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PASCAL is a new programming language proposed and defined by N.Wirth. For its ample
data structure and more sophisticated control structures, it now seems to have gained considerable
popularity among many computing communities.

In our department, the PASCAL 8000 compiler has been adapted to the H-8450 comp uter.
This version generates the H-8450 machine codes supported by the runtime system, and the
execution time can be saved more than the P-code compiler. However, its compilation and execuion
requires large memory, and its implementation on other computer is not easy.

We have designed the cross-compiler system for our minicomputers. This system is split into
two independent sections, compiling PASCAL sources to the intermediate codes for the the virtual
machine on the H-8450, and converting the intermediate codes to the machine codes on the target
machine. The intermediate codes can be transfered from the H-8450 to the target machine
under the computer network NITNET.

This intermediate language, named VAL, is also designed to be a common low-level language

for our minicomputers.
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Fig. 2 Software structure and data flows of the PASCAL cross-compiler system
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//J0B
//RJIIN
'JOB
1#PASCALV

PASCAL Sourc:’

/*

1END
//PARAM
//PARAM
//RJOUT
//FASP
/INPUT DDOO
/FILE VALOBJ
//PRBL
//EXEC

RF=DDC1/¥PASOBJV
OUT=DD00/VALOBJ, ENQ=YES

PASCAL Data

//END

Fig. 3 Typical card deck from the target machine
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Table 1, Routines for code generation

Table 2, Entry names of Run Time System

SIN Standard arithmetic | RET Return
VARPROC  Procedure call
OPENINPUT Open input file

function
EXP Exponential

WB Write byte GETCH Get character
WC Write character WRITLN Write line
WI  Write integer CLOCK Get clock
WS Write strings TIME Get time
WR Write real GET Get next file
RC Read character element

RI  Read integer OPEXT Open external file
RR Read real CLEXT Close external file
RL Read logical OPLOC Open local file
RS Read string CLLOC Close local file
PAGE New page
HALT Halt
MESSAGE  Message print out

LONGJUMP Long jump

Routine name Parameter Function
| GENOP (1) Operation Generate code to oper-
) (2) Grobal attribute | ate local attribute on
; (3) Local attribute | grobal attribute
{ GENCSP (1) Entry name of | Generate code to call
| run time system | system program
] (2) Parameter
GENJMP | (1) Grobal attribute | Generate code to con-
(2) Condition ditional jump
(3) Label

Object
Program code
( segment Run time
system
Data segment Data
of the main segment
program pointer
Run time
User stack .
area frame -
Data segment Stack
procedure frame
actually pointer
in execution
Unused area
L Run time { Heap elements Heap
heap created by NEW pointer

ng. 4 Memory map for the PASCAL cross-compiler
on H-8450
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Table 3, Hardware data for virtual and real machines
VAL U-200 0-50 M-70
Registers General registers 16-bit x 16 16-bit x 8 16-bit x 8 16-bit x 8
Floating arithmetic registers 64-bit x 2 — 64-bit x 2 64-bit x 2 5
Stack pointers General registers 0 0 0
Data length Integer 1,2,4 bytes 1,2,4 bytes 1,2,4 bytes 2,4 bytes
Real 4,8 bytes — 4,8 bytes 4,8 bytes
Boolean 1,2,4 bytes 1,2 bytes 2 bytes 2 bytes
String 1-256 bytes —_ 1-256 bytes 1-256 bytes [
Instructions Length — 2,4,6 bytes 2,4,6 bytes 2,4,6,8 bytes |!
Memory access byte byte word (2 bytes) | word (2 bytes)
Addressing Register direct @) () @) @)
Register indirect O (@) - -
Memory direct O O (@) O .
Memory indexed O (@) (@) O '
Immediate O (@) O O
Memory indirect — — O O
Memory — — O O
indexed-indirect
No. of
instructions Integer operations 10 25 22(76) 38
(No. of Real  operations 10 —_ 22(58) 23
mnemonics, Boolean operations 17 25 20(71) 43
Stack  operations 2 —_ - 2
Others 11(26) 13(39) 36(86) 139(151)
Total 50(65) 63(89) 100(291) 245(257
Assembly No. of operand formats 7 ! 9 14 16
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Table 4. Assembly statement for load operation
l::::th Addressing mode VAL U-200 0-50 M-70
Register  direct @L Rd, Rs, 1 MVB Rs, Rd LBR Rd, Rs -
Register  indirect Rd, (Rs), 1 (Rs), Rd LB Rd, 0(Rs) LDB R4, 0, Ry
3 Memory direct Rd, Src, 1 Src, Rd LB R4, Src LDB Rd, Src
Memory indexed Rd, Src(Rs), 1 Src(Rs), Rd LB  Rd, Src(Rs) LD]?I 1}51, Si'c, Ry
Immediate Rd, =1, 1 =1, Rd LBl I IDIE R&'1}
Register  direct @L R4, Rs, 2 MV Rs, Rd LR R4, Rs MOVE R4, Rs
Register  indirect Rd, (Rs), 2 (Rs), Rd L Rd, 0(Rs) LDL Rd, 0, Ry
Memory  direct Rd, Src, 2 Src, Rd L Rd, Src LDL  Rd, Src
Memory  indexed Rd, Src(Rs), 2 Src (Rs), Rd L Rd, Src (Rs) LDL Rd, Src, Ry
Immediate R4, =1, 2 =I, Rd LI 1 LDIL R4, I
Register  direct @L Rd, Rs, 4 — LDR R4, Rs -
Register  indirect Rd, (Rs), 4 — LD Rd, 0(Rs) LDD Rd,, 0, Ry
4 Memory  direct Rd, Src, 4 LD  Src, Rd LD R, Src LDD  Rd, Src
Memory  indexed - Rd, Src(Rs), 4 Src(Rs), Rd LD Rd, Src(Rs) LDD Rd,, Src, Ry
Immediate Rd, =1, 4 — LDl 1 —_
Remarks Data transfer from Memory indirect is Memory indirect is
memory to memory permitted for LBK, also permitted for
is also permitted LK and LDK. LDB,LDL and LDD-}
for MVB, MV and Rd;: Ry, R, Ry R,
MVL Rd,: Ry, R,
Ry: Ry Ry
Ry: R, Ry R,
0<L<7
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PASCAL  K: =I%10+]
VAL @l RO,I,4 oo @
@M RO, =10,4 -+ ®
@A RO’J,4 ...;..@
@ST RO,K,4  covoee @
U~200 MV I4+-2,R1
My IL,RO ®
BNES ¥K-+4
cl =0,R1
MVI =0, R00
MV =10,R10
CALL MD ®
DC A (R00)
AL J-2,RI
BLS %14
Al =1,R0 8
A J,RO
BNES k+4
cl =0,R1
MV R1,K+2
@
MV RO,K
0-50 LD RO, I
MDI RO 10
LDR RO, R2
AD RO, ]
STD RO, K
M-70 LDD RO, I
LDIL R5, 100
LDIL R4,0
STD R4, R0O
MPD RO, ROO
ADD RO, J
STD RO, K

