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Abstract, [n this psper s simple ubstract muchine for the trunslation of FP programs is suggested. The
machine simply consists of an instructien selection register {ISR), a pipeline control register (PCR) and a
large collection of general purpose registers. It is illustrated how the FP structures may dircctly be mapped
onthe [SR and exccuted. Although the main purpose of the abstract mochine wis W simplify the transka-
tion of FP programs, it is shown that the suggested machine may as well be used to extend RISC instruction
sets in a proper healthy way. This will have the effect of simplifying the translation of procedural pragrams
written in any other language. The dynamic nature of the FP combining forms makes il possibie to tailos
any sort of intermediate instruction suitable for the particular application. The machine may cither be
implemented at the macro-assembler level or at the firmware level using efficient microcode.

Introduction

Few years ugo Backus [1,2] introduced un umbitious functional programming system
different trom conventional programming systcms in many respects. His motivation
then was to provide a system that liberates programming from the long adopted von-
Neuman habits and traditions. The FP system is not just a programming system but
a full algebraic speciftication system in which solutions to problems may be specified,
validated and proven correct using algebraic rules and theorems.

The introduction of the FI* programming stylc coincided with the uppearance of
the RISC design approach [3] as an alternative to the CISC approach in the late 70's
and carly 80's (the term RISC stands for Reduced Instruction Set Computers while
the term CISC stands for Complex Instruction Set Computers). The central feature
of RISC architectures is that their instruction sets are reduced in size and include only
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primitive (single cycle) instructions. This reduced instruction set is implemented
directly in hardware to provide for maximum efficiency.

For people working in the area of compiler design the RISC approach implies
that they should no longer expect the intermediate level complex instructions previ-
ously provided by CISCs to close the gap between high and low level languages. Fot
functional programming designers this may be a relicf rather than a curse. The relief
comes from the fact that most of the complex instructions provided on CISCs are not
very suitable for functional program translation and designers used to rely on some
intermediate abstract machines to produce intermediate code which is finally trans-
lated inro actual machine code. Guod cxamples of these abstract machines are the
SECD machine for LISP [4] and the G-machine used for Miranda [5]. As for FP sys-
tems, the RISC approach is naturally compatible with its built-in philosophy that
ncatly separates higher order functions from low level primitive functions, In fact the
FP style may be used to compliment RISC machines in the proper way without intro-
ducing any redundancies. The FP combining forms may be used to add further mod-
ular layers of complex instructions on the original instruction set. The topmost luyer
may correspond 1o & high level programming language while the bottom layer may
correspond to a macro-assembler or a microcode interpreter.

In this paper. it is illustrated how the boitom FP layer may be superimposcd on
a RISC machine. An abstract FP machine is described and hints about its use in the
vnhancement of the host instruction set are given. The original motivatien for intro-
ducing the machine was to simplify code generation for FP programs, but it turned
out that the machine may even be used to generate code from procedural programs
very neatly. This is mainly due to the dynamic and flexible nature of the FP combin-
ing forms.

Backus FP System

The FP system described by Backus is mainly composcd of the following:

1) A set of ohjects which ure the data items of FP systems, Objects may cither be
atoms (simple data typus or constants) or sequences (vompound data items).

i) A set of primitive functions that include the basic operations such as ADD.
MULT, DIV, SUB. EQ, AND, OR. NOT ... etc. together with some special list
operations such as TAIL, APPEND, DISTRIBUTE, TRANSPOSE, SELECT. For
more details on these operations the reader is urged to see [1.2].

iii) A set of combining forms (higher order functions) that may be used to cumbine
existing functions in order to produce useful programs. The combining forms are the
main tools for program construction in FP systems.
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Based on this FP system Backus defined an FFP system (Formal systems for Func-
tional Programming) that uses the FP combining forms and a metacomposition rule
to write functional programs. In what follows the combining forms and metacompos-
ition rule are discussed in some detail since they are the main source of TP power.

The combining forms
FP combing forms include the following:

{1) Composition: Backus uses the circle symbol to denote algebraic composition, for
example f ¢ g:x is the same as f: {g:x) where the colon indicates function application.
In this example g is applied to the object x first and then fis applied to the result.
Composition may involve any finite number of functions which may primitive or non-
primitive.

