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tag value head tail

(a) tagged value (b) cons pair

Figure A.1: Typical cell values.

positive cell-address are used to represent special boxed cells and tags. A typical boxed
cell is a character value. For example, a character *a’ is represented by a cell-address
CHARMIN+0x61 where CHARMIN is a C language macro value to give the minimum offset of
the character value, and 0x61 is the ASCII code of ’a’. Hence, the value of the cell is
embedded in the address itself or bozed.

Another kind of boxed cells contain index values of t Hles. The language interpreter
includes several tables to store type definitions and top-level names. An entry of these
tables are referred to by an boxed index value. For example, suppose that a type definition

as follows is stored in a name table entry

> type Natural = Int

Then, the value “TYPMIN + i” is the boxed cell of this entry, where TYPMIN is also a
C-preprocessor macro.

As shown in these examples, the cell-value of a boxed cell is embedded in the address.
However, there are many addresses that does not have cell-values. These values are called
tags and are used to indicate sorts of cell-values.

A cell-value of unbored cells are basically stored in the (fixed-length) heap area. The
struc: re of a cell-value is shown in Fig. A.1. Each cell is represented by a pair of values?.
Fig. A.1 (a) exhibits a tagged value where the left storage records the sort of the cell,
and the right storage is used to record the value of that type. These definitions are used

to construct special values such as type definitions and parsed expressions. For example,

2In the internal implementation. there are two arrays to store respectively the first values of cells and

the second values of the cells.
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(a) Cell representation (b) Symbolic representation

Figure A.2: Tree to represent (2, 4)

a cell-value having POLY as its first value is a value which represents a polymorphic type
Va.o. The second value of the cell-value is a cell which in turn represents .

The cell-value structure shown in Fig. A.1 (b) is more prevailing in the system. or
example, a tuple of integer value 2 and 4 are represented by a cell tree shown in Fig.
A.2 (a), and corresponds to the symbolic tree shown in Fig. A.2 (b). In these figures.
TUPMIN is the C-preprocessor macro to construct a tuple constructor, TUPLE(2) is the
symbolic representation of this constructor, and the @ mark is used to represent an pair
or application of values.

There are two other storage types: the instruction storage and the flat space. Hugs
executes expression after comp ition, where the compile target is an abstract machine
whose byte-code sequences are interpreted at run-time. Hence, after loading a script, the
top-level values are compiled into byte-code sequences. These sequences are stored in the
instruction storage, and the entry point is recorded in the top-level name table. The flat
space is used to allocate variable-length records.

Lastly, we refer to garbage collection phases. The main heap area is maintained by a
mark-sweep garbage collector. In the marking phase, the collector traverses all the cells
reachable from prescribed roots such as the name table, and marks the live cells. In the
second phase, in turn, the dead cells are collected to construct a list of free cells. On

the other hand, the flat-space is maintained by a copying garbage collector. The flat

3In Hugs, polymorphic type also contains information called “kinds”. However, we ignore it since it
is not important in this context.
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space is split into two spaces, from-space and to-space. Flat space cells are allocated from
the from-space. In the garbage collection phase, live flat space values are moved to the
to-space from the beginning, and after moving all the live values, the from-space and
to-space are swapped. There is a complicated connection between the normal heap and

the fat space, but we only show the the outline of the garbage collection phases:

e Marking phase: scans from the root cells to discriminate live normal help cells.
This phase also analyzes the internal structure of each flat-space record so that the

marking phase is invoked again from the cell values in the record.

e Copying phase: copies live flat-space cells to the to-space, and swaps them after

that.

e Sweep phase: sweep the main heap cells to construct a free cell list.

A.2 Using persistent store

As has been explained, there are several stores used to represent run-time environment:
the tables to store various information, and the heaps. What we have to do to run Hugs
on top of Texas Persistent Store is to modify the language processor so that these tables
and heaps are allocated in a persistent storage, instead of the volatile memory area. The

rest of this section describes such aspects that had to be required to be taken into account.

