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This manual provides instructions for the use of a Decision 
Table Translator and auxiliary routines that have been im· 
plemented to run under several APL systems. Decision 
tables can be entered, displayed, edited, saved, and compiled 
with DT ABL. The results of compilation can be displayed 
in several formats·· "abstracts", COBOL, PLlI, ALGOL, 
and APL. APL programs can be generated in executable 
form. Programs in other languages can be written on a data 
set and be used as input to other language processors. The 
decision tables and object code produced from them can be 
saved within the APL system for futUre reference or mani· 
pulation in separate terminal sessions. 
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INTRODUCTION AND DECISION TABLE CONCEPTS 

This manual provides instructions for the use of a Decision 
Table Compiler and auxiliary rou~ines that have been imple
mented to run under Beveral APL systems (APL.SV, APL/CMS, 
and VS APL under CNS, VSPC or TSO). Decision t&bles can be 
entered, displayed, edited, saved, and compiled wi·h DTABL . 
The results o~ compilation can be displayed in several 
formats -- "abstract", COBOL, Pl/r, ALGOL, and Af'L. APL 
programs can be genera~ec:i in execu~able form. Proa:rams in 
other languages can be writ~en on a data set and be used as 
inpu~ to other language processors . The decision tables and 
object code produced from them can be saved wi~hin the APL 
system for fu~ure reference or manipulation in separate 
terminal sessions. 

Fia:ure 1 
~ion of 
manual. 

is an example of a decision ~able with an 
significan~ elements and terminology used 

2 3 
~ ~ , 

1 EXAMPLE I 0000 
11234 

-----------
{ Cl INYNY 

5 C2 INNYY 
C3 INt€-
------------

{ Al 1 1 I 
6 A2 1 1 

A3 112 
------------

7 -r Xl 
X2 

1. Table header 
2. Stub section 
3. Entry sec~lon 
4. Header section 
5. Condition section 
6. Action sec~ion 
7.. Exit section 

1 
IxxxX 

11 

0 
)4 7 

N 
N 8 
Y 

U> 1 9 

®to 

indica
in this 

8. Condi~ion values (Y=yes, N=no, -=don't care) 
9. Action sequence numbers 
10. Exit indicators 
11. Rule column number 5 

Decision Table Anatomy 
Figure 1. 

The decision table al l ows speCification of program loSic , 
and the compiler converts this speci~ication in~o an e£±i
cient proce~. The condi~lon section o£ ~he table spec i -
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£ies one or more conditions to be tested (but does not imply 
the order o£ testing). The resuLts o£ the condition tests 
are recorded in the condition entries. This compiler 
handles only "Limited Entry Decision Tables" (LEDTs) 
i.e., thos~ which restrict the values of the condition tests 
to yes (Y' or no (N). Therefore, a condition test is any 
expression (in some particular lan,yuage) that yields only a 
sin~le yes (true) or no (false. answer. Examples of condi
tion tests are IIA<BI' (PL/I), II"A=BII (APL), and "A is less 
than E" lEn"lish). .Each column of the entry section is 
considered to be a rul~ and contains some (unique' combina
tion of test values. These combinations must exhaust all 
possible combinations of test values or the table is incom
pletely specified. For example, if there are "n" binary 
(two-valued) tests, then there will be 2 n combinations in a 
valid table. 

The action section of the table contains actions which will 
be performed (or not) depending upon the results o:f testing 
the conditions in the condi~ion section. An action is any 
imperative expression in the lanauage selected. Examples 
are, "A=B+C" (PL/I) and "Give the customer a discount" 
(English). Note that actions may not specify or imply flow 
control. (Branching or GO TO sta"tements make no sense in a 
decision table context.) When a combina"tion of test values 
matches "those specified in a rule column, the actions in 
tha"t column are performed in the order specified by "the 
numbers indicatea in that column. A blank opposite an 
action indicates "that it is not "to be performed. For 
example, in Figure 1 if all three conditions tes"t "to "no" 
(NNN) then rule number 1 is selected, causin~ "the third 
action (A3) "to be executed. If actions carry "the same 
number, no implied order is required for their execution 
with respect to each o~her. There is also to be n2 urd~ 
reguired bet~n actio~ and tests or amons ~ests. 

The exit section of the table is analogous to the action 
section. However, exits specify the method of exiting the 
table. An exit can consist of "the word RETURN, indicating 
the program generated from the table is a subroutine which 
will re"turn to its caller. An exi"t can also indicate the 
name of some procedural code which can be reached by a 
branch from the decision table. (APL decision tables must 
always generate subroutines. However, this requirement does 
no"t extend to the other languages.) In the above example, 
the second exit (X2) is taken after execution of A3 in rule 
1. There must be ~~ctly ~ ~lt selected for each rule 
column, and exits will always follow tests and actions when 
execu"ted. 

