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Abstract

This paper reports on the education of computer architecture design at toyohashi uni-
versity of technology and toyota college of technology using high level logic synthesis system,
PARTHENON.

Two kinds of educational CPU for computer design are needed; one is the basic RISC
for practical courses to extend high level architecture (for example, pipeline), and the other is
the basic CISC for introductory courses to study the basic behavior of computer and extend
instruction set.

Therefore it is very useful for education to use high level logic synthesis system described
hardware description language (HDL) and field programmable gate array (FPGA).
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Instruction memmory

RISC ARCHITECTURE

Instruction Type

00
Type I
et ' i
< PC Program Counter OP 1Regl ;Rag2
256Word r ' :
1
1W=12Bit 22 Typell
128t i
> IR Instruction Register OP | Addr/Data
1
| SET
1
FP e e e e
8Bit Bus2
00 o l s [
8Bit 8Bit Busl.
< AR T
Regl [Reg2
256Word Address Registaer 4 h 4 RO
-
v Register Command
— ] A 4 Status
1W=8Bit Data Register File P
ALU Shifter 1/0 port
8Bit D i
< > DR ‘S-T- y Y 1/0 Data
Regl
FF lv 2 2
8mit Bus3

Data Memmory

op Type I
0 NOP
1 ID Regl, Reg2
2 ST Regl, Reg2
3 M Regl, Reg2
4 ADD Regl,Reg2
5 SUB Regl,Reg2
6 LSR Regl,Reg2
7 LSL Regl,Reg2
8 AND Regl,Reg2
9 OR Regl,Reg2
A EOR Regl,Reg2
B NOT Regl,Reg2

M1 ZBFHRISCOT —F54Fx%

no
loa
sto
MoV

or
exc
not

d° dP IP P I d° dP dP dP dP JP dP

Instruction Set

operation
d

re
e

addition
subtract
logical shift right
logical shift left
an

lusive or

op Type II
C JMP addr
D JNZ addr
E JNC addr
F SET data

2: HEHMH RISC o4+ b

— 56—

ump on not carry

et data

% Jump
: ump on not zero
% s



TEST Chip CPU Block

i _ - I i

: A ius D ius ! cLOCK Registers

! : GR GR 1

! e - ¢ RESET General

1 PC Jjxx 1 Register

I call 1

: XR adr | RUN/ GRO |#0

! GR MDR , DEBUG GR1 |#1

" 1 .

1 | GR2 [#2

! > AS

! ALU FR I GR3 |#3

! > DS

! adr+XR GR 1 sp |#4

! * R/W

I i VR #5

! r+ DTACK

: 1 FR #6
|

1 I PC #7

: r+ INT

i

ADDR BUS ; DATA BUS

The Educational Standard and Testable Chip

B3 HEHCISCO7?—FF 7 F %

Instruction Format

0 7 8 1112 150 7 8 | 15
op GR | XR adr
address 0000-ffff

Index Register 0-3 |

General Register 0-4

Instruction Set 24

B 4: HEM CISC OGS 7 +—< v b



op GR XR adr

Instruction Set

00 - - —=-= NOP % no operation
10 LD GR,adr[,XR] % load
11 ST GR, adr[,XR % store
12 LEA GR,adr[,XR] % load effective address
20 ADD GR,adr[,XR] % add arithmetic
21 SUB GR,adr|,XR % subtract arithmetic
30 AND GR,adr{,XR] % and
31 OR GR,adr{[,XR] % or
32 EOR GR,adr[,XR] % exclusive or
40 CPA GR,adr[,XR] % compare arithmetic
41 CPL GR,adr[,XR] % compare logical
50 SLA GR,adr[,XR] % shift left arithmetic
51 SRA GR,adr[,XR] % shift right arithmetic
52 SLL GR,adr[,XR] % shift left logical
53 SRL GR,adr[,XR] % shift right logical
60 - JPZ adr[,XR] % jump on plus or zero
61 - JMI adr[,XR] % jump on minus

62 - JNZ adr[,XR] % jump on non zero

63 - JZE adr[,XR] % jump on zero

64 - JMP adr[,XR] % unconditional jump

70 -~ PUSH adr[,XR] % push effective address
71 - ——— POP GR % pop up

80 - CALL adr[,XR] $ call subroutine

8l - - ———- RET % return from subroutine

5. HFH CISC D4t v b
Instruction Phase

fetch pO pl p2

NOP/noJUMP | PC++ -+ MAR * DATA - IR * DATA -» MDR
other PC++ -» MAR

execution |p3 P4 P5

LOAD adr+XR - MAR * DATA - MDR MDR - GR

STORE adr+XR -» MAR GR -» MDR *

LOAD-EA adr+XR -+ GR

ARITHMETIC

<+ *

LOGICAL adr+XR -» MAR DATA -» MDR GR op MDR - GR
COMPARE adr+XR -» MAR * DATA -» MDR GR op MDR

SHIFT adr+XR -» MDR GR sh MDR - GR

JUMP adr+XR - PC —

PUSH —-SP -» MAR adr+XR -» MDR *

POP SP++ -» MAR * DATA - MDR MDR - GR

CALL -—SP -» MAR PC -» MDR * adr+XR -» PC
RETURN SP++ -» MAR * DATA -» MDR MDR -» PC

*:data ready wait
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