A.2.1 Implementing module persistence

In contrast to a volatile programming environment, we must support module persistence
(McNally and Davie 1991), which is to say that even after a module is discarded or
reloaded. the reachable subexpressions must be remain on memory. This required the
modification of the script management strategy of Hugs. In other words. allocating the

heaps and information tables on a persistent area is not enough for supporting the module
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persistency. This can be easily seen by considering the following program:

f = transaction (
do p <- newDB Basic{ pName="B001", pCost=100, pMass=20,
pUsedBy=[], pSuppliedBy=[] }
PartExt{parts=ps} <- getRootDB
setRootDB (PartExt{parts=p:ps}) )

vV V V VvV V

Even after the evaluation of £, the newly generated labeled-record value may be a closure
which points to a byte-code sequence via an internally generated name. The module
persistence requires that even after the script defining this function is discarded, the
internal closure remains valid. To make the software support the module persistency,
the name information and byte-code sub-sequences have had to been moved to the fat
space. After this modification, every name has two internal representations: an entry in
the global name table to access it by its name, and another entry allocated in the flat
space to record the details such as the type, classes, and instances. The global name table
is used only in resolving names during compilation. After that, the name information is

referred to via t : pointer to the flat space.

A.2.2 Flat-space garbage collection strategy

We also note the required modification in the flat-space management strategy for the
pu  ses described in the previous subsection. Originally, the space is designed only to
store dictionary values (Wadler 1989; Jones 1994b) that are hidden parameter values to
implement overloaded functions. This poses a critical problem in the implementation of
the name information and byte-code sequences in the flat area.

Fig. A.3 exhibits the run-time structure of a record in the flat space. The top-left cell
in Fig. A4, on the other hand, shows its status after the marking phase is completed.
Notice that the pointer from the cell in the main heap to the flat space has disappeared.

The liveness of the area in the flat space can be determined by seeing if its corresponding
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Figure A.3: Connection between the normal heap and the flat heap
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Figure A.4: Internal structure of a flat-space object (after “hacking”)
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cell-value is tagged with FLAT. Later in the copying phase. all the live records in the flat
space are moved to the to-space. The disappeared pointer from the main heap to the flat
space 1s recovered after the copying phase is completed.

Hugs is designed assuming linearity in the dictionary value usage. That is, no dic-
tionary value is duplicated. This is not the case after the modification described in the
previous section. To handle the duplication, the scan phase has been modified so that the
duplicated cell value depicted at the bottom in Fig. A.4 records a pointer to the original
cell value, instead of the original tag value. The duplicated cells are resumed in the sSweep

phase.

A.2.3 Script management

Lastly, the script management had to be slightly modified. As noted above, in the original
implementation, the script are loaded completely when required. The request is made by
a user through the :load, :append, or :project command. The language processor auto-
matically checks the modification of files to which any one of the requested files depends.
Whenever such a file has been modified since the last loading time, it is automatically
loaded again.

In the persistent environment, however, reloading file may modify a database schema or
corrupt the database contents. To avoid such unexpected script reloading. the important
scripts can be designated by the user by the :lock meta-command. Locked scripts are

not reloaded even though it has been (accidentally) modified since the last loading time.

A.3 Transaction management

The atomicity of transactions have been implemented through hidden global registers,

and a trick using a constant application form.
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A.3.1 Background: constant applicative forms

Lazv evaluation is a technique to implement the call-by-name evaluation strategy. The
kev point in the evaluation is that a heap cell representing the same expression are shared,
and whenever the expression is evaluated, the cell is updated with the evaluation result.
This strategy is implemented in a straightforward way in normal subexpressions. The top
level function, however, should be treated in a different way. As an example, consider the

following simple top-level function
>v =1+2

This value v is referred to by its name. That is, when v is used in a expressi 1. its
heap representation refers to the expression by the name cell for v. When the value of
v is required to proceed evaluation, v’s definition, 1 + 2, is reduced to 3 by the byte-
code sequence associated with v. and the result 3 overwrites the the name cell. Hence, if
another expression also refers to v, evaluation of v is per rmed again to get the expression
result. Although the above example is simple, the top-level expression may be arbitrarily

complex; indeed, it sometimes includes a mathematical sequence of values like
> fib = [1, 1] ++ [ £ib ! (i-1) + fib ! (i-2) | i <= [2..]]