(2) Construction: construction is denoted by the square brackets and is used to apply
several functions to the same data object e.p.:

where the angular brackets here denote a sequence structure.
(3) Condition: in FP notlation a conditional expression is written as:
(p-- > f;g] :x andis interpreted as
it {p:x) cvaluatcs to true then the result is (f:x) clsc the result is (g:x)
(4) Insert: the inserl combining form is denoted by the foward slash / and is used to
apply a function to a sequence of objects step by step by step in a semirecursive man-

ner. The order of evaluation is similar to that of composition but the semantics are
different and may be explained by the fullowing pseudo-Pascal algorithm:

Given a sequence <x,. ..... , %> then /f:<<x,, .._... , x> may be interpreted as
follows:
=X
for k: = n downto 2 do
begin
Yy =8
g = ()
cnd;

f=g



170 M.A. El-Alfendi

(5) Apply Lo all: this combining form is denoted by the Greek letter e and is used to
apply a function simultaneously to a sequence of objects, Given a sequence L6 ST
x> and a function [ then:

a i<y, ..., x> is the sume as < tx, .., fix >

The metacomposition rule

To facilitatc efficient implementation of the above abstruct combining forms
Backus introduced a mare practical FFP system, the semantics of which are well
described in [1.2). In the FFP system a new constructor (e:e,) which denotes the
application of an expression e to another expression e, hus been introduced. In this
constructor e, is in most cases a sequence of functions and combining forms <h,, ...
-h,> and e, is a sequence of ubjects <x,, ...... . X, Inthis case the semantics of the
constructor are specified by a metacomposition rule according to which:

(<hy bk x> is interpreted as:

(hpe=<w<thy o b= <xg, o, X, >2)

"The main motivation behind the metacomposition rulg is to be able to represent the
combining forms as a composed sequence of functions and/or other combining
forms. Inorder for the metacomposition rule to work an FP representation for h, that
produces the desired effect should be chosen and stored beforehand, e.g. The com-
hining form construction may be represented as the composition:

construct = apply to all o tail o distribute right
In view of this program:
(<construct, tail, id>:<A B:>} may be interpreted as:

(construct: << construct, tail, id>< A B>>>>) according to the metacomposi-
tion rule. The FP representation of the construction combining form may then be
applied as follows to produce the required result:

i} Start by applying the rightmost function in the composite representation which is
distribute right. This gives:

<<Iconstruct. <A ,B>> <tail,<A B> <id,<A B>>.

ii) Then upply the next function in the composition which is the tail [unction. The
yiclds:
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<<tail,<A,B>> <ad,<A,B>>>
1) Finally we apply the last function in the composition apply Lo all which gives:

<<B> < A, B> which is the final result of the program.

Assumptions About the Abstract Machine

As stated in the introduction, the main purpose of this work is to show how an
FP layer may be imposed on a RISC machine. As will be cxplained below the FP
layer is supposcd to serve the dual purpose of enhancing the host instruction sct and
simplifying the translation of higher level FP programs. By definition the RISC
instruction set is a reduced set consisting of a number of hardware implemented
primitive instructions. 1t is assumed that the number of these instructions does not
excead 32.

The suggested FP layer is implemented as an abstract machine consisting of a set
of ubstract registers together with a set of software or firmware algorithms support-
ing exceution on the machine. The set of registers include:

i) A-64 bit Instruction Sclection Register (ISR). This register is supposed to hold
the bitmap specification of the currently executing combining form as will be
explained below.

i) A Pipeline Control Register (PCR) to control intermediate level pipeline exceu-
tion.

iii) A large number of 32-bits gencral purpose registers (o hold data items.

At this stage il may be assumed that the FP list operations are not provided as
part of the RISC instruction sct and should be implemented as an add-on facility.
This is not an easy matter and greatly depends on the implementation of sequences.
For simplicity here il is assumed that only homogenous contiguous scquences arc
used. It is also assumed that all sequences relating to the current instruction may be
loaded on the general registers. Assuming that there are about 128 general purpose
registers (which is normal in RISC designs), then each sequence may abstracted as a
4-byte integer:

start address element size length type

‘T'he start address is the place of the first element in the register pad, the clement size
is the length in byte of cach clemuent in the sequenve. the fength is the total number
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of elements in the sequence and the type field is a flag which is zero if each element
in the sequence is a primitive data item and one if each element is again a sequence
pointet. This allows for multiple level sequences. Note that we need not use the full
byte for the type flag but the byte may have other uses later on.

