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1. INTRODUCTION. 1.

This report describes a High Level Programming
Language, HILP 80, for mioro processors. This version
of HILP 80 is made for INTEL 8080, but could be changed

to fit any simular micro proocessor.

The compller is based on STAGE 2 (Waite, 1973).
The compiler generates assembly code. A flow diagram
(fig 1) shows the way from HILP 80 source program %o
s running Intel B08O.

The compilation is intended to take place on a
host machine. At lund Institute of Technology (LTH),
a PDP-15 is used as a host machine, The compiler is
almost machine independent, and could be implemented
on other computers. The macro processor STAGE 2
requires about 3 K of core, and the templates need
sbout 12 X with high degree of packing. The translation
time for the in appendix given exemple was about 65

seconds.

The languege HILP 80 could be used at different
levels down to assembly code. The medium and low level
statements are valuable to increase the efficiency

e.g. in loops.

Improvals of the limited data structures and
arithmetic facilities are under discussgion.

EFFICIENCY OF HILP 80.

The main responsibility for the efficiaency of
the generated code lies in the hands of the user. Thus
it is up to the user to decide e.g. whether registers
should be used instead of addrese references in order

to increase the efficiency.




2.
Tt ig hard to measure the efficiency of HILP 80
depending on the various levels of the statements.
However it is always possible to generate a code with
very high degree of efficiency,

When addressing the data, INTEL 8080 uses register
pair H&L, where H conteins the high address (= bank)
and 1 contains the low address, However, the A register
could be lcaded and stored dirgetly using a two word
address or loasded and stored indirectly using register
pairs B&C or D&E, The different addressing facilities
and the hardware usage of register pair H&L &s an
accumulator in double precision makes it hard to éontrol
the addressing in en efficient way. However, HILP 80
mostly solves this problem for the user, but in some
oases the user oould act in order to increase the
efficiency. For this purpose HILP 80 has two "Bank

manipulation statements",

REFERERCE.

Waite, W.M., 1973, Implementing Software for Non-Mumeric
Applications, Prentice-Hall.




HILP SOURCE PROGRAM ———

TEMPLATES 1

Stage 2

INTEL ASSEMBLY CODE

PDP-15
Macro
Asgembler

BINARY FILE

PBP-15
Loader

PAPER TAPE WITH
INTEL ABSOLUTE CODE

INTEL 8080
with
loader

The mscro assembler holds
the macrc definitions for
the mnemonic symbols,

The loader holds the

.subroutine lidbrary.

fig 1. From HILP 80 source to loaded INTEL 8080,




SYNTAX OF HILP 80. 4,

The syntax of HILP 80 is desoribed in flow diagram form,

The terminal symbols of the language are enolosed by
ecircles or by ovals a.g. . The nonterminal

symbols are written with small letters and enclosed
by rectangles e.g. |identifier| .

The semicolon is the "end of statement” marker,
In the actual source program it has the following

equivalent forms (2 denotes carriage return):

1. 3]
2. )

3. s Any sequence of characters
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3.2

SEMANTICS OF THE LANGUAGE EILP 80.

GENERAL RULES,

Main rules for statements in HILP:

1 Only one statement is allowed per line,
2 Leading tabs and spaces are allowed.
BEILP words should be separated by one space,
Logical operators, +, -, ., = should not be
separated by spaces.
3 Comments may be used in HILP:
a) jcomment string
b) statement;comment string
4 Names may consist of up to six characters,
starting with a letter, and for constants-
starting with #. :
5 Empty lines may be used.
6 Fumbers are initerpretsd se octal'if'théy start
with § and decimal otherwise,
T Integers in HILP should be within the ranges:
SINGLE : ~128 to +127 '
=-0200 to +0177
DOUBLE : =32768 to +32767
' ~0100000 to +OTTT777
ABBREVIATIONS.
r register (A,B,G,D,E,H,L).
1] constant
ia identifier
a address reference (=id, id[expression] )
rac either r or a or & above
ra either r or a above
e either r ox ¢ above
cods Intel assembly code
X memory location addressed by H and L
ar double register (BC,DE,HL)

10,



.3 . HEAD, 11,

N

a) CORST declaration.

The user nay define constants, which will be replaced
by the assembler with their ourrent values, _

The oonstants could be useful e.g. in the bank
deolaration.

b) VARIABLE declaration.
1, BANK ¢

Variables uped in the program must be declared and their
bank addresses specified. The bank number given in the
. declaration is valid until another bank declaration is
‘made. : :

SINGLE deelaration,
DOUBLE declaration.

The user may define addresses for the variables by

stating ¢ after the variables in the list, or state
$¢ for the first variable and then let the others be

defined.consecutively until another address is stated.
The first word declared in a bank is given the address
¢ if the user does not give a start address. No error
report will be given if the user declares addresses

greater than 255 (#377).
2. BANRK UNDEFINED

This bank declaration could be used in procedures,
where the variables define different memory locations
(different high addr., same low addr.) depending on
the actual value in the H register.

SINGLE declaration as above,
DOUBLE declaration as above.

¢) GLOBAL declaration.

If references are made to names in other programs,
the loader program has to know that these names are
global, otherwise the loader will not be able %o set
up common addresses for these names,

d) SET STACK .c:c,

As HILP implicitly uses the stack, this statement
must always be given. The first constant is the
bank . address and the second is the low address,

NOTE: Array index runs from ¢ to i-1,
Only one dimensional arrays are allowsed.
No variables may be preset,




., 4 BANK ADDRESS MANIPULATION. | 12,

a) GENERAL,

HILP translates the souroce program statement by
statement going once from top to bottom. This
technigue causes some optimization problems when
a label is generated by HILP e,g. in loop
statements, The problems mentioned arise from
the fact that when a label is jumped to during
the execution, the translation path is different
from the execution path.

For optimization during the translation, HILP

uses internal varisables:

LASTA last value of the A register.

LASTM 1last memory reference addressed by M (H&L).
LASTH last bank value in the H register.

As for LASTH, when M is to be set to an address

of a varisble, HILF will be abie t0 cheok LASTH
against the bank address of that varisble and

if equal not update the H register. In case of
BANK UNDEFINED, LASTH is not used since the user
in this case is supposed to take full responsibility
for the bank address setting (HILP will slways
assume that the H register is correctly set).

BANK ADDRESS MANTPULATION STATEMENTS,

SET BANK c,

' The constant ¢ is loaded into the E régister
if LASTH is different from c.

BANK IS c.
This statement sets LASTH‘to ¢, It is an

information to the translator and will
never generate any code,




b) THE BANK ADDRESSES ARE SPECIFIED IN THE HEAD. 13,

1) GENERAL PROGRAMMING,

HILP 80 will take full responeibility for the bank
sddress manipulation, Thua the user does not have to
care about the internal usage of LASTH. Some
optimization of the bank address setting could be
ohtained, éspecially if all the variables are
speoified in the ssme bank. Sge Appendix A,

2) THE USAGE OF POINTER OPERATIONS.

The statements: REG t...=...
REG . ro=’03 .
INC t...
DEG *h e

will assume that the H register is correctly set,
To prevent errors, HILP 80 will gernerate an error

report (NO BANK IN THE H REGISTER) if LASTH has been
destroyed when one of the above mentioned statements

is reached, In this case the user must give:

1. SET BANK ¢ if the value of H is uncertain,

2. BAWK IS ¢ if the value of H is the desired
bank address.

‘LASTH will be destroyed in the following statementa:

REG H‘utl

H=expregsion

POP HL

:DREG' H]J“.Ot

DREG drea,+a,-a (%1,2)

DX aresTe s

.code when H is changed.

Vhen t¥ is inoremented or dacremented.
label:

PROC

CALL

REPEAT

100o?P _

ENDLOOP (See Appendix A for further details)
WHILE "

ENDWHILE »

END "

NOTH: Some statements containing variables will
implicitly set the bank address in the E
register. See Appendix B for further details.




c) BANK UNDEFINED, 14,

This type of bank declaration could be used e.g.

in procedure declarations, All wvariables declared
in the head must refer to BANK UKDEFINED, The user
must garantee that the H rvegister is updated before
using stetements containing variables with their
bank addresses unspecified,

No error report will be given if LASTH is destroyed

in following statsmenis:

REG f.!.'_'ill
REG‘ .oo’-’c-i
INC ¢...
DEC ...

In double precision the DX statement is reduced to the
following allowed types when varisbles with their
bank addresses wnspecified are usged:

DX aw=dr
IX dr="expression with dr and ¢, The expression
may start with a, +a, ~a."

NOTE: For internal procedures, vhers the main
program has specified bank addresses for
the variables, a reference to such g
variable could canse an adjustment of the
H register according to the rules for
addressing given in Appendix B,

d) NO VARIABLES DECLARED,

This $ype of head could be used e.&. in procedure
declarations. No error report will be given if
LASTH is destroyed in following statements:

REG '-o.-—-aoc
REG tuc"ocn
INC ?%...
DEC t...

ROTE:  For internal procedures, where the main
' program has specified bank addresses for
the variables, a reference to such a
variable could ocause an adjustment of the
H register according to the rules for
addressing given in Appendix B.




;5 REGISTER OPERATION. 15.

a) r1=rzac(i1)

Regigter r, wvill be loaded with the value of T80,
then r, will be incremented or decremented if
necessary.,

b) rta(it)

Register r will be loaded with the low address of

&, 3—1, Bl+10

o) Mia(1)
Register L will be loaded with the low address of a.
The bank address of & is loaded into the H register;
Register H&L is inoremented or deoremented if necessary.

a) 151(i1)=r20(i1)
The value of r, is moved to register L.
Register L is incremented or deoremented if necessary,
The value of rzc(t1) is moved to the memory,

8) 'M(i1)=r20(i1)
Register H&L is incremented or deoremented if necessary.
The value of r,o(X1) is moved to the memory.

£) r1=fr2(t1) |
The value of T, ie moved to register 1.
Register L is incremented or decremented if necessary.
Register T, will be loaded from the memoxry.

8) Ty =tu(+1)
Registgr HE&L is inoremented or decremented if necessary.
Register r, will be loaded from the memory.