Central to the effectiveness of DTABL is the convention that 
no test 
of any 

or action in a given table wIll 
t~st in the same table. This 

chan8e "the results 
gives the compiler 

complete freedom to determine the order of tests in optimiZ
ing "the object code. The order ina of actions with respect 
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to tests is there~ore immaterial. 
specify the order of actions with 
indicated earlier). 

The user can, however, 
respect to each other (as 

For convenience, rule columns ltIay he coltlblned by the user. 
The conditions aLlowing two ~olumns to be combined are: 

1) actions and exits in the two columns are 
identical 

2) condition values are identical except one 
3) the values in the differing condition are ttyl! 

and liN". 

To consolidate two columns into one, replace the value of 
the dif~el"ins condition with "don't carel! In one coLumn, and 
discal"d the other column.. This fUnction can be performed by 
a pl"ogram (MERGE) that is available with DTABL and described 
later in 
column 4 
column 4 
for. 

thIs manual.. These two 
of the decision table in 
and the two rule columns 

Cl 
C2 
C3 
Al 
A2 
A3 
xl 
x2 

4 
Y 

Y 

1 

x 

~.!L 4b 
Y Y 

Y Y 
Y N 
1 1 

x x 

( a I 

rules were applied to form 
Fiaure 1.. Fi8ure 2a shows 
(4a and 4b) that it stands 

Z Za Zb 
Cl N N N 
C2 Y Y Y 
CO 
C4 Y N 
Al 1 1 1 
A2 
A3 1 1 1 
xl x X x 

( b I 

Rule Column Consolidation 
Pigul"e 2. 

Fi~ul"e 2b shows two columns (Za and Zb) from some other 
decision table and how they are consolidated into a slnste 
column (Z). Note that columns Za and Zb each stand for two 
cotumns, so column Z stands for four columns. (Note also 
that the order or actions At and A3 In the code produced 
from column Z will be immaterial because they both have the 
same setection number (1' in the entry positions.) 

SIGN-ON PROCEDURE 

There are a Variety of terminals that can be attached to an 
APL syetem. The terminal dIscipline and sign-on procedures 
~or each are described in (4-8] and are beyond the scope o~ 
this manual.. You should be farr,illar with these procedures 
before attempting to use the APL system. For your conveni
ence the APL keyboard is shown in Fi@ure 3. 

-3-



CLR 

[ 
~[ 

TA' 

! I; I ~ I ~ I = I ~ I ~ I + I; 11 r,;<tE lB 
;mlIIhl;l~l 8 ON 

REn.RN 
(bl~I~I p I R 

COCK 

SHIFT 

1Il~1~1;r;12I~lll ][ ~ I i L -
D F 

~~ ~~OFF ]m;] n 
c 

Keyboard Arran€em~n~ tor APL 
Figure 3. 

Once APL has 
your initia.l 
typin g 

acknowLedged your alan-on procedure 
copy of DTABL 1rom an APL public 

you obtain 
lIbrary by 

)LOAD libna DTABL 

followed by a carriaae return or enter key. Note that you 
will always slanal that your input is complete and ready to 
be acted upon by pressing the return (or enterl key. (In 
the above tine "libna" stands for 'the library number -- such 
as 27 which is asslaned to your installation's copy ot 
the DTABL processor by the APL administrator.) 

To si&n otf at the end of a session, type 

) OFF 

When the APL system responde with your ueaae statistics, you 
then tur n o~~ the power on the terminal. I~ you are using 
an acoustic coupler turn its power o~~ and han a up the 
phone. 

INITIAL TABLE ENTRY 

Your ~ir8t act in using the DTABL programs will be to enter 
a decision table. The initial entry o~ a decision table Is 
aided by a program whlch you invoke by typina "INPUT" 
(~ollowed by a corrio~e return or enter key). You will be 
p r ompted ~or each input needed to ~ill out each section o~ 
the t able . ( Note: I~ you are usina an laW 3270 term·inat, 
enter " !S3270-1 " beJ:ore you enter INPUT so that promptin&; 
messaaes will appear at the proper place on your screen. At 
t h e end o~ this manual is a sample dialoaue used to prepare 
and manipul ate the table shown in Figure 1. The ~ollowina 
co~ment8 ai v e the speci~lc rules ~or entering In~ormation. 
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The ~ollowina paragraphs are headed by the prompting messaa
es issued by the table-entry program. The paragraphe 
explain the significance 01 prompting. Figure 4, 10110wing 
these descriptions, shows how the table 01 Figure 1 was 
entered. A copy of this table is included with DTABL. In 
Figure 4 and examples subsequent to it the right-pointing 
arrows (-) indicate lines entered by the user. Other lines 
are produced by the DTABL programs. 