Using this sequence abstraction, the list operations may easily be implemented
by shuffling sequence pointers. €. g. The distribute right operation:

distribute ri<<x; , ..., X, ><y), L ¥,

may be implemented as a new sequence map in which a pointer to each element x; is
followed by a pointer to the full sequence y. Notes that in order to maintain
homogeneity each primitive clement x; is replaced by a scquence pointer pointing to
a sequence consisting of just x,. The creation of the new sequence map requires the
use of MOV and bit-shilt operations which are supposed to be available on the host
machine.

The above scheme may be generaliscd to nonhomogencous sequences by
adding size and type prefixes to each element in the sequence. In that case the ele-
ment size field in the sequence pointer is no longer needed and may be discarded.

RISC + FP1LAYER = CISC

Onc of thc most intcresting features of FP systems is the neat separation
between low level primitive functions and the higher order functions that may be
constructed using combining forms. It may be claimed that this sort of segregation is
also implicitly inherent in the RISC design philosophy. RISC designers differentiate
between simple primitive instructions that may be implemented as part of the
instruction set and complex instructions which arc ¢xcluded at the hardware level.
Their main motivation is the claim that efficient implementation of a reduced set of
primitive instructions is much better for performance than a fat, heterogenous set of
complex instructions, Pethaps one of the main facts justifying this claim is the implicit
dependence of complex instructions an primitive instructions in the same set. Con-
sider for example the VAX-11 [6; pp. 172-200, 7, pp. 179-207] instruction set which
is one the classic cxamples of CISC designs. Most of the instructions in this set may
be interpreted as functioms of the form:

fA—-B

where A is the domain and B is the codomain. These [unctions belong to one of
two categories:
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i)  Primitive functions that may not be interpreted in terms of other junior func-
tiomns.

ii} Higher order funclions that may be composed of other junior functions using
one of three methods:

() Generalized insertion: e.g. The bit clear operations BICx may be intcr-
preted as follows:

ASSIGN (OP3, AND (NOT (OP1), OP2))

Here the function NOT is applied first to OP1, then the result is ANDed with OP2
and finally the result is assigned to OP3. This type of insertion is quite common in the
VAX-11 instruction set and sometimes complements the work of other function con-
struction methods, Note that this type of insertion is a generalisation of the inscrtion
process used in Backus FP system. Here diffcrent operutions are applied at the vari-
ous stages of the insertion process.

(b) The conditional functional combining form an example of which is the
BNEQ instruction which may be interpreted as follows:

COND: FQ(7..0) — ASSIGN(PC,ADD(PC,DISP))

[1ere the second part of the function (after the arrow) is executed only if the condi-
tion on the teft (Z — () is satisfied. Another interesting cxample of this functional
form is the SOBGTR instruction which may be interpreted as follows:

COND: LSS(DEC(INDEX),0) - ASSIGN(PC,ADD{(PC,DISP))

(c) The hlack functional combining form, an cxample of which is the procedure
call instruction CALLG which may be interpreted as follows (for details sec [6}):

[ALIGNLONG(SP),PUSH(GREGISTERS, PC FP,AP),CLEAR(N.Z.V.C) . PUSH
(PSW), PUSH(ZERO{LONGW)).ASSIGN(FP,SP) ASSIGN(FP,ARGLIST) SET
(TRAPBITS).ASSIGN(PC, PROCNAME+2))

The block combining form may be thought of as a generalisation of the construction
combining form.

The implication of the above vbservations is that FP systems may play a com-
plementary role in the design of RISC machines. In particular the FP combining
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forms may be used to add another layer of more complex instructions on the reduced
sel of primitive instructions. In fact this F¥ layering approach may be pursued further
to produce higher level construets similar to those found in high level languages.

In the section below we illustrate how a layer of complex instructions may be
added on a primitive set using some of the FP combining forms.

The tmplementation of Combining Forms

In this section it is shown how FP combining forms may be uscd to define new
compound instructions that are a smooth extension of the cxisting instruction set.
The listed idcas may either be implemented in microcode |8; pp. 86-106], if the
machine allows or at the macro assembler level otherwise. It is assumed that the
leftmost 3 bits of the host machine instruction opeodes are always (. This is consistent
with the previous assumption that at most 32 primitive instructions are available, In
view of this the abstruct machinc differentiates between six types of instructions:

000 primitive instructions
O composition instructions
010 construction instructions
011 apply to all instructions
100 insertion instructions
101 conditional instruction

The implementation of these types of instructions is detailed below.

