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Development and Application of Educational Microcomputer
System to Instruct Machine Language Programming with a

Console Panel

TETSUJI SHIGEMURA,ttt TATSUYA FURUKAWA,t MASASHI OHCHI
and TOSHIHIRO HAYASHI!

To teach students the principle of the von Neumann—-type computer, the machine language
education with a real computer has been advocated conventionally. However, present com-
puter systems are too advanced and complex to educate them. According to the demand for
the higher education, the authors have designed and implemented an educational microcom-
puter system to satisfy the demand. The implemented computer has a console panel, that
can be used to observe the inside, a set of instructions, I/O devices and cross development
environments that are appropriate for education. Moreover, it has been implemented small
size and at a low price so that the student might own it individually. It has been found out
that there is a feasible education effect because of the practical usage in some classes for four

years at Tokuyama College of Technology.
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Fig.1 Console panel.
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Fig.2 CPU block diagram.

Instruction Register

le— 4 —»la-2-ple2-] 8

Two byte instruction oP : GR:XR|| aaaa aaaa
le— 4 —>le2-rle2]

One byte instruction OP IGRiop2

OP (Ope-code)

GR(0:G0,1:G1,2:G2,3:SP)

XR(0:Direct,1:G1 Indexed,2:G2 Indexed,3:Immediate)
aaaa aaaa(Address or Constant)

03 boooo

Fig.3 Instruction format.

01 000
Table 1 Instruction table.

Mne- | 1'st byte
monic[ OP [GRXR

2'nd byte | Flags [States* Operation

NO 0000 (00 OO — 3 No Operation
5/7/7| GR <- [EA]
-/7/7| [EA] <- GR
5/7/7| GR <- GR + [EA]
5/7/7| GR <- GR - [EA]
5/7/7| GR - [EA]
5/7/7| GR <- GR & [EA]
5/7/7| GR <- GR | [EA]
5/7/7| GR <- GR [EA]
4 GR <- GR << 1

LD 0001 [GR XR| aaaa aaaa
ST 0010 |GR XR| aaaa aaaa
ADD | 0011 |GR XR| aaaa aaaa
SUB | 0100 |GR XR| aaaa aaaa
CMP | 0101 |GR XR| aaaa aaaa
AND | 0110 |GR XR| aaaa aaaa
OR 0111 |GR XR| aaaa aaaa
XOR [1000 |GR XR| aaaa aaaa

SHLA [ 1001 |GR 00
SHLL|[1001 |GR 01| ——— 4 GR <- GR << 1
SHRA|[1001|GR 10| ——— 4 GR <- GR >> 1
SHRL 1001 |GR 11| —

JMP [1010 |00 XR| aaaa aaaa -/5/6| PC <- EA

4 GR <- GR >>> 1

Jz 1010 |01 XR| aaaa aaaa — 4/5/6| if Zero PC <- EA
Jc 1010 |10 XR| aaaa aaaa — |4/5/6] if Carry PC <- EA
JM 1010 |11 XR| aaaa aaaa — |4/5/6] if Sign PC <- EA
CALL | 1011 |11 XR| aaaa aaaa| — |[-/6/7| [--SP]<-PC, PC<-EA
IN |1100|GR 00| 0000 pppp | — 8 GR <- IOI[P]

oUT |1100|GR 11| 0000 pppp | —
PUSH | 1101 |GR 00

I0[P] <- GR
[--SP] <- GR
[--SP] <- PSW
GR <- [SP++]

PUSHF [ 1101 (11 01| —— -
POP |1101|GR 10| — | —
popF|1101 |11 11| — | #
EI |1110|00 00| —— | —

PSW <- [SP++]
Enable Interrupt
DI 1110 (00 11| —— - Disable Interrupt
PC <- [SP++]

PC <- [SP++], EI

Halt

RET |1110 (11 00| —— -
RETI|1110 (11 11| —— -

- T S N - N S N

HALT| 1111 |11 11
*Number of states : Immediate / Direct / Indexed
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Adr Code Label Instruction
00 13 00 START LD GO, #0
02 17 01 LD G1,#1
04 57 0B LOOP CMP G1,#11
06 AL 10 Jz STOP
08 24 13 ST G1,N
0A 30 13 ADD GO,N
ocC 37 01 ADD G1,#1
OE A0 04 JMP LOOP
10 20 14 STOP ST GO, SUM
12 FF HALT

13

13 00 N DS 1

14 00 SUM DS 1

04 0DO0ODOO
Fig.4 Example program.