ENTER TABLE READER 

This table header will be placed in the top of the 
table and will be associated with all related output ~or 
identification. In generated programs (except APL) this 
header will be pre£lxed to all generated labels. Those 
programs that require both table and object code (TESTGEN 
and PRINTHLL' use this header to ensure compatibility 01 
their inputs. In APL programs the table header becomes the 
function header. (Note that the header may not be empty. 
11 it is the input process will be cancelled.) 

ENTER CONDITION STUBS 

FollowIng this message you enter the condition stubs 
one line at a time. You signal the end of the condition 
section by enter in" an "empty line" (carriaae return only). 
You can place any text that is appropriate to the target 
language in the decision table stubs. The stub can also 
contain "space" information refered to in the section 
COMPILING DECISION TABLES.. (Note that you must enter at 
least one condition stub or the input process will be 
cancelled.) 

ENTER ACTION STUBS 

You respond to this message as you did to the condi
tions message, this time entering action stubs. An action 
stub can be any text suitable to the target language. You 
enter an empty line (carriage return only) to signal the end 
of the action stub seeton. (Note that you must enter at 
least one . action stub or the input process will be 
cancelled. , 

ENTER EXIT STUBS 

Your response is the same as wI th co ... di tions and, 
actions, but you enter exit stubse Exit stubs are ~o be 
labele that are Buitable to the "taraet lan~uage. The 
special keyword "RETURN" in an exit stub wilt be recoanlzed 
as a pro£ram exit and wilt ~enerote a RETURN statement in 
the object code where the targ et langua£p. cont~ins such a 
statement. APL programs wIll treat all exits as the same 
(as a return,. As be~ore, you enter a carriaae return 
(empty line) to si~nal the end of this "table section. (Note 
that you mus"t enter at least one exit stub or the input 
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process will be cancelled.) 

HOW MANY RULES ARE THERE? 

You respond by enterin~ the number of rule columns that 
you witl require in the entry section ot the table. All 
subsequent entry input must contain this number of columns. 
It you respond to the rule-count request with a zero (01 or 
an empty lIne the input proaram aseumes that you want the 
maximum number at columns. It will then automatically 
a8nerate allot the condition entries tor you in a standard 
way. You wIll also be told how many rule columns there are. 
The standard condition entry sequence is as follows: The 
first condition row will have the first halt of its columns 
tilled with nyn and "the second hal.f filled with "N". In any 
subsequent condi"tion row the first half of the columns under 
a "Y" sequence in the previous row will be filled with "Y" 
and the second half "'ith liN". This is also true :tor the 
coluMDs under each tiN" sequence in the previous row. This 
rule is tollowed for all raws so that the last condition row 
contains nYNYNYN ••• • ". For example, if there are four 
conditions there will be sixteen co lumns filled as follows: 

¥YYYYYYYNNNNNNNN 
YYYYNNNNYYYYNNNN 
YYNNYYNNYYNNYYNN 
YNYNYNYNYNYNYNYN 

Pollowlng your entry of 
promp ted to supply the 
consist of the low-order 

the rule column count you will be 
entry data. The promptina will 

diait of each column number and the 
stub information (that you have previously enteredl. Figure 
4 shows this. You type the entries Just as you wan~ to see 
them in the tinal table. If the I' s~andard'l conditions were 
requested, promptina will start with the actIons, otherwise 
promptina will start with conditions. 

There are certain restrictions on the characters that are 
acceptable in each entry section ot the table. The condi
tion section accepts only the characters IIY", liN", and "_II, 
for "yes", "noll, and "don't care" values respectively. The 
action section can receive numbers, letters, underscored 
letters, or blanks. These characters allow an ordering ot 
the actIons in a &lven rule column. The numbers are lowes~, 
letters next, and underscored letters highest. A £ (Under
scored ZI has a value eqUivalent to 61. A blank indicates 
that an action does not parttcipate in a rule. The exit 
section accepts an X to indicate that an exit partiCipates 
in a particular rule, and is blank otherwise. 
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BA.D INPUT 

11 any o:f thoa above restrictions is violated, your 
input is reprin~ed with the illegal character{s) replaced hy 
an IIJIIII. You can then correct 'the line by typing the correct 
character beneath "the UJilII. You can also revise any other 
charac'ters by 'typing (non-blank) characters beneath thelo. 
If you want to replace a charac'ter with a blank, type a 
slaSh (/) beneath it. You will not be allowed to proceed to 
the next line until you have eliminated all illegal charac
ters :from the current line. 

