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1. INTRODUCTION

NeH so f tware , FR80 DRI\'ER, is under cons t r uc t i.on to ease the current
maintenance prob Lerns w i th the exis ting III D'i sp 1ayer, and to provide
new facilities (:FR80 DRIV'ER is outlined in FRSO D'i.scus s i.on Pap e r is).

This paper describes the methods of d2sign and construction in use
with DRIVER. These methods Lnc l.ucie designing by Step liJise Ref i.nemen t
and its representation by f l.owchar ts , the encoding of these f l owchar t s
into an inter;nediate language, and the translation of this language
into an FR80 program. The p cpe r closes ~·lith.a discussion of ['t~IVI:n.
p rogr amming standards and style.
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2.1 Conventional F1olo}cltc:,!.-f:ing----~-.-..-_~--''''
I'R80 SYSLOG Has designed and :Lmple:wented by top JOHn, disciplined
pro grnmmi.ng techniques, I'Towch ar t s of the pr ogr am '<l21:e produced i:":.'i: "--,
s ucces s ive levels of dc t ai.I us i.ng the: Iilet:l0d of Step Wise Ref inement. [7J.
The final f lowchar t H;:l.S <uf fi cient Ly def.:-'.i_led f or Fn.80 As sernbLer code
to be produced almos t raechan icaLl.y, During the design of SYSLOG
several inadequacies of conventional f l ovch ar ting ,·7cre encouu tered:-

(1) they are difficult to draw and I .1Y out as they spread out; in
aIl, directions from a given s tar t i.ng point , This makes formatting
on a page a prob Lem, often requiring r edr awing ,

(2) they have complex symboLs whi ch ar e hard to dr aw neatly freehand.

(3) if a template i~, used then fitting text into the boxes is a brave
problem.

,')\,4 they cannot be dr awn "nat ur a l Iy "; pro gr ammi.ng language source i.s

easier because it follows the normal lexical 'directions' of
English.

(5) they are difficult to conve r t to a machine readable form.

(6) they are difficult to draw 'automatically'.

(7) they are usually dr awn on A4 paper whi.ch is too small to convey
the logic of a complex module. Arbitrary, redundant branches
are caused by page boundaries making a disj ointed f l.owchar t that
is hard to visualise overall.

(8) they fail to represent such properties as parallelism because
sequential actions are spread Ollt over both dimensions of the page.

(9) they positively encourage undisciplined branches and 'cluttered'
logic because it is so easy to dr aw branches in all directions.

(10) they fail completely to 811mV' how the final detailed design has been
achieved through Step Wise Ref i.nemerrt (S~\'R).

The above problems wer e overcome by developing a variant of flowcharting
called Dimensional F'l.owch ar t i.ng, described below. The final design of
SYSLOG 'vas actually represented by this method.

or
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2.2 Dimensional ilowchartina-- .

Consider the CASE statement

Conventional CASE statement

This is a well+disci.p Li.ned construct having one entry point and one exit
point. It shows how the conventional direction of sequential control ~s
from the top to the bottom of a flowchart. It also reveals that the
executable code blocks e1, e2' e3 exit as parallel alternatives,
although only one is executed to the exclusion of the others. This
is the selective CASE statement, the most common form. In a generalised
CASE statement whose semantics are that each and every 'true case is
executed, then the parallelism is more obvious [3J. (Note that
IF-THEN-ELSE is a simple CASE statement, the cases being 'boolean
expression is true' and 'boolean expression is false'.)

From this exampLe we can pos tulate that the Idimensions' of a f Lowchart
are sequential control floH (SCF) and parallel execution (P), figure 2.2.

'V
SCF figure 2.2 2-D axes
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2.2.1 Sequential St3t.~m\:;nt:.~

For the £10'." of control to be al~E~,
discipline on branch instructicl1s.
of statements, havin; only one entry
IF-THEN-ELSE, CASE Clnd LOOP. Hence

top to b ot tom we r:1USt; impose a
Every program must be a sequencp
and one exit point, such as
in Dimensional Fl.owch art i.ng a

sequence of s t at.ement s S1: S2: ••••• ~Sn is shown as

SI
i
S2

IJ,
SCF

I
Sn

Any 5i represents either program source text or an informal descTiption
of an action depending on the level of ab s r r ac t i.on of Si.. There is
now no need to dr aw a box around the st.atements.

input [i:~~ut dat~l__L. _ _
r;erfom conq>ut_3tioj
~n data

I
perform computatIon
on data

~utPut res~output results

(a) (b)

Contrasting Represent.ations of Sequential' Statements
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2.2.2 CASE

1he CASE stctement_is drawn as

prev1.ous

I
statement

action-l action-2

- - - - ~OOlexp-n

action-n

next statement

figure 2.5 Dimensional CASE Statement

The selection mechanism 1.Scontrolled 'by the Conditional statement

I '
~oolean eA~ression>

1 figure 2.6 Synchronisation Hechanism

Its semantics are,that if <boolean expression> is true then control
passes on ~own the vertical line (crosses the bridge [12J). If <boolean
expression> is false then control is prevented from continuing along
the vertical branch. This is a general mechanism which is used in
other constructs.

Returning specifically to the CASE statement, its action is that if
one or more vertical branches have true <boolexp-i>s then the corresponding
<action-i>s are executed. Control orrlypasses to the statement after
the CASE when all of these have finished execution. This shows the
parallel dimension of the f Lowchart to its full advantage as control
can be imagined to instantaneously flow along a horizontal line and
down into each vertical line as though an infinite number of parallel
processors were available to execute the statement. If all vertical
branches are blocked by false <boolexp-i>s then the whole statement
is terminated and controlpas'ses tc the next sequential statement.

--

The simple boolean blocking statement described above is good enough to
represent purely serial algorithms. If a designer we~e to uSe this
flowcharting method for constructing real parallel algorithms it is
likely that he wo uld add his own synchronisation devices. The main
point being made in this sec~ion is that the rigorous use of the two
dimensional page elegantly represents parallel code and sequential
ordering.
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2.2.3 IF-THEN-ELSE

Using the above scheme, IY-THEN-·ELSE 1.8

previous statement
I
!

if -'-~OOl ---Got booI

1
<then code> <else cede>

next statement

Dimensional IF-THEi.~-ELSE

Note that now, because of the explicit parallelism, the <then code>
and <else code> blocks must both be conditionally executed. This
forces the programmer to conS:rder fully 2.11 the implications of the
<else code> operating on the (usually) lergc set of possibilities
<not boo L>, and is put f orwar d as an advant age of the 'parallel' ..•7ay
of thinking.

Obviously for normal, serial prograrruninglanguages, the f Lowchar t
will be encoded using the conventional 'jump to <else code> if boolean
is false I techn.ique ,

2.2.4 LOOP

preV1.0US.statement

I
LOOP---·1

S1

~oolean

I
S2

prev1.o1.lSstatement

next statement

(a) (b)
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In the LOOP statement, figure 2.8a, the loop hody (Sl~ conditional exit, S2)
is repeated while <boolean> is true. Loops arc discussed further 1n
section 3.4·. To help differentiate betwccn a sequence of s tatomcnts
whi.chis repeated (loop body) and one whi ch is not: (block body, s cction 3.5)
it is sometimes helpful to use the symbo l.s '* T and I~' which indicate
repetition and termination respectivt:1.y. However they are usually
omitted. Figure 2.9 demonstrates their use.

prevl0us statement

I
IF---C;OOI

S1
_l

~ot bO~l

.r0P---1

-=- 82
I

~OOI
S3

I
*

next statement

1
figure 2.9 Repetition and Termination S~ynbols

2.2.5 Branch

Dimensional ELowcha rti.ngcan encompass direct branches but it clearly
ShOHS how they spoil the elegance and discipline of the design, and how
their occurrence, in practice, seems unnatural and unnecessary. This
feeling groHs afte.rusing the disciplined Dimensional Flmvcharting method;
one quickly forgets that GaTOs ever existed. The FR80 SYSLOG design
was free from direct GaTOs, and it 'va~ greatly improved by thinking more
deeply about the reliability of the control f Low , .

If an explicit GOTO must be used, it can be shown as figure 2.10.

label:Statement2

I
Branch.

