Vol. 19 No. 1 i

2 £ =B

iWm X

MPG 4707535 L« AVINL5*

B &5 & B B KX &% & B

Z‘f#***

Abstract

A powerful microprogram compiler has been constructed as a subsystem of Microprogram
Generator System (MPG). It translates a sequentially-written source microprogram into
efficient object microinstructions in a machine-independent fashion.

The compiler separates the translation process into four phases: (1) syntax analysis (2)
pre-processing for optimization (3) micro—order generation and microinstruction composition,
and (4) addressing and bit encoding.

In implementing the compiler, several important problems of constructing machine-
independent microprogram compilers became clear and new techniques were developed for
them. The techniques are determination and allocation of available registers, generation
of micro-orders from machine description, detection of parallelly executable microoperations,
composition of microinstructions, and automatic addressing of microinstructions in a compact
control memory area.

In this paper, after an overview of the compilation procedure of each phase, the machine~
independent procedures for generating efficient object codes are described in detail. Experi-

mental results show that the object codes generated by this compiler are as efficient both
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on speed and on space as hand-coded microprograms.
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Fig. 1 System configuration of the MPG
microprogram compiler.
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(c) Computer output of a frame row.

Fig. 4 An example of generation and framing for the

HITAC 8350 machine.
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Fig.5 Addressing procedure.
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4.3.1 SgFTREREOMK

DUERIREME A TR B i, HBME a,a OFEMH
(A(@) EET), e o DAFEOBRRY a OFHIRE
AJ1EL, S@ #EELAEET, s(a) 25FTE
ZEEAARD B NENH S (Fig. 6(a) (REER)).
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Fig. 6 Data formats of unaddressed successors
and their areas to be addressed.

ERshzEREEIhTVS. HAIoER%Fig. 6
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i1 sa) oEmAEEHIBIRAERT. (c)0&
va—FO%HICE, AGS O7 N AEREERE
T 572560 AGS~DH4 » 2 (AGSP) #@EK.
4.3.2 THEEOHE

Pla) o 8lRsh 3 ¢ 28I E2HHEI, Pa)
DOEMHRICTLT, 4.3.1 OHEATVLRDB. CO
MRICHICahd Sla) ~OFETHEHO IR E 1
mzzc ik, Pa) L S@)hoHRshs, a
(ERTE3EEskD OSN3 (Fig. T(a)). COH
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Pla) O&HHELEMNT SN/ BT, (c)D AGSP
12 (b) OEHLEDSZDFHENDOHEEEFES

5. (d)i, s()(iePa) & s(a) £#L~/12bDTH
v, (e)id, (d)DOEEAICKIGL TEDEIM T ATHE

WELEL, TOEFD AGSP Bahd e DFHA
~OFIEEERET . (c)&(e)id, va—FlE
ICRIEd 5.

4.3.3 7z—-X1IV ou@

72— XNTZ, RICBRZFFETEMNITET.

(a) Cs Cn
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[a TAw] a 1A ][] a. TAw)]

(b) P(éz) and4 its address 4
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Fig.7 Data formats for representing the lJimita-
tion from addressed predecessors and suc-
Cessors.

MPG =4 s7ufa s 5usars¥47F 23

(i) BEEERDBD, GO /nx) 7
VY RF—=TNEERL, %1, BifToRE
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(i) 4.3.1, 4.3.2 CR~MWBEFAL, 42T
BARPTADTY XLCE->TERGTETS. 7
V-2 DETiICR, EffdoniFiies AA
iZ, 7Vv—LafihoORIRELARIE T 5 AGS
~DEAL v 25 AGSTP ic&ExAZh3.
7z, AA & AGSTP ic&3%, S0 »H0D
24 7atr—ghTr—3IvrEN3.

(i) MDT o FDT,MT,PST #8RLT7L —
LEEy b2 —r ERICEBRT S,

5. MEBRLIER

MDS izigiL 7= HITAC 8350 icxtlL T ADS T
ERUFEED P23 4 A LBOR 72 —X
DOH 1% Fig. 8 »»5 Fig. 12 (kHEBR) * TR
. 72— XMOHATHZ 7LV — 0% 11 HHO
iz Fig. 4 iITRL 7.

