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Abstract

In this paper, HLML-C (High Level Microprogramming Language C) is proposed, which is
independent of target machines and has similar structure to C language. The HLML-C operations
are defined for a abstract machine which contains characteristics of various microarchitectures, and
can extend to define a target machine’s special operations for efficient microcode generation.
A microprogram written in this language is translated into a machine independent intermediate
language on abstract machine with the information of a target machine’s resource usage and then
microoperations of a target machine.

The HLML-C compiler is implemented with yacc and C language on VAX-11/750 (4.3 BSD)

computer. Through the various test microprogram applied to HLML-C compiler, their results are
analyzed.
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E 1. HLML-C 4=
Table 1. HLML-C operators.
Ea od 4 & ol nj
A E I, -, %,/ add., sub., mult, div.,
oAby 40, i addition, subtraction with carry
t4, - increment, decrement
o~ & 1, not. and, or, exclusive or
oAbz} | ~ &, ~ ), ~ not and, not or, equlivalence
OF, UF, PS overflow, underflow, positive

sl i NG, ZR, CR
==, 1 (=)
ol bzl | > (=), < (=)

conditon negative, zero, carry
conditon equal, not (equal)

greater than(equal), less than

&, ! (equal) and, or
HZE [ > (1) shift right filled by 0(1)
olabzl | < (1) shift left filled by 0(1)
3, right rotation, left rotation
@ memory address
// concatenation
Lo ghab of At extension operation
=4 elalat b, el AxEe AR

3 2. HLML-C <4 2.3do|ld $AE S
Table 2. The precedence of HLML-C operators.

LAF S o A z}
1 €, )
2 +4+, =~ 1, @
3 > >, K, K, >, K, /Y
4 &, |, ", ~&, ~i, ~"
5 * 7
6 +, -+, -
7 OF, UF, PS, NG, ZR, CR
8 <, <=, >, <=
9 ==, 1=
10 &&, i}
11 =, &3 oAz}, K§ dAbzl

AHEE 23 (loop construct statement) -
while,
for,
do--- while
o} ol& 4u|E £elolAel Am2901 ALUDS &
4 7§ cascade & 1A A1 7hALe] A Al Aol A 8
we FAel ofolri.
(o) B4 vhelzzmzaae] o
/* 8bit multiplication of sign magnitude form */
#define SIGN OXB000 /* for sign extraction */
#define DIGIT OX7FFF /* for digit extraction */

memory 16 A 100, /* multiplicand */
B :101, /* multiplier */
C :102; /* result */
microprogram multiplication;
{register 16 mier, mcand, result;
mier=B; /* get multiplier in the register */
result={mier & SIGN+A) & SIGN; /* get sign result*/
mier &=DIGIT; /* get digit of multiplier */
mcand=A & DIGIT; /* get digit of multiuplicand */
while (mier ! =0} {/* iterate until mier is zero */
if((mier & 1)==1) /* if LSB of mier is one */
result+=mcand; /* add mcand to result */
mier>>=1; /* shift right one mier */
mcand<< =1; /* shift left one mcand */}

C=result; /* store result in memory */}
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x 3. MIILY Op &=
Table3, The OP code of MIIL.

£ W op = = 9] -
MOVE move register to register
i RMOVE,  WMOVE read, write memory with specified address
OpP 7= LOAD, STORE load, store memory with prefixed address
POP, PUSH pop, push hardware stack
ADD, SUB, MPY, DIV add., sub., mult., div.
A= ADDC, SUBC addition, subtraction with carry
= AND, OR, XOR and, or, exclusive or
Oop &= NAND, NOR, NXOR not and, not or, equivalence
INC, DEC, CMP increment, decrement, complement
e SHR O, SHR1, SHL O, SHL1 shift right, left (filled by 0, 1)
Op a- ROTR, ROTL rotation right, left
JUMP unconditional jump
A o] CIMPGE, CIMPGT comditional jump with greater equal/
OpP 3& CJMPLE, CIMPLT than, less equal/than,
CJMPEQ, CJIMPNE equal, not equal
CJMP flag code flag code : OVERFLOW, UNDERFLOW, POSITIVE
NEGATIVE, ZERO, CARRY
JUMPSUB jump to procedure
POPSUB, PUSHSUB pop. push return address
pseudo ENTRY, EXIT specify microprogram beginning, end
op e PROCEDURE specify procedu re beginning
END-PROCEDURE specify procedure end
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7% =73 akde W45 Ydd olze] HAz AL 9isle] mlolzz g aeiv]7 HLML-C