The resemblance between the GOTa notation and the Devil' s tail 1S not
coincidental.
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A p r opc rty of Step \·:is0. RcI inerr.ent (Slm) is that the most up+Lo+ date
design is expressed in tern.s of the Lowest Ieve 1 reached so far. This
DERDS thnt, at worst, the derivation of la=ge parts of the design are
'lost' 3.S they <:iY2 t e f ined, ,')t at b= s t , can only be deduced from a
study of separate flo~chart5 of the variou3 intermediate stages (figure
2.11). Is there a unlfie~ ~cthod of rcrresent~tion which will preserve
what amounts to a record of th'2 des i.gner t s thoughts?

solve quadratic eqllll. .} level 1

input data
I
perform comput ation on da t:<3,

I
output results

level 2

else pos!'·oo<.::==(-b+jbLL}ac)/2a>r.-;----- ,
negroot:=(-b-""b"--4ac) /2a;

level

read A',
read 'R •~,
read C·-,

:ii. dea cr imi.nan t <0 then print (Lmag ina'ry roots) ;r)osroot:~negroot:~O;

print A;
B;
C;
posroot;
negroot;

stop;

!_igure 2.1 J

By using the Algol-like rule that every program is a single (compount)
statement "'hich can be recursively split into sequences of statements
(the process of refinement) we can formally recognise a SWR design
(see section 2.5). These separate stages of refinement can be connected
if the f Lowchar t is given a _!:_hird dimensi.on , ealled the Refinement(R).

----~(P) Parallelism
~

••••••••••••••• J~

"" ... (R) Refinement
(SCF)
Scquen c i a I
Control El ow

3-D AXeS
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The example given figure 2. II now becomes figure 2. )3.

solve quad equn

input data

perform

read A

read B

read C

computation

~~------I
Gescrim<o ~scri,""o
I I
print (imagroo ts) pos root: = (-b+/b 2-lfac) /2a
I
posroot=O I --rI negroot:=(-b-v'b -'4ac)/2a
negroot::O

output results

~
print A,B,C
print posroot,negroot

stop

figure 2.13 3-D FlO\vchart

NOvI one can study the program's design at any desired level of abstraction;
one may study the design at varying stages of refinement as the area of
interest changes, digging deeper do\m into the details of, say, 'input
data ' to see exactly vh at is happen ing , Having once under sFood the
action of the input phase one need never again go deeper than the 'input
data' level to recall the program's action at this point.

If one regards the higher levels of abstraction as comments about the
Lowes t level s then this hierarchy of comments may be 'folded I or 'linearised'
into the source code texts whence the correspondence be tween the f l owchar t
and the source code is exact in the refinement sense and the sonrce proeram-
f Lowchar t couple becomes much easier to read and understand. This
proposal was f oI Lowed wi tli FR80 SYSLOG and works wel L in practice (see
example DRIL program, section 4.2).
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Tackling a problem by c r e at i.ng a 3-D f Lowch ar t via S~.,rRproduces a
model of a logical so l ut iOil) not a work i.ng program. This result r.s
analogous to the hardware engineersl Logic Diagram. Actually
cons r+uc t ing a pro gr arr f r om tne Log i.ca l solution introduces a new
set of practical problems whi.ch vary wi.t.h the peculiarities of
par ti cul ar S01.l"rcC! Languag es , compilers and machines. Considerations
such as page-bank aduressing boundaries, core sizesg macros being
defined before being called, and separate compilation for individual
subr outines cause a wo rk ing so urc e program to vary considerably from
the neat o~der of the abstract logical solution. Thus a second
I engineering dr awi.ng I should be made, .again using the 3-D SWR
technique, which is a llL.:1pof the way the source cod.e is phvsically
constructed. (See figures 2.15 and 4.4.) Ihis is exactly
analogous to the way har dwar e engineers mus t produce a circui t
board component and wi r ing Layout from the Logic Diagram.

(If the program is non-trivial then the two flowcharts are unlikely
to fit onto single ALf pages; do not split them up into several pages,
making them dis conne cted arid hard to visua l i.se - dr av them on larger
pieces of paper. Regard the flowcharts as engineering drawings. No
eng rne er b ui, Ids bridges wi th 114!)

A simple example w iLl, show the working relationship between the Logic
Diagram and the phys i ca I layout. Consider a typical program wh i ch
contains a recursive binary to decimal conversion and print subroutine,
BIOTDS, stolen from [1]. In figure 2.) 4 see hO\-1 easy it is to spot
and understand the recursiv~ actioE of IIGS when the subrouti!1e
dcfini tion is I refined I f rom its call. In the program's source
text Physical Construction, figure 2.15, the call and subroutine bodies are "
separated, obscuring their logical connection, just because of the
way the comp i,Le r is wr i,t ten.

•..
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BlTODS (n)

<,
if----"J

G;0
print (-)

call ITOS (~bs(n)

-J-~
if----,

~>~lO

call ITOS (n/10)

print (mod(n,lO)

~ l~
add 'character base' to integer

I
print char so fo~med on TTY

,

fig~re 2.14 Recursive Binary Integer to Decim~l String Conversion
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typical program

!---...__
'1

compiler params

I
macro def ins

I
storage allocation

I
subroutine definitionsL____ __

-,
some. subroutine bodies

I

figure 2.15

lTOS (n)

I
more bodies

!
BILons (n)

ma~n cOdb body
I-----:.._

"I
some

f
call

I
more code

code

BlTODS (n)

error handlers

Physical Construction of Typical Program

Using the Logic Design flowchart in conjunction vli th the Physical
Cons truction f Lowchart and the source text wi th its IfoLde d I S\fR
COIll.mentsgreatly si:nplifies the problem of relating the physical
program code to its logical design an2 action. Again, this
observation is based on the experience gained frum FR80 SYSLOG.

_.
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2.5 Flowchart Syntax

A direct benefit of introducing disdpline into the design methodology
is that a conr ext free grammar can be defined which w i.Ll. generate 3-D
flowcharts. Figure 2.16 is the TREE-META [9] definition of such .a grammar.
This property means a flowchart can be shown to conform to the design
methodology and to the project standards wh ich should be built into
the grammar .

•METAFLOW
FLOH"= '.NAME! .ID ';' NODE
NODE= SERAL $( SERAL) '#'
SERAL= '1' 8TMT (NEXTLEV/
PARAL= !-' NODE ;
NEXTLEV"" 'L' NODE ;
STHT= (.ACTST / EXSIT )
ACTST '='. SR
EXSIT = '?' .SR ;
.END

, .END' • II? ,.' ., ,
,
.EMPTY)$ ( PARAL)

3-D Flo,vchart Syntax

2.6 Automated Drafting

It can be shown from the grammar (figure 2.16) that a f Lowch.art is 2.

tree. A simple tree-wa Ik wi l I produce a linear machine-readable
version if the various straight lines and flowcharting symbols are
encoded as unique identifiers. Such a tree-walk is similar to
unparsing [2J. This human process is quick and easy, and the output
matches the original drawing (figure 2.17).

The linear tree-walk can be fed into a syntax analyser (figure 2.16)
for validation, and a s tra igh t forwar d recursive graphical algorithm
can be constructed to produce high quality output on a plotting
device by exp loi ting the grammar rules to dr aw the flowchart left
to right, top to bottom, whi ch makes the formatting very easy (it is
'context free'). The ease with which drafting may be automated is
another major advantage of Dimensional Flowcharting.

In figure 2.17

represents a vertical line, the SCF direction

- represents a horizontal line, the P direction

L represents an angled line, the R direction

# represents the '-;:' symbol indicating the end of a series of
sequential statements

- 13 -
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2.7 Summary of Advantages of Dimcnsional_Fl~harting

J. Quick and easy to draw, by hand or machine, because drawn left
to right, top to bot tom , i.e. naturally.

2. r.ranunarensures f lowcharts are well-formed.

3. Grammar provides a mechanism for enforcing project standards.

4. Easy to convert to machine readable form via simple 'tree-walk'
method.

5. Granunarmakes automatic drafting'very easy.

6. Statements may be any length.

7. Statements are not constrained to fit into boxes.

8. No need for templates.

9. Fe\']special symbols.

10. Adaptable to any source code and machine.

11. Easy to introduce new features such as control constructs and
synchronisation devices.

12. Shows inherent parallelism vrh ich is often not obvious from the
source code.

13. Recursion easier to represent and understand.

14. 'Automatically' ensures w.il.Ldisciplined program design.
logic is prevented.

Cluttered

15. Encourages and facilitates SWR design.

16. Makes it easy for a 3rd party to understand how the design arrived
at because SWR explicit.

17. One f Lowchart shows all 3 dimensions at once, making it passibLe
(and easy) to visualise the whole program at varying levels of
abstraction.

