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Abstract

A Microprogram Generator System (MPG) is a processor for Microprogram Generative
Language (MPGL). MPG provides the facility of generating efficient object microprograms
from higher level microprogramming language in a machine-independent fashion.

This paper evaluates MPG and MPGL from several aspects : efficiency of object micro-
programs, generality and naturalness of MPGL, correctness, effectiveness, and machine
independence of MPG procedure.

For this purpose, experimentations are made for different types of machines and micro-
programs.

Two target machines, HITAC 8350 and HP 2100A, were chosen, in that HITAC 8350
has horizontal type microinstructions whereas HP 2100A has vertical cnes.

For each machine, four microprograms were written: 1) Positive integer multiplication
2) Square root 3) Conversion of arithmetic expression to reverse polish notation 4) Ele-
mentary function evaluation algorithm, CORDIC.

Each microprogram was compiled and logically simulated by MPG. The experimental
results show that MPG is applicable to different types of machines and that, if coded
carefully, object microprograms are as efficient as hand-coded microprograms.
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(b) AoV 2ERIToFNyFedEVRLD

4%y 7 DEE (3.3)
(c) BSo7F2 FFABEPCREREABREDTA
(3.3

(d) BESEEFIALZHSE (3.3)
wETHB. WL, =V ALBORYE, BXU=v
YADEFBEFER—F Y FEEEANOERIZDVWTE
RENCR N, FEORHEET ST T 5.

3.1 F B
FEW, BEBEOICEEREFEL T ¢P OfFR%E
fT-o 7.

<V AD uP% Fig. 1 ICRYT. A5 w53y
F e« 2xEY SPMO (X'10") & SPMO (X"11')ic %
NENFEREFERBEOSH2bDELTREEETS. 7
vy 2 GRIGROFEICERL, #IME (200 % 4P
KEhey +T3. Bz SPMO (X10"”) & SPMO
X"1") &Y.

ST-NO. SCURCE STATEMENT
ADS MULT
1 AVAIL SPMC(X"39") 3
2 EXTRN ALG END (X"A20") 3
3 ALG MULT (X"A50") ;
4 G = XL8"20" 5
5 U = xL32"o" 3
6 L := XL32"0"
7 Lo : SPMO(X"10") = CSRLA> SPMO(X"10™) ;
8 IF SC'0' = BL1"0" THEN GOTO L1 3
9 U 3= U <+> SPMO(X"11") 3

19 L1 U 2 <SRL> U j;

11 L = <SRC> L 3

12 > 6 3

13 IF G== XL8"0"™ THEN GOTO LO ;5
14 SPMO(X"10") 3= U 3

15 SPHMO(X"11") == L 3

16 GOTJ END 3

17 GLAS

SDAS

Fig.1 Multiplication microprogram for HITAC 8350,
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ST-nO. SOURCE STATEMENT
ADS MULT
1 EXTRN ALG END (X"300") 3
X% MULTIPLICATION
2 ALG MULT (xv200") 3
3 F = XL16"0" 3
4 Q = XL16"0“ 5
5 C'1:4* = DL4"O" ;
6 LOOP ¢ B := <RIF> B ;
7 IF FLG = BL1"0" THEN GOTO LO 3
8 F = SP1 <+> F 3
9 Lo @ FLG <= 0 3
10 F i= <PRF> F 3;
11 Q := <RRF> Q 3
12 <C3
13 IF C'1:4* == DL4"™15" THEN GOTO L1 3
14 GOTO L2
15 Ly : GOTg LOOP;
16 L2 : FLG <- 0 3
17 F := <RRF> F 3}
18 Q := <RRF> Q 3
19 GOTO END 3
20 GLA 3
SDAS

Fig.2 Multiplication microprogram for HP 2100A.
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5T-NO. SOURCE STATEMENT
ADS ROOT
1 EXTRN ALG El (X"953%)
2 ALG RDOT (X"BOO")
## FETCH OPERAND
3 SPMO(X"50") := MM(SPMQ(X™10")'8:30') 3
4 SPMO(X"10") :=
5 SPMO(X"51") :=
k& INITIAL SET
6 SPMO(X*18") := XL32"0" 3
7 SPMJ(X"19") := XL32"Q" 5
8 SPMO(X"30") s XL32"0" 3
9 SPMQ(X™30")*0:7" = XL8"20" 3
10 SPMO(X"31") := XL32"0" 5
11 SPMO(X"38") := XL32"Q0" 5
12 SPMO(X"39%) := XL32"0" 5
13 SPMO(X"58") t= XL32"Q" 5
14 G = XL8™1F" ;
15 LoOP : L := SPMO(X"31"™) 3
16 L := SPMO(X"39") <+> L 3
17 SPMO(X"19") = L 3
18 U 1= SPMO(X"30") 3
19 U = SPMO(X"38") <+(C)> U 3
20 SPMO(X"18") = U 3
21 SPMO(X"38") := <SRLA> SPMO(X"38") ;
22 SPMO(X"39") := <SRCA> SPMO(X"39") ;3
23 L SPHMO(X"19") 3
24 L SPMO(X"51") <-C> L 3

