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Abstract

A new microprogram simulator has been implemented to facilitate the logical simula-
tion of the object microprograms generated by the MPG microprogram compiler.

The MPG is the processor of a high level microprogramming language, called MPGL,
and allows the microprogrammer to write microprograms, in a sequential and procedural
fashion, for the described target machine. As a subsystem of MPG, the simulator accepts
a machine description and object microprograms and prints out the trace listing and the
evaluation data.

Therefore, the characteristics of the MPG microprogram simulator are as follows: (1)
The object code of the microprogram compiler is simulated, and the debugging aids for
high level microprogramming language are provided. (2)It is applicable to a wide range
of machines by using the machine description as the common data base with the compil-
er. (3) It facilitates the logical check of both a target machine and its microprograms.
(4) The variables to be printed out may be determined without specification of micro-
programmers by using the information from the compiler.

This paper first describes the system configuration of the MPG microprogram simulator
and the format of the machine definition table. The procedures for interpreting an object
microinstruction and executing microoperations are then described. The relation between

the MPGL description and the simulator is described in detail. Finally, the results of
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an actual simulation are shown.
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Table 1 Sub-tables and microoperations in MDT.
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NZEUT, w4 2 RO AR, EfTo£ 4
IVIREZDWTF = v 2T ILEND
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ST-NO. SOURCE STATEMENT
ADS MULT
1 AVAIL SPMO (X“39™);
2 EXTRN ALG END (X“A20”);
3 ALG MULT (X*“A50");
*** SPMO (X“18”): ADDRESS OF MULTIPLIER
*** SPMO (X*19”): ADDRESS OF MULTIPLICAND
4 SPMO (X“10”):=NM (SPMO (X“18”) 8 : 29);
5 SPMO (X“117):=NMM (SPMO (X“197) ‘S : 29");
[ G:=XL 8“207;
7 U:=XL 32“0";
8 L:=XL 32%0";
9 LO: SPMO (X“107):=(SRLAY SPM0 (X“107);
10 IF 8C ‘0’=BL 1 “0” THEN GOTO L1;
1 U.=U (4) SPMO (X“117);
12 L1:U:=(SRL) U;
13 L:=(SRC) L;
14 >G;
15 IF G=XL 8“¢” THEN GOTO L ¢;
16 MM (SPMO (X“18”) ‘8:29"):=U
7 SPMO (X“18"):=SPMO0 (X“18") (+) XL 32'4";
18 MM (SPA{0 (X*18”) *8:29°):=L;
19 GOTO END
2 GLA;
SDA;
(a) Source listing of a sample microprogram.
BITAC 835) MICRO-PROGRAM SIMULATION
MULTIPLICATION MICROPROGRAM
e X 6 sc v L St Sy Busa
0AS50 OAS51 €O 00 C000O0CO 0GOO00O0 00000000 00000000 (0000100
0AS51 O0AB52 €O 00 00000000 00CO0000 0000007 00000000 00200007
0AS52 0AS53 00 00 00000000 00000000 0€0000007 00000000 00000200
0AS53 0A54 00 00 00000000 00000000 00200007 00000004 000C0C04
0AS4 O0AB5 20 00 00000000 00000000 000OCICT 00000004 00000020
0AS55 0AS56 20 00 00000000 0Q000000 00000007 00000004 (00000000
0AS56 0AS57 20 00 00000000 0000COCO 00000007 00GGHCO4 00000000
0AS57 0AS58 20 ¢2 00000000 CCCOC000 (0000Q0C3 00000004 00000003
0AS53 QAS59 20 02 00000000 00000000 €0000003 00000004 000000CO
0AS59 OAS5A 20 02 00000004 0COCO000 (0000003 00000004 00000004
(b) Simulation in microinstruction trace mode.