NOTE: Any memory reference d) to g) above will assume
that the H register is corrsotly set,




5.6 DOUBLE REGISTER OPERATION, | 16.

a) d'.f.‘.l =C
The constant will be loaded into double register dr1.
b) dr, =dr,,a (£1,2)
Double register dr1 will be loaded with the value of
drz,a. Then if necessary, dr1 will be incremented or
deoremented once or twice,

¢) dr,=-dr,,a (£1,2) _ |
The value of drz,a is complemented via the A register
before loaded into dr1. Then dr, will be incremented

1
or decremenited once or itwice if necessary.

3.7 PROCEDURE CALLS WITH ARGUMENTS.

Arguments are register operations or double register
operations, which are carried out before the procedure
is called, The same procedure could be called with
any number of arguments.
Example: CALL SUB{A=B,DE=07745) is equivalent %o:

REG A=B

DREG DE=0T7745

CALL SUB

3.8 CONDITIONS IN HILP 80,

The conditions refer to the state of the four fiip-flops:
ZERO, CARRY, SIGN and PARITY, These flip-flops may be
affected by: | |

COMPARE rec WITH expression
expression evaluating

Assembly code

Increment or decrement instructions

In the COMPARE statement the flip-flops are set:

ZERO If sexpr. - rac) = 0
CARRY If (expr, -~ rac) ¢ 0

3.9 INC and DEC atatements.

These statements shall be interpreted as:

Set up the pointer to the memory, then increment
or deorement the value addressed by M.



3,10 HARDWARE REGISTER USAGE. ‘ 17.

a) SINGLE PRECISION,

The A register is used to evaluate expressions and is
therefore overwritten when a statement containing
an expression is used, except for:

rawc (cf0)
axa+]
a=mg=1

a=r

NOTE: The INPUT statement loads the A register,
The OUTPUT statement takes the value from A,

¥ (H&L) will be overwritten when a memory reference
is made, except for special cases. See Appendix B,

b) DOUBLE PRECISION.

Any address refersnce in double precision will
usge HL,

Tn the DX statement HL is used to evaluate
expressions., DE is used for temporary storage
vhen address references or constants #£ 1,2
are used.

Since the hardware only allows double add to HL,
subtractions of address references and double
rogisters will be carried out via complementing
in the A register,

3.11 ERROR REPORTS,

ILLEGAL SYNTAX

ILLEGAL CONDITION
IF/END DIFF =
LOOP/ENDLOOP DIFF =
REPEAT/UNTIL DIFF =
WHILE/ENDWHILE DIFF =

NO EXIT IN LOOP/ENDLOOP
NO BANK IN H REGISTER
MISSING DECLARATION OF
MISSING BANK DECLARATION
REMOVE TRAILING SPACE FROM

ROTE: HILP does not check that the declared datse
type is used in the program, e.g. both
ARR and ARR(3) will be accepted.

HILP does not check if any array references
exceed their permitted size.




3,12 1I5T _OF LANGUAGE WORDS, 18.

Alphabet (A-2)
Integers (0-9)
Spaces

L

Rotate operators: .RAR .RAL .RRC ,RLC
Comparators: = /= <= >
Flip-flops: ZERO CARRY SIGN PARITY
Statess TRUE FALSE PLUS MINUS ODD EVEN
Regigter: ABCDEHL
Double register: BC DE HL
M

CONST

BANK

SINGLE

DOUBLE

GLOBAL

BANK IS

GNDEFINED

SET BANK

SET STACK

OUTPUT

INPUT

REG

CALL (IF)

GOTC (IF)

RETURN (IF)

WHILE DO ENDVWHILE

REPEAT UNTIL

LOOP EXIT IF ENDLOOP

IF THEN ELSE END

COMPARE WITH

POP PUSH

PSW

INC DEC

DREG

X

PROC ENDPROC

FINISH




APPENDIX A : OPTIMIZATION TECHRIQUE. A,

1. REGISTER USAGE,

The usage of registers instead of address references will
inorease the efficiency, which is very valuable in loops,
Consider the following example, where V and I refer to bank 1.

Source code. Generated code,
I=0 : XRA A
STA  0400+I
REPEAT XR1=, |
VEI1=0 | LDA 0400+T
ADT v
MOV L,A
MVI - H,1
XRA A
MOV M,A
T=I+1 : . MVI L,I
INR ¥
UNTIL I=031 MVI 4,031
oMP M
JNG XR1
SET BANK 1 MVI H,1
REG 14v[0] -1 MVI L,V-1
REG Atv[030] ' MVI A, V4030
REPEAT XR1=,
BANK IS 1
REG 4 L+1=0 INR L.
‘ MVI ,0
UNTIL L=A CMP L

JNZ XR1




2., OPTIMIZATION OF THE BANK ADDRESS SETTING. - A2,

a) STATEMENTS WHICH IMPLICITLY DESTROY LASTH,

l.abals
The label oould be jumped to with different banka

in the H register.

Incrementing or decrementing tM. .
As H&L is incremented or decremented in this case,
the H register alec could be adjusted,

CALL '
The procedure may have changed the H register,

PROC
The procedure could be called with different
bank vaglues in the H register,

END (from IF THEN) | _
LASTH will be destreyed if LASTH after the condition

is evaluated, is different from LASTH just before END.

END (from IF THEN ELSE) |
LASTH will be destroyed if LASTH just before ELSE
ig different from LASTH just before END.

REPEAT , ‘
LASTH just before REPEAT could differ from LASTH

after the condition in UNPIL is evalnated.

LOGP . i
LASTH just before LOOP could differ from LASTH

just before ENDLOOP.

ENDLOOP (Two or more EXITs in the LOOP)
LASTH gfter the condition evaluating in the EXITs

could differ,

WEILE : : '
LASTH just before WHILE could differ from LASTH
Just before ENDWHILE,

ENDWHILE : '

LASTH will be destroyed unless the condition
evaluating in WHILE will set LASTH,




b) OPTIMIZATION USING BANK IS c. ‘ A3,

When a label is generated by HILP, LASTH will be destroyed.
Thus an adjustment of the H register will take place when

M is to be set to a variable. This updating of the H register
could be unnecessary if the value is equal to the value of H
when the jump tekes place, To inhibit an unnecessary
adjustment of the H register, the user may give a BANK IS o
gtatement after the following statements:

label:
PROC
CALL
REPEBAT
Loo?P
ENDLOOP
WHILE
ENDWHILE

In this case the user must garantee that:

The problems discussed under a) could not ocour,

The H register already holds the vaiue C.,
The SET BANK ¢ statement could be used to
update the H register.

Consider the following example, which is the same as
given in 1), V and I are specified in bank 1.

Source code. Generated code.
I<0 XRA A
STA 0400+1
SET BANK 1 MVI H,1
REPEAT XR1=,
BARK IS 1
YILI1=0 LDA 0400+1
ADI k)
MOV L, A
XRA A
‘ MOY  H,A
I=I+1 ‘ ' MVI L,I
INR M
UNTIL I=031 MVI 4,031
CMP M
JNZ XR1

Compared to the example given in 1) the improval is that
the instruction "MVI H,1" is moved outside the loop.
The technique given is most valuable when all the
variables ars specified in the same bank,



APPENDIX B,

DIRECT LOAD AND STORE IN SINGLE PRECISION.

Most memory references use H&L (M), when addressing
variables, but the A register could be loaded and
stored directly without using M, In this case the
instructions ILDA and STA are used instead of

HOV A,M and MOV K, A, '
Definition: simple addr = id or idlel.

Direot load and store of the A register will be used:

1 When the expression has no address references,
except that it may start with a simple addr.

2 - Simple addr=expression

3 REG A=simple addr(X1)

B1.



cl.

APPENDIX C.

GENERATED CODE, HILP 80 STATEMENTS,

. CONST oBK1=011,0Bk2=19,058TRK=3
K1=011
K2=023
STRK=03
). RANK DRK1
E SINGLE X1t%96,Y1,Z21,vi{10),TEMP1+0377
1=0140 _ .
=X1+01

1=yi+01

11=21+01

EMP1=0377

BAMK BORKZ

SINGLE V2i{9),X2,Y2,22
2=10
22y2+011
PN ENE]
Le=Y2+01 ,
NOUBLE BV2046),DX2,DY2¢0350,D22
Dy2=72+01

DX2=DV2+06+06

Y2z=0350

12=2DY2+01+01

SINGLE TEMP2¢0377

TEMP2=20377 :

L/ GLNBAL SUB,LABEL

: LGLDRL SUBSLABEL

SEY STACK 0S8TBK:i12556

Lx! SP,%STRK#0400+0377
1#%e% REGISTER OPERATIONS #%#
. REG A=D
My I A,D
REN A=RB
MOV AyB- _
REG B=R=-1
DCR B
REG C=vifs)
LX1 H,%BK1#0400+V1+06
MOV oM
REG C=sV2ixi-X21-1
LDA %BK1#0400+X1
LX1 H,#BK2#0400+X2+0
sus M
Al V2
MOV LA
MOV CsM
BCR c
REG MtrY1l
LX] H,y%BK1#0400+Y1+0
REG LtY2
AT L,Y2

SET BANK pBK1



REG C=+C-1 ' 2.