Bz MPG & HITAC 8350 EfiD~4 7 uF+v
FS5&EFERLT42D 1P (A,B,C,D) #ERL, #
TV b o tP OHBHiCONTHEL . (Table
2 (RABRW)). 1, K¥B <4 7 ofmPrdD
HITAC 8350 icd L TEREE <4 7 ofidi D HP

2100 A® A3 RL, uP OERET-72. Ch oDk
BADTICERYT S,
(i) EAXOKEEELT7 2 —XTMOHTI=1

7 o@SRRBLLTEY, ChiRGEN <41
7 aREHRO 72 ¥ O FiLhoMR OB LR

ST-NT. SOURCE STATEMENT
ADS MULT
1 AVAIL SPME(X"3G") 3
2 EXTRN ALG END (X"A20") 3
3 ALG MULT (X"AS5C"™) 3

REE SPMO(X"18%) :
#3tH SPMO(X"19'")

ADDRESS OF MULTIFLIER
ANCRESS COF MULTIFLICAMD

4 SFMO(X"10") = PM(SPMO(X"18")'Q:29') 3}
] SPMO(X"11") = MMISPMG(X"19")'8:29%) 3
6 G iz XL3"20"
7 U = xL32"g" s
8 L o= xL32"¢0" 3
9 LO @ SPMOCX"10™) := <SRLA> SPMO(X™1G") 3
10 IF SC'C' = BLI"0" THEN GOTU Ll
11 = U 4> SPMOIX"IL™)
12 L1 \J iz KSRL> U 5
13 L 1= <SRC> L 5
14 >G5
15 IF Ga= XLB™0" THEN GOTOD LO 3
16 PMOSPMQ(X"18™)*3:29") 1= U ;
17 SPMO(X"1E"™) 1= SPME(X™18") <+> XL32"4" 3
18 MM (SPMO(X"18")*8:29') := L
19 COTI END 5
20 GLAS
. SDAS

Fig. 8 Source listing of a sample microprogram.

* fzi3, HITAC 8350 nxEtgoRsELiCR 2207470
H4EETIH, ERWORIBELAURTICH LTI,
%ﬁfx?/f 2 RS OMRBTOA T A4 7 oy

5.



24 [i
Ny ?:cx) QUADRUPLET *
4 1 (:=,5PMO(X"10"),MM(SPMO(X"18%)),1)
5 2 (:=,SPMO(X"11"),MM(SPMO(X"19")),1)
6 3 (:=,6'0:7',XL8"20",1)
7 4 (:=,0'0:31°,XL32"0",1)
8 5 {:=,L'0:31',XL32"0",1)
9 6 (<SRLA>,SPMO(X*10%)'0:31', ,#R(01)E)
7 (:=,SPMO(X"10")'0: 31' ,#R(01)E,1)
10 8 (BCT,SC'0'=BLL"0%, ,L1)
11 9 (<+>,U0°0:31*,SPMO(X*11"), §R(02)E)
A (:=,U'0: 31',03(02)3,1)
12 B (<SRL>,U'0:31', ,#R(03)E)
Cc (:=,U'0:31",§R{03)E,1)
13 D (<SRC>,L'0:31', ,#R(04)E)
E (:=,L'0:31',#R(04)E,1)
14 F (> ,1,6'0:7', )
15 10 (BCT,G'0:7'3=XL8"0", ,LO)
16 11 (s=,MM(SPM0O(X"18")),0'0:31',1)
17 12 (<+>,SPMO(X"18")'0:31°,XL32"4%,#R(05)E)
13 (:=,SPMO(X"18")'0:31',#R(0S)E,1)
18 14 (:=,MM(SPMO(X"18%)),L'0:31',1)
19 15 (B, , ,END)

Fig.9 Quadruplet table (Phase I).

SYMBOL TYPE ON FN AA
END A**X 0 0 A20
HULT A*#** 1 0 A50
LO L** 6 0 0
Ll L*w B [ ]

Fig. 10 Symbol table (Phase I).