Composition instructions
Instruction format

As implied by the discussion of an earlier, section a composition instruction may
be viewed as a compound instruction in which a nested set of primitive instructions
are applied one at a time to obtain the desired effect. Execution starts with the inner-
most insiruction and moves towards the outer ones. The outcome of each primitive
instruction in the nested set depends on the outcome of its immediate inner predeces-
sor. In view of this a composition instruction may be implemented as follows:

OPCODE

QSPC POINTER OPERANDS
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Here the opeode is a 16-bit pointer to a quadword specification (QSPC) stored within
control memory or the application program area, depending on the implementation.
The leftmost three bits of the opcode and the QSPC are set to 00 indicating compos-
ition mode. The next bit may be used to indicate if the composition instruction is
available in system area (frozen) or in user program area (dynamic). The remaining
60 bits of the QSPC are meant to hold the cades for the primitive instructions com-
prising the composition form. Assuming that the codes for the primitive instructions
are from (} 10 31. then five bits are needed to hold the code for cach primitive instruc-
tion. This means that the QSPC may hold at most 12 primitive instructions, the inner-
most of which is on the rhs and the outermost is on the Ths.

The remaining bits following the QSPC pointer are reserved for operand specili-
cation. The number of operands depends on the type of imstruction.

The execution algorithm

When the processor encounters an instruction for which the leftmost three bits
are (N1, it realizes that this is a composition instruction and proceeds us follows:

i) load the QSPC on the ISR.

ii) set the rightmost PCR bit and clear all remnaining bits. This indicates that in the
beginning only the innermost instruction in the composition can precced to handle
the operands.

iii) Initiate a pipeline consisting of all the instructions comprising the compesition,
Theoretically each instruction in the pipeline can proceed in parallel with the other
instructions until it reaches a point where it requires the value of the operands. At
this point the processor checks the corresponding bit in the PCR. If this bit is set then
the instruction may proceed to handle the operands in the data registers of the com-
position, otherwise it sleeps until the bitis set. When a primitive instruction finishes,
it immediately enables the next instruction in the composition by setting the corres-
ponding bit in the PCR. It is expected that each primitive insitruction deposits its
results in the appropriate work registers.

iv) The processor finally retrieves the instruction outcome from the work registers.

Construction instructions

Instruction format

The instruction format is very similar to that of composition. Again the opcode
is a pointer to a QSPC with the leftmost three bits set to 010, The QSPC specifies up
to 12 instructions that may simultaneously be applied to the given operands. Like
composition instructions, the operands appear after the QSPC
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Execution

This type of instruction is more suitabic for machines with multiple functional
units [9; pp. 272-284] where a number of instructions may be exccuted in parallel.
However, on 4 sequential machine the instructions may be executed in any arbitrary
order.

Note: The above construction schemc may casily be generalized tu become a block
combining form. In this case each operation may be applicd to a different set of
operands,
Apply to all instructions

Instruction format

The opcode is again a pointer fo a QSPC whose leftmost three bits are 011. The
remaining part of the QSPC is used to specify a primitive operation and an operand
which should be a sequence in this case.

Insert instructions
Instruction format

The same as that of apply to all with the only difference that the leftmost threc
bits of the opcode and the QSPC are 100

Execution

The operation specified is first upplied to the rightmost double elements of the
specified sequence. Execution then proceeds as specified by the algorithm given in
an earlier section.

Note: The inscrtion scheme may easily be generalized to allow for different apera-
tions to be applied at the various stages of the insertion process. e.g. in the beginning
a + operation may be applied followed in the next phase by * operation and so on.

Conditionals

As shown in section | above many of the VAX-11 instructions may be encoded
as conditionals of the form:

COND: FXPl » EXP2:EXP3

where EXP1 is a conditional expression, EXP2 is un expression that will be executed
if EXP1 is true and EXP3 is an alternative cxpression that will be executed if EXP1
is false. In this section we show how such an instruction may be implementcd when
each of the three expressions above are of the composite type {i.e. formed of primi-
tive instructions using the composition combining form described above).
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what is suggested herc is that available CISC designs may easily be modified to
include a hardware implemented primitive layer plus a microcode FP laycr. This may
improve performance and help to maintain compatibility with previous designs.