MoV L,C
CR L
MOV CoM
REG *L+1=D+1
INR
HOV M, 0
I R M
SET RANK aBk?
MV | H,%RBK?2
NEC tB
HOV LB
new M
sux ASS|GNMENTS OF EXPRESS|ONS #xs
: V2Ixii=sv2ix11-1
EOA ABK1#0400+X1
Alnl vz
MOV LsA
NgR M
Vi(0l=v2{xi}+v1l
MO Y A,M
X1 H,%BK1#0400+Y1+0
ADD M
STA %#8K1«0400evi+0
21=0
XkA A
STA %BK1#0400+71
72=7
LX1 H,%BK2#0400+22+0
Hyf | M,07
Y1=B
Lxd H,%BK120400+Y1+0
MOV M,R
C=n
MOV c,0D
_ va12)=0
STA UBK2:0400+Y2+02
QUTPUT (6= INPUT(15)+X1
| N ni7
MV L,X1+0
ADD M
QuY N6
V2L AND X21=-25+Y1i,ADDC Y2,RAR=-V1({Y2,0R V2Ivi{Y1i]))
MY | A,~031
My | LyY1+0
ADD M
LxI H,%“BK2*0400+Y2+0
ADC M
RAR
PUSH PSW
MOV AyM
PUSH PSH
LLDA %BK1#04004+Y1
AR Vi
MOV LsA
MV H,%BK1
MOy AM
Al Va2
MOV LA
POP PS#
MV I H,%BKZ2
NRA M

ADI Vi




My LA

pRP P&
MVt HysBK1
Su M
PUSH PS4
MOV A,C :
Lxt H,aBR2#0400+X2+0
ANA 4
A0 oy2
HOV LsA
pap PSw
MV M, A
pexs |F STm, GOTO $STM, LOOPS wesx
IF D=V2(X1] THEN
Lira AAKL#0400+¥1
At va
H{OV LA
MOV Ay H
cpi i
JNZ X3,
‘ X1=xX1-1
L Hy 4BK1#0400+X1+0
nea M
ELSE
Jup X2
V2(I¥11=0
XRA A
MOy M, A
Fub
GOTO LABEL IF 721=1
XRA A
Lx| H, 2BK1#0400+21+0
CP M
J7 L ARBEL
GOTO L
Jap L
L LOnp
AsA,RAR
AR
"EXIT |IF CARRY TRUE
Juo X4
' A==i
Ca
iR A
EXIT |IF SIGN PLUS
Jp XL4
FNIILOOQFP
JHp XL3
WHILE B<=A DO
P #
JM X6
REG AzA-=1
ner A
Vila)=4A
PYSH Py
Al Vi

MOV LsA




e PSHY ' . C4.
HY HJEBKI

oMY My A
FaftWhiLE
JHP Xwh
REPEAT
- v2Inl=v2{dl+l
Y A,
Al V2
HOV Lsh
MYy H, %BK2
PR 1
LOoup
EXIT IF v2iol=t
XA A A
L H, %BK2#0400+V2+0
cMp M
JZ XL9
SET RANK DBK1
My H, mHKd
REC t8
HOV L, 8
new Mo
EXIT IF C=s030
MY A, 30D
roMp C
J7Z XL9
] FNDLOOP
NEIE YLk
IR [
HNTIL &=0
MOV A,D
Gl Ge .
Ju? xr7
' 1 ss% SURRNUTINE CALLS ##+#
_ CALL SUB
I SN Sth
CALLL SUR {F. B=INPUT(S)
4 056
AP B
by SiH :
CALL SUB(ASR,d=17,DE=DVZI61,MtX1)
MY A,y '
ty | H,021
LHLD BAK2# AN +IVE+0NE+06
MV DyH
MOV Fob
Lx| H,“BK1=0400+X1+0
GALL Sk
eue DOUBLE PRECISION®+#*
IRFEG DE=RC-?
MOV - n,8
Hi3V E,C
nex D
nex n
BREG BCos=hv2101-1
LALD YRK220400401V2+0+0
KN 1, H
MOV C,L




IR EaR'¢ i :
" : c
DREG 8C=DPV2{¥1) 5

LhaA LS EIE LS &]
AL A '
Al Dy
Y L,A
Fvi H,mBK2
MY 4,
INR L
EAY Gy
DREG Bo=-Uk
MGy Ayid
CHa
MV He A
Moy Ak
M
MOV Cea
FNY &
DX DX2=-DYZ2+RC=13357+DVv2[Z21]
LHLD HEK2=04004+0Y2+0+0
MY P
OvaA
MoV Hy A
MOV AL
i h
MV Lsa
laly i
AN 5
L¥! . 1,-02471
BAD 3]
PUiSH H
L.3A BBR1#0400+7 ],
ADD A
Air) nve
HOV L,a
Myl H,spBr 2
MY M
RS L
@4 E,M
pap H
AN N
S LEK2#0400+X2+N 40
NX BVZIX11=NF~BC=-v2{Y1)
MWV H, N
MY bk
My AR
24
oV N, A
MoV A,G
CHA
MOV F,a
I 84X i
han 3]
PiSH H
LA %“EK1#0400+v1L
ADN A
AD hy?
ISR LeA~
MY I H,»BK2
MOV Ayti
CMA
HE Y D,
HEVES L

MOV A, M




C'?f\ V 060

oy E,a
HIAT -
P H
Tat ]
XoHG :
LA ARR1#0400+%]
ATt A
Aul vz
v LA
My | H, 4BK?
MOV M, H
iNR L
MOV M, E
jeea [NTERMAL PROC DECLARATION #u%’
PROC GARR
GARR=. '
/ : ~ BANK UNDEF INED
/ SINGLE TEMP10377
TENP=0X77 : :
/ s THE BANK 18 SET BEFORE GARB 1S CALLED
/ TEMP=INPUT(4)
: | b 04
My L:TEVP+I
MOV M, A
RETURN JF TEMP<(=7
M A,07
ovp M
frp
‘ TEMp=7
Mgy M, A
ENDPROC
RET
FInSH
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FOR MICRO PROCESSORS.

MEDIUM LEVEL PROGRAMMING LANGUAGES




ABSTRACT.

This report of master thesls deseribss two programming
languages for mic;o processors namely:
: UILP for Intel 8008 developed at C.E.R.L., CGreat Britain and
HILP 80 for Intel 8080 developed as master thesis at Iund
Institute of Technology.
The ocompilers generate assembly ocode and are intended to be
implemented on a host computer. The compilers are hased oﬁ
the macro processor STAGE 2, and need about 15 K of core
on & PDP-i15. The report is written in two parts, which could

be read separately.

Detts examensarbete beskriver tvA programmeringssprik
for mikro-procéssorer némligen:
MLP fér Intel 8008 utvecklat vid C,E.R.L., Great Britain och
HILP 80 fdr Intel 8080 utvecklat som ett examensarbete vid
Iunds Tekniska Hégskola. |
Fompilatorerna genererar assembler kod och dr avsedda att
implementeras pé én vird-dator., Kompilatorerna Er baserade
pd makro processorn STAGE 2, och krlver ungefér 15 K ﬁinne
p& en PDP-15, Rapporten dr skriven i tvd delar, vilka kan

ldsas separat.
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A, INTRODUCTION, 1.

This report.descfibes a medium level language for
the micro computér Intel 8008, The language is called
MLP and is developed at C,E,R,1L Great Britain,

This report is based on a part of master thesis
at Iund Institute of Technology (LTH), Sweden. The aim
of the work at LTH was to test MLP and make it fit a
PDP-15, which ia the host machine used at IMTH, The aim
was also to try to improve MLP snd increase the efficiency
of the generated assembly.eode;

The next page shows the way from MLP source program
to a loaded Intel 8008 Computerx.

Chapter B.T contains a disocussion of the work at LTH.
The semantics of MLP is described in part B.2,

Appendix C oontains an MLP program, which shows the

generated code from some of the MLP statements.




MLP source progral..essee

Templates.........-

Stage 2

Intel Assembly Code...

PDpP-15
Macro
Assembler

Binary file..vssueuvuss

PDP..15
Ioader

Paper tape with
Intel absolute code. ..

F

Intel 8008
with
loader

fig 1, From WLP to Intel 8008.

2.

The macro assembler holds
the maoro definitions for
the mnemonic aymbols,

The loader holds the
Subroutine library.




B.1o1o

B.1.2,

"~ B,1 THE WORK WITH MLP AT LTH, - 3.

GENERAL

The original MLP from C.E.R,I used PROM banks for
the data. As the usage of RAM banks for the data would
inerease the efficiency of the bank address manipulation,
the vhole part of the dats decleration has been rewritten,

Foxr optimization of the bank address setting during
the translation, MLP hag an internal varisble LASTH, which
holds the bank value from the last memory reference. When
a new mamoby reference is made, MLP could check LASTH against
the bank addréés of the variable, and if necessary generste
a "LHI instruction™. Because of this technique MLP got the

opportunity to test for undeclared variables,

DATA DECLARATIONS,

A1l the variables used must be declared and their
bank addresses specified, The above mentioned optimization
could be further increased if all the variables are
declared in the same bank, In this oase LASTH will not
be destroyed after = label, as when the jump to the label
takes place, the last bank address must be equal to the
bank address at the label. For this purpose & SAME BANK
statement should be given and ocould be used provided that, when

81l statements gensrating labels are reached, the H register

"~ holds the desired bank address. Used subroutines must not

change the H register when SAME BANK 1is valid,




B.1.3,

B.1.4.

B.1.5,

INDIRECT REGISTER CONTROL. 4.

Experience has shown that many applications reqﬁire
very much address manipulation, The indirect register
oontrol allows the user to work with addresses in an
efficient way. This extension of the original MLP haé

proved to be very useful.

LOOPS
The programming language PASCAL has given the

idea to the three loops implgmented.

SUBROUTINES WITH ARGUMENTS.

The usage of arguments gives a technique to give
entry values to registers before oalling a subroutine,
The arguments are register operations, which are carried
out before the subroutine is called. The subroutine

could be called with any number of arguments,

OTHER CHANGES OF MIP.

In some statements of the original MLP the
optimization has been improved, why the efficiency of
the generated code has increased,

ivery digit in the source program is converted
to ocfal by MLP. This is because of the PDP-15 assemblei.

Some minor errors in the original MLP {emplates

have salso been corrected,




B.2, ML P FOR INTEL 8008, 5.

B,2.1 GENERAL FORMAT.

The general format of the language ig:

Declarationg
Statementa

Subroutine declarations
FINTISH

Main rules ror statements in MLP;

1 Only one MIP statement is allowed per line, except
for IF statoments, :

2 Leading tabg ang Spaces are allowed,
HLP words shoulg be separated with one spage,
Logica), operators,+,4,= should not bpe gseparated
by spaoces,

3 Two typen of comments may be uged;
&) comment atring
b) statement;comment string

4 Names may oonsist of up to six charagters,
starting with g lettor,

5 Empty lineg may be usged,

6 Octal digits are defined by starting with 4.

7 Integers in WLP shoulg be within the ranges:
=128 %0 255 or -gogy o #377.

Note: Integers >2 128 will set the sign bit,
anfl therefore be equal to a negative number,

B.2.2  ABBREVATIONS,

r = registers (A,B,C,D,E,H,L or M)
a = numeric constant
id = identifier
. a = address reference: id, id(iq), id(ro)
Tac = gither of Ty a, ¢
Ta = elther of T, a
me = machine code - -
M = memory location addressed by H ang L




+2+3 - DATA DECLARATIONS, . 6.