OK (NG) 

A £t er "t hf!! las t 
decision table ~s 

:following checks are 

exit entry 
scrutinized 
per:formed: 

is 
for 

accepted, the 
global errors. 

o Completeness: All possible combinations o:f 
condition values are accounted for. 

o Consistency: No combina"tion 01 condition values 
is accounted for in more than one rule. 

o Action/Exit use: Each action and exit Should be 
used in at least one rule. (warnina only) 

o Exit consistency: Exactly one exit must be 
used in eaCh rule column. 

en'tire 
The 

If the above scrutiny 
leTTers flOKII are typed. 
the letters "NG" are 
self-explanatory except 

finds the table to be correct, the 
Otherwise, detailed dia~nostics and 
printed. These diagnostics are 

for the following abbreviations: 

CDN Condition number 
yeT Yes count (number of yes's in a row) 
NeT No count 
DIF Dl£ference betWeen yeT and NeT 

The yes- and no-coun'ts are computed taking into account the 
IIdon,t cares" in each column. A column with one IIdon't 
care" stands for two columns, so each yes or no in that 
column is counted twice. These counts can be useful in 
locating typing errors in the condition section of a table. 
For example, if the table in Figure 1 had a Y instead of an 
N in the sec9nd column of condition 2, then you will be 'told 
that 101' condition 2 the yes-count is 5 and the no-count is 
3. You are also told that column8 2 and 4 overlap. So the 
trouble is narrowed to condition 2, columns 2 and 4. You 
are also told that the rule "YNN" is missing. You can then 
conclude that if column 2 were chanaed to "YNN" that the 
table would be satisfactory. 
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- 'LOAD DTABL ALOAD DTABL WORKSPACE 
SAYED 14:56:37 08/17/76 

- INPUT 
ENTER TABLE READER - EXAMPLE 
ENTER CCNDITION STUBS - C1 - C2 - C3 --
ENTER ACTION STUBS 
A1 - A2 - A3 -
ENTER EXIT STUBS - Xl - X2 

AARROW (-) INDICATES LINES 
ATYPBD BY THE USER. ALL OTHER 
ALINES ARE OUTPUT FROil 7'HE 
ASY$TEM. (TilE ARROWS ARE NOT 
ANORWALLY PART OF THE LISTING., 

ADOVBLE' ARROWS (--J INDICATE A 
ACARI ~ I AGE RETURN PERFORMED BY 
ATHE USER. 

HO'" MANY RULES ARE TRERE? 
7 
0000000 
12345671cI 

- NYNYNYN 
12345671c2 
NN YYNN 
BAD INPUT 
NN'II.YYNNIC2 

Y 
12345671c3 
NNN- YYY 

12345671Al 
..... 1 1 It 

12345671A2 
1 1 

12345671A3 
- 12 

12345671x1 
- xx 

12345671x2 
- xxxx X 

OK 

ABLANK IS NOT A LEGAL CONDITION. 

ACORREC1 ONLY THE BAD COLUMN. 

SAMPLE-SAVE 
ATHE TABLE IS CONSISTENT. 
ATABLE SAYED AND NAMED. 

txample of Initial Table Entry 
F ig\.lr e 4. 

The input process is co~ple~ed with the typin~ of OK or NG. 
If there were errors you can correct them as described below 
under EDITING A DECISION TAHL£. If you should try to 
compile e table with errors, the results will be unpredicta
ble. 

You can cancel the input process by enter ins an ea:pty line 
when proap1:ed for the t6.ble header, or condition, ac1:iont or 
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exit stubs. (The implication is that a table 
header and at least one condition, action and 
can also cancel input i~ you enter an llJen (an 
sian) in any entry. 

must have a 
exit.) You 

APL multiply 

Table veri~ication can occasionally produce many error 
messaaes. To terminate these prematurely, press the atten
tion button and enter 

-STOPCHECK 

You can then edit the reeul"tln8 table to remove aross 
errors • 

CORRECTION OF TYPING ER~ 

I~ you discover an error in typing a line be~ore you have 
given the carria8e return, you can correct it by backspacing 
to the point 01 error and press ins the attention button. 
This will erase alL 01 the line at, and to the right 01 the 
point o~ error. A linefeed witl acknowledse this alona with 
a caret. You continue the line just below the caret. This 
~acility is available on all input. (On an IBN 3270 you 
Just backspace and type over the incorrect input.) l:f your 
error is discovered a1ter a carriaae return, it is better 
corrected via EDIT. 

STORING AND DISPLAYING DECISION TABLES 

After you have :finished the 
the decision table ~xists in 
allows e£ficient processing. 
"loadedn when it is In 'this 
decision table, Simply type 

SA.VE 

input process described above, 
a special internal :format that 

We Bay the decision table is 
condition. To display a loaded 

To place the decision table Into 
a name, type 

a compact form and give it 

'tname .... SA.VE 

An example 01 this is given as the last 1i ne 01 FigUre 4. 
In fu'ture operatons of editing, compiling, etc., you can 
process this table by referring to its name. (e.s., EDlf 
tname, COMPILE tname). You can