A third use of the suggested maching is to provide users with a mechanism to
define their own FP structures. e.g. at the macro-assembler level a user may be
allowed to right his own compositions by using an instruction;

COMPn.f, ..., f,, data

where n is the number of operations to be composed. In this case the instruction
internal representation will be built in the user program arca. This may even be pui-
sued at higher level languages by allowing statements such as:

COMPOSEf,, ...... . [, FOR data;
or INSER' operation IN sequence;

to appear as high levct constructs. e.g. The sum of n numbers X, ... X, May simply
be oblained using the statement:

sum [§ INSERT + IN <x , ..... -
For more on this see [10].
A Simulated Example Machine

To illustrate the pructical wses and applicability of the abstract FP layer
described ubove, a simulated intermediate FP machine is presented and discussed in
this section. In addition to the earlier assumptions, it is assumed that the underlying
hardware machines satislied the following assumptions:

i) The avaitability of multiple arithmetic and logic units which make the machine
capabie of performing more than one opcration at a time [9; pp. 272-284].

i} The built-in instruction set includes the basic arithmetic, logical and shift opera-
tions such as ADD, MUL, DIV, SUB, AND, NOT, OR, TEST, SHL, SHR, GR,
LT, GE, LE. NE, EQ ... etc.

iii) The availability of a group of stacks with built-in operations PUSH and POP,

iv) The availability of more than one 1SR (Instruction Selection Register).
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Based on these assumptions, the cxample machine pravides the following set of
intermediatc instructions:

Arithmetic oplist

where OPLIST is a list of anthmetic operations such as +,*,/,— . The OPLIST
is obtained by converting the given expression into the generalized insertion form
described earlier. For large expressions, each subexpression may lead to a
gencralized inscriion form that may be dealt with independent of the other subex-
pressions, [n this case square brackets may be used to indicate the priorities and the
degree of concurrency. e.g. The arithmetic cxpression:

K=A+B/(X-Y/)becomes ADD (MUL, (K,A), DIV (B,SUB (X.DIV (Y.D))))

which consists of two subexpressions MUIL{K, A} and DIV(B SUB(X,DIV(Y D))).
The evaluation of these (wo subexpressions may proceed concurrently, eventually
fecding their results to the ADD operation. On our machine this is indicated using
square brackets as follows:

ARITHMETIC +,[¢],[/,— /]

This expression requires to stacks, one for each subexpression. The corresponding
operands are loaded on these stacks using the LOADSTACKS operation described
below. The work of the instruction is simulated by the OCCAM [11,12] processes
given in the appendix. The machine generates two pipelines, one for each subexpres-
sion. Tn each pipeline, execution proceeds left to right. Each operation takes its
operands from the top of the corresponding stack and deposits its results on top of the
stack. In the end each pipeline informs the parent process which performs its opera-
tions using the tops of the stacks.

Loadstacks operandlist

This instruction has a complimentary role to the ARITHMETIC inslruction
above and the PREDICATE instruction below. It merely prepares the stacks for the
execution of these instructions. For example, in case of the above expression the
LOADSTACKS operation may be called to load the operands on the corresponding
stacks as follows:

LOADSTACKS [K.A| . (B.X.Y.D]

In this case D will be loaded on top of stack 1 followed below by Y. X.B respectively.
A will be loaded on top of stack 2 with K immediately below it.
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Predicate oplist

This instruction is very similar to the ARITTHMETIC instruction abovc with the
only difference that it involves both Boolean and arithmetic operations and returns
a Boolcan value. This type of cxpression is very uscful in controlling loops and selec-
tions. The LOADSTACKS operation may againt be used to load the corresponding
operands.

Insert OP, list
This instruction is a direct implementation of the insertion combining form

described in section {5.4} abovc. The pipeline process given in the appendix is a
direct simulator for the generalised form of insertion.

Compuse OP, list

This is a direct implementation of the composition combining form described in
an earlier section.

Apply to all OP, list

This is 4 direct implementation of the APPLY TO ALL combining form shown
above.