Variables used in the program must be declared and
their bank addresses specified:

BANK <oonstant
WORDS <list of id or id(e) separated by commas>

The user may define addresses for the words by setting idfe
or id(c)Te freely in the list. The words are defined
consecutively, The first word is defined g if the user

does not declare a gtart address.

GLOBAL (list of id separated by commas )

If you make references to names in other programs,
the loader program has to know these names ag global,
otherwise the loader may not be able to set up a common
address for these names,

SAME BAWK

This statement 1s used when all the words are
specified in the same bank.

BAFNK IS5 <(constanty

This statement must be given if SAME BANK is used,
and generates a LUI instruction,

Note; Array index runs from g to i-1,
Only one-dimensional arrays are sllowed,
No variables may be preset,

Datadeclarations of separately compiled subroutines.

What is said above about main programs is valid.,
In special cases when the H-reg is set in the main
program and the subroutine does not change the H-reg,
the data declaration should be:

Words statement as above
SAME BANK




REGTISTER CONTROL. 7.

REG T, =r,ac

Loads r, with the contenta of r,aC,
REG r=rati

Loads r with the contents of ra and increments r.
REG r=ra-1 '

Loads r with the contents of ra and decrements r.
a=REG z
. Loads a memory locabion with the contents of »r,
M=a
Loads the address of a into H and IL.
MASK <expressiond WITH rac

The expression is evaluated and loaded into A-reg.,,
which then is masked with rac.

INDIRECT REGISTER CONTROL.(r # M)

REG rlac
REG rta+c
REG ria-c

r will be loaded with an address
REG Tr1=rzc
REG fr1+1=r20

REG 1r1-1=r20

The address specified by Tys r1+1, r1-1 will be loaded
with T,0.
REG r,=tr,
REG r1=fr2+1
REG r,=Tr, -1 _
The contents specified by the address specified by
T, ry+1y r,=1 will be loaded into r..
2 ~2 2 1
PUSH Tr+1=1ist of rc separated by comma
PUSH Tr-t1=list of rc separated by comma

Takes each élement in the list and loads them into
the address specified by r and then increments or
decrements r.

POP list of rafr,+1

POP list of r=fr;-1
Pecrements or increments r, and then locads r from the
address specified by Toe This is carried out for each

element in the list,.




ASSTGNMENTS FOR EX! RESSIONS. : 8.

3BT ra=expression
ra=expression

The expression may start with an IKPUT-gtatement or
an unoconditional CALL-statement, :

Allowed operators in expressions:

+

«OR

XR

. AND

« Rotate Inatruction in machine code

No brackets are allowed in expressions.

IF-STATEMBETS.,

IF condiftion THEN :
statements on separate lines
BISE
statements on separate lines
END

IF condition MHEN
statements on separate linesg
END

IF condition THEN statement ELSE statement END
IF condition THEN statement END

LOOPS.

REPEAT
statements on ameparate lines
ONTIL condition

YHILE condition DO
statements on separate lines
ENDWHILE

LOOP

statements on separate lines
EXIT IF condition

statements on separate lines
ENDLOGE.




"B.2.9

b)

LABLES, BRANCHES, SUBROUTINE DECLARATIONS.

Label sstatement
Label:
The label is set at the beginning of a lins,

GOPO label
Unconditional branch to a label.

GOTO label IF condition
Conditional branch to a lahel,

PROC label
Subroutine heading

ENDPROG .
Subroutine end.

RETURN
Unconditional exit from a subroutine.

RETURN IF condition
Conditional exit from & subroutine. -

SUBROUTINE CALLS.

With Armuments:

Arguments are in fact register operations, which
are carried out before calling the subroutine.
liegt of allowed arguments:

REG r=rac

REG r=ra’

REG rtac

REG rlate

REG tr=rc

REG Trti=ro
REG r=Tr

REG r=Tri1

Hote: In this version of MLP "REG" must be omitted,

CALL labelist of arpuments) _
Unconditional branch to a subroutine

CALL label ¢list of arguments) IF condition
Conditional branch to a subroutine.

With expression,

The expression ip first evaluated and then loaded
into the A-reg. :

CALL label(expression)
Unconditional branch to a subroutine,

CALL label(expression) IF condition
Conditional branch to a subroutine.



¢) Without expression or arguments, . . 10,

CALL label _
Unconditional branch to a subroutine.

CALL 1lsbel IF condition
Conditional branch to a subroutine.

B.2.11 OTHER INSTRUCTIONS IN MLP.

ra=INPUT(ch)
ra is loaded from input-chanel ch,
Ch is a digit between ¢f and ¢7

OUTPUT (ch )=expression
The value of the expression is sent to chanel och,
Ch is a digit between § and ¢f27.

HALT
: Halts the comnuter.

CODE 1ist of machine code separated by commas.
The instructions are directly transfered to
the generated code,

FINISH
This statement must be miven at the end of the
gource-nrogrem,

TITLE character string

This statement makes newpage and the strlng
is printed on top of every new page,

B.2,12 CONDITIONS IN MLP.

The conditions refere to the state of the four
flip-fiops ZERD, CARRY, SIGN, PARITY. These flip-flowvs
may be affected by:

COHPARE expression WITH rac

MASK expressgion WITH rac

SET ra=expression

Machine code instructions

Increment or decrement instructionsa

In the CONPARE statement the flip-flops sets as followst

ZERO If expression is equal to rac

CARRY  If expression is less than rac

SIGN If the result of an expression has bit B set
PARITY If the result of an expression has even parity

a) <(condition)::=<f1ip-{10p) TRUE/¢I]ip~-£flopy FALSE

b) <conditiony::=PARITY OF expression IS 0DD/
PARITY OF expression IS HVEN




c)

condition ::= expresgion comparator rac 11,

comparator ti=/= / £ /3 /< .

When the comparators 2 and < is used, the numbers
are considered to be positive (¢ to 255), with the
exoeption of < ¢ where the mumbers are considered
to be a signed integer (-128 to +127).

B.2.13  ERROR REPORTS,

B.2.14

D=3 OV BN NI -

ILLEGAL SYNTAX

ILLEGAL CONDITION

IF/GHD DIFF.= vuas
LOOP/ENDLOOP DIFF.= ,...
RFPEA?/UHTIL DIFF.= ....
WHILE/ENDWHILE DIFF.= ....
ILLEGAL USE OF REG ....
HMISSING DECLARATION OF ...,

Hote: HLP does not check if any array references exceeds

its permitted aize. _

MLP does not check that the declared data type is
used in the program, i.e, both Arr and Arr(3) will
be accepied.

HARDWARE REGISTER USAGE.

A-reg

The A-reg is uped to evaluate expressions and is
therefore overwritten when a statement containing an
expression is used, except when expression is A.

Note: The SET instruction does not use the A-rep
when the expression is a constant £ .
‘The INPUT instruction loads the A—rep with
the input signal,

E-reg

The E-reg will be overwritien when an array reference
is made, except for id{e).

Merep

The M-reg vill be overwritten when a memory referencs
is made, It will glso be used in indirect register
control except for:

REG rfo

REG rfa (-c)(+c), vhen a is id or id(e)

3,C,D-rep

Will never be implicity used by MLP.




,2.15 LIST OF LANGUAGE VORDS. 12,

Alphabet (A-Z)

Mumeral (#-9)

Spaces

Integer or Octal Arithmetic
Operatorss: +, =, +, OR, XR, ,AND
Comparators: =, #, ®,<
Flip-flops: ZERO/CARRY/SIGN/PARITY
States: ODD/BVEN/TRUE/FALSE
Registers: A/B/C/D/E/H/L/M

PARITY OF IS

CODE

COMPARE WITH

REG

OUTPUT

INPUT

SET

IF THEN ELSE END
CALL (IF)

REPURN (IF)

GoTo (IF)

" REPRAT UNTIL
WHILE DO ENDWHILE
LOOP EXIT IF EHDLOOP

HALT
PROG ENDPROC
WORDS
BANK
SAME BANK
BAUK IS
PITLE
GLOBAL
FINISH




eTAILED SYNTAX UF MLP [N RACKUS WURMAL FURM (NAUR, 19603, 13.
S R T T N Y N Y S I ST T IRIREaTY

PROGRAM> § 1 =
CHATA DEC LISTOSSTATEMENT LIST><SUBROUTINE LIST>CEND STATEHMENT>

bTATEMENr LIST>t=
(SEATFM&NT)<NL><5TAT&MENI LIST>/<HNULL>

SUBRUQUITINE LISI>its
CSURROUTINE>CSURROUTINE LIST>/<NULLY

END STATEHMENT> $ts=
F I8} SH

SUBRQUT IME» =
PROC CIVDENTIFIERDENLICSURRUUTINE STATEMENT LISTXENDPROC

CSUBROUT IMF STATEMENT LiSISges
; CSTATEMENTDCNL>CSUHBROUTINE STATEMENT LISTY/<RETURN STATEMENT)
C CNLYCSUHROUT INE STATEMENT LIST>/<NULLY

CDATA DEC LIST 1=
CRAMK DEC>CHDRDS DEC LIST>CSAME BANK STATEMENTDCBANK STATEMENT)

CHAME HANK STATEMENT> =
' SAME BANKCNL>/7<NULL>

CHANK DEC>ti= _
BANK <INTEGERDCNLY/KNULL>

CHBANK STAITFMENT»! 1=
RAMK IS CINTEGER>CHL> /<NULLY

<WORDS DEC LISTO> =
HORDS <ADDRESS DEC LISTHCNLY /<NULLY

CADDRESS DEC LIST>ii=

' CINENTIFIERD +CINTEGERD , CADURESS NEC LIqT>
/(1DENTIFIER){(?NIF&EH)}!<INTEGER> CAUDDRESS DEG LIST>
/CIDENTIF IERD>,<ADDRESS DEC LIST)