STORE stat, o] ®ig-& *P%EP% B deele & of spregAlelto® =3 diAeiAle] alzAeE A

& #=2|LE el LOAD sto] AHg-3hch dubfes n st & o AbLE WAz Frkelo] WAL 2t

Tololz A E vloliag =g aelold] W] & W4 okol] * 7} Bi=c},

A Ale] 71 @z aE o] Ech A 27] ulF 2) ol 4
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Ao} 7z ez AE o ggHal ol%ol H4Holrt, up Al o2 dlolele) g A } HAal Al el

gha] EE3] ez sg ol &3 Frinledt Holy o8l A slE W0l

ol e F FodewH E%ﬂol vlolzg =g A4 (1) ALU 22 2=
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arlawa  HE AR dg ~€] & Agsha Aok whebd HLML-C o 34

S5 ellx]se Z ALUSIAS $lsto] W45 olA|W£2 2" ALU
o9 w2 ALU al|=]~ef W4 UEH Az *Hoﬂ drpdto 24 W i) 4Eof g
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of Al Salxel s vlolazmE s olejsl AA 45
(2) sl w2} #llx A8 Hag 16  AND $TO mier 1
chpare] ofsjel 47 wl2e] olals 4 odala® 17 CIMPNE  $T0 1 20
Hjole}2 o e diole} =] A8 (e o|22] bu- 19 ADD result result mcand
ffer |2 2E]) o) o424 & dlolelE o)) kst 20 SHRO mier mier 1
% o el o4 Agct uels] HLML-C Z &4 21 SHLO mcand  mcand 1
Z vlme] oldas sleted AME AMET 2y 22 JUMP it
ol 2 g} ool @z Avel dludsle] G832l wle] 23 STORE resdt 102
e g AAsL7] ¢sled Frkele] AA A §M 24 EXIT multiplication
ogx ere dixlay WEE FE-ght
o= 7HEg W8 AlxlzEe 4E 2, ALY,
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HLML-C #Hulelej= HLML-C R

alof 2]

H-istatementi EH9) & Z=Apsle] Fzholol (MIIL) &
WAl s] el 1ol 4] ohg el e eluiwl
4 maolfol A 4 glrh
17 10 JUMP 11
11 SHRO dest srcl src?2
2) 20 CIMPGE  srcl sre2 22
21 JUMP 18
22 ADD dest srcl sre?2
Dol oo A9E FwE 109 H7lel ke

2lof o) elAlo]l 5l b (label) £o] ofrvielyd 27
4 oAtk 2) 2] dlel M= rHE 219

epl ol objeld g 209 HvIsre] 2L @

3 A7) ol

oz s BAFLS YT BATLR WA
F FwlF 219 eldle’t 75 of e 3el
AAE 4 drk

2" 20 CJMPLT srcl src2 18

22 ADD dest srcl src?
(o] FA violaz g aelo] gk MIIL 44
o

0 ENTRY multiphication
1 LOAD *SP &TOP
2 ADD *TOP *Sp 3
3 LOAD $MO 101
4 MOVE mier $MO
5 AND $TO mier 0X8000
6 LOAD $MO 100
7 ADD $TO $TO $MO
8 AND $TO $TO 0X8000
9 MOVE result $TO
10 AND mier mier 0X7FFF
11 LOAD $MO 100
12 AND $TO $MO 0X7FFF
13 MOVE mcand $TO
14 CIMPEQ mier 0 23
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IR AP 2 g S RO - TR B s
ol 2z =g gelol thaf Ay w Fof MDIL
AL ofoltt, o] 7|M %, #8 ALU, W= #=] 2
W9 Az A& el i, STORE #,
LOAD # & ezl 4¥] e} o 4kslsl wdofrt