DECLARED AVAILABLE REGISTER

SPMO(X"39")'0:31°

AVAILABLE REGISTER

SEGMENT NAME AND CUADRUPLET NO.
NO. BIT POSITION (START) (END)
1 [

SPMO (X*10*)'00:31' 1 1
SPMO(X"11%)'00:31° 1 2
G '00:07" 1 3
U '00:31' 1 4
L '00:31" 1 5
2 6 8
SPMO(X"10")*00:31' & 7
3 9 A
u '00:31' 9 A
4 B 10
v '00:31' B c
L '00:31* D E
3 11 15
SPMO (X"18%) '00:31° 12 13
Fig. 11 Available register and program

segment listing (Phase II).

MICROPROGRAM GENERATOR
#3t MACHINE: HH’A€355DB

ADDRESS FRAME-NO, BB A
o) (3) (3) (5)
CASD 0001 18 0 0 00
0AS1 0002 28 0 0 14
CA52 0003 8 0 0 00
0AS3 0004 28 0 0 14
0AS4 0005 39 0 0 0A
0ASS 0006 00 0 0 (2%
0AS6 0007 00 0 0 02
0AS57 0008 0o 0 4 14
0AS58 0009 o0 0 0 1]
0A59 000A 08 0 4 01
0ASA 0008 08 0 0 0l
0A5B 000C c9 0 0 02
CASC 000D 18 & 4 14
0ASD 000E 08 0 0 00
0ASE 00OF 18 0 0 00
OASF 0010 09 0 4 00

n

B Jan. 1978

Table 2 Comparison of the object code efficiencies

between MPG microprogram compiler and
HITAC 8350 micro-assembler.

ADS A B c D
M2 maxon 13 a2 52 %
Gt
A1 479=2+ |
$\377544m| 2 a3 66
v4I0TRY7IIC
1454283 €64 10 0 39 55

LT3, BB, BRELOKR1IDDZS 20
HETLVB LD, 7 uBRENETIH, &
FOBHMANKERIN TN B,

i) FImTE~oBMfIRAESNEOTEAR
THHLATNS. /e, £i1-2470i4d
VEBE/NEOLOMNEbA TV 3 C &5

FZiX Table 2 DAHS DD P 37N
Zh 10, 42, 48*% 66 O HIHTIEE RicE
Boh, F£FI-24 704K TRTOTH
3.

(i) BRUCHNTHE72—XNOHH=1 2
oS3, B4 /07wy T5ickd=
17 uSBiTECHREET 3.

(iv) AEEEOARER7 = —XM, NTEIH 3.
#z X Fig. 8 5 Fig. 12 12k L 2-HITiL,
7x2—XI,ITLIHY, 7-—XWH 128, 7
2 —ZXNN1BHTH-7:.

(v) 7K¥ER (HITAC 8350) & @A (HP 2100 A)
ORILD 24 7OHABIHERATE 3.

(Vi) TRAFTN VP R2I7 = —XMT—H
LREELTEMIcER A AZXIE, HP
2100A @ P ZHBNT 30 DRAXDS B 14
DRAXTCERIN - Flad 3.

0BJECT LISTING

H% ALGORITHM:IMULT
§| o] E C

#% DATE:03-25-76
T J MM

P P X L Pl S A TP 1 P2
(5) (5) (5) (7) (1) (7) (6) «(3) (2) (1) (1)
12 00 00 00 1 29 11 0 1 1 0
10 00 00 00 O 29 12 0 0 0 0
13 00 00 00 O 29 13 0 1 1 1
11 00 00 00 1 29 14 0 0 9 0
00 00 00 00 1 29 15 0 0 0 1
00 00 00 00 0 29 16 0 0 0 1
00 00 06 00 0 29 17 0 0 0 0
10 11 00 00 1 29 18 0 0 0 0
00 00 00 00 1 27 1A 1 0 0 1
11 06A 00 00 0 29 1l o 0 0 1
00 11 00 OF 1 29 18 0 0 0 0
00 13 00 00 b 16 17 1 0 9 1
12 0A 00 00 1 29 o o 2 1 Y
00 00 00 00 0 29 1 0 [ 0 0
12 00 00 00 1 29 1F 0 2 1 1
¢0 co 00 00 1 28 20 0 0 0 0

Fig. 12 Object code listing of a sample microprogram (Phase IV).
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