Memory Map I/0 Map
Addr Explanation Addr Read/Write

00 0 Data-Sw/b0:Buzzer

| RAM

DB 1 Data-Sw/b0:Speaker

DC |Interrupt Vector 0 2 SI0O-Data/SIO-Data
b7:Tx Ready ,b7:Tx STI

DD |Interrupt Vector 1 3 b6:Rx Ready/ b6 :Rx STI

DE |Interrupt Vector 2 4 Available/Available

DF |Interrupt Vector 3

EO

| ROM (IPL)

FF F |Available/Available

05 O0O00ODOOOOOO
Fig.5 Memory and I/O map.
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Fig.6 Educational microcomputer.
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02 O00OoDoOooOo
Table 2 Example of curriculum.

oooo

O
O

ooooo

oobo0o0o200000000000
goooOooOoboooooo
goooOoooooOooboooooo
0000000O0o0oooocrPUODOOOOOOOI/O0
ooboOooooboooo
oooo0ooOoooOooOooooooo

oo

oobo0oooooooooooon
0ooooLbosTO
000000ADDOSUBO
oooooJMPO
ooooooobooonJzoJMoJco
oooooo
000000SHRADOSHRLO SHLAO SHLLO
0000000ANDOOROXORO
oooooooooo

ooo

oo

ooooo

ooboooooboooo

ooooo

ooooooooooon

20 160/10000
oooooo0/o0o0/o000
goooOooOoooOooooo0oo
ooooO0oOooOo0ooOoooooooo
ooooo

oo

RN R NNNFENDRRWOR S NDNR R R R RE R e RO R e

8. OOooOOooOooOd

8.1 O O0OO
O0010002000045001000/0000
gooooooo 20000
1000000ooooobobo 2000000000
gooobooooooooooooboooooooo
goooooooooooooooboooonoooo
goooboooooooooooboobooonoooo
ocoobooooooooobooobooboobooboOoooo
cobooooooobooboooooooooooo
cooboooooooooOoOoboobooobobOOoOonoo
goooboooooooboooooooboOooooo
goooboboooooobooooobooooooooo
ooooooboooooocooooooooo
loboo0oooooooooooooobocoooon
gooobooooooooobooobooooooooo
goobooooooooob20000000000
goooboooooooobobooobooooooo
cooooooobooobOoooooooobooooo
coooo2000000000000000000

Sep. 2007

07 DoOOooOoOoOoOoOooo
Fig.7 Practice with battery.
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Table 3 Result of the questionnaire.

oooo H.15 H.16 H.17 H.18
ooooooon 3.3 3.3 3.4 3.6
ooooooonD 3.3 3.2 3.4 3.6
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NO OO 3.2 3.0 3.4 3.2
HALT OO 3.8 3.8 3.8 3.9
LDOD 3.6 3.8 3.8 3.9
ST OO 3.7 3.8 3.8 3.9
ADD OO 3.7 3.8 3.7 3.8
SUB OO 3.6 3.8 3.7 3.8
JMP OO 3.6 3.8 3.7 3.8
Jz 00 3.4 3.7 3.5 3.7
Jc oo 3.2 3.7 3.4 3.6
JM OO 3.3 3.7 3.4 3.7
CMP OO 3.4 3.7 3.3 3.7
AND OO 3.3 3.6 3.2 3.5
OR OO 3.2 3.5 3.2 3.4
XOR OO 3.0 3.4 3.1 3.3
SHLA OO 3.0 3.4 3.2 3.1
SHLL 00 3.0 3.5 3.2 3.2
SHRA OO 2.9 3.4 3.1 3.0
SHRL 00 2.9 3.4 3.1 3.1
INOD 3.0 3.1 3.0 2.8
ouT o0 3.0 2.4 3.0 2.7
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Table 4 Correct answer rate of problem
concerning shift operation.

oo H.15 H.16 H.17 H.18
SHLA 74% - 91% 95%
SHLL - 95% - -
SHRA 45% 85% 75% 68%
SHRL 74% - 84% 83%
oo 64% 90% 83% 82%

05 O0O0OD0OOOOOOOOOOOODOOOOO
Table 5 Question concerning principle of
Neumann type computer.
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