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(Design of Microinstruction Definable Language)
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Abstract

In this paper, each step of microprogramming was discussed using a microprogrammable
machine that would grasp the characteristics of the microprogram in close relation to the
hardwares and microinstruction definable language which make an effective microcode.
This was proposed for an environment which minimizes costs.
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Fig. 1.0Organization of a simple micropro-
grammable machine.
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Table 1. SMM microoperation and mnemonic.

Operation Microoperation Mnesonic
-~ GPR(General Purpose Register) | MOVE_GPR_MAR

MOVE_GPR_MDR

Simple
Register
[Transfer Mo

]
oR MOVE_MOR_GPR
GPR ] MovE_GPR_CSIR
GPR

SR

MVE_GPR_GPR

MOVE_CSIR_GPR

SHIFT_RIGHT_GPR

[ SHIFT_LEFT_GPR
SHIFT_RIGHT_LITER

SHIFT_LEFT_LITER

GPR <- GPR binary operation GPRom— -
(+, -, «with carry)

GPR  <- shifted GPR

[Transforsation AR
NOT_GPR
SET_GPR
i INCREMENT_GPR
GPR <- unary operation GPR e o
AND
OR
e MOVE_GPR_MIC
irg |MIC_<- MIR (or part of the MIR) WOVE NIRPART MIC
PUSH stack to MIC PUSH
POP_stack to MIC PP
READ main mesory READ
| WRITE main wesory WRITE
Memory CSAR <- GPR and READ control store
L. i0to CSDR READ_CSTR
CSKR - GPR and WRITE from CSOR into| o cop
control store
Uncondi tion - G
IF_ZER0_GO
1F_NOT_ZER0_GO
8 Condition 1F LESS_ 26700
IF_CARRY_GO

T 164 Foig vl zzge] BYEE Aeet
o] SMM& edal7] 913 2A7}e] vlo]z2FRlo] A



94

olsiu FAlol gt molazgRe @B

ehgict.

s

19945 107 EFISEH

E 20

2. SMM9| #4 wlolazFd

Table 2. SMM multiply microroutine.

Microroutine Meaning

PR i 12 e Fetch first operand into RZ
MOVEMRGPR 2 | Rz ¢ MR
I:;AV'!;_GPR_MAR u %(- R11 Fetch second operand into R3
MOVE_MDR_GPR 3 R3 < MR
SET_GPR 1,0 [RI <O Initialize Rl for product
SET_GPR 4,16 | R4 < 16 Initialize R4 for counting |
SHIFT_RIGHT_LITER 3,1 {R3 <-R3RBS 1
F_SHIFTOUT_ZERO_GO 94 | IF shiftout = 0

GOTO 94 Multiply R2 by R3 using a
ADD 1,2 |Rl < Rl + B2 shift and add algorithm
SHIFT_LEFT LITER 2,1 |R2 (- R2 LS and put the result into Rl
DECREMENT_GPR 4 R4 <-R4 -1
IF_NOT_ZERO_GO 91 IF _NOT_ZERQ GO TO 91
MOVE_GPR_MDR 1 MDR <{- Rl ¥rite result into memory
MOVE_GPR_MAR 12 MAR <- RI2 at address of first
WRITE _ WRITE operand
GO0 54 60 TO 64 Branch tol instruction branch|

. microroutine
N\;nig?i 23 4 4 16 31 3 4
o ]
A lmlmlnlm!m|1|||l|uu T

Field 1 2 3 ¢ 5 6 9 10 111213 14

Field code points

1 Memory operation
0 - no operation
1 - read memory
2 - write memory
egister transfer

2 R

g - Cs
6 - GPRZ <- CS at GPRI

7 - GPRL <- literal (field 10}
GPR1
GPRZ

TN

- No operation
-

-+ with carry

@~

Shift operator

Bits 1-2 shift operation
operation

1- Shlf& apount in GPRS

2 - ft amount is literal
Bit 3 thft direction

P e

-

Bit 4 Shift ty

0 - anthmet?g

1 - logical
Bit 5 Shift out

0 - end off

1 - circular
GPRS or shift literal
literal
Condition
- no condition
I - ALU result = 0
- ALU result < 0

——
—ow©

4 -~
True (l) or false {0)
Seguencemg operation

- Stey

1- Pusﬁ CSAR+1 to stack

W

ranforeation operator GPR3 {- GPR3 operator GPR4

2 - Pop stack and assign to CSAR

3-
.

5 - CSAR ¢- lxteral (fleld 10)

14 GPR5

a3 2. SMM®9] 3 vhelazrwe] 4
Fig. 2. A horizontal microinstruction format

for the SMM.
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Fig.3. Flow chart for microinstruction

generation and microcode operation
and control.

microinstructions :microinstruction

imicroinstructions microinstruction

microinstruction :head body

head

‘name TK_INSTRUCTION total_length fields

name “TK_IDENTIFIER *:~

total _length STK_LENGTH *( " TK_CONSTANT ')’
fields PTK_FIELDS “(" TK_CONSTANT )’
body E'(' field_statements '}’

field_statements field_statement

field_statements field_statement

field_statement -:TK_IDENTIFIER ':' field_length

ITK_IDENTIFIER *: ' field_length

field_length “TK_LENGTH *(* TK_CONST )"
field_value ITK_VALUES *(" values ')’
values TK CONST

tvalues *, " TK_CONST

38 4. viejaznEe] P4 Ao &

Fig. 4. The structure of microinstruction
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format definition.
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instruction : F, 3% vlo]|zmEHH o o|Ex} Aol
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length : vlolzzmee] 9 Wxel Aol

fields : mlolzzwaioiule] HE o] &

values : "lolazd=oje] U gt

AgaE A 2ol

 lolazmge} mE §% WA

Fo} ¢ vlo)zazmel Hole 27 welyet &
AR gy Ao =z} wg]i: vio|am R o]
93, $70)9h BFe A4 Holtich T4
= 7} 2o digk ARE AHojsly, =9 HAx
Zolo} FFo] &< gl 3T Yol vlolzm

