~vA47u7ar7 3

VITEBDIDHD

ANHICE OE

WP R ERIR

(WEFI604 9 B 6 HZH)

An Experimental Small Computer for Microprogramming Course.

Hideyo NAMEKAWA"

and Toshiaki

KIsHIGAMI®

Abstract — This paper describes an experimental small computer for microprogramming

course.

The microprogram-controlled computer is designed and implemented with bit-slice logic, and

its microinstructions are 28 bits long and can be executed in single-step mode.

The execution time of microinstructions is 750nsec, and the fetch- and execute-phases are

overlapped in microcycle.

The microprograms that interpret a set of macroinstructions are resident in the control

ROM, and can be directly accessed from the front panel for references.

The computer is simpler than the most widely used microprocessors, but is helpful for

students to understand the priciples of computer organization.
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Photo. 1 Microprogrammable Computer MICRO-X.
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Fig. 1 Functional organization of
a microprogram control unit.
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Fig. 2 Functional block
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Fig. 3 MICRO-X microinstruction
formats.
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Fig. 4 Timing chart of microcycle

for MICRO-X.
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77 I TPERTICEED B,

w4 7o s s a3 ET oy JNEfLDwA S
CMEONE L EELZBET, 7, =E=y 7ERT
a—F4 v ULk, 2—-¥FEBILD 2 #BERICER
L%, Bl 2 vOBFIcL b, WCSIKE XA,

3.1 FRBEORABHL/ BSAL

EED=A I a4 A 7 VTITA D Al LA €
U7 FLR s LIZRZIT FLREBALILE, 250
YA I NTHEAHLEREL, ZOBOYA I NVTAE
N7~ « LYZIDABEMDL V2 5 ICH%ETE 5,

FBEXASHBRES AL OREZITH> YA 7 VORTE T
IC, XEYTFRUVRLIRF, AEYF—4H « LIR
5 DWEET LTB L LEND 5,

PIF, ==y ickda—574 vorflaRrLTHBL,
LT, D=Fe8471&E20%4 7 0GH50E7 4 —
v K3 Fig. 3 DIEICHE » T—FFiCitiNbh b, 77 v
TD7 4 =N NEEDT 4 —v FNOP ( No opera-
tion) TH5HI EEET 5,

< EFOMESLA L OF>
— OR ZERO RIS MAR —
READ ADI ZERO RIS RIS —
— OR ZERO MDR IR —

<EEESALDH>
~— OP1 ZERO RI4 MAR —
— OR ZERO R4 MDR —
ZERO RI4 RH4 —

WRTE OP1

3.2 EMRE - R#ERE

<WHEDH>

— SUBL MDR RO RO ENAF
< ANDOH>

—— AND ZERO EXB EXB NAC

3.3 A—Fq4bEYTH
I~ F+8471D0P7 4~V FTHETE, ALU
DEEERICEBETE %, SP7 44—V FTo—51 b

S YT DFREEET b,
<fHa—-51 r o>

RS ADD ZERO
<EkEhy 7 -~ of>

ARS ADD ZERO

EXB EXB R

EXB EXB L

3.4 AHH
AR = b ERER 2 ORICIOBYSH DT, 7 —
& Bk S 2 BPE L 133 DO TR,

< AFDF>
JMP INPA IOR
INPA : — OR 10B ZERO RO —
<P oF>
— OR ZERO RO I0B —
JMP START+ 1 oW

35 Py rTECY T Y TN—F

T =K 544 73DOP7 4 — s FiT “JSB”,
“RTN” A#FETHEEICIFCONDT7 + — v FiF
“UNCD” ZfgELBhET S0, 230, &4
DEVY VT TN FURYTI—F Ve Yy —
ZER P RACAN

o, BV Y TEHVELEEE, VeV T e TF
VADTFHA2EY MI0THAIMLENHD, COLE,
4 TR & 78 B,
<HEEY v v 7RI >

JMP CTEST

<HEREY v v B 2>

— J32

— J10
JMP NXBYTE

3.6 TIOOMREDT zvFEET

s ufSy bEA VT AV T RRICHEL
57w F e 11/—9‘03#%’2% L, = v 0@t R
ERS

DISP

START : —— OR ZERO R1§ —
IJMP INTCHK RUN=1 CCPU
JMP *—1

*

INTCHK : JMP FETCH —_ JINT

*

FETCH: —— OR ZERO RIS MAR —
READ ADI ZERO RI5 RIS —
— OR MDR ZERO IR —
JTAB
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7 4 3 2 1 0