18. When both the logical design and the physical construction diagrams
are drawn as large size 'engineering draVlings'and when all the
levels of abstraction are !folded I into the source code••..as comment.s
then the 3 documents work in unison to greatly improve the speed
and understanding of the program by a 3rd party (and the designer
himself) .
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3. DRIL

3.1 Introduction

FR80 SYSLOGw as des igned usi ng high level control constructs. The
FR80 only has an assembler so these contTol constructs had to be hand-
compiled - a tedious, error-prone process. As DE~IVERwill be a much
larger program than SYSLOG,it was decided to cre at e a simple
implementation 'langua8'-" (DRIL), based on these control constructs,
which could be easily t rans La ted into FR80 Assembler source code.
DRIL is an aid to assembler pr ogr ammi.ng , similar to but more power ful
than macros, rather than a full s caLe yh i.gh level language. A DRIL
program should therefore be the easiest, fastest way to produce a
correct FR8D Assembler program.

The aims of DRIL are

(1) a reduction in coding errors.
Cases, Loops and Boolean Expressions are difficult to hand
compile accurately first time, every time.

(2) an improvement 1n the 'readability' of the code.
Assembler versions of control constructs, especia.lly their
boolean expressions, a.re not easy to understand. DRIL's
free format helps to highlight loop bodies.

(3) an improvement in the consistency of construction.
The tendency to locally optimise Qssembley code in SYSLOG
caused a lack of uniformity whi ch made 3rd par ty understanding
more difficult.

(4) that the DRIL statements should reflect the 3-D f Iowchar t ing
system (section 2) making SHR and reliable control f l.ow easier
to achieve so that DRIL, the Logic Design and Physical Construction
flowcharts all work in harmony.

The object program produced by the DRIL translator (section 4) is an
.:FR8DAssembLer source code program be caus e

(1) this simplifies the process of translation; the work of the
assembler is not dt;plicated by the DRIL translator.

(2) the DRIVER
form [8J.
to produce

program wi Ll. be t r ans por t abLe to other sites in source
This is one. reason why the DRIL translator attempts
an obj ect program which looks like a hand written

assembler program. •..
(3) this simplifies checking the translator.

(4) this a l l ows incorporation of non-DRIL produced code at the assembler
source level.

(5) macro-IS programs can also be pr oduce d from DRIL source programs.

_ It: _
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A translator wri ting system t s used to produce the DRIL translator
because

(1) it is the fastest method of i.mpIomantat i.on ; the effort is put
into defining DRIL, not into producing a syntax analyser etc.

(2) it r.s the easiest meth od as it builds on existing work ,

(3) it is the most reliable way as an already proven system is being
used (Tree-Heta on the leL 19D6A [9J).

(4) it is the most flexible; DRIL and DRIVERare likely to evolve
together and Tree-Neta al l ows DRIL to be modified easily.

(5) it allows software development to explci t the power of the
leL 19D6A, freeing the F~80 for production woik.

(6) Tree-Meta' s f Lexi.bLe code generation system makes it possible
to produce translator-commented code, neatly laid out w i th the
source code con~ents retained= gO thRt a DRIL object program
is an FR8D Assembltr source code progr2.ffi indistinguishable from
a wel I written hand-coded equivalent.

An example showing the full range of DRlL source statements, their
f Lowch ar ts and the code they produce is given in section 3.2. An
actual DRILmodule producing valid FR80 code is shmvn in section 4.2.
The individual DRIL statements are explained below.

- 17 -



3.2 DRIL Statements

p ro gn ame

~"l
Zahn loop - termit)stion guaranteed

~"'J
loop,

100? body

~Xi' Hi bo01A'000,"

loop body
1

~Xi tiff done 779 times

loop body

I
f. ---T--~'------------'

r:79 .' ~OOlA=bOOlB

'1 I .
too many repts good exi.t

s eLect i.ve case statement

~

0"'" ~+"V:2-----VAR1=VAR2

ac t iona actionB actionC

integer case statement

'<,
C25e7---

~~VAL=l
action 1

I
frNVAL=2

'I
ac t i.onZ

J
( INVALo'3
'--I
act ion3

if t.hen else

l....~

if-------.-----------

die boolean

!
then code:

-,
~ot big boolean

1
I
elsecode

3--D F1.m{chart of all DRIL Statements

18

dNV,M(],',3l
I
de f au l t

-

~O'
I
default

other 3



-
3.3 Boolean Expressions

Control constructs need powerf uL boolean expressions to be really
effective. DRIL has a comprehensive implementation of boolean
expressions to encourage clear and exhaustive handling of all
eventualities. This should reduce errors of omission and default,
and should improve the clarity of programs. Boolean expressions
coded in assembler are never obvious. The speed and accuracy of
.automatic encoding is a great improvement over the hand compi l.ati.on.
technique. DRIL has the usual boolean operators and a syntax which
copes wi th the lack of formal boolean variables; see section 4 for
the syntax a.ndsection 3.8 for a summary of the boolean operators.

- :9 ..
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B~I~llJ~ pi Pt'\~\jll\ iP!l !·i!l:t:t 1\:. \.,.Ill', .(1:Hq'ba.;,U~I(.HI1:.\1!~'Ll t ,'lC\P'·l"lIl\\ I Hi,'
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0.1 (I :19 • :-; !!l1:~ Ij U !~1\., '1\" ~ ..•H" \ . ',I -\ II'. ~.\\' fI!' q Ii t· Pot1., J.' II:) "\"\ I r £. tl r ~H~I~"'1 J i1.t:
UtHl.~;) Lti! ~'JOJ:' HUI~6 II \ ,Iu1\;) d\<: J M"\'; ~:: .hiH t" o « ub [I t1 1j l,\):l=l Jr "tl i' t<.1t, j: J Jllil

: r, S I ~ ,: 1. ;.( TII

L:~I' U1S elf JOe t:v-;1~21.I.{F.T~1 O'J 21'~':V73 .~r '~t"·.).S:)

Q ~J)lt\)C' P~·.)i·I"~Jf:
I
l
~
4
5
6
7 'I ZA~~ LJ~; - ~ITH GUA~A~TFEP TERrl~ArIO~';
~
9 "~XL00P ~EPillH :- 779;
'!J ,Lul)P
I 1 ' l" ) P A.J CY I :
12 ,EXIT E! .:FF O\)OL~ .Ee 300LS;
13 1 lOJ? ilC~yt:
14 ,EX!I £2 ,lFF .D0~~ ~~?TLIM ,TIMES;
~~ , LJJ~ ~:~yl;
i e ,P.EPEH
17 ,l)tT fi .c ws s s 1
13 .SIT £2 .C~LS~5 I

1~ .E~'OL;

GOG) EXIT C0~Et: ,ENOS;
10e r4~Y AE~E~T5'; .E"DS;

21 " E~O OF IA~~ tCJP':
22
<3
'4
7.5
~6 " SELECTIVE CASE STATE~E~T';
27
25 a8f..oCI( t'.J!1"'~ .EX~T5 CA/ca,er,;;;:;
?9 ,EX!T CA ,iFF V~Q' .~E VAH2:
1U ,ExiT CD ,IFf VA~2 .Gl :40;
11 ,ExIT CC ,IFF VAw3 .ZE_~;
:1,2 ,EXIT ~f; I
;3 ,E?tLC;r,
34 ; S IT
"5 .SIT
'~6 ,SIT
37 ,51'
18 ,E~I()B;
j'?
40 " f~" JF Sf.l~CTIVE,CASf STATE~ENT':
41
42
43
44
45

Example DRIL Frog Source

C~ ,CA~SE~ , HiIC~~' ;, • c q ~}S:
ce ,C~l.SES . ACTIC~8' : ,E~JS:
rc , c·\ l. S E s , .HTIC~C': • E '-J.J S :
OF ,C;UHS , CEt:ACLl'r: •EN:)!;:

46 '! !~TEG5~ C~iVE~ C~SE ST~'e~f~T ';
47
48
1.9
~()

,EXIT .CASE INTVll
,EPILOG

t~Ir C1 .C~~~F.S 1

:):r ~2 .c u sss ,
,SIT (3 .C~~5eS '
:5rT C~ .C~~5fS •

.OF C1 ,C2,(5 .QE~AULT co;

s.
'i 5 ,f. '/05 :
So

HTICII" :
,.l C T t C), 2 ' ;
ACTIC1j3';
cO ,\l.,LT';

.E~_jS:
IE •.•c S :
.E~1S:
, E r;.;5 ;

~l " ~~~ ~F I~JTEGE~ ~~fV[~ elsE STATE~E~T~;
id
1'1

~ 1
•••1. " IF-T,tE·,-El'iE';
l·.~:/ S!~\.:S ~lfA~Y A'Jr~ 8t~~.;'::;'" nCo:"cl!:l JPEKf~iC~SI:
f,4
~S .IF (IJ,\~' .t:~ ;:77; .f)~

~6 (,)-,::2 cLE ';r;<;:) ,At,)
~7 ('IA~ \ ,',C'tZ£QJ)
"Ii • r ,E 'j

THf~ C00£ qODY',
, F.l S!:

EL"E co cs S':OV';
71 t [I.D I;
?5
74 " E'~ UF If-TME~-ELSE':
7~
76-,.,,.
71\
?? .E"JP P~O~~A~E:
~u.\'
·l
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c (r. ~c r ( CCc' c cc c c ccc cr •.r c cccc •.ccr ((' ( , (,' r r r cue c c c ( C Cc CC( r c <.lr ,:,JCCc r .. : c-: r c. r i .' c. c. r, I; .