Zrsde] A Ao P 1¥ 49 At

a3 29) SMMe| 4% wlolazwagel ¥4g o}
olzzrzel Helolz Yejshd 17 5o} e},

MICROSMM : INSTRUCTION LENGTH(60) : Microinstruction name & length
FIELDS(14) ; The number of field
{ F1 : LENGTH(2) . Memory operation

VALUES(0,1,2)

F2 : LENGTH(3) . Register transfer
VALUES(0,1,2,3,4,5,6,7)

F3 : IGTH(4} i GPR1

F4 : LENGTHH) : GPR2

F5 : LENGTH(3) . Tranformation operator
VALUFS(O,LZ,S,A,S.G)

F6 : LENGTH(4) i GPR3

F7 : LENGTH(4) : GPR4

F8 : LENGTH(S) : Shift operator
VALUES(0,1,2,3,4,5)

F9 : LENGTH(4) i GPRS or shift literal

F10: LENGTH(16) : Literal

F11: LENGTH{3) i Condition

F12: LENGTH(1) i True or false

F13: LENGTH(3) . Sequencing operation
VALUES(0,1,2.3,4,5)

) F14: LENGTH(4) : GPR5
MOVE_GPR_MAR : [NSTRUCTION LENGTH(6) : Move GPR to MAR
FIELDS(2)
{ F2 : LENGTH(2)

VALUES(1)

, F3 : LENGTH(4)

IF_SHIFTOUT_ZERO_GO :
{
}

1% 5. SMM 3 wlolo|m g2 reo] 34| Ao
Fig. 5. Microinstruction format definition
for SMM.
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< 3 ujelazggo] >

*instr_name —>
64
14 ¢t sjolae Yol
*inext I [vinstr_name |->{HOVE_GPR_1AR]
*foext 6
E 2
>[ stield_name [F1 ] vinext >
2 sinext
svalue_addr '—-—) [_
*fnext >[efield_nase —>[F2 1
E 2
>[ *field_nane }—>[F2 1 wvalue_addr |1 ]
3 *fnext
svalus_addr —>10|1i2|3(4]5|6|7
sfnext
L l—) sfield_nase [—>|F3
> »filed_name [—>|Fl4 3
4 #value_addr
#value_addr _> NILFIELD
NILFIELD

a8 6. SMM 49 vlojzzwzjo] A EHelE
Fig. 6. Symbol table of SMM horizontal
microinstruction.
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22D Sotolazneeld sl vlolazzcg
AR slol o] ool

HF  3.vlolaEam od4al g Ale] w3
Table 3. Microcode operation and control.

B % k2 L3
EXECUTIONL |execute microprogarm for each line

EXECUT10NM | execute wicroprograz module

WRITE write microprograa to ROM

LIST print out sicroprogram

DISPLY display microinstruction format

BITS chang hex to bit

LENGTH length of field

INPUT input the value to each field
DEFAULT  idefault value for field

VALUES txefinitions of names for field values
VALID a list of valid vaiues for the field
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3} Zro] Ao wlolagx g malo] {2 3 Mo}
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sx35% SWM_MULTIPLY_MICROROUTINE s#sss

Fieldl1 2 3 4 5 6 7 8 9 10
1112 13 14

00 001 1100 0000 000 0000 0000 00000 0000 000OOCA000000000
000 0 000 0000
01 000 0000 0000 000 0000 0000 0000C 0000 00C0000000000000
000 0 000 0000
00 011 0010 0000 000 0000 0000 00G00 0000 CO00000000000000
000 0 000 0000
00 001 1011 0000 000 0000 0000 00000 0000 0O0000000NCC0000
000 0 000 0000

01 000088000000000000000000000000000000000000000000

000 0 0000
00 011 0011 000 000 0000 0000 00000 0000 GOOO00V000000000
000 0 000 0000

00 111 0001 0000 000 0000 0000 00000 000C 0OCO0G0000000000
000 0 000 0000

00 111 0100 0000 000 0000 0000 00000 0000 000)000000010000
000 0 000 0000

00 000 0000 00CO 000 0000 0000 10100 0011 ©000000000000001
000 0 000 0000

00 000 0000 0000 000 0000 0000 00000 0000 0000000001011110
100 0 101 0000

00 000 0000 0000 001 0001 G010 00000 0000 000OC00000CO0000
000 0 000 0000

00 000 0000 0000 000 0000 0000 11000 0010 000)G00000000001
000 0 000 0000

00 000 0000 0000 010 0100 11il 00000 0000 000000C000C0000L
000 0 000 0000

00 000 0000 0000 000 0000 0000 00000 0000 0000000001011011
001 0 101 0000

00 010 0000 0001 000 000G 0000 000G 000G 00G0000000000000

000 0 000 0000
00 Oglo(lxl)oo 8(0)00 000 0000 0000 00000 0000 0CO0V00000000000
000

11 000 0000 0000 000 0000 0000 00000 000G 0000000000000000
000 0 000 0000

00 000 0000 0000 000 0000 0000 00000 0000 0000000001000000
000 0 101 0000

a8 7. clelzzme gy A
Fig. 7. Microcode generation result.
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