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Abstract

In this paper, a independent and structured microassembler was designed for easily
changing the system design, and for designing various microarchitecture. When the designer’s
hardware and microprogramming process were made concurrently, it is needed to easily
change or improve the instruction set and executable code format. But this type of developed
environment requires a high cost and a large software system. A proposed microassembler was
designed so the designer directly defines the microinstruction set and format to be executed.
And we implemented a module from each part of the software, so it is now possible to use
practically and upgrade the function of each part. First, the symbol table was separated from
the assembler. And then microinstruction was copied into it. The microinstruction format was
designed using the defined language that was designed for free microinstruction. This was
implemented in an IBM-PC by using the C-language, FLEX, and BISON.
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Table 1. SMM microoperation and mnemonic.
Operation Microoperation Mnemonic
MAR <- GPR{(General Purpose Register) MOVE_GPR_MAR
; MDR <- GPR MOVE_GPR_MDR
Simple ' GPR <- MDR MOVE_MDR_GPR
Register -
Transfer CSDR <- GPR MOVE_GPR_CSDR
GPR <- GPR MOVE_GPR_GPR
GPR <- CSDR | MOVE_CSDR_GPR
SHIFT_RIGHT_GPR
} _ SHIFT_LEFT_GPR
| GPR <~ shifted GPR
i SHIFT_RIGHT_LITER
} - SHIFT_LEFT_LITER |
ADD
GPR <- GPR binary operation GPR SUB
(+,-,+with carry) _ |
Transformation ADD_CARRY
NOT_GPR
SET_GPR
. INCREMENT_GPR
GPR <- unary operation GPR
: DECREMENT_GPR
AND
OR

MIC <- GPR

- MOVE_GPR_MIC

MIC <- MIR (or part of the MIR)

- MOVE_MIRPART_MIC

Sequenceing

PUSH stack to MIC | PUSH
POP stack to MIC - POP
READ main memory ' READ
- WRITE main memory WRITE
Memory CSAR <- ?rfl)tg éns% 1}%EAD control store READ_CSDR
CSAR < Gclggtr?)rlldst}z'—SITE from CSDR into WRITE_CSDR
Uncondition GOTO
- IF_ZERO_GO
Branch . IF_NOT_ZERO_GO

Condition

' IF_LESS_ZERO_GO
IF_CARRY_GO
_ IF_SHIFTOUT_ZERO_GO
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Number 2 3 4 4 3 4 4 5 ¢4 16 31 3 4

dbm“l[lll[l] lllll

Fleld 1 2 3 ¢4 56 7 8 8 10 111213 14

Field code points

Memory operation
Register transfer
GPR1
GPR2
Tranformation operator GPR3 (- GPR3 operator
GPR4

6 GPR3

7 GPR4

8 Shift operator

Bit 1-2 shift operation

Bit 3 Shift direction

Bit 4 Shift type

Bit 5 Shift out

Ot W Do

9 GPR5 or shift literal
10 literal

11 Condition

12 True (1) or false (0)
13 Sequenceing operation
14 GPR5

a8 2. SMM2] 9 mle]la2 e 34
Fig. 2. A horizontal microinstruction format
for the SMM.
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Fig. 3. Microassembler.
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Table 4. Structure of symbol table.
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/*=:=========:==__=::======:: t/
/* MULTIPLY microprogram */
frm—====m=m================= %/

/*set value */

equ R1 = 0Ox1:

equ R2 = 0x2:

equ R3 = 0x3:

equ R4 = 0x4:

equ R11 = 0x11:

equ R12 = 0x12:

/* MTL routine */
org 0x83:

MOVE_GPR MAR R12: /* MAR <- R12 Fetch

next */

READ: /* READ operand */

MOVE_MDR GPR R2: /* R2 ¢{- MDR into R2
*/

MOVE_GPR_MAR R11: /* MAR <- Rll Fetch
second */

READ: /* READ operand */
MOVE_MDR_GPR R3: /* R3 (- MDR into R3
*/
SET GPR R1.0x0: /* Rl ¢~ 0O Initialize R1 for
product */
SET_GPR R4,0x16:/* R4 ¢~ 16 Initialize R4 for
counting®/
RTN1:
SHIFT RIGHT LITER R3.0x1: /* R3 (- R3 RS 1
Multiply R2 by */
IF_SHIFTOUT ZERO GO $ + 0x2: /* IF shiftout
= 0 R3 using a shift */
/* GO TO current address+2 and add */
ADD R1,R2; /* Rl (- Rl + R2 algorithm */
SHIFT LEFT LITER R2.1: /* R2 (- R2 LS 1
and put */
DECREMENT GPR R4: /* R4 (- R4 - 1 the
result */
IF NOT_ZERO_GO RTN1: /* IF NOT ZERO GO
TO RTN1 into R1 */
MOVE_GPR_MDR R1: /*
result into */
MOVE _GPR_MAR R12: /* MAR (- R12 memory
at address */
WRITE: /* WRITE of first operand */
GOTO 0x64:. /* GO TO 64 Branch to instruction
*/