Fig. 5 Assembly statements generated from the
PASCAL cross-¢ompiler

VAL (Virtual Assembly Language) & &K}, Foit
hBI% Table 4icmd, COBERELHLI2EES
X, ZOBHERLBZ7 e/ 200 R EBRYESICL
T\ 3%,

4.4 BT ETYEENOETHR
BHR=YvyO7 1ty 7 ) EBENOTHIT, B~ Y
DEHE< s v BEYFIALTHRF IR %, PASCAL 7
BRaVALTDF TP =2 v BBRLH% Fig.5
ZiRT, 2T, U-200 i2ix 4-byte BEORBREHS

BHEELEVDT, ¥ I V—F v TCABIhBZ LK
%,

ERBOREEC L 2FRBFOMESELLT,

1) A+7H®ESTORVTF4¥aV 22— FOUDLT
(20 €y PHEBRTOav T4y 2a—FOILH
(3) 4-byte BEHBETOLV AR EEOHIR

@ 7 rEESTOYT MEOEESE
HERETSRBEMN, PASCAL oF 72 = 7 +TCidiE
BIR&E 5 X 5EFEEEIh T3,

5. HEHE

BE/rRAav AL SRUERTv ST LY, (=2
vk U-200 o ECEBFTHBH, TTREDES
BHEIBERR Do T B,

1) I=avo<rseffErTROLD, BRI
Fa (77 rER) BNAKLED,

2) BREELIERTEL,

(3) %7z, PASCAL #} 7Y =7 ¢hiclEBICHET
% 4-byte EBBACRF B2V T4 av s 2—FO
BEVRETILRICAE DBV,

LicnT, BROo~=7 e BECELTVEEATR
TrZT A, ROKMHE2— FORECET 2HH5 15O
BEARDREELELZDN S,

i, MOERN <Yy ~OBEICEIEELKRELID
RSB 2 A PR EIC X 5Y 2T 4D,
RUSEl 2y A VBEERE Y AT ARG BEEED 38 tnik
BREBEALT + 2V A FOHRBRSEORETH 5,

BB, BEBOCHFRVCELE GEERFEIER
FRTERNOER#S L HFHEIEE, kD7 724
~ Ry 7 (B OEERICERHBLET.

X m

1) #m#%#H : Tiny PASCAL B0 33, bit, 1980
-7 pP.92-132

2) K. Jensen, N. Wirth: PASCAL User Manua! and
Report, Lecture Notes in Computer Science, Spr-
inger-Verlag, 1974

3) N. Wirth: Algorithms -}- Data Structures = Prog-
rams, Prentice-Hall, 1976

4) TEHEE: 24 FDFy F2HAWI PASCAL
OBE, BE=L 7 br=272X, 1976, 12.13, bp.
100-131

5) %M, EME:PASCAL Fwr2733iv 7, +4=V
Ak, 1979

6) G. Cox, J. Tobias: PASCAL 8000 IBM 360/370



BHEITRAZEH $32%  (1980) 249

Version Reference Manual, 1978 Compiler, Software-Practice and Experience, Vol.
7) Bit%  NITNET [5R 7w 75 AOMR B %, % 7, 1977, pp.391-423

HELERFERERETSHENME3T, 1980 10} D. Morris, R.N. Ibett: The MU; Computer System,
8) AR, HO, BE  BAARy rTV—-7 v R F A Macmillan Press, 1979

NITNET DB &I, FERETEASE 2H, B 11) EF. Elsworth: Compilation via an intermediate

31%, 1979, pp.329-336 language, The Computer Journal, Vol. 22, No. 3,

9) U. Ammann: On Code Generation in a PASCAL 1979