C/CVDENTIF IER>[KINIEGER> ), CADDRESS DEC LIST>
/CIDENTIF IERD [CINTEGERD J/CIDENTIF JERD

SSTATEMENT> ¢ 1=
CSIMPLE STATEMENI>/CBASIC STATEMENTY
/CINDIRECT STATEMENT>/#<CUMMENT STRINGY/HALT

<SIMPLE STATEMENT>!$=
CLABEL> t<SIMPLE STATEMENT>/KSIMPLE STATEMENT> 3 COMMENT SIHING>
/<GUTY STATEMENT>/KCALL STATEMENT>/CASSIGN STATEMENTD
/<LO0OP STATEMENT>/<CONDITJUNAL STATEMENT>/<INPUT STATEMEN]D
/<OUTPUT STATEMENI>/Z<NULLY

<BASIC STATEMEN]I >t =
CLARELD> ' CBAS|C STATEMENT)/<CREGISTER LOAD>/<KREGISTER CHANGED
/<HMEMORY REGISTER LOADD/<MEMDRKY LOCATION LOAD>/<MASK STATENMENID>
/{COMPARE STATEMENT>/<KMASHINE CODE LIST>/<NULL>

CINDIRECT STATEMENT» =
LAREL3<INDIRECT STATEMENT>/CINDIRECT REGISTER LOAD>

s de et e o e i iy -




/<INDIRECT MEMORY LOCATIOWN LOAD>/CSTACK OPERATION> 14,

CLOMMER] STRINGD!:=
<CHARDCGUMMENT S1RING>/<NULL>

CLOOP STATEMENTD»!:=
REPtAT(NL)(STATtMtNT LISTOUNTIL <CONDITIOND
JWHILE <CONDITION> DOCKNLYCKSTATEMENT LISTYENDWHI|LE
JLOOPCRLOCSTATEMENT LISTOEXIT §F <CONDITIUNDSNLY
STATEMENT LISTYENDLOOP :

<E0TO STATEMENT> 343
- GUTO CLABEL>/GOTO <LABEL> |F <CONDITION)

KCALL STATFMENT> Y=

CALL <IDENTIFIERD/CALL <IDENTIFIER> IF <CONDITION>
JCALL <IDENTIFIER> [CARGUMENT LI1ST>}

JOUALL <IDENTIFIER> [ CARGUMENT LIESTDIIF <CONDITIOND

CCONPITIONAL STATEWENT> =
[F <CONDITION> THEMN <STATEMENT LI1ST> ELSE <STATEMENT LIST>HND
ZI1F <CUNDIT§UN> THEN <STATEMENT LISTYEND

<ASbIbw STAIEHEN1>::=
: SET <STORE>=<EXPRESSIOND /<STORED>=<EXPRESSIOND>

CINPUT STATEMENTD> 1=
{SITORED>= INPUT(LINPUT CHANNELD>)

COUTPUT STATEMENT> =
OUTPUT{COUTPUT CHANNEL> )2t XPRESSION>

CREGISTER LuAD> =
REG <USER REGISTER»=<PRIMARY>

MEMORY LUCATION LOAD> =
' CSTORE>eREG <USER REGISTER)

CMEMORY REGISTER LUAD> 1=
: M=C(ADDRESS REFERENCED>

CREGISTER CHANGED> ! )=
RER <USER REGISTER>=<USER KEGISTER>CARITH OPERATORML

CUCOMPARE STATEMENT> $t1=
COMPARE <EXPRESSIOND WITH <PRIMARY>

CMASK STATEMENTD li= _
HASK <EXPRESSIOND WITH <PRIMARYD

CINDIRECT REGEISTER LOAD> 1=

REG <REGISTER>*t<ADDRESS REFER&NCE)

/RFG KREGISTER>t<{ADDRESS REFERENCEDCARITH OPERATOR>]
/HEG CREGISTER>+{UONSTANTD

/REG <REGISTER>=+<{REGISTERD

/REG <REGISTER>=+<REGISTER>CARITH OPERATOR>1

INDIRECT MEMORY LOCATIUN LOAUD!:=
REG +<REGISTER>=2<CONSTANT)
/REG +<REGISTERMCAR|TH QOPERATUR>1=<CONSTANT)>
/REG t<{REUISTER>=CREGISTERD
/RFG t<REGISTER>CARITH OPERATURDI13¢{REGISTERD

CSTACK OPERATIOND¢:=




PUSH t<REGISTERDCARITH OPERATORD1=<LIST OF RC> 15
/POP CLIST OF REGISTER>=+<REGISTER>CARITH OPERATORS1

LIST OF ARGUMENT>!:z
CARGUHENTD L KLIST OF ARGUMENTD> /CARGUMENTD

- CARGUMENT> tt= -
CREGISTER LOAD>/<RFGISTER CHANGE>
/SINDIRECT REGISTER LUADD
/CINDIRECT MEMORY LOACTION LOAD)>

CLIST OF RG> 11z
' <REGISTERY, <L IST UF RC>D>/<REGISTERD
/<CONSTANTY , <L IST OF RCD/CCONSTANTS

KLIST OF REGISTER> 1=
CREGISTER>,<LIST OF REGISTER>/<REGISTERD

CCONDITIOND: =

CSTATUS FLAGO<TRUTH STATED
/(EXPRESSEON>(CUMPARAIOR><PRIMARY)
/PARITY OF <EXPHESSIOND 1S <PAR|TY STATE)

<S5TURE> 1=
<USER REGISTER>/CADDRESS REFERENCE)

CEXPRESSION> !¢z | |

CCALL STATEMENT>CARITH OPERATUR>CORUINARY EXPRESS|ON>
/<CALL STATEMENT>.<CODE STATEMENT>CORDINARY EXPRESSION>
/<INPUT STATEMENT>CARITH OPERATORYCURDINARY EXPRESS|ON>

/SINPUT STATEMENT>, {CUDE STATEMENT>CORDINARY EXPRESSION)
/<ORDINARY EXPRESS|ON>

CURD INARY EXPRESS|ON> 1z -
CTERHD/CARITH OPERATORDCTERM)>
/<ORDINARY EXPRESSIONDCARITH UPERATOR><TERMS

<PRIMARY>: 3=
CUSER REGISTER>/CADDRESS REFERENCEY/CCUONSTANTY

CCODE STATEMENT STRINGDit=

CCONE STATEMENTD, <CODE STATEMENT STRINGD
/<CUDE STATEMENT> .

SLETTER DIGIT STRINGY

CADDRESS REFERENCE>»:!=
SIDENTIFIER> /CIDENTIFIERD ICINDEXD]

CINDEX> 1=,
<CONSTANTO>/CREGISIFR>/CIDENTF|ER>

CIDENTIF[ER> 1=
CLETTER>CLETTER UiGIT STRING>/<NON~REG|STER LETTER>

CCONSTANT> 13
CINTEGERD/<ARITH OPERATOR>CINTEGERD/P"SCHARYY

CPOSIIIVE CUNSTANI> iz -
CINTEGER>/+CINTEGER> /" CCHARD "




CLETTER DIGIT SIRING>t1s
CLETTERDCLETTER DIGHI STRING)
/CDIGITO>CLETTER DIGIT STRINGD

<USER REGISIERD =
SREG{STER>/M

CREGISTER> 1=
A/3/C/D/E/H/L

CINPUT CHANNELD> 1 ts
{INTEGER> (RANGE: 0-07)

- CUUTPUT CHANNEL> iz
CINTEGEH> (RANGE: 0-07, 10=017, 20-027)

CoTATUS FLAGD =
ZERU/LAHHY/bEbN/PAHITY

<TRUTH 3TATE> =
TRUE/FALSE

CPARITY Si1AE» L s
OBN/EVEN

CARITH OPERATOR> =
/-

CCOMPARATUR> =
#>/</ne/n

CCODE STATEMENT>{t=
(DEFINED 1IN PARTICULAR IMPLEMENTATION)

CINTEGERD> I t= .
CPIGIT STRINGY/ZUKUCTAL STRING)

<UIGIT STRING>1:
(DIPIT)(DI GIT STRING>/LDIGITS

<UCTAL STRING>I =
<OCTAL UIbiT)(UCIAL STRINGY/KOCTAL DIGIT>

SLETTRR> =
A/H/Cooltllo/z

CNON=REGISTER LETTER>ft=
F/G/V/K/0, ./

<PlGIT>t8=
0/1/2/3/4/5/6/7/8/9

CUCTAL DiGli>y:s=
0/71/72/3747576/7

CCHAR>!:=
(ANY OF THE SET OF RECOGBNISED CHARACTERS N A
PARTICULAR IMPLEMENTAT|ON EXCEPT FOR <NLY)

ChL>Sl=
STARY WREW LINE

<NULL>»I =

— e am e e e . ey L T T - e Sy ap




APPENDIX C

c1.
/ HANK 1
/ . WORDS P1t25%,01,R1¢050,51+100,TEMP(%0),T1
“P1=031 :
R1=032
R1=050
'S$1=0144
TeEMP=0145
T1=0227 .
/ : GLOBAL SUB,SuB4
+GLURL SUB,SUB4
/ ' , SAME BANK
/
/ BANK 18 1
LHI 01
y , .
/ #xuud REGISTER GCONTRUOL wu#ss
/ RE} 822% -
Li| 031
/ . REG C=D+1
Len
NG
/ . ReG D=TEMPI241+1
- LLt TEMP+030
LM
IND :
/ - , REG D=TEMPLIT1)=1
AR 51 :
LAM
AD Y - TEMP -
LLA : |
LDH i
pen -
/ TEMP{G121=REG A
LLI TEMP+012
LMA
/ METEMF [P1 ]
LL | P1
LAM
ADI TEMP
LLA A
>, MASK 24+0] WITH 255
LAl 030
LLI 01
ADM
NI U377
/ .
/ shua® IND)RECT REGISTER CONTRUL #wews
/ REG BeTEMP{200])+8
e TEMP+0310+4010 .
/ : . REG BeTEMP{Q1]=077
LAM _ -
A TEMP=Q77
LEA
/ Reh tDEH
LLn
LMR
/ - REG 1L+139
I WL
LM vit

/ REG tBwlsl




LMC

LLC
Lui

I NL
LeH

LLR
neL
LuH

LLB
LA
| it
LLB
LM
| NR
LLR
(MG
1NE

BeL
LAM
DeL
LR
neL
LEM

XK A
LBA
LCA

LLl
SUM
AU
Li.l
LA

L
L1

LLl
LAH
AD
LLA
LAM
LEa
LL1
LAM
AB|
LLA
LAE
SuM
LEA
LLi
LAM
ADI
LLA
LaAF
LA

031

k1

u7

11
TEMP+Q7
~019

P11

TEMP -

11
TEMP -

Wl

TENP

Ren Bs+(
ReEG C=tL+1

REA D=r1g-1

PUSH th+1=z0,25,C

PUP A, B,C=zti-1

#nsas ASS|GNMENTS wassw
SET A,F,C=U

SET Tiz-Pi+7

SeT TEMP{7)=2-3

SET TENMP{W1)=TEMP([PL])=-TEMP{T1}

SET B=INPUI(5)+51

c2.