Select entry, exit

‘This is a simplc instruction that cmulates the GARD und IF statements in high
level languages. The entry is this case is a PREDICATE representing the tirst con-
ditioin 0 be tested in the [F-THEN-ELSEIF ... siructure. If this PREDICATE
evaluates to true, the block of code immediately following it is exceuted, The tast
byte in the ENTRY predicate and all other predicates in the selection structure is a
field indicating the offset for the next predicate to be tested if the current predicate
cvaluates to talse, The last predicate in the scquence contains zeros in this field. The
EXTT field indicates the end of the selection structure.

Loop predicate, exit

This is a direct emulation for WHILE loops in high level languages. The block
following the LOOP instruction is executed as long as the PREDICATE is true.
EXIT indicates the end of the block to be repeated.

Conclusion

Tt has been illustrated how a simple FP layer may greatly imprave a RISC
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instruction set and simplify the translation of functional programs. The suggested FP
layer is bascd on Backus FP combining forms and may be used to define control-flow
instructions (COMPOSITON, CONDITION, CONSTRUCTION) or data-flow
structures (APPLY TO ALL, INSERT). [t is suggested that this approach should be
further extended to provide an alternative multilayer approach to general program
translation. since procedural programs may easily be converted into functional
forms.

APPENDIX
A Simple Occam Simulator for the Suggested Machine

Due to the fact that the ARITHMETIC instruction is the most characteristic
feature of the machine suggesied in section. On Simulated Example Machine, an
occam simulator for a two-level version of this instruction is given below. The
behavior of other instructions may easily be deduced from the behavior of this
instruction.

In the lower level the procedure evaluates two subexptessions in parallel, using
two ISR's (Instruction Selection Registers) and two stacks. Each ISR is handled by
a pipeling process consisting of a set of parallel pipeunit processes. Each pipeunit
may stand for an arithmetic function unit on the real machine. The work of the pural-
lel pipeunits is synchronised by a PCT (Pipeline Control Token). Before proceeding
to handle the operands on the stack, each pipeunit has to wait for the PCT to be
passed from the preceding unit in the pipeline. Al the upper level the main process
applies the root up to the results yiclded on the stacks by the two parallel pipelines.

For simplicity, we assumed that there are only [ive binary operators, but the pro-
cess may be gencralised casily for any number of operators and for any number of
levels,

It should aiso be noted that the pipeline process used in this simulator may be
used as it is to implement generalised insertion. It is also clear that the ARITHME-
TIC instruction simulator below may casily be modified to simulate the work of
PREDICATE instruction. The anly change needed is to substitute Boolean vari-
ables and operators for their arithmetic counterparts.

PROC arithmetic (INT root.op,tpl,tp2 INTH4 isr1 JNT64 isr2, [] INT stk1, [| INT
stk2)

[12] CHAN OF INT pipe:
[10] INT gstk:
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INT gtop,top! ,top2:
PROC apply (INT opcode. [] INT stack, INT top)
INT result;
SEQ
CASE opcode
| vesult:=add (stack [top], stack [top-1])
2 result: =sub (stack [top]. stack [top-1])
3 result:=mult (stack [top], stack [top-1]}
4 result: =div {stack [top], stack [top-1])
5 result: =power (stack [top], stack [top-1]

ELSE
SKIP
top:=top—1
stack [top]: = result
--- end of apply procedure

PROC pipeunit {INT order, opcode, stktop, [] TNT stk)
INT pet:
SCQ
pipe [order] ? pct -- wait for previous pipeunit to finish
apply (opcode, stktop, stk)
pipelorder + 1] I pet -- trigger next pepeunit
: -- end of pipeunit procedure
PROC pipeline ([] IN'T stack, stktop, INT 64 ist)
INT64 mask:
[12] opeode:
SEQ
mask: =31
SEQk=0 FOR12 -- extract the opcode from the ISR
opeodefk]: =isr A mask
mask: = mask << 5
PAR
pipe[0]! pet - feed the first pipeunil
PARi=0 FOR12
pipeunit {i, opcode [i], stktop, stack)
pipe[12]? pet -- get indication that the work is finished
:--end of pipeline procedure
-- body of main procedure ARITHMETIC
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SEQ

topl:=tpl

top2:=1p2

glop:=2;

PAR
pipeline(stk1, topl, isr1)
pipcline(stk2, top2, isr2)
gstk{gtop]: =stk1[iopl]
gstk[gtop-1]: =stk2[top2]
upply (rootop,gstk. gtop)

:-- end of main procedure

in
12]

i3
[4

[5)
t6]
71
18]
9]
[10]
ih)

2]
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