MULTIPLICATION MICROPROGRAM

SEGMENT TRACE MODE
% %k USED VARIABLE 5 s %

%% %« DEFIND VARIABLE s % %

%% %SEGMENT. NO: 0001 % 3

SPMO (18) =00000100
SPMO (16) =00000200

MM (000100) = 00000007
MM (000200) = 00000004

*
% % % SEGMENT. NO:

SPMO (10) =02000007

SPMD (11) =0 U =060000000

*
*

E3
% % % SEGMENT. NO:

*

SPM0 (10) =000C0007 SPMO (11)=02520004

G=20 U=0020I020

L =00000000

0002 % 3 %

SC=02 SPMO (10) =00000043
0003 % % %
SC=02 U=02200004

(c) Simulation in segment trace mode.

Fig. 7

Comparison of two trace modes.
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Table 2 Simulation control parameters.
i Sk # |t ®m
START §3=vy e vokER {575;;;:;;%@
PN - BHETE
TRACE "/‘“"_’5"')7‘}":;3?}{
| Ot Siamecsrens
SNAP A2 =ITYTORRDR [MADE A IV y
e FyFvayg b eXrT [HHOXHR
24 70RJCED L —
PRINT BEAL 24T SR <o
SET YIREDRE pdse R bl
EREETDE
Y3ab—vasORTR H@T#ﬁ
STOP # ? 17 ReeRTAT 7
EVALUATE :/{; 15:3?0&%% (: H I
DA =4 7 ofs
END TS5 A—sORT | —

Table 3 Execution time of the each section.

ek IEHr
=} =¢.]
uP I & weng | 28
4 8
A(Z4?2 ;g% 2 32 9 1 15 | 57
B(;;g;g‘%%’f) 36 a4 w| s
(BERT~TE)

Table 4 Comparison of the execution times for
different target machines and trace modes.
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(iv) WBREEFTOMEIZONT
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(i) TRRIESCREBE4TDE—=F 7
v vict 2R E ETOMERITR, MEBEFS{LP
REREEHBONENSTA . FHic, ThdOLER
Bz (i) & (i) OEBRLSTIERNLLOTS
Tz oI

(v) FL—2REZDWT

MPG THic 3 w84 SEHICBRL It/ 4 Vv T
LOPL—REETA70HSTED N L—REDH
B TableditimLic. €72 v T &ic UV, DV
AAEET BMEATS T E A5, NEERETEN
LT3, BEiges 4 v ZEOHATONTIR, H
HERET 7 V7 4 ZEET BLENNEL, T
EifhvigEdhssiin, BEOFEANELDSN
7z,

(vi) FE7F—2oHA

5. IR FHMET — 2 13

(1) MDS o&Yv-—-IEFMCFA I
(2) ADS ombic RN S 35

(3) pP OEFHEMMIIEORERE,
O 3EIcOVTHAINE, (1)KD0TREY Y —
Z2OBEEEELL K FERAINEF— 22 XLELS
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FHEEOEV LS * v MCESARBE VT, ADSEER
DTEMDOF = v 70fFbhik. (3)IEFT<A4 7D
BSRTF v TRICE>TEZ NS,

Fig. 8ic Fig.6 ® uP g 3774 F - &L
FLEFEF— 2 OHNY 2 P O—E8ERT.

. ¢ U

KBTI, SHREFEICLD 1P EREHES AT &
w40 FalSae. Vi —4% (MPG) 047
25 LELTHRLIMPG =4 7070l 50
2o L—RIEONT, F0YRT LEE, AT —7
N, MWEFEREICOVTEN

Ay Ial—2i3, BREBTIERIN, 3%
Sitk-THEBINIAT V27 pP DY 1av
—v g VA, k1, FOMBRART - IAER
RN HERTRE, 2V 5 EOLBEOTF
—aR=RELTHEATS. #->T, KYRT LOH
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(i) BREZBCX2~vA /7070l 7iv/Dk

WOFNy XS T4 FERRE
(i) =vvEs7—IricksznBoRAL &
UY2ilb=—vaveyialb—va YOiFa.