S5«2+101
Lil
A DK
L4A

CAL
AD T
LUA

JHP

LLl
LamM
CrPi
Jip

LLd
LAH
Cr
JFS
XRA
LU
Lind

JMP

XHA
LU}
LHMA

LLd
LAM
CPl
JFS

LLd
LAM
CH I
JF 2
XA
Lt
LMA

Lil
LA

JMP
XHA

L1
LA

JHp

XKA

31

sud
nz2s

LAB1:!
LAB2!
LARL

(1

LAadl
P1

i
X1
vl

X2

s1
X5

T1

X6

3.

SET C=CALL SuB+19

wesu® LARLES,G0TO=STM,, |F=STH, xexvs
GUTL LAHI

GUTO LABL (F PARITY OF 41 1S 0ODD

IF P1<O THEN 01=0

ELSE S1=0 EnD

[P PI<O THEN

IF 01=0 THEN Ri=0

S1=z0
ELSE Ti=0
END

ELSE

Pl1=0




LMA

J12

JMP

LAj
CcrL
JFZ

cri
JFC

JHP

CAL

LAR
CPi
C12

LCi.
LLD
LMG
LLl
CalL

o END

XL &
L7

0377

XR9

uie

Xi1

XW10

SUR

07
SUR
nv

TEHP
SuiR4

C4.
EnNL '

e DO=LUDPS #¥aan
Lonp

EXIT IF ZERO TRUE

ENDLOUF

REPEAI

UNTIL ¢55=L_

WHILE A<i0 DO
ENDWH I LE

suenwst SURROUTINE CALLS #wwun
calLi SUg

CALL SUB (f H=7

CALL StB4<A,n,C=7,+0=C,LtTEMP(0))

FIN]SH
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1. INTRONUCTION. | 1.

This report describes a High Level Programming
Language, HILP 80, for micro processors. This version
of HILP 80 is made for INTEL 8080, but could be changed
to fit any simular micro processor.

The compiler is based on STAGE 2 (Waite, 1973).
The compiler generates asgembly code. A flow diagram
(fig 1) shows the way from HILP 80 source program to
a running Intel 8080,

 The compilation is intended to teke place on a
host machine. At Iund Institute of Technology (LTH),
& PDP-15 is used as a host machine, The compiler i1s
almost machine independent, and could be implemented
on other computers. The mecro processor STAGE 2
requires about 3 K of core, and the templates need
about 12 K with high degree of packing. The translation
time for the in appendix given exemple was about 65

seconds,

The language HILP B0 could be used at different
levels down to assembly code. The medium and low level
statements are veluable to increase the efficienoy

e,.g. in loops,

Improvals of the limited data structures and
arithmetic facilities are under discusaion.

EFFICIENCY OF HILP 80.

The main responsibility for the efficiancy of
the generated code lies in the hands of the user. Thus
it is up to the user to decide e,g. whether registers
should be used instead of address references in order
to inorease the efficienay.




2.
It is hard to measure the efficiency of HILP 80
depending on the various levela of the statements,
However it is always possible to generate a code with
very high degree of efficiency.

When addressing the data, INTEL 8080 uses register
pair H&L, whera H contains the high address (= bank)
and L contains the low address. However, the A register
could be losded and stored directly using a two word
address or loaded and stored indireotly using register
pairs B&C or D&E, The different addressing facilities
and the hardware usage of register pair H&L as an
accumulator in double precision makes it hard to control
the addressing in an efficient way. However, HILP 80
mostly solves this problem for the user, but in some
caoes the user oould aot in order to increase the
efficiency. For this purpose HILP 80 has two "Bank
manipulation statements",

REFERENCE,

Waite, W.M., 1973, Implementing Software for Non-Kumerio
Applications, Prentice-Hall, '




HILP SOURCE PROGRAM

TEMPLATES 1

Stage 2

INTEL ASSEMBLY CODE

PDP-15 The macro assembler holds
Hacro the macro definitions for
Aggembler the mnemonic symbols,
BINARY FILE
PDP-15 ' The loader holds the
Loader subroutine library.
PAPER TAPE WITH
INTEL ABSQLUTE CODE
‘ N
INTEL 8080
with
loader

fig 1. From HILP 80 source to loaded INTEL B8080.




2. SYNTAX OF HILP 80Q. 4.

The syntax of HILP 80 is desoribed in flow diagram form,
The terminal symbols of the language are enclosed 'bj

circles or by ovals e,g. + The nonterminal
symbols are written with small letters and enclosed

vy rectangles e.g. |identifier| .

The semicolon is the "end of statement" marker.
In the actual source program it has the following
equivalent forms (g denotes carriage return):

1. 3N
2.

3. 3 Any sequence of characters )




- read i—*@_}j

FINISH)
®

body (

N t |

s

1

| atementi <E>

head

¥

constant

UNDEFINED

SINGLE

constant

O

constant

©

GLOBAL




statement

TS —femin]
(5 ) Jzammrani] -
e sme—feonstont f—()——eonstan}—
register operation !L >

congtant

expression

condition[

register cperation

double register
operation

o
WHILE ~o{ D0 s }——+ body ENDWHTLE
REPEAT UNTTL, condition -

ngg}m-«{::)ull body __H*C_XIT EE)———-LEpndltlon

ﬁ-®—-‘iondition_ }—-(T:{EN END
%0

@ identifierf— - -

condition

RETURN y

réf.

addr,

1

register expression

—...@OMPARE

constant

register




Te

statement continued
) ———~—*<:)w*——tfasseagzygigﬁéﬁﬁge statement i -
-! double register h

DREG double register operation } -

double register

unsigned constant

addgl ref,

double fegister

register operation
addr. pef. p—

register

Ozt

i

|

Dy
vl O

v

addr. ref,

double register
operation

double register




register rot. operatgé}

; -I;édr. ref., %
L———~+(:>*J \xdﬁunsigned constanEJ~J
A——{EPerator
ZOPerator

5% @ o @ & o

pot, operator

.condition

register

addr.

ref.

constant

onp) ~
(B ~
PLUS ) —
MINUS -

RUE )




9.

register

500

59 o

addr, ref. ’1___..._.-‘
: 1identifier I o~

expression

letter

identifier K eswwwe
letter -

Rakinell I
digi;}—J——J

congtant

__.Q
L_.~®/

—% unsigned constant}———————-—

unsigned constant

I




3.

5.1

3.2

SEMANTICS OF THE LANGUAGE EILP 80, 10,

GENERAL RULES.

Mein rules for statements in HILP:

1 Only one statement is allowed per line,

2 leading tabs and spaces are allowed.
HILP words should be separated by one spaoce.
Logical operators, +, -, ., = should not be
separated by spaces.

3 Comments may be used in HILP:
a) jcomment string
b) statement;comment string

4 Fames may oonsist of up to six charscters,
starting with a letter, and for constants
starting with #.

5 Eﬁpty lines may be used.

6 Numbers are interpreted as octal if they stary
with ¢ and decimal otherwise, )

T Integers in HILFP should be within the ranges:
SINGLE : ~128 to 4127

-0200 to 40177
DOUBLE : -32768 to +32767
-0100000 to +077T777

ABBREVIATIONS.

r register (A,B,G,D,E,H,L)

¢ constant

id identifier

a address reference (=id, id[expression] )

rac either r or a or o sabove

ra either r or a above

ro either r or ¢ above

code Intel agsembly ocode

M merory looation addressed by H and L

dr double register (BG,DE,HL)




3‘3 HEAD‘ 11.
a) CONST declaration,

The user may define constants, which will be replaced
by the assembler with their current values.
The constants could be useful e.g. in the bank

declaration,
'b) VARIABLE declaration.
1. BANK ¢

Variagbles used in the program must be declared and their
bank addresses specified. The bank number given in the
declaration is valid until another bank declaration is

made.

SINGLE declaration.
DOUBLE declaration.

The user may define addresses for the variables by

stating f¢ after the variables in the list, or state
#¢ for the first variable and then lst the others be
defined.consecutively until another address is stated.
The first word declared in a bank is given the address
@ if the user does not give a start address, No error
report will be given if the user declares addresses

greater than 255 (¥377). -
2. BAKRK UNDEFINED l

This bank declaration could be used in procedures,
where the variables define different memory locations
(different high addr., same low addr.) depending on
the actual value in the H register.

SINGLE declaration as above.
DOUBLE deoleration as above.

¢) GLOBAL declaration,

If references are made to names in other programs,
the loader program has to know that these names areé
global, otherwise the loader will not be able to set
up common addresses for these names.

d) SET STACK .c:c.

As HILP implioitly uses the stack, this statement

must always be given. The first constant is the
bank address and the second is the low address.

NOTE: Array index runs from ¢ to i-1,
Only one dimensional arrays are allowed.
No variables may be preset.