( ~ f ( lei: ;" ( f t..' c I' C I .'" C I: r j',' c .
CCCCCCC(\'(~lC~( ;~~cc ~(~

I~SIN~'.~CTA CCC':CCC, C'to:(CC: :'-C\.O: (l:
CCCccrC(fC«(C ·cr:~C.C,CLC
CCCCC~Cl(CCtC:c\ "~·C<C·'iLC

tcccrrcccc[cCCCCCCCC[CccccccrcrccerrCcrcccccCCCCCC((CfCCCCCC(~([cccCrc(c[:c: ';C(C '[~C

u /UdJ:OQrL P~C~'A~[ OdJECT ~~~G~A~E
1 I
Z I
j I
4 I
5 I
6 I
7 f::::::::::::::::::::::::::::: i::::::::::::::::::::
S I
9 I

10 f Dq(L '1ACRO OEFI~[T[ONS
11 I
12 .I~S£QT RJB:DRIL ~ACRDS
13 f
14 I E~O OF ORIL rACQOS
15 I
16 /
17 f::::::::::::::::::::::::::::::::::::::::::::::::::
Hi f
1'>1 I
~ ~I I
21 f
22 !
23 I
24 1:::::::::::::::::::::::::::::::::::;:;:;;:::::::::
'-5 I
26 I
27 I DRIL FATAL ER~CR rlANDlER
7.(1 f
29 I
~o I I~S~RT ~aTAl ERROR HAN~LEQ CODE
II .1~jSEQT R)B;C~lL FATAL II figure 3.3
32 I ! I
B I
'4 I rAT~L EqRQRS ARE:
~5 I
~6 I
17 I FAILURE TO EXIT F~OM BLOCK
36 BLKERQ, ~ATAL 'DRILl-HIT aLeCK BOTT0~ AT=,BLKERR
39 I
"I I
41 I
1.2 I
43 I
44 I E~O OF FATAL ERRCH HANDLER
45 I
4¢ I
47 1::::::::::::::::::::::::::::::::::::::::::::::::: I
4d I
49 I
50 I
~1 I B~GI~ v,ER CCDE
~l I
~3 I
~4 I
55 I
~'> I~,
~Ij
S9
~a Z~H~ L11P - ~IT I CUIA.~TEFC TEqMI~~TI)q
,,1
f;l
1\3
~4 SET LU~' LIPIT C~J~TE~ VAal'8LE
~5 LAC (779.)
t\~ T C ~
1\7 OAC ~~(PTLI~
1>1

"9
7') STAH L lOP
? 1 ~1 i ,
7l LOO? ~O~Y
n

•. C ( C( L c: L L ,; c .:
.: C " r t L ( t. Lee
.ccerLncr.~ .
~c " [ ( L C Lee L •

C ~ucctncCl~
C .: C c r r L r c c c c;
C .;C,;CClcnC'·

Cr~CI~':l:"~ rt'(((CCC~
c cr 'crt rr rrr c c cc
cr cc 'Ct r r c ccr r cc c
c I:((' .c ~ I "( c ( ( C c C c
CCCr (fLCCf[CCCCC
ceee c:CCC[[cccct
eeec [«(eercececc

Example DRIL Prog Object

£~: n
sr.P(IJ
S'. P
J 1PEl

nnc i s 1 B,JI)LIl
I SK;> H FAl~E

I EXIT f1

LollP IlCOY

utn
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f},j

:)9

1 ~O
111
1"l
1 Ij
1 :1,
1 15
"'01 ,i7
1 -,:I
1,)1l
110
111
111.
115
114
115
1H>
117
118
119
PO
p,
1U
123
1?4
P5
~~6 _f
1U I
128 I
1,~9 I
no
1"'.1
nz
1'3 I
1'4 I
ns Ino I
1"17
na
119
hO
H1
1!.l
1~3
144

----
l~ ISl HUlli"
4~ 5.~ I SKP IF r~l~~
,~I J'lp (~ I EX t r fI
'HI
~v LOOP ~COV
"\I
1)1
"l ~EPf,r Lua~
,5 J'II> LBl
'"It I,,~,
"0 I Sl1~\TlH £1
"7 E1 •

Gc1\lJ ,XlT CJCf.
J'IP Lql I lEAVE lIlCn.lOCF

S:"UATt)~ E~
EZ.

Tv) ~~~V ~E?E~TS
I £~D Cf CLOCK.LOOF

LuQP
LSZ.
I E'IO
I
I
I END 0F Z~~N LOCP
I
I
I
I
I SELECTIVE C~SE STATEMENT
I
I
I
I START :!l'.iCr.
I ,WITH .E~ITS C'. Ce. ce. OF
I
/

tAl T1
S ~p 'I E
S<.P
JI-IP CA

VA"' ,'/~R2
I SKP IF FALSE

I EX!T CA

EX! T?
SKPGT
sr.~
J;'IP CS

',;.R2,(40)
I SKP !F FALSE

I EXIT CB

EX!T?
S~PZE V,1R3
s~p I SKP IF FALSE
J~p CC , EX!T CC

J,"p 0; I EXIT OF

I SNOULC HAVE EXITEJ BY NOW

1:.5
'~6 SIT~.\7!1~CA
".7 C A,
14H ~CTIO~'
14? J'IP L~3
no
,0;1
1'il StTU~Tl')~ CJ
,,3 Cq.
1 ~4 ACTIONS
'~5 J~p La,
1 "-6
1".1

I LEAVE RLCC~.LCDP

1'.d SITU,\T I j'l CC
1 <;9 CC.
'hU
Hl
1~£
1;,.s
1~4 SlT~~T!1rJ OF
, ~ 5 0 F ,
1~,~
,-,7 l 5,
,,.,j L '"
1·,'i l .1,
1? 'J I (,,0
1"1 I
"17'- I
175 I E~D IF SELECTIV[ CASE STA1E~E~T
174 I
175 I
Po I
, ?" I
Ptl I
179 I I~TEGlR OMl~(~ CA~E SrATE~ENl
1'II) I
HI I
1 :\ I. I
1" I STAQT ~L0C~
, 14 I
1 ~';

ACTIO.',C
JI'IP L~5 I L~AVE BLCCK,LCOP

JEF,1'JLT
I E10 CF 3LOcr,lOnF
I E',C Cf aLr'Cl,LD')i'
I E,C 'Cf dL0CI,LOU~

GLOC~

figure 3.3 cont'd-------~,----------
i ~t, .r ss r IIT'll\\, .cr
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1 '\ 7
1~:l
1~')
100
101
1';«.'

•••1o ~
11)1,

1"~
10()
101
j v s
If)'1
2 !'J
2 11
21l
2,ll
214
2 l~
21()
217
2 Itl
219
21V
211
21l
20
2H
2'5
2'6 SITUATI0N CZ
Z,7 C2.
2'3 ACTIO~2
21'" JI"P lB9
2=10 I
2,~1 I
2~2 I StTUATI)N C3
223 0,...&:r..••
V5
Z?6
2?7
va
V9
210
2:q
212
213
214
235
216
217
2~8
2W
21,0
241
242
243
2/,4
245
240
247
248
249
2'iQ
2';1
2'i2
2'ij
~'i4 LS1'-:,
2S5 L~l',
2S0

-
5 ~ P 'i [ r- T V A l , ( , )
J"? I \.'16 I ToIq ,trpUL T If' <1
~"( «(~~6)
T C \
UP (f.ln?)
TAD I~TV~\. DFFI£T-~[fAULr ~J fJA OK
S 'I.~
In;1 ! ln6 J THE CU~ULT >.')
PAX
JrlP : CI~P~

l~BLE QF ~ClgE55ES
LH. J';o \.~?