MPG =4 /7u70f5hsvyIalb—3 419

% % % REGISTER, FF, .-.DUMP % %

U = 00000000 L =0000001 C
G=00 SC=00
% %k SPM0 DUMP¥ %%

SPM0 (10) 00000000 00000004
SPMO (18) 00000104 00000200
% sk sk MM DUMP > % %

MM (000100) 00 00 00 00
MM (000104) 00 00 00 1C
MM (000200) 00 00 00 04

(2) Final dump.

*FREQUENCY TABLE OF USED REG,FF, %

U =000072 L =000066

G =000065 SC=000164

«FREQUENCY TABLE OF CONTROL MEMORY %

CM (0A50) =000001 CM (0A51)=000001
CM (0A52)=000001 CM (0A53) =000001
CM (0A54)=000001 CM (0AS55)=000001
CM (0AS56) =000001 CM (0A57)=000032
CAI (0A58) =000032 CM (0A59) =000003
CM (0A5A)=000032 CM (0AS5B)=000032
CM (0A5C)=000001 CM (0A5D)=000001
CM (0A5E)=000001 CM (0A5F ) =000001

(b) Evaluation data.

Fig.8 A part of final dump and evaluation data.
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2 F XM

1) B.R.S. Buckingham, W. C. Carter, W. R.
Crawford, and G. A. Nowell : The Control Au-
tomation System, 6th Annual Symposium on
Switching Circuit Theory and Logical Design
(1965) .

2) S. Young: A Microprogram Simulator, Proc.
of DA Workshop, pp. 68~81 (1971).

3) M. Gasser : An Interactive Debugger for Soft-
ware and Firmware, Sixth Annual Workshop
on Microprogramming, pp. 113~119 (1973).

4) C. Vickery : Software Aids for Micropro-
gram Development, Seventh Annual Workshop
on Microprogramming, pp. 208~211 (1974).

5) R. Petzold, L. Richter, and H. P. Pohrs: A
Two Level Microprogram Simulator, Seventh



420 kil "

Annual Workshop on Microprogramming, pp.
41~47 (1974).

6) M.S. Zucker : LOCS : An EDP Machine Log-
ic and Control Simulator, IEEE Trans. on
Electronic Computers, Vol. EC-14, No. 6, pp.
403~416 (1965).

7) M. Yamamoto, M. Hattori, M. Yano, K.
Hakozaki, K. Kagiyama and K. Fujino: A
Microprogrammed Computer Design and Evalu-
ation System, First USA-JAPAN Computer
Conference, pp. 139~144 (1972).

8) B, ¥E BAR: wM4/uSolfdsiEdE
% MPGL, &#/03, Vol. 18, No. 6, pp. 558
~565 (1977).

9) B, BA, FE: MPG=4 /o 7n s J L.
2V, 4 3, FEEM, Vol. 19, No. 1, pp.16~
25 (1978)

10) B, #FE: ~4 /0 70/ 5 L0HBERIC
ST, EHMLTE, Vol. 19, No. 1, pp. 61~69
(1978)

11) T. Baba: A Microprogram Generating Sys-

a8

:i2 May 1978 &

tem-MPG, Proc. IFIP Congress 77, pp. 739~
744 (1977).

12) Bif: =4 /7070 /5608 EEE200E
Y AT LKET AR, REREGLR
(1978)

13) B BfERT: HITAC 8350 RCM LBV X7
Ine T=a T I

14) 7-: 23, HHOLEFESE 17 @KL No
103, 285, 366, 381, 383 f1& (1976).

15) &#h: =4 27070l 5 ,08REY 1ab—
v a v, {8, Vol. 14, No. 6, pp. 397~
403 (1973).

16) #kE: w4 suras 537, p. 343, EXE
&, FR (1977).

17) BABFI¥RES: RERFOHHLI X T
LIZRET BHA%, 4814 pp. 78~88 (1973), &
2 3 pp. 93~152 (1974).

(BEM5245 A 18 HZA})
(fFEFN 52411 B 10 BHEZA)