RO

25 u SPMO(X"18") 3
26 U SPHO(X"50") <~(C)> U 3
27 S1 <- U'0' =BLI"1"
28 IF S1=8L1"1" THEN GOTO TEST 3
29 SPMO(X"50") := U 5
30 SPMO(X"51") = L
31 SPMO(X"58™) := SPMO(X"58") <+> XL32"1" 3
32 U 1= SPMO(X"31"™) 3
33 SPMO(X"39") = SPMO(X"39") <+> U j;
34 U = SPMO(X"30") 3
35 SPMO(X"38") := SPMO(X"38") <+(C)> U 3
36 TEST ¢ > G 3
37 IF G-=XL8"0" THEN GOTO NEXT 35
38 MM{SPMO(X™"11")*8:30') := SPMO(X"S58™) 3
39 SPMO(X"51") := <SRLA> SPMO(X"S51") 3
40 GOTO El 3
41 NEXT @ SPMO(X"58") := <SLLA> SPMO(X"58") ;
42 SPMO(X"30") := <{SR2UA> SPMO(X"30") 3
43 SPMO(X"31") := <SR2LA> SPMO(X"31")
44 GOTO LOOP 3
45 GLAS

SDA3

Fig. 3 Square root microprogram for HITAC 8350.
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ST-MO. SOURCE STATEMENT
ADS REVPQOL

.
e
NS AR NGNS NN~

w

—_——
@~ owne

[
~

3 SPMO(X"30")
Hit SPMOCX"31")

i START ADDRESS OF EXPRESSION
i START ADDRESS OF REVERSE POLISH FORM EXPRESSIGN
¥ SPMO(X"38") ! ONE WORD FETCHED FROM MAIN MEMORY
B SPMOEX"00")»(X"01")s . . » (X"OF") : STACK
## G @ STACK PUINTER (COUNTER)
£ SPMO(X"S0") : WORK
%% U @ WORK REG.
#3 L : WORK REG.
ADDR LFTP (X"940%) 3
ADDR ADD (X"94E') 3
ADDR MULT (X"95C*) 3
ADDR RITP (X%950") 3
ADDR SUB (X"960") 3
ADDR DIV (X"961") 3
ADDR EXP (X"GQ7B") ;
ADDR SEHC (X"9SE") 3;
EXTRN ALG END (X"853") 3
AVAIL U 3
AVAIL SPMO(X"S50™) 3
ALG REVP (X"94C") 3
®% READ ONE WORD
SPMO(X"38") := MM(SPMO(X"30")'3 29%) 3
%3t TEST THE MOST SIGVIFICANT 81
L = SPMO(X"33")
Sl (— L'0* = BLI"1I" 3
S1 = BL1"0" THEN GOTO DLMT 3
K3t UUTPUT VAQIABLE

MMUSPMD(X"3]1%)18:200) 1= SPMO(X”38%) 3

SPMO(X"31") = SPMO(X"31%) <+> XL32ma" 3
GOTQ INC 3
(34 BRAVCH ACCORDING TO DELIMITER
oLMY FR'0:71 1= SPMO(X"38")10:7% ;

CASE FR'0:7* €X"4D") LFTP,(X"4E") ADD»(X"5C") MULT,
(X"5D") anP;(x"5=-> SEMCy (X"60") 5UB,(X"61") OIV»
(X"78") EXP

LFTP : SPMO(X"BB") 1= SPMOLX"38") <+> Xxe3a=1» 3
GOTO PUSH 3
HiE ter gy
ADD @ SPMO(X"33") iz SPMO(X"38") <+> XL32m2" ;5
GGTO STAC 5
LI A 1
HULT : SPHOCX"38") iz SPMO(X"38") <+>  XL3273% 3

070 STAC 3
w0 s
RITP : FR'B:15':=5PMQ(G"1:7°1°24:31" 3
> FR'8:15¢ 3
IF FR'8:15' =xL8"0" TNEN GOTO DECG 3
/i FRYBI15Y =xL8"1" 2

M CSPROXT317 1181201 s SPMOCG'1:7*) 3
SPMO(X®31") = SPMO(X"31")Ce> XL32"4" 3

> 6 3

GGTO RITP 3
DECG : > G 3

GOTO INC 3

- g

SUB : SPMO(XM3AM") := SPMOIX"38") (e> XL3zam2n ;
LR AN 34
DIV 3 SPMO(X"3B"™) := SPMO(X"38") (> XL32"3"
GOTO STAC 3
e YA xn
EXP :  SPMO(X"387) := SPMO(X"3E™) (+> XL32"4" 3