H'H2
EO

~EF~~lT ,SIT~~'IC~
l~o, £CO
f £,0 JF ,EXIT .C~SE
f
I

I !~O~X REG DE5T~O'ED AV C~~E
OF. s t Ti. ~ T t C 'jS
I SHQULt hEVE~ 3E EX(CJTfD

I SHOULO HAVE EXITE~ 6Y ~Ou
I
I
I SITUATI,)N C,
Cl,

I LEAVE nLCC~,L00P

I LEAVE nLOCK,.OOP

JMP LB10 I LEAVE BLCC~,LOOP

S!TlJ~il')N CD
CO,

OEF~UlT
I END OF BlOCK.LCCP
I E~O ,CF SlOCK,LoaF
I E~C CF BLOCK,LOOF

H'lCK

LS'Il,
l~9 ,
LSd,
I END
I
I
I E~D OF INTEGER D~IVEN CASf STATE~ENT
I
I
I
I
I I F-THn-ELSE
I s~ows ~~ARY ~~D B!~AaV aOOLEA~ OPE~ATO~S
I
I
J
I IF

Sf-PEl) VAR1, (77)
S~P I FALSE. TRY ~ExT
J:1P LO"'1 I nUF
SKPLE VAR2, (999.) ,
J; IP L9' 2 J J;~P IF FAL 5 E
SKP"4L VAR3

I , ~110 !S q 1 S E
I L81'.' IF r:<l)F

J!IP LS13 I JItP IF FALSE
2)7 TuE"
2SS T~E~ ceeE BJDY
2~'} J'IP l814
~"'u ELSE
2..,I lO I I,
?~l ELSE rC:E 5)Dv
21,5 LR'.•,
?'J,'. E 'I~ ,,IF IF
2"5
~"'6
2"" E~O OF IF-TMEN-ELSE
:!_,..<j
2~')
~7;J

2·'1
l.7l
27.1
2'/4
2' 5 C I'~s r .,', r S v AR I A PoL E 5
?_",'f)
771

{.7'1 I
2':V ,
211 I
2ill I
~ \.l I (ID OF PH()G F~C'J~AtH
? 14
.! ~~
2 t6 STA~T

figure 3.3 cont'd

- 2.3 -



-
3.4 LOOP

The LOOPis illustrated b~; lines 7-21 of: f i.gure 3.2, and by the flowchart
equivalent in figure 3. I. Loops are inf.i~lite unless the loop bod~
contains one or more exi '.: S t at ement s (s ecr.i.on 3.7). wnen a LOOPas
terminated by an exit the program is said to be in 8. particular ~ituation '----
det ermi ned by ",hi-eh e-xit caused the tcrmi.nat.i on, The occurrence of a
particular si tuation--caus2s the execution of a lis t of statements,
the epilog code, as s oci.a tc d wi th that: s i.t uat ion by the <sit name causes>
statement. This mechani sra facilitates the handling of multiple exits-
from a LOOPand is called the Zahn construction, see section 3.4.1.

s.«. I The N~ Times Problem

't<1hydoes DRIL not use the conventional DO-·1tJHILEand REPEAT-UNTIL
statements? To cope •.z i.t.h the N~ times problem [6J and to guarantee
termination (section 3.4.2) are the answers . The N! times problem r s
illustrated by figure 3.4. The routine prints a string t ermi.nat ed
by'>' on the teJ.etype. To use a nO-vnIILE construct: wou l d requi.re
repetition of the 'get by tc , code , figure 3.4a. 1'0 overcome this
overhead a more general form of loop is required, figure 3.4b. (See
section 4 for the DRIL version of this routine.)

get byte

I

(while byte1'>'

I.
pra nt byte
I
get byte

lOOP-j

get byte
j

~xit if byte='>'

pr int; byte

DO

exit exit

figure 3.4a

N~ Times PrODLcm_-----

3.4.2 Proof of Termination of Zahn ~22~

In a reliable program, all loops of finite. design must be shown to
terminD.te. The only way to guarantee this is to include a maxloop
cons t r uc ti on , li.nes 9 and 14 of figure 3.2, whi ch limits the numbe r
of iterations performed. This mechanism not only guarantees termination
but~ \:ith sensible te pe t i r i.on maxima, is a vaLuab l e error-checking
f ac i.Li, ty. The teletype printing routine, figure 4.3, 5hm-1S this
reliable loop construction, and SY5LOGhad cause to be thankful for
it. An amendment to SYSLOG, unr e Lat.e d to TTYOUT,erroneously set the
.ASCII operator to 6-bit instead of 8-bit mode. The end of st.ring

- 24--
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was not detected as GTSIGN held an impossib Le value. Instead of looping
infinitely, weari.ng out the teletype, SYS1,OGstopped gracefully after 72
characters anG printed out a meaningful error message. The error was
spotted immediately because the only way a valid string could cause such
an error was by TTYOUT failing to recognise '>'.

The actual SYSLOG version of TTYOUT looked like figure 3.5.

figure 3.5

loop ---.,

get byte

if 73rd time

print byte

I
*

iflxitCd 73rdtime

error message

next

SYSLOG Loop Construction

Figure 3.5 shows how the general LOOP aILows multiple loop exits
(impossible w i t.h DO-w"HlLE), but it is inefficient and tedious to
foLl.ow each loop w ith a CASE statement to determine the exact cause of
termination. The Zahn loop [4,5,6J is a construction in which the
CASE statement is made an integral part of the LOOP, forming a loop
epilog. The f Lovch arting symbol ,~~,now defines the end of the loop
body and the start of the epilog CASE statement, see section 3.10 and
figure 3.1. The Zahn loop greatly simplifies the representation of
a reliable loop and this encourages its use. DRIL insists on an
epilog for every loop. See figure 3.2 for the source code form and
figure 3.3 for the FR80 Assembler implementation.
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3.5 Block & Case

A block is a Li s t of st a terne nts which are executed once. Blocks are
simplified loops and must have _~~L~s t a cement Cs ) and epilog code.
A fatal run-time er r or occur s if con tro I reaches the epilog, word. A
major use of the conditional bJ.oek is to program the selective and
integer CASEs tat eraent s . T!.::u.:carc shown in lines 26-1+0 and lines
q·6-S7 respectively in the exampLe program, figure 3.2.

Note the difference between the' f Lowchar t of the CASEstatement,
figure 3. I, which shows the parallel C.:\SE, and the serial seLec t i.ve
CASE[3] encoded in lines 7.6-40. The parallel f l owchar t forces the
complete and mutually exc Lus i.ve conditions t.o be specified. The
DRIL coding, though efficient, implicitly defines the cases and is
more prone to errors of omis s ion and de f auLt , This neatly demonstrates
the advantage of parallel thinking.

3.6 IF-THEN-ELSE

Although IF-THEN-'ELSE is a simp Le form of the CASEstatement, it is
implemented specifically because it is such a natural mode of expression.
As long as it is not nested, the r"T-E is clean and easy to understand.
Nested 1-1-Es breed errors and obscurity [3]. They should be replaced
by CASE statements whose boolean expressions clearly define the
conditions whi.ch allow a given action to proceed. The IF-THEN form
is not a l l.owed as a failure to appreciate the implied ELSE can lead
to errors. Null ELSE clauses must be explicitly coded using the
null or ok statements which generate no code but give greater clarity
to the source program and encourage exhaustive analysis. See figure 3.2,
lines 26-33.

3.7 Exit

The EXIT statement causes loop termination and the execution of its
associated epilog code. There are four variants of this statemenL.

