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INTRODUCTION.

The analysis of expressions and conversion to final machine form vtarts in
pass 6. In this pass expressions are converted into so-called inverse Folish foram,
In this form the operations are chosen to conform to those available in the ordsr
code of the machine, but no account is taken of the use of the available mechine
rogisters. In pass 7 thie string is converted into an operation string whick refers
directly to machine registers. ’

THE FORM AND MEANING OF THT INVEKSE POLISH NOTATION.

In the inverse Polish notation expressions consist of a string of ,
operands (identifiers etc.) and operators (+ = / > ete.), However, parentheses have
been elimind ted. Examples:

absrcd-/

a=bco>a
The meaning of an inverse Polish string, i.e. the rules for evaluating the rosult
of the expression, assumes the existence of a stack for holding the actual values
of operands, including intermediate results. let us donote this as folilowa:
‘ OPERAND STACK [1:s0me unknown upper 1imit)
The Polish string never refers directly to a given location in the OPERAND STACT.
Rather the references are implied in the structure of the Polish string itself,
Thus the . ~ - intermediate results of the evaluation are anonymous.

Now the evaluatinn can be described as follows: Proceed through the string
from left to right in a strictly sequential fashion. When encountering an opsrand
place this at the top of the OPERAND STACK by psrforming the following operations:

last ussd := last used + 1;

OPERAND STACK [last used] := value(operand); .
When encountering en operator, perform the corresponding opsration on the values
found at the top of the stack and place the result of the operation also at the
top of the stack. The exact action depsnds on the nature of the operator, Unary
operators ("negative”, = and others to be introduced later) do not change "last
used". fxample: - produces the following action: '

OPERAND STACK[last used] := - OPERAND STACK [last used]
Binary operators (+ / > A etC.) remove one item fram the top of the stack. Example:
/ produces the following action:

last used := last used - 1;

OPERAND STACK [last used] := OPERAND STACK [Last used |/ .

| OPKRAND STACK [Last used + 1]

As an illustration a step-by-step evaluation of the two above examnples will be
presented. In addition to the values held in the OPERAND STACK the mathomatical
expression for these values are given. It should be carefully noted, however, that
the OPERAND STACK can only hold values (numbers, logical values) and the expressions
given are only for the readers convenience.
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Bxample of evaluation: ab+cd ~ /
Assume a=l, b=2, o=3, d=4.

Input symbol ja |b |+ e a - /
Aftor processing
of input symbol: ‘ -
OPERAND STACK[1111(a){ 1 ()3 (a+b)] 3 (asd) 3 (esb)] 3 (aed)] =3 ((e+b)/(c-))
2l |2 @) 3(e) |3 (o) |- (o)

‘ 4 (d

Example 2: aabc > A
Assume a=false, b=2, c=3.
Input symbol a = b c > A
After processing

OPERAND STACK[J.} false (a) true (-a)

(33

2 (v) |2 (b) i‘alse (v>c)
e e

CONVERSION OF AIGOL EXFRESSION INTO INVERSE POLISH FCRM.

The conversion of a parenthesized ALGOL expression into inverse Polish form
may bs a&:mplished by means of a method which has been described by Dijkstra
(APIC Bulletin no. 7, May 1961 and AIGOL Bulletin Supplement no. 10: Making a
Trenslator for ALGOL 60). This wethod makes uss of priority numbers associated
with the operators and ps rentheses as follows
Priority number Delimiter

0 vegin [ ( if for
1 end | ) them 9_1__@
2 $=

3 =

4 >

5 v

6 AN

T - '
8 < <=2 %
9 ¥ =

10 "negative” X /
1

-The mathod. worke briefly as follows: The AIGOL expression is scanned from left
to right. Opersnds are immediately trensmitted to the output. Operators znd left
parentheses are entered into an OFERATOR STACK. This will at any one time hold
those operators which have already occurred in the input but which have not yet
been intered in the output (the Folisk string) because the quantity on which the
operator will operate has not yet been completed. Hach new operator encountsred
in the input is compared with the operator waiting at the top of the §°ERATOR
STACK. 1f the priority of the operator waiting in the stack is higher then that
of the new operator the operator waiting is removed from the stack and sent to

trua (wa) tma (qa){trus (wa) | f£alag («a~db>c)
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the output. This comparigscn of pricrities is repsated until no opsrator having

a higher priority than the new operater is found in the OPERATOR STACK. Then ths
new operator is placed at the top of the stack. Left parantheses are trogted lile
other operators. Right parentheses (incl. end ] ') then alse) on the other hand
will not be placed in the OPERATON STACK, but will romowe the corresponding left
parenthesis. '