3,4 BANK ADDRESS MANIPULATION. . 12,
a) GENERAL,

HILP translates the source program statement by
statement going once from top to bottom. This
technigue causes soms optimization problems vhen
a label is generated by HILP e.g. in loop
gtatements, The problems mentioned arise from
the fact that when a label is jumped to during
the-exeoution, the translation path is different
from the execution path,

For optimization during the translation, HILP

uses internal variables:

LASTA last value of the A register,

LASTM 1last memory reference addressed by M (H&L).
LASTH last bank value in the H register.

As for LASTH, when M is to be set to an address

of a wvariable, HILP will be able to check LASTH
againat the bank address of that varisble and

if egual not update the H register. In case of
BANK URDEFINED, LASTH is not used since the user
in this case is supposed td take full responsibility
for the bank address setting (HILP will always
asoume that the H register is correctly set).

BANK ADDRESS MANIPULATION STATEMENTS,

SET BANK o,

The conatant ¢ is loaded into the H register
if LASTH is different from c.

BANK IS c.
This statement sets LASTH $o o, It is an

information to the translator and will
never generate any coda,




b) THE BANK ADDRESSES ARE SPECIFIED IN THE HFAD. 13.

1) GENERAL PROGRAMMING.

HILP 80 will take full responsibility for the bank
address manipulation. Thus the user does not have to
care about the internal usage of LASTH. Some
optimization of the bank address settingAcould be
obtained, especially if all the variables are
specified in the same bank. See Appendix A,

' 2) THE USAGE OF POINTER OPERATIONS.

The statements: REG ¥,..=...
REG‘ .noﬂttca
INC t...
DEC t...

will assume that the H register is correctly aset,
To prevent errors, HILP 80 will generate an error

report (N0 BANK IN THE H REGISTER) if LASTH has been
deastroyed when one of the above mentioned statements

is reached. In this case the user must give:

1. SET BANK o if the value of E is uncertain,

2. BANK IS ¢ if the vslue of H is the desired
bank address,

LASTH will be destroyed in the following statements:

REG Hm...

HEmwaxpression

POP HL

DREG’ HL“.-:

DREG drea,+a,-a (11,2)

Dx st eSraa

.00de when H 1s changed.

When tM is incremented or decremented.
label:

PROC

CALL

REPEAT

LOOP

ENDLOOP (See Appendix A for further details)
WHILE u

ENDWHILE o

END It

NOTE: Some statemente containing variables will
implicitly set the bank address in the H
register. See Appendix B for further details.




o) BANK UNDEFINED, | 14.

This type of bank declaration oould be used e.g,

in procedure declarations. All variables declared
in the head must refer to BANK UNDEFINED, The user
must garantee that the H register is updated before
using statements containing variables with their
bank addresses unspecified, '

No error report will be given if LASTH is deatroyed

in following statements:

REG f.tt’cob
REG tot=1-oo
INO *on-
DEG Q.oo

In double precision the DX statement is reduced to the
following allowed types when variables with their
bank addresses unspecified are used:

DX a=dr )
DX dr="expression with dr and o. The expression
may start with a, +a, ~a.,"

NOTE: For internal procedures, vhere the main
program has specified bank addresses for
the variables, a reference to such &
variable could csuse an adjustment of the
H register according to the rules for
addressing given in Appendix B,

d4) FO VARIABLES DECLARED.

This type of head.oould be used e.g. in procedure
declarations. No error report will be given if
LASTH is destroyed in following statements:

REG fll!'—"'til

REG‘ o-o=1|o|

INC ,l..
DEG ‘t-.

NOTE: For internal procedures, vhere the main
program has specified bank addresses for
the variables, a refersnce to such a
variable could cause an adjustment of the
H register according to the rules for
"addressing given in Appendix B,




3,5 REGISTER OPERATION, 15.

a) r1-r2ac(i1)
" Register T, will be loaded with the value of T,80,

then T, will be incremented or decremented if
Necessary. -
b) ria(21)

Register r will be loaded with the low address of

ay, a-1, at+i,

¢) Mia(t1)
Regigter L will be loaded with the low addresa of a,
The bank address of a is loaded into the H register.

Register H&L is inoremented or decremented if necessary,

a) 1r1(t1)=r2e(i1)
The value of T, is moved to0 register L.
Register L is increémented or decremented if nsceassary.
The value of rzo(i1) is moved to the memory.

o) th(21)mrye(21)
Register H&L ie incremented or deoremented if necessary.
The value of rzo(i1) is moved to the memory.

) r1=fr2(t1)
The value of r, is moved to register L.
Register L is inoremented or decremented if neocessary.
Register r, will be loaded from the memory.

g) r-; =1M(_i1')
Register H&L is inoremented or decremented if necesgsary.
Register r, will be loaded from the memory.

NOTE: Any memory reference d) to g) sbove will assume

that the H register is correctly set.




3,6 DOUBLE REGISTER OPERATION, T

a) dr, =o
The constant will be loaded into double register dr1.
b) dr1-dr2,a (¢1,2)
Double register dr1 will be loaded with the wvalue of
drz,a, Then if necessary, dr1 will be incremented or

decremented onoce or twice,

o) dr =-dr,,a (£1,2)
The wvalue of drz,a is complemented via the A register
before loaded into dr1. Then dr, will be incremented
or decremented once or %wice if necessary.

3.7 PROCEDURE CALLS WITH ARGUMENTS,

Arguments are register operations or double register
operations, which are carried out before the procedure
is called., The same procedure could be ocalled with
eny number of arguments,
Example: CALL SUB(A=B,DE=07745) is equivalent to:
| REG A=B
DREG DE=07745
CALL SUB

3.8 CONDITIONS IN HILP B8O,

The oonditions refer to the state of the four flip-flops:
ZERD, CARRY, SIGN and PARITY. These flip- flops may be
affected by:

COMPARE rac WITH expression
expresaion evaluating

Agsembly ocode

Increment or decrement instruotlons

In the COMPARE statement the flip-flops are set:

ZERO If (expr, - rac) = 0
CARRY If (expr. - rac) <0

3,9 INC and DEC statements.

These statements shall be interpreted as:
Set up the pointer to the memory, then increment

or deorement the wvalue addressed by M.




3,10 HARDWARE REGISTER USAGE. 17. -

a) SINGLE PRECISION,

The A regiater is used to evaluats expressions and is
therefore overwritten when a statement containing
an expression is used, except for:

rawc (cf0)
ama+]
ang-1

a=xr

NOTE: The INPUT statement loads the A register,
The OUTPUT statement takes the value from A,

M (H&L) will be overwritten when a memory reference
is made, except for special cases., See Appendix B,

b) DOUBLE PRECISION.

Any address reference in double precision will
use HL,

In the DX statement HIL is used to evaluate
expressions. DE is used for temporary storage
when address references or constants g 11,2
are used.

Since the hardware only allows double add to HIL,
subtractions of addrese references and double
registers will be carried out via complementing
in the A register, , :

3.11 ERROR REPORTS.

ILLEGAL SYNTAX
ILLEGAL CONDITIOR

IF/END DIFF =
LOOF/ENDLOOP DIFF =
REPEAT/UNTIL DIFF =
WHILE/ENDWHILE DIFF =

NO EXIT IN LOOP/ENDLOOP

NO BANK IN H REGISTER
MISSING DECLARATION OF
MISSING BANK DECLARATION
REMOVE TRAILING SPACE FROM

NOTE: HILP does not check that the declared data
type is used in the program, e.g. both
ARR and ARR(3) will be accepted.

HILP does not check if any array references
exceed their permitted size.




3,12 LIST OF LANGUAGE WORDS. | 18.

Alphabet (A-Z)

Integers (0-9)

Spaces

t #

Operators: + - .ADDC .SUBB .XOR .OR ,AND
Rotate operators: .RAR .RAL .RRC .RLC
Comparatorss = /= <= »
Flip~flops: ZERO CARRY SIGN PARITY
Ststes: TRUE FALSE PLUS MINUS ODD EVEN
Register: ABC DEH L

Double regiaters‘BC‘DE HL

M

CONST

BANK

SINGLE

DOUBLE

GLOBAL

BANK IS

UNDEFINED

SET BANK

SET STACK

QUTPUT

INPUT

REG

cALL (IF)

gotro (IF)

RETURN (IF)

WHILE DO ENDWHILE

REPEAT UNTIL

1.00P EXIT IF ENDLOOP

IF THEN ELSE END

COMPARE WITH

POP PUSH

PSW

INC DEC

DREG
™

PROC ENDPROC

FINISH




APPENDIX A : OPTIMIZATION TECHNIQUE, - Al,

1. REGISTER USAGE,

The usage of registers instead of address references will
inorease the efficiency, which is very valuable in loops,
Consider the following example, where V-and I refer to bank 1.

Source code. ‘Generated code,
I=0 XRA A
STA 040041
REPEAT . XR1=.
V{I1=0 LDA 0400+4T
ADI v
MOV L, A
MVI H,1
XRA A
MoV M, A
Tal+1 MVI L,I
INR M
UNTIL I=031 MVI 4,031
CMP M
JINZ XR1
SET BANK 1 MVI 1,1
REG 14v{0] -1 ' - MvI L,V-1
REG A1V[030] MVI A, V4030
REPEAT XRi=,
BANK I8 1 |
REG 4 L+1=0 INR L
' ' MVI M,0
UNTIL L=A , CMP L

Nz  XR




2, OPTIMIZATION OF THE BANK ADDRESS SETTING. AZ.

a) STATEMENTS WHICH INPLICITLY DESTROY LASTH.

Label:
‘The 1label could be jumped to with different banks

in the H register.

Incrementing or decrementing 1M,
As H&L is incremented or deoremented in this case,
the H register also could be adjusted.-

CALL -
The procedure may have changed the H register.

PROC
The procedure could be called with different
bank values in the H register.

END (from IF THEN) 7
LASTH will be destroyed if LASTH after the condition
ig eveluated, is different from LASTH just before END.

END (from IF THEN. ELSE) _ :
LASTH will be destroyed if LASTH just before ELSE
ig differsnt from LASTH just before END.