1. EXIT <situation nar:le>;

2. EXIT <si. tname> IFF <boo lean exp true>;

3. EXIT <si tname> IFF DONE<var> THiES;

!+o EXIT CASE<INTVL6.R>OF <s i t.namelc-j cs itnameZ>, .•. DEFAULT<s i.t.name>;

This comprehensive r arige should encour age the construction of reliable
loops whr.se termination is guaranteed, and of CASEstatements with clear
and comprehensive boolean exp r e ss i.ons governing their actions.
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3.8 StTin&_

FR80 Assembler directives and statements, including comments, are
enclosed by string quotes. The reason for the quotes is that they
all.owfree format input of DRIL programs. The advantages of indenting
source statements are well known. Careful use of the space character
"rill produce a neat DRI.L source program and a neat object program, see
figure 3.1,3.2,4.1,4.2. --

3.9 DRIL Summary

Figure 3.9 is an informal summary of the present DRIL statements.
Reserved words are typed as in Algol but are input as <dot><upper
case reserved word>.

maxloop <ID>:=<num>;

1000--"_
exit <ID>;

exit <ID> iff'<BOOLEXP>;

exit <ID> iff done <ID> times;1- .
sit <ID> causes <LIST OF STATEMENTS> ends;

'/THIS IS A COHHEHT';

, LAC V.l\..R / FR80 ASM STATEHENT';

block 'vith exits <LIST OF IDS>;

exit case <ID> of <LIST OF IDS> default <ID>;

null;

sit <ID> causes ok;£nds;

if <BOOLEXP> then <LIST OF STATE1·lEJ:-;TS>

else <LIST OF STATErIENTS> endi;

end~ <ID>;

fig~re 3.6
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3.9. 1 DRIL Boo lean Operat::-::.:::~
binary

unary

zero

no!!zero

end

or

o

<decimal number> .::= <string of digits>

<octal number> .•= #<string of digits 0-7>

3.10 Flowchart !quivalents of DRIL Statements

I
*

1 I
statement

I
":'~.E~tit:i.on termination conditional

- exit----
action

S I
I
S2

lOOPI
SI

~1

q2
Sn S2

I*---r-
~I ~2

S3 S3

Sequent?e

Zahn loop_
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4. TREE-HETAPRODUCEDDRIL TRANSL.AT()}{

The DRIL translator is produced by the Tree-Heta compiler-compiler
for the reasons given in se ct ion 3.1. The Tree-Neta definition of
the DRIL language is shown in figure 4.6. This definition is a prototype
which is being used to dcve Lop DR1L and t.he cross-compilation system.
To date several small programs have been written in DRIL, translated
in the TCL J906A and successfully moved to and run on the FR80. The
prototype definition does not take advantage of such Tree-Meta features
as semantic checking and ohject code optimisation. The checking by
the FR80 Assembler and sympat1:1etic use of the source·language respectively
make up for these gaps in the implementation, which can be plugged at
a later date. Priority has been given to demonstrating the feasibility
of the DRIL philosophy advocated in this p ape r ,

If.2 TTYOUT- A Working Ex atnpLe

TTYOUTis an FR80 routine to print a string of characters on the
teletype. Hopefully this c:xan:ple demonstrates all the points mentioned
in thi::; paper, and in particular

1. the harmony b etwe en the Logic Des i.gn , f i.gure :4. 1~ the Physical
Cons truction, figure 4.2, and the DR1L source program, figure Lf• 3,
plus the smoot\l transition through to the DRIL obj ect program,
figures 4.• Lf, 4.5, whi.ch should resemble a h and-wr i t ten program.
The smallness of the 'cx<ll'r,ple makes the Physical Construction seem
rather artificial.

2. how t.he refinement in the Logic Diagram is 'folded' to produce the
source and object programs' comments, lines 24. 26. 36 of f:Lgure if.3
and lines 98, 100, 122 of figure 4.5.

3. that this module is an example of theN~ times problem (section 3.4.1).

ll. how every statement and module has one entry point and one exi t
point.

5. that all DRIL loops are Zahn loops, which make error handling and
proof of termination easy.

6. how the number of loop repetitions J_S governed by lines 12, 22
figure 4.3

7. that the loop can be proved to terminate, and hence the module itsel.f
can be shown to always exit correctly.

8. how the free format of D:UL source programs a l l ows indentation of
loop bodies, lines 14-·Lf6of figure Lf. 3. Compare the source and
obj ect programs; see how the f re e format and the string statement
are used to produce a neat obj e ct pr ogr am as we l l. as a cl CELt
source program.

9. hO';>7 much dearer ;LS the source program IS IF-THEN-ELSE (lines 27-34,
figure Lf.3) than its assembler equivalent at lines 103-119 of figure /:.5.
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10. how source comments are passed to the object program.

II. how the exit statement and its as sociat ed situation are i.mp Icmented ,

12. how assembler statements are passed f r om source to obj ect programs
v~a the string statement.

With the aid of the Tree-Heta manual [9] it should not be too difficult
to f oLlow the translation from source (figure 4.3) to object code
(figure 4.5) according to the DRIL definition (figure 4.6).

4.3 Output from the DR~L Translator

The DRIL translator is run by·a George Job Description, parameters to
which aI Low the various output listings to be on paper or microfiche.
A large DRIL program can generate over 100 pages· of source program,
object program (figure 4.4, 4.5), DRIL macros, fatal error handler and
current Tree-Meta definition listings" all of which occupies less than
half a microfiche. Hicrofiche are the key to a manageabLe project
history (section 5.2).

The object program file has appended to it the source progra~, the
DRIL macros and fatal error handler in such a format that RET's program
[10J can be used to create an FR80 readable magnetic tape wi th each of
these items as a separate file. Creation of such a tape is parametrically
controlled in the Job Description.

1,
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TTYOUT
l_

~~

lOOP~1

I
get byte

I
~xlt if byte I>'

!
(~xit if 73rd repeat

1 .
pr~nt byte

I.~

check valid character
I I1---.,

if.,----~--------------J
(not (Osbytes 177)
'1
change byte to a
'?' as invalid char

-~

)
(_O~byte~ 177
1
OK

print byte on TTY

I
suspend program till I/O complete

I
I
step buffer poir.terI -
*--'-T

,.....
( byt.e= '>'

1.
[ ,

~
~3'rd

'line too long'
error message

repeat

exit to caller

figure 4. 1
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TTYOUT

~
entry point

I
code to print string on TTY

I
exit point

local storage

comments on global
variables referenced

figure 4.2 TTYOUT Physical Construction
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UNIT V" BV JOB ':'51~21.1TYOUT' O~ 18~DV15 ~T Z1.13.26

OOCU~f~T

o .PROG TTYOUT:
1
2 'I ~DU'I~F 10 pql~T 5T~!.G a~ 1ry';
3 'I S'QI~G P~I\TfD TO BY TBUFF';
4 'I SlQI~G TEQ'·l~A'ED ~y > ':
5 " O~E C~IA PE~ ~o.e';
6 'I INVALID [HARS PRINTED AS J ';
7
!l
9 'TrYOU,. XX I ~DUTJUE ~NT~Y POIN":

, 0
, 1
12
13
14
, 5
16
17'
, 8 '
19
••0
21
<2
23
24
;(5
26
27
28
2Q
30
3'
32
33
34
35
36
37 '
38 '
39
40
41 I

42 '
43
44
45 '

" LCOP THRU THE OU~FER. ~AX 73 SO ~OT OFF END OF LIHE"
.MAXLOOP ~A~73 '" 73:
•lOOP

'I ~ET BVTE';
LAC! TSUFF';"
CAe gyrE';

.EX!T EOSTR .IFF BYTE .EQ GTSl~NI

" PRIIIT CYTE';

" C~ECK VALID CH.~';
.IF (BYTE .GT 1177) .QR

.THEN
'/ CIl,\NG;: TO
LAC Q~AR'-';
OAC BYT[':

• ELSE

(BYTE. LT 0)

':

.OK;
.E~DI: II
'I PRI~T ON TTY';
lAC eVH';
TlS':

" SUSP~N~ U"TIL 110 FINIS~EO':
TSF' :
JHP .-1';

'I STEP POINTER';
ISZ TBUH':

46 NOP';
H
48 .RtPEA"(
&9 .SIT EOSTR .C.US~S .OK: .ENDS:
SO .SIT TM~Y .CAusES' JMS TCOLMG'; .ENOS;
51 .E~OL:
S2
53 ' J~P I TTYOUT I EXIT TO CALLER':
54
55
SI)
57 '/ LOCAL STORAGE': :
Sd 'BYTE, 0';
59 'GTS!GN. .ASCIl/>1 ':
60 'Q~Q~. .ASCI!/?I ';
e1
62
A3 " GLO!AL ~EFEoE,CES';
6& 'I TSUFF - DOI~TS TO STAPT OF ST~!NG. CHANGED ey THiS AOUTl~E';

TOOL~G - P~ISTS E~Ra~ ~~SS~~E, l!~E TOO LONG',~5 'I
f,6
67
~~ .EHDP TTYCUr;
69
7f) ••• *
71
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DRIL OBJ PROGt..__.--,

object FR80 ASM prog

'-----,
DRIL macros inserted here from file

r
DRIL FATAL error handler inserted from file

I
run time errors

I
user code from DRIL source

I
constants, variables space allocated

appended is DRIL source so gets passed to
FR80 for microfiche production

I
listing of DRIL macros passed to FR80
for microfiche and incorporation

I
listing of fatal error handler

figure 4.4 TrYOUT DRIL Object Prog Physical Construction
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HISTING OF IG5IN21.TTYOUTO~J('71l ~.i)O~ICfv 01, HI,O,?; Ai (1.0~.5Z