STAC : IF G 2= XLB"0"™ THEN GOTQ COMP §
3t PUSH OCWN
SPMO(X"S1%)124:31" := G /% Geln/
SPHO(X"sl“) i= SPMB(X"SL") <> xL32m1v 3
1= SPMO(X"51")'24:3]
SPMD(G'I 7' = SPFC(X"BB’) H
GATY INC 3

¥t COMPARE TOS PRIORITY WITH INPUT PRIORITY
COMP @ L = SPMO(G*1:7') €3> XL32%FF" ;
U 1= SPMO(X"38") <2> XL32"FF" 3
L = 1<-C> U 5
S1 <= L'0* =8L1"1" 3
IF 51 = BL1"™1" THEN GOTO PUSH ;

#3¢ POP UP
MMOSPMO(X"31)18:29%) 1= SPMO(G'1:7¢) 3
SPMO{XM"31") 1= SPMO(X"31") <Ce> XL32%4" 3
;
GOTa STAC 3
5% INCREMENT EXPRESSION POINTER
INC : SPMOCKM30%) iz SPMO(X"30") <+>  XL32"4W §
GOTD REVP 3
€t EMOSPMO(XWIIN)18:297) tx SPHO(G1:TY) 3

SPMO(X"31")
;

IF G ~= XL8"0" THEN GOTQ SEMC 3

MBISPMO(X"31%)18:29") = SOMG(X"38") 3

GOTO END

P2 SPMO(X"31"™) <+> XL32"4" 3

GLAS
SDAS

Fig. 4 Reverse polish translation microprogram for HITAC 8350.
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MM (Q'1: 15") = MM (F'1: 15");
RETR, T—*7 757+ LOoH»SH
LOFRERZE, H50RERELSESH
ENSF— 2 A —BEEIITER ZHELD
3. CO—MBEEEELTTRI5 TV - 1
VR EnEfFeNTHS

413 PR~ 0RMF (72—

V)

3 34 T QBRI O K3 BiERE
~DHEMFHICEPENE. ChRTFUX
HEREEZZRL T/ ET5-D0HE
BICHUNFEESREETH I EICE B E
EZoN3. £CT, EESHHERICM
METEIDDA~1~Ny FEHZ D
IMPGOME S 0y 5 Lth TR~ 4 7 afy
A7 FLREREEBRL TR ATRERH
ZRNTEIHESD Kt E=v Y ABEHROD
DILBEEHZ SEBRET 12 CORR,
RH, YHH, ¥FE-5U FOMAC, 4
10, 14 ¥9 >0 CPURMDEME VL S #E
REBr

o7 Ty XLDEHICDONT
12, (1)=4 7 oSN alEeizBoERiL
ERICBENF TSN 5 ¢ & (Table 2%%)
(2)FA2DR<4 7 afd7 F v 2ERE
L TEFEBEL L fTTbhb E, &
ELSEMTHEC LBELDH SN,

2> ALBEREETZE, vy BO
BALZAE I~ x4 7u@sdgbhT
VWA ENEMTH S (Table 2).
=y Bovq 4 7ufSunBEEBT,
HEBET B4 7 ot —& LIESFHEE
54 nxr—&FBREIL7 + —NVFIZE
T3, HEELT-THBETI2EAICR
ROFHIZUDDETEROILE, SR
BN BHOSREIN TR C LT 3.

I FEOFE LT, Fig. 5 (675(%
W) i Fig. 4 © ¢P 0BT oRH LR
T.@¢,1~2B®§ﬁﬁu16074
su@Sic s, £HE B, BCT, **
BHKROUFEET. EHEDERICS ~

. T FUREREICET 3 EEETH S v 3 AthitlAAS, -\N/:/Aa)am%#m&:{l:ﬁhﬂﬁﬁéﬁi. .
t:Eiyijgggﬁgé—ayFﬁ&«@E&AP?uffvxah-747uﬁ%ﬁuLDﬂMEﬁma&M¥&bkwa.cnmv//Am