s, B+

(o} *F4) nlelzz 2z aalo] tfd MDIL A4 o

0 ENTRY multiplication

1 LLOAD *SP &TOP

2 ADD *TOP *Sp 3

3 LOAD #1 101

4 MOVE 31 #1

5 AND %1 $1 0X8000
6 LOAD #1 100

7 ADD A\ %1 #1

8 AND %1 %1 0X8000
9 MOVE %2 %1

10 STORE# %2 2

11 AND $1 %1 0X7FFF
12 LLOAD #1 100

13 AND ! #1 0X7FFF
14 MOVE $2 %1

15 CIMPEQ 31 0 26

16 AND %1 31 1

17 STORE# $1 0

18 CIMPNE %1 1 22

19 LOAD# $1 2

20 ADD 31 $1 $2

21 STORE # %1 2

22 LOAD# %1 0

23 SHRO 31 $1 1

24 SHLO $2 %2 1

25 JUMP 15

26 LOAD# $1 2

27 STORE %1 102

28 EXIT multiplication
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1. HLML-C ++%
program - defs
defs - def
| defs def
def - func_def
| global_decl;
| reg_del;
| mainmem num id{num)
| #define id num
func_def — microprogram id; program_body
| id( optional id_list) reg_dcls program_body
global_dcl - memory num mem_id_list
| spreg num spreg_id_list
| stack num id_list
| extension id_list
reg_del —  register num id_list
reg.dels - reg_dcl;

| reg_dcls reg_del;

optional_id_list — id_list

| €
id_list - id
| 1d_list, id
mem_id_list - mem_id: num
| mem_id_list, mem_id: aum
mem_id - i
| id ixlist
ixlist - (noum)
| ixlist (num]
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spreg_id_list - id: id
[ spreg_d_list, id: id

program_body = {reg.dcls stmt_list}

stmt_list - stmt
| stmt_list stmt
stmt —  basic_stmt

[ if (cond) stmt

I'if (cond) restrict simt else stmt
| while (cond) stmt

| for (for_expr; cond; for_expr) stmt
| do stmt while {cond) ;

Fid :

- basic_stmt

stmt
restrict_stmt
| if (cond) restrict_stmt else restrict_stmt
| while (cond} restrict_stmt
| for (assmt; cond; assmt) restrict_stmt
| do stmt while(cond) ;
-  assmt

e

for_expr

assmt - id ass_op add_expr

| id sh_ass_op num;

| unary_op id ;

| id add_expr add_expr add_expr ;
cond ! cond

| cond && cond

| add_expr rel_op add_expr

| (cond)

| flag

cond -

|1 flag
basic_stmt - compound_stmt
| assmi ;
| goto id ;
| switch(add_expr) {sw_stmt_list}
I'id (optional_id_list) ;
| return ;
b
compound_stmt — {stmt_list}
sw_stmt_list —  sw_stmt_code default_stmt
sw_stmt_code — sw_stmt

| sw_stmt_code sw_stmt

default_stmt —  default : stmt
| €
sw_stmt — case num : sw_code
sw_code - stmt_list
| stmt_list break ;
add_expr -  mul_expr

| add_expr add_op mul_expr
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mul_expr - logic_expr
| mul_expr mul_op logic expr
logic_expr — shift_expr
| logic_expr logic_op shift_expr
shift_expr - term
| shift_expr shift_op num
| shift_expr cat_op term
term - factor
| unary_op id
factor — {add_expr)
| num
Iid
|@ id
| memory_id
memory. id - id{add_expr)
| memory_id {add_expr)
flag - OFIUFI/PSINGIZRICR
. ol #EA A
1) ZHE FAl= /09 X/ 2E7E
2) =eo] (keyword) v Al EH el8ol wl2] ooF
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3) id® num-2 27 ohg3 o] Ao ¥
letter — ‘A' I ‘B> 1-*Z" ] 3" )| ‘z'
digit —= ‘071 ‘17127 -1"9’
hex_prefix — 0 %
| 0" %
hex_digit — digit
| ‘A [ ‘B | | 'F
fa” | b |1 ‘f
pum - digit digit*

| hex_prefix hex_digit hex.digit*
id - letter (letter | digit)*

1) 7 esfslols e el chedt ek

relop - >=| > |<=| < |[==]]=
addop - + |4} - |-
mulop - % |/
logicop > & | | | © |~&I~) |~"
shift_op - > > « 1< I> |«
cat_op -
unary_ep ° ++ [——1 ~
assop ~ = l+=l—-=1+l=1-|=
|*=1]=
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shift_ass_op —>>=|»|=| K=K =2>=1K
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