UNIT U1. ~y JOe II~Si~l'.rrYOUT' ON 18~ovF' IT 21.13.36

I)ClCU!'FN7

'OUHIlT 0'1 s s c 6A G832vtl

THOUTOSJ

0,
2
3
4
5
6
7
II
9

10,,
'2
13
H
15
16,..
18
19
20
Z1
22
23
24
?5
U.
27
28
29.., 30

.;..- 31
32
33
34
,5
36
37
38
39
40
41
42
43
4/,
45
1.6
••7
48
49
50
51
S2
53
54
S5
S6
57
5P.
~Q
",0",
102
f,3
1,4
"'5
~6
~7
"8
119
70
71
72
73
74
7,
76
77
78
79
~()
~1
~2
!II
M4
~'i

10BJ:ORiL TlYOUr
/
I
I
I
I
I
I: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ; : : : I : : : I I : :
I
I
I O~IL ~ACRO CEFINI1ID~S
I
.tNseQT ~OS:DQIL MACRUS
I
/ 'f~C OF ~Rll ~ACROS
I
I
/::: : : : I I I : : I : : : I I I I: : I : I 1'1I I: :: : I: : I I I 11I ::: : I: : : :
I
I
I
I
I
I
I: : : I I I I I I I I : : : : : I I I I I I I : : I : : : I I : : : : I : : I I : : : : : : : : : :
I
f
f DRll FATAL ER~OR HANOlf~
f
I
f INSERT FATAL ERrCR HAqOLER CDCE
.INSERT &08:D~ll FATAL
I
I
I FA1AL ERRORS A~E:
I
I figure 4.5
f fA!LUrS TD EXIT F~OM BLOCK
al~E~R, FATAL (ORlll-riIT BLOCK DOTTOM AT=,BlKERR
f
I
I
I
I
I ENO or FATAL eRROR HANDLER
I
I
I: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ;
I
f
I
I BEGIN ~SEP CO~E
I
I
I
I ROUTI~E TO P~INT STRING ON TTY
I ST~I~G PO!hTEO TO BY rauff
I ST~I~~ TE~M!~ATE~ BY >
I O~E C~Ao PE~ uC~C
I INVALID C".QS PQI~TED ~S
I
I
TTYOUT, IX I QOUTI~E ENTRY POINT
I
I Lnop THOU THE BUFFER, MAX 1~ so ~01 OFF END OF LINE

OBJECT TrYOUT

TTYOUT DRIL ~bject Proz
Listing

SET lnnp Ll~IT COUNTE" VARIABLE
LAC (73.)
TC ~,
D)C Mf'AXn

f
f
, STAPT LOOP
L B1 ,
I .UITH .E~ITS ED5TQ. Tu~Y
I
I GfT fl', TE

L~~ I TBUFF
DAe RvH

E~ In
~rp.Q BVTf.~T~I~N
5YP I SKI' If IHSE
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~7
II~
p.Q

00
01
02
0)
04
05
06
07
08

•.•..•..... 09
100
11)1
ltiZ
103
104
Ins
106
10,
1·18
109
1I0
II 1
112

" 3114
'15
,16
117
"8
"9
120
12 I
122
123
124
125
126
127
128
'29
130
131
132
133
'34
135
136
, 3 i'
na
139
140
'41
HZ
143
, 1,4
145
146
147
He
149
150
151
152
153
lH
155
156
lH
158
I ~9
10\0
1~1
1~2
'1~ 3
1~~
1~5
, '>6
I",.
H8
''''9no
171
172
173
174
175
176
In
17.;
" 7~
I~O
I ~I
lR2
1113
1114
IllS
lP~
1 n 7
, iii

-
I,,
I
I EXIT'?
I STEP. lESl lOOP liMIT COUNTE~, (~~O EXIT7l

ISZ MAXn
SkP I SkP IF ~~lSE
J~P T~~Y I EXIT TM~Y

I
I
I PRINT aVTE
I
I CHH~ VA II 0 CHAR
I
I
I If

S k PG'T 5YH , ( I77l
SKP I FALSE - lRY NE~T
JMP ls2+1 / T,uE
SKPl T BYTF, (0.)

le2, / L9Z+, IF TRUE
JHP l~3 I JMP IF FALSE

I THEN
I CHA~GE TO ?

LAC QMARK
OAe BYTE
JMP L-94

I ElSE
Le3,
j Ok,NUlL ST~TEMENT
L94,
IENOOFIF
I
I
I PRINT ON TlY

l/~C 9V'!E
TLS

I
I SUSPE~O U~ITIL 1/0 FINISHED

TSF
JMp ,.-1

I
I STEP POINTeR

Is Z TBUFF
~()P

I
I
I
I REPEAT LOOP

J ~-,t= Lal
I
I
I SITUATION EOSTR
EO~lR,
I OK,~ULl STATEMENT

Jr-<P i e s ./ LEA'/E BLOCK, LOOP
I
I
I SITUATIO~ Hl~V
Te<NY,

l e 5,
I END
I
I

JMS 'TOOLlIG
I END OF BLOCK. LOOP

lOOP

J~P I TTYOUT I EXIT TO CALLER

Leo l
anE,
GTS!G~,

STO~AGF.
o
.ASCI!/>'
.ASC!I171Q~Rj(,,

I
/
/
I
I
/
I
I
I
CONSTA~lS'VARIAqlES
I
I

GLOBAL ~EFE~~NCES
TBUFf - CelNTS TO START O~ STq!NG. CHA~GEO BY THIS ROUTI~E
TOCL~r, - POINTS ERROR ~ESSAGE, LI~E TOO lO~G

END IHE' CODE

1
I
, ENO OF PRn& TTYOUT
I
I
S T A ~ 1
IS~C;DR!l TTY0UT SOURCf TTYOuT
I
I
.P~OG TTYrUT:
/
:/ Plji;i!,.i Tn f'ifjfo,i STi-j'fr; O~, r rv ":

figure 4.5 cont'd
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,~-;, 'I 'S'QT~I(, r-nl"jr,r.", 10 oy ,ntlJ'f"
i 'J G 'l S I~ p, G J r ;;" I\H t. e II¥ > I I
l (I 1 J I t: '\ e C"1 ~ ~ p t ~ ~ I)'~('t I ;
IQ2 'I I~VAll~ rHq~. pqlNlfD AS 1 ';
, c; ~
104
~Q3
1Qf)
101
log
l·~.;l
1,)0
(.)1
21'~
2"3 '
201. '
('1~
?-l6
21)7
;·)8
l(,Q

210
211
{ 12
213
214
215
216
217
218
219"
2?O
:2~

I
'TT YOlil , xx / ROUTINE ENT~Y ~OI~T'1

SO ~OT OFf tND OF LINf',
i
'I LCOP T"~U THE BUfFER, MAX 73
.~~XLOOP ~Ax73 I" 73:
.lOOP

222
223 '
2?.'.;, ,
2,5,~a
?2 7 '
,28 '

.~iTW .EXITS EOST~.T~~Y:

'/ Gn aVTE':
LAC! T3L'FF':
~ACBYH':

.EXIT EQSTR .IFF BYTE .EO ~TSI~~I

.EXIT T~~Y .IFF .OO~E MAX73 .1IMES:

'/ PRI~T eYTE';

'/ CHEC~ v~110 CHA.';
.IF iBVTE .GT "77) .OR (SYTE .IT 0)

.TWE~
'/ C~ANGE TO
LAC QMARK':
OAC eyre ':

':

.ElSE
• Or.:

• E~ 0 1 :

'/ PRINT 0" TIY':
LAC BYTE':
Tl ~, :

• I t""~ P\", '", J\J""- ,_ , v
TSF' ;
J~P .-1':

I/O

2?9
230
231 '
232 '
233
234 .~EP~A;
~35 .SIT ~OST~ .CAusES .OK: .[~O!;
236 .SIT TMNV .CAUSES' "In1S 100LPJG':
237 .ENOl:
238 I
25Q ' JMr I TrYOUT / EXIT lD CALLE~';
240
24i
2~?
243 'I
2_1.,

247
(1,8. I

"249 'I
;> 5(1 '/
2 S1 ,/
2~2
253
<54
2S5
2~6 ••t.