Az EBCDIK a— F,

< BOEAIKIE ASC Il 2— FOHEIKBLT,

fbﬁﬁéhtﬁﬂ«&%ﬁﬁf%tb?b% (Fig. 43%)
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Table 2 Compilation statistics.
MDS HITAC 8350 HP 2100 A
ADS ®” X ¥h# @R—3»F CORDIC = x Y5 @#—-35F CORDIC
V=R RF—PA VI 17 45 65 127 20 25 7% 147
KT DO 13 42 52 99 17 21 62 123
R 16 56 66 129 22 29 84 172
E Ve A 5 6 19 40 7 7 34 62
: 72— XMOMH=4 2 opsd 10 42 43 66 14 20 79 119
2 $—. 24 7 0RPM 0 0 0 0 1 1 9 10
7| #7922t w4 708ak 10 P 43 66 15 21 88 129
7 | stpcEL-aeNoER 10 a2 8 66 15 21 % 120
FN
. R
AEEeE 5 g o w3 8 s o
5
| exw 5 0% % &% 5 0% @
s w 5 2 3 m|2 3 = B
g; 4 7 ud 10 40 39 55
gk | maen nos 0w
* RENROHMERBTSS. T, LERAHDEGULTERMN, TBRIZ CPU OBESMTS 5.
Table 3 Simulation statistics.
MDS . HITAC 8350 HP 2100 A
ADS | ®W ¥H® w#-32F CORDIC R EHR/ #HR—5F CORDIC
HE S s | 136 63 237 1154 12 s 352 419
el -
g : KTl A v 69 100 85 523 48 30 133 104
A P wm % m |88 8 %
53| A4 708427 57 ' 13 575 187 941
Y J— % % 7? gt

* REBMOMLERDTHE. i, EREBAHDEELATIERN,

NEREL, ARlicHfT N BbERT. BHEOA
BO %2 ADS 0EES oy / TFHEEINE
WhTHB T EEERT.

4.2 FTzHb-TA4IRTOTSLOGE

Table 2 ICRL7:KERIZ, MPG ic&k2 47 V=7
b e 7 o@SRB RCMUEY X FAICkE <4
7 uRSRIK+HEN T EERLTVS.

E5ic, MEDOA TV =27 b )2 bEMED S HB
BETsCcLicky, HFETOHEEAD 1208422
YIYATOu—ApNEREIS 2 L -7,

E#4&W% 553 &, Fig. 3 T ST. NO. 36 ® >G
RBZOEETR1IDO=4 7uRSEBRTS. Ch

TEi CPU OBEMMTH 2.
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Y OBEAFACBERLIEWT wP OB ET- 108
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Fig.5 Graph representation of addressed
microinstructions.
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ZOREBF = v 72T &3tig, Table 3 ITRTHR
2B, i, =Y AD<4 suTRyTSOHA
# SIM 530 Itk ->Ty Iav— L ERERBO
7o DIRL 7.
MPG =4 2urFu/sh-vialb—2ICIk2D
DOrr—ReE— FUARINTVS. 1DR3<4 70
A2 5 7vary bv—REFTH, SIM350 &
A& =1 7 0R8ETC LIt —FICLDEES
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bPe PU—2TRELAV ML TEEFERAZN
BEY & TBHINIEYN] 2#HNT5 BRE,
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HITAC8350
REVERSE PGLISH

SEGMENT TRACE MQDE
i USED VARIASLE s

v

L)

i Jan. 1978

MICRO-PROGRAM  SIMULATION

#i# DEFINED VARIABLE s

3#*
il SEGHMENT ,NO: 0001 #3ts

SPMO(33) = 00000000 MM €000000) = T1000000

% SEGMENT,

SPMO(31) = 00000100 SPXO(38) = C1600000

SPMOC3C) = 00000000

3
#

3
3

3

MOt
3

SPM0(38) = C1000000 L = €1000000
S1 = 01
0002 33
SC = 00 SPM0(31) = 00000104

# MM (0001003 = C1000000
3

BHE SEGMENT,NC: 0017 #at
»

3

SC = 00 SPMO(30) = 00000004

(a) Reverse polish translation microprogram for HITAC 8350.

HITACB350
SQUARE ROOT

SEGMENT TRACE MODE
#iti USED VARIABLE #uy

SPMOC103 = 00000500
KM €000500) = 00000000 BN

338 SEGMEN
SPY0(39) = 00000000

SPXO(38) = 00000000
SPMO(50) = 00000000

SPMO(31) = 00000000
SPMO(303 = 20000000
SPMO(51) = 00640000

€000504) = 00320000

3

*
#i: SEGMENTINCE 0001 st
s 00 3 sC

#
#
#
3
3
3
3
#*
3%
3

#

M1CRO-PRCGRAM SIMULATION

% DEFINED VARTABLE ik

s 00 SPMOC10) = 00000504

SPMO(56) = 00000000 SPMO(51) = 00640063
SPMO(18) = 00000000  SPMO(19) = 000000CO
SPMO(30) = 20000000 SPMO{(31) = 00000000
SPMO(38) = 00000005 SPMO(39) = 00000000
SPMO(58) = 00000030 G = 1F

T.zgz OOOE unu= 00640000 sC = 00
SPNG(19) = 00000000 u = EG00000D

#

*
*

x X%

SPMO(18) = 20000000 SPMO(38) = 00000000

SPNMO(39) = 00000000 S1 = 01

(b) Square root microprogram for HITAC 8350.

Fig. 6 Simulation listing in the segment trace mode.
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