This values contains the Fibonacci sequence, and it would be useless to repeat computation
of the list elements.

These values are called constant applicative forms (CAFs) bt ause of its nature. The
evaluation result of a CAF must affect all the cells referring to the CAF as noted just
above. This aspect may be archived by compilation, linking (if any), or interpreter. The
current Hugs implementation uses the interpreter approach. Whenever a CAF is evaluated
at the first time. the result is cached in the name record. If the name is used again, the

cached vi 1e is simply used by the interpreter to avoid the repeated evaluation of the

value.
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A.3.2 Controlling database state initialization

The CAF mechanism is made use of to see if the database state initialization is required or
not. Whenever a script is loaded in the language processor. a flesh name record is allocated

for each top-level function. Therefore. the following code is enough to discriminate the

need of initialization:

> shouldInitializeDB :: Ref (Bool)

> shouldInitializeDB = unsafePerformIO (newRef True)

where unsafePerformIO is a built-in function® which “wraps” an IO monad expression
to the corresponding non-monad expression, and newRef generates a mutable variable for
the I/O monad. This is a dangerous function which corrupts the single-threadedness of
the I/O state transformers. We call this method “trick” because of this dangerous feature.

The compiler generates a CAF for this name. When the CAF is evaluated for the first
time, the right-hand side of the equation is evaluated to generate an I0 variable having
True. This indicates initialization of the database state is required. After the database

state s initialized, the following expression to flip the flag is executed in the bookkeeping

code:
> writeRef shoudlInitial: DB False

This part depends too much on the Hugs strategy for CAF management. This trick,
however, is suitable for experimenting various database state management strategies im-

plemented in different script files.

A.3.3 Catch-and-throw

We must handle two atomicity for

e atra saction wrapped by the transaction function; and

*The original Hugs implementation does not include this function.
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APPENDIX B. SCRIPTS FOR THE TRAIN DATABASE

--- departs from this station. Add the next stop.
| arrive == Nothing || length path ==
= [ (sid’, tid, arr’, dep’): path
| (sid’, arr’, dep’) <- nextStop sid tid,
not (sid’ ‘elem‘ map (\(x,_,_,.) —-> x) path) ]

--- arrives here but requires further travel
| otherwise
= -- (1) with the same train.
[ (sid’, tid, arr’, dep’): path
| (sid’, arr’, dep’) <- nextStop sid tid,
not (sid’ ‘elem‘ map (\(x,_,_,_) —-> x) path) ]
++
-- (2) via another train.
[ (sid2, tid1, arr2, dep2):(sid, tidl, arrl, depl): path
| (tidl, arri, depl@(Just dtimel)) <- stStops (readRef(db) sid),
tidl /= tid,
dtimel - atime <= mkTime "01:00",
dtimel - atime >= mkTime "00:10",
(sid2, arr2, dep2) <- nextStop sid tidl,
not (sid2 ‘elem‘ map (\(x,_,_,_) -> x) path) ]
where
Just atime = arrive
Just dtime = depart
nextStop sid tid
= let rain{trNo,trVisits} = readRef(db) tid
sched = dropWhile (\(sid’, _, _) -> sid’ /= sid) trVisits
in if length sched ==
then error ("dofindroute.nextStop: train " ++ show trNo ++
" does not stop at \"" ++ stName (readRef(db) sid) ++ "\".\n")
else take 1 (tail sched) --- maybe [], if no next stops.
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