'I STc~ ~OIN;ER';
IS2 TSlIFP;
NOP'I

lOCAL STOQ~GE ,;
'BYTE. 0':
'GTSIG~. .ASCII/>/ ':
'QMRK, .~~CII/?I ';
/

G~C8AL REFERE~CES';
rSUFF - oOl~TS TO sTAqr OF SlRi~G, C~~NGEC S~
TOOlNG - P~I~iS ~~RC~ MeSSAGE, LINE TOO LONG"

/
.E~OP TTYQUi:
I

2S7 I
2~8 START
<so
2~O
2t,1
2 fj?
2~3
;>~4
2"5
2~~2",
2,,8
2"Q
270
l71
272
;>73
274
275
276
277
U~
77Q
£~rJ I SriP
(AI .DU
2,,2
2~l

/
/
f t~[L ~AC~O DEFI~[TIONS
I
I
/ cO',pure A-9
• 0 E F ,I,( I 'J I: S ~, 9

lAC 9
Tr.A
HO A

; TEP:<
/
/
I S(!P iF A~a
.DEF S'Pr.J 4.3

~ I ~IIIS ~,9
SPA I S'IA

i ~ A) = i'i
SI(~rIE 4, il
1'1 'I'J SA. 6
SPA

2~4 ",nOli
? .'15 /
;~~IJ I
7'7 I S'IP IF '.B
2~R .~E. >~"FQ A.a

j t: : S ft 0 Ut I N~ , :
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5. PROGR.An-fINGSTYLE Al'lD STANDARDS

5.1 Discussion.

Style is still a
by individuals.
understanding and
third p arty often
creator teu weeks

major ingredient in programs because they are wr i.t t.cn
A clear. consistent style facilitates third party
reliability. It is wor th bearing in mind that the
r-e f erred to in this paper is likely to be the program's
after the code has been written!

A programmer's style .incIudes his methods and his assumptions. When
more than one individual works on a project these methods and assumptions
must be shared by all. This is the point where a 'style' must become
a 'standard' if consistency is to be maintained. Only when a good style
has been developed should it be used wi.deIy and evolve into a standard.
Standards should be a weLcorne feature of a project, being formal and
helpful statements of good points, not millstones.

To help the author, and anyone else who gets involved with DRIVER:
section 5.2 outlines those practices uhich are currently 'common 1m.,'.
They form the nuc l aus of an evoLvi.ng set of DRHTER standards. Sectiou 5.3
is based on a book called 'The Elements of Programming Style' [IJ. If
the reader has any good tips to add to this list then RWiVwill be pleased
to re'::E:i'le them. Hope fulLy the differences and similarities between
5.2 and 5.3 show the evolution from style to standards. Programmi.ngis
still a craft [IIJ; let us encourage craftsmanship.

5.2 DRIVER Standards

1. A Project History must be kept.
Use mir.rofiche as much as possible.

2. A Project Diary must be kept as part of the Project History.

3. All design mus t be by ShIR,and documented by 3-D flowcharts.
All design decisions mus t be recorded in the Project History.

4. All code must be wr i t ten in DRIL directly from the 3-D f Lowcharr,
No program is to be patched at the assembler or binary LeveL,

5. Code and f Lowcharts (logical and physical) 'must maintain their
exact correspondence. Amend all three simultaneously.

6. Flo"tvcllart r e f ineme n t mus t be 'folded' to f orm source commen ts ,

7. All current versions of pt'ogram!>must have a complete set of
listings filed in the Project History. The set must include
source, object, DRIL definition, FR80 listing assembler aud
cross-reference listings, preferably on microfiche.

8. All modules must have a single entry point and a single exit
point.

9. All modules must declare, as comment, those "Iobal variables
£ .. 0

re erenced w1th1n~ and what happens to them.
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iO. Data, both local and global must be physically separate from the

code, because of overlaying activity.

11. All code must be pure, again because of oVerlaying.

12. All modules must be proven to always exit whenever they are entered;
therefore all loops must terminate. Prove as much as possible
about the module's behaviour - document the assumptions.

i3. All tests must be planned;
in the Project History.

The plan and results must be filed

14. Construction and testing must be'by the top+down , program stub
method. No test beds.

15. Write down 'the little thi.ngs ",
so they are not forgotten.

File them 1n the Project History

16. All modules must be designed down to the last detail before coding
commences. Good detailed design 1S good engineering.

5.3 ~'tyle

.
I. Always aim for simplicity, clarity and

by good design not by 'tricky' coding.
make irrelevant local optimisations.
determine the bottlenecks, then remove

reliability. Gain efficiency
Avoid the temptation to

Instrument the program,
them 'hygenically'.

2. Do not be afraid to build a prototype module to gain an understanding
of the problem. Learn from it, scrap it and then buiLd the
production module.

3. Design and re-design, rather than code and re-code. 'Polish' the
module as an author improves a paragraph. Bad programs are easy ta
create; good programs are hard work.

ll. v7riteyour program as though it were going to'be compiled and
tested by a complete stranger.

5. Write clearly, don't be too clever.

6. Say what you mean, si.mp Iy and directly.

7. Use library functions.

8. Avoid temporary variables.

9. Hrite clearly - don't sacrifice clarity for 'efficiency'.

10. Let the machine do the dirty work.

11. Replace repetitive expressions by calls to a COITUllon function.

12, Parenthesize to avoid anmiguity.

13. Choose variable names that won't be contused.
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11.. Avoid unnecessary branches.

Don't use conditional b r anch es as a substitute for a logicalis.
expression.

i{), If a logical exp re s s i.on is hard to understand, try t r ans f orrni.ng it.

17. Use data arrays to avoid repetitive control sequences.

18. Choose a data representation that mak es the pr ogr am simple.

19. Hrite first in an easy-to-understand pseudo-language; then
trans late into wha teve r language -y ou have to use. ie 3--D f Lowchar ts -+
DRIL -~ :FR80 ASH.

20. Use CASEto implement multi-Hay hranches.

21. Modularize. Use subroutines.

n. Do not nest IF-THEN-ELSE, use a CASE.

23. Use GaTOs only to implement a fundamental struct ur e such as Loa:'?

24. Avoid GOTOs completely if you can keep the program readable.

25. Don't patch bad code - rewri.te it.

26. \.;rri te and test a big program in sma lL pieces.
stubs method.

Plan the test. Top--down

27. Use recursive procedures for recursively-defined data structures.

28. Test input for plausibility and validity.

29. Hake sure input doesn't violate the limits of the program.

30, Terminate input by end-of-file or marlce r , not by count.

31. Identify bad input; recover if possible.

32. Make illput easy to prepare and output self-explanatory.

33. Use uniform .input; formats.

34. l1ake input easy to proofread.

35. Use free-form input when possible.

36. Use sel~-identifying input. Allow def au l.t s , Echo both on output.

37. Hake sure all variables are initialized before use_ by executable
code.

38. Don1t stop at one hug.

39. Use debugging cumpilers.

40. Initialize constants vri.th DATAstatements or INITIAL attributes;
initialize variables wit h executable code.



4J.

42.

43.

44.
\._,.

45.

4(1.

47.

48.

49.

50.

51-

52.

53.

-
Watch'out for off-by-one errors.

Take care to branch the.right vlay on equality.

Prove loop termination.

Hake sure your code 'does nothing' gracefully.

Test programs at their boundary values.

Check some answers by hand.

iO.O times 0.1 is hardly ever 1.0.

Don't compare floating point numbers solely for equality.

Hake it right before you make it faster.

Hake it fail-safe before you make it faster.

Make it clear b~fore you make it faster.

Don't sacrifice clarity for small gains ~n 'efficiency'.

Let your compiler do the simple optimizations.

54. Don't strain to re-use code; reorganise instead.

55. Make sure special cases are truly special.

56. Keep it simple to make it faster.'

57. Don't diddle code to make it faster - find a better algorithm.

58. Instrument your programs. Measure before making 'efficiency' changes.

59. Make Sure comments and code agree.
into program source code.

Fold 3-D comment hierarchy

60. Don't just echo the code wi th comments - make every comment count.

61. Don't comment bad code - rewrite it.

62. Use variable names that mean some.t.hing ,

63. Use statement labels that mean something.

64. Format a program to help the reader understand it.

65. Document your data layouts.

66. Don't over-comrr~nt.

67. Make sure every loop aIways terminates.

68. Prove termination of program.

69. Loops should have only one entry and one entry point.

70. Nodules should have only one eritryand one entry point.
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