/* fetch microprogram™/

8| 5. SMM9| FA ulelmaz e
Fig 5. Multiply microprogram for SMM.
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The Intermediate code of parser Operand :© 95

Address © 83 Operand : 2

Operand @ 12 Operation @ +

Microinstruction : MOVE_GPR_MAR Microinstruction : IF_SHIFTOUT_ZERO_GO

Microinstruction : READ Operand @ 1

Operand : 2 Operand : 2

Microinstruction : MOVE_MDR_GPR Microinstruction : ADD

Operand @ 11 Operand : 2

Microinstruction : MOVE GPR_MAR Operand 1

Microinstruction : READ Microinstruction : SHIFT _LEFT_LITER

Operand : 3 Operand © 4

Microinstruction : MOVE_MDR GPR Microinstruction : DECREMENT _GPR

Operand : 1 Operand @ 93

Operand : 0 Microinstruction : IF_NOT_ZERO_GO

Microinstruction : SET GPR Operand @ 1

Operand : 4 Microinstruction : MOVE_GPR_MDR

Operand : 16 Operand : 12

Microinstruction : SET_GPR Microinstruction : MOVE_GPR_MAR

Operand : 3 Microinstruction : WRITE

Operand : | Operand ' 64

Microinstruction : SHIFT_RIGHT_LITER\ Microinstruction : GOTO

a8 6. 2= A
Fig 6. The result of intermediate code.

F1 F2 F3 F4 F5 F6 F7 F81 F& F83 F84 F9
F10 F11 F12 F13 Fl4
2) 0 (3)1 (4)12{(4)0 ()0 (4)0 (4)0 (2)0 (ID)O (1O (1)0 (40
0 30 0 e N8 @wo @wo @0 o o o wo
16)0 (3)0 (10 (3)0 (4)0
28 313 (a2 Al e wo o @o momo mo (o
el unte e wo wo @owo wo mo wo
%)(1) gg ‘148 :4;8 38(4)0(4)0(2)0(1)0(1)0(1)0(4)0
2)0 (3)3 (4)3 (4)0 (310 (400 (40 (2)0 (1)0 (1O (1)0 (4)0
16)0 (3)0 (10 (30 (4)0
20 (3)7 (4)1 (4)0 (3)0 ()0 ()0 ()0 (1O (DO (1)0 4o
16) 0 (3)0 (130 (3)0 (4)0
8 7 e o e wo wo @o mowo wo wo
%)? %8 fg %8 28(4)0(4)0(2)2(1)1(1)0(1)0(4)3
2)70 (3Y0 (4)0 (4)0 (3)0 (400 (400 (2)0 (1)O (1O (1)0 (4)0
16) 10(3)4 (1)1 (3)0 (40
20 (30 (4)0 (4)0 (3)1 401 )2 (20 (1)o (1)O0 (1)0 (40
16)0 (3)0 (1)0 (3)0 (4) 0
2) 0 (3)0 (4)0 (4)0 (3)2 (4)4 (4)0 (200 (1)0 (1)0 (1O (40
16)0 (3}0 (1)0 (3)0 (430
210 38 o o e wo wo @o wo mo mo o
2Y 0 (32 (40 (4)1 (3)0 ()0 (4)0 (200 (1)0o (1)Oo (1)0 (40
16)0 (330 (1)0 (3)0 (4)0
2) 0 (3)1 (4)12(4)0 30(4)0(4)0(2)0(1)0(1)0 (1Yo (40
16)0 (30 (1)0 (3)0 (4)0
2 2 (310 (4)0 (4)0 (3)0 (400 (400 (20 ()OO (YO (VO O
16)0 (3)0 (1)0 (3)0 (4)0

8] 7. ulelazzmc QA ZAx
Fig 7. Microcode generation result.
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