REPEAT o -
LASTHE just before REPEAT could differ from LASTH
after the condition in UNTIL is evaluated,

LOOP
LASTE just before LOOP could differ from LASTH

just before ENDLOOP.

ENDLOOP (Two or more EXITs in the LOOP)
LASTH after the condition evaluating in the EXITs

ocould differ.

WHILE _ .
LASTH just before WHILE could differ from LASTH
just before ENDWHILE. :

ENDWHILE :
LASTH will be destroyed unless the condition
evaluating in WHILE will set LASTH.




b) OPTIMIZATION USING BANK IS o, A3,

When a label is generated by HILP, LASTH will be destroyed.
Thus an adjustment of the H register will take place when

H is t0 be set to a variable, This updating of the H regiaster
could be unnecessary if the value is equal to the value of H
when the jump takes place, To inhibit an unnecessary
adjustment of the H register, the user mey give & BANK IS ¢
statement after the following statements:

label:
PROC
CALL
REPEAT
Loor
ENDLOOP
WHILE
BHDWHILE

In this case the user must garantes that:

‘The problems discussed under a) could not ooccur,

The H register already holds the value c.
The SET BANK ¢ statement could be used to
update the H register.

Conaider the following esxample, which is the same as
given in 1). V and I are speocified in bank 1,

Source code. Generated code.
10 XRA A

STA 0400+T
SET BANK 1 MVI H, 1
REPEAT XR1=, '
BANK IS 1 | _
VII1=0  LDA 0400+

ADI v

MOV L, A

XRA A

MOV M, A
I=1+1 : MV I L,1

INR M
UNTIL I=031 MVI 4,031

' CMP M
INZ XR1

Compared to the example given in 1) the improval is that
the instruction "MVI H,1" is moved outside the loop,
The technique given is most valuable when all the
variables are specified in the same bank,




.B1,
APPENDIX B,

DIRECT LOAD AND STORE IN SINGLE PRECISION.

Most memory references use H&L (M), when addressing
variables, but the A register could be loaded and
gstored directly without using M. In this case the -
instruotions IDA and STA are used instead of

MOV A,M and MOV M, A,

Definition: simple addr 2 1d or idlfcl.

Direot load and store of the A register will be used:

1 When the expression has no address references,
except that it may start with a simple addr.

2 Simple addr=expression

3 ‘REG A=simple addx(¥1)




ci.

APPENDIX C.

GENERATED CODE. HILP 80 STATEMENTS.

/ CconNST oBK1=011,nRK?=19,u51nK=3

%8K1=011

YgK2:023

¥STRK=03

/ . PAMK ORKI]

/ - SINGLE X1?96.Y1.21.v1{101.TEMP1f0377

X1=0148

Yi=x1i+01

74=Y1+01

yi=21+01

TEMPL=N377 ‘

/ BAMK OQRK?

/ SINGLE VoL9Y,XP, Y2, 27

v2=0

¥2ay2+011

y2zXP+U1

z2zyY2+N1

/ hotBLE DV2{6].HX2.UY?e0350.DZ?

py2=22+01 ‘

D¥2=DV2+06+06

pYz=0350

n22=0Y2+01+01

/ SiMGLE TEMP210377

TEMP2=0377

/ GLNBAL SUB,LABEL
. GLORL SUB,LABEL

/
/ _ SET STACK aSTHK:1255
Lx! Sp,%STRK#0400+0377
/ txux REGISTER NPERATIONS w##
/ RER A0
MV AyD
/ RER AsSR
MOV A,H
/ RER B=R-1
DCR 5]
/ REG C=viis)
Lxt H,%BK1*0430+V1+U6
MOV C,H
/ RER Cev2iXxi-X21-1
LDA wari*0400+XL -
LY H:%BK2*U4UD+X2+0
su= M
ADI ve
MV LA
MOV C,M
nCR c
/ REG Mtydl
LYl i, %BK1#0400+Y1+0
/ REG Lry2
v L.Y2

/ SET BANK DRK1




REf Cztl~1 - cz2.

MOV L.C
ICR L
MOV C,H
REG tL+1=0+1
| NR L
MOV M, D
| NR M
SET RAMK OHK?
My | H,%BK2
NEC 8
MOV LR
DCR M
peex ASSIGNMFENTS OF FXPRFSSINONS #a»
v2Ixii=v2ixii-1 '
LDA %ABK1%0400+X1
A} V2
Myv LyA
ngR M
Vii0l=v2l£11+Y}
MV A, H
LY\ H,%BKi#0400+Y1+0
ADD M
STA %RKLeQ40N+vL1+D
Z2l=0
XA A
STA %BK1*#0400¢74
7227
LY} H,%“BK2#0400+22+0
MV | M,07
Y1=8B
Ll H,%BK1#040n0+Y1+0
MOV M,R
c=h
My CyD
vatrzjsn
ST A ARK2a0400+Y2407
DUTPUT{&Y= INPUT(15)+X]
N niz
MY - L»X1+0
ADD M
auT 6
V2IC.AND X2)1==P5+Y4,ADUDC Y2,RAR-VLI[Y2,NR VP (V1(Y1]]}])
MY L., Y1+0
ADD M
LX1 H, %BX2#04004+Y2+40
ADC M
RAR
PUSH PSW
MoV AyH
PUSH PSS
LDA - %BK1#0400+v1
AD | Vi
MOV LA
My H, %BX1
MoV AyM
ADI V2
MOV LA
POP PSW
MY | H,“BkZ
NRA M
AD Y Vi,




-Hny
poP
My |
Su#
PUSH
MOV
LX1
ANA
ADI
MOV
POP
MOV

LA
Al
MOV
HOV
CP1i
JY2

Lx|
DCR

JuP

XRA
MOV

XRA
LXI
CHP
JZ

JMP

RAR
J€

CHMA
INR

JP

JHP

oMP
J

NCR
PUUSH

Al
MGV

LA . c3,
pPsu

H, nHK1

M .

PSS

A,C

M, %BK280400+X2+0
M

Ve

LsA

PSu

My A

feus [F STH, GOTO_STM, LOOPS »#w
dF D=EVZIX1) THEN
KRAK1+0400+¥%1

V2
LsA
f
X1
Xizxi~1
Fl, ZBK1 #0400+ X1+0
M
FLSE
Xz
V2Ix11=0
A
M, A
FN
GOTO LABEL |F 21i=0
A
H,%BK1#040n+21+0
M
LAREL
GOTO L
L
L: Loop
A=A ,RAR
EXIT IF CARRY TRUE
XL 4
Az~A
A
FXIT iF S|8N PLUS
XL4
FNDLBOP
X3
WHILE R<=A DD
B
Xé
REf AsA-1
A
Vi{a)=A
PSW
Vi
LsA




~ N

PP
My
MOV

JHP

Mav

ADI

MOV
MV i
INR

XRA
LX1i
gcMp
JZ

My

MOV
DCR

MV |
CMP
JZ

JMP

INR

MOV

CCPI

JNT

CAaLL

N
cup
C2

MoV
My |
LHLD
MOY
MOV
LX1
CALL

MOV
MOV
DeX
ney

i_HLD
MW
MOV

PSH ' ) c4a.
Hy %BK1
MpA
FNNWHILE
X

REPEAT

vy2IDlisv2i{ib)+d
A,D
V2
LA
H,%2BKZ
M
Loup

FXI1T IF v2r0l=0
A
H,%BK2*04UQ+V2+U
M
XLO
SET RANK ORKI1
H,%8K1
REC B

EXIT {F C=030

FNDLOUP

' I'QR B

UNTIL 62D

XR7 ‘
t wa® SURROUTINE CALLS ###
CALL SUB
su3

CALL SUB {F R=INPUT(6)
16
2!
SUR )
CALL SHR(A=R,3=17,PE=DV2I6]),MeX1)
AsH
BH,021
YAK2#)400+LV2+06+06
PyH
Byl
H,%BK1#0400+X1+D
Sub

;e DNDURLE PRECIS|ION=##

NRFEG DF=sRC=2
DR
E,C
B
]

DREG HC=zDy2[(01=-1
%K 2# 0400 +NY2+040
R, H
C,L




BeX

LDA
AN
ADI
MOV
MV
MOV
INR
MOV

MOV
CMA
MOV
MOV
CMA
MOV
i

LHLD
MQV
CMA
MOV
MOV
CMA
MOV
I X
AN
LX!
NAN
PUSH
LOA
ADD
AD I
HOV
My i
MOV
iR
MOV
POP
DAD
SHLLD

MOV
MOV
MOV
CMA
MOV
MOV
CMA
MOV
| NX
DAD
PUSH
LDA
ADN
AD I
MOV
MV |
MOV
CMA
MOV
INR
MOV

3 .
DREG BO=Ny2(¥x1)
“i3Ki#0400+x1
A .
pve
L,aA
H, %“BK2
R, M
L .
CsM

DREG BC=-D0E
A,id
HaA
A,E
CraA
!

: DX pX2e=0YR2+RC- 1337+DV2E21)
URK2*#0400+Y2+0+0

AyH

,~072471

o

BBK1#0400+71

A

pv?2

LsA .

H,4BK2

D, M

L

E,M

M

3]

VHK2»0400+Ux2+n+ﬂ
DX DVZ2IX1i]=DE- ~RC=DV2IYH]

%BK1+0400+Y1
A

nv?

LsA

H, %8K2

AyM

C5.



CMA X cé.

MOV EsA
| N X n
Pop H
DaAD n
XCHG :
LA URK1#040N+x%1
AN A
At hy?
MOV Lsé
My | H,%“BK2
MOV M, N
iNR L . §
MOV M, E : '
/ PERs INTERNAL PROC DECLARATION %5
/ ' PROC GARR :
GARB=,
/ HAMK UNDEF INER
/ SIMGLE TFMPsQ377
TEMP=(0377
/- I THE BANK 1S SET BEFDRF GARB |S CALLED
/ TEMP=INPUT(4) *
(] 04
My Ly TENMP#+D
MOV M, A
/ RETURN |F TEMP<¢=7
My A,07
cMp M
kRp
/ TEMP=7
MOV M, A
/ FNDPROC
RET
/ Fin)SH

+END