Example of conversion from ALGOL to inverse Polish notations ((as+b)/(c-d))

Input C Cja & p )i/ I e = ja

After processing:

OPERATOR smcx%ﬂ O (O (O IO (O T TG T T TR T
21 ¢ (¢ 10 [ VAR VAR VR VAR VARV
F] * ¢ 1C ¢ |«
4] - |-

Output (Polish) & b |+ e ld /

A more complete discussion of the oporators used in Giér Algel will be givem
below,

TYPE CHECKING.

The above conversion algorithm may very convenlently be oxtended with faci-
lities for a complste type checking and a detection of typse of the operends for
each ocourrence of the operators. This latter is of interest particularly for the
power operator because a distinction is needed between integer and real exponents.,

For this pressnt purpose we perform & pesudo evaluation of the expression at
tho ceme time as it is generated in ths inverse Polish form. This peoudo evaluation
Will of course not involve sctual values but will only operate with the‘ftypes of the
values. This, however, is oxactly what is necessary to perform a type checking. _
In order to illustrate this approach we give another example of a conversion which
includes the behavior of the STACK FOR TYPE OF OPERAND:

Bxample of conversion with type develomment: (= anb > ©), Boolean as integer by

Input: ( J~ 8 4+ (v |> Je | zesl ¢;
After processing
OPERATOR STACK{III( (- |1( |( | ( (
[2] - - PAN FANEE ¥4t r~
i3] > |>
Output (Polish) ~ la |-« b c > A
STACK FOR TYFE ,
~ OF OPERAND  [1] Boo B0 | Boo | Boo| Boo |Boo [Boo
12 int |} int! int |Boo
B resl

Note that the final ) produces the output of two operators > and A,
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By this method it is possible to sleck that the types of opsrands are cume
sistont with the opsrators operelbing o1 thew. The principel censisisngy rules nsy
be atated as follown: :

Operator Required type of opersuds {ield vresulis of typs
Arithmetic real .nteger . xeal intesor
Relational real ntsgor : . e}

Boolean Boolemm Beolom

For binary opsrators “he handling of the STACK FOR TYPY OF OPZRAND nay be
modified in the following wenner. Instrnd of imllating ths work of the OPERAED
STACK exactly it is possible to extesci snd check the type information scucerning
the first opsrand belunging to a bivary operator at the tiue when this operabor
is entered into the OPERARKSTAMK. Th: edvanisgs of this iz that we I not haove
to check the consizicney of an operatodard both of its cperands et the cams tire,
A disadvantege is that in “he caze of bhe srithmetic operabors, + ~ £/ T we have
to attach the typs of the Tirst operanl to that opsrater which is entsyed into
the OPERATOR STACK. Thws for cxemple tiere will be two poszible 4 cporstors in the
OPERATOR UTACK, oms "intogore" and the other "reals". The follewing szsmple shows
the use of this method:

Example of conversion to Polish notatisa with wmodified typs hendling.

((1 4+ a)M3 + x*ntm))

Input: CiCiai+ja DT (s teixirntla ) )
After processing: ; :
opErATOR sPACK[1] {( | ( | (

2} 1C]C
:

el e
—~
5
4,

3
N
oy

( (
vl o] e 1(”? rhl=t

ER IS IR IGIaK (
{ Adeb] i A4 1 S
5l | | an)inf 4} 1%
[6] it 4t
Output (Polish) i a |+ 3 k| |a} lmi™in < & [oPye
TYPE CHECK STACKLY | [in| lzelre in} lin| linl lip in | xe
‘ 4

. t H v . H
Noto that in this example the type of n'tm is tsken to be inteser. Further that
it is aspumed that there exist distinct operators *i" (power %o integer exponent)
and "fr" (power o real expoment). The details of the treatment of erithmotic iyoes
will be discussed below. :




