_classnotes\ics06\SimpSim\hello.prg =|0] =]
File Edit Hun Help

Mair Mermory Registers i

i g e b bk oy bgloa A e 0 Ll e L
00 {20 OF 21 01 22 00 23 00 52 21 53 32 B2 10 BO 08 RO |OF F'I:|14 =0
10 {32 B0 CO 00 00 00 OO 00 00 00 00 00 00 00 00 00 R1{o1 IR |Cooo
20 {00 00 00 00 00 00 00 OO 00 00 00 00 00 00 00 00  R2|oF
30 (00 00 00 00 00 0O 00 00 OO 00 00 00 00 00 00 00 R3|[78 (= gpen.
40 {00 00 00 00 00 00 OO0 OO 0O 00 00 00 00 OO0 OO0 00 R4jog ———
50 {00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 RS |00 e
B0 |78 00 00 00 00 00 00 00 00 00 00 00 00 00 {0 RE |00 '
70 {00 00 00 00 00 00 00 00 00 00 00 00 00 00 R7 {00
20 {00 00 00 00 00 00 00 00 00 00 00 00 00 00 Ra |00
50 {00 00 00 00 00 00 00 00 00 00 00 00 00 00 R3 |00 P Bun
40|00 00 00 00 00 00 0O 00 0O 00 00 00 00 OO Ra oo | -
BO {00 00 00 00 00 00 00 00 00 00 00 00 00 0 RE |00 g tep
CO {00 00 00 00 00 00 OO0 00 00 00 00 00 00 0 RC |00
DOJ0D 00 00 00 00 00 OO0 00 00 00 00 00 00 0 RD |00 [TEree
E0 {00 00 00 00 00 00 00 00 00 00 00 00 00 0 RE |00
FO {00 00 00 00 00 00 OO0 00 00 00 00 00 00 00 RF {00 [ Clear..

JmpEQ RO=R0, 08 AR
store B3, [80] P
halt i

inwralid
invalid

LTt T

[Address: 110 | [Halted 10/12




Notes on OP-Code D and E

0 Op-Code ‘D’ loads a register with data from a memory

cell whose address is stored in another register)

CPU Main memory
Instruction
Instruction in indicates
instruction which Data transfered
Register 4 register register to register during
contains execute phase of
— pointer machine cycle

Bus

Register b

E------------- Rk Data

Data |€--------><g--------

Pointer indicates
location of Data

a Similarly, Op-Code ‘E’ stores a register to a memory

cell via indirect addressing
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Reading Assignments

Qa In order to be familiar with the machine language of
the simple computer, you should read the following
materials by yourself:

m SimSim_ Tutorial.pdf

m Chapter 2

m Appendix C

m The on-line Help menu of the SimpSim program
m Section 8.7 of Chapter 8
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