L OPERATION-CODE

(a) l-byte instruction

SPECI-
FIER 1

SPECI-
FIER 2

7 4 3 2 1 J

SPECI-
FIER 1

SPECI-

FIER 2 1-st byte

‘ OPERATION-CODE

7 o

Al S
l DDRESS or DATA or OFFSET ‘ 2-nd byte

(b) 2-byte instruction

Fig. 9 MICRO-X macro-instruction
formats.
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Ty I Re VIRE, REY v T e fA vy, F0ad A
AU VEILENTH, R13, R4, RISREH DK TTL
%o

RFA G R T 57, carry, sign, overflows
zeroid 5,

AA Ve AEYDT FURZERIZ0~255TH D, X
§ 9 21EXEVHATT RLRDEOHEIICDU B,

AVTNVA VP ENTHEHFE LW THEFETH
5o

UTicrw—75licz OMELHMT 5,

@ v )BRGS I Vv—TFD 1
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T 5,
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- N, EGS, REEEGSLENIDOS

=TT B,

00 413471214}
01 EE
BETFL=
" 10
11 AVvFv IR
00 7Fasblb—7A
01 7%a24LL—4%B
fBEF2=
10 7H+24L—%4C
11 7H%a2LL—4D

A PTEGICE, A3 4F4xA4 b 2—FI>AL,

BETF 1 =00 XbEET FLy Yy 8- F&S
%)O

@RIty N~ T
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BERTBROT O S I L AT v FIE254 bOA 7
oy ME (~128~+127) BB SHTT 5 v F5k&
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TTH5B,
DL IRy BEHSIN-T

1734 FOBET, a~FA L/ v 7, 207,
aVFY AV REEEETT B,
@A\ Hhas -7

14 M BT, IBEF1IBABAR~ b (BEIH
LSIF v 7)) DFERAITO, BETF2H8E—- RO
LURYEERT B, LIy DOEREEE— PickD
£ILb, TOMBIN—T ORI, F4 AT LA -
VIRIRATAI R UIRAI BT I 2RT LG5
BEEN L,
PTFOHSdNTIN4 s TH 5,
@5 v 7 EFRS

THaslb—FA BEHOWTRY vy 7 EDF—%
Bk AETTS,
@17y IR LIRS BEGS

AYFY IR VIREDA VI YA ST Y
AVIDNTADe T2, THa sl —F A, BEOF—
SEEM R bd Do
@L AL KIS TV —T

EALAIRET 5 /" DON/OFF %179,
@21y F v RBHITN—T
@y T—Fr )y — s, -GS
PbZA VY TYVRA VT EDIRELIA 7 0HHD

R T v 7% Table 2 IC/RT,
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42 voO&§ILLBdETRISIVY
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o7 v 75 L3 MICRO-X DI/ % /v EDF 1
2TUA s LIRGILO—F4 b LIfEERRA ERRT
A &tk Yy, Hifi cx EOFESA A~ FORHE
B~y 7 FSEE6DTH S,
MICRO-XD{HEREZR, 41 7Y A v h&EhTo
BIN6Dv 7 omSEHNTTe ST 1 Y IETY,
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Table 2 Steps of microinstruction
implementing macro-instruc-
tion set.

macro-instruction * steps of micro-

instruction
Fetch routine — 6
(IM) 11
(D) 16
Add M
Subtract (I) 19
(xX) 16
(D) . 15
Jump ¢ M
() 18
D 18
Jump to . ®) M
subroutine (1) 21
Return s 7
Conditional & P 9
branch (F) 7
Move R 3
Increment R 4
Decrement
Shift
Rotate R 4
Push down s 7
Pop up
No-operation . 1
Halt
* M: memory reference (2-byte)
S: stack operation’ (l-byte)
R: register reference (l-byte)
P: program-counter relative (l-byte)

Add- Machine- Mnemonic
ress instruction Form
[e]4} 10 01 LDA '01
02 98 NEXT: DSPA
03 co RAL
04 20 20 STA TEMP
06 58 CLA
07 59 CLB
08 51 INB
09 7E FD BNZ *~3
OB 50 INA
[1]e} 7E F9 BNZ *-~7
0E 14 20 LDA TEMP
10 64 02 _JMP  NEXT
*

20 ves TEMP: BSS 1

Fig.10 Simple macro-program for
demonstration.
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THWBRTFA 5 R 75 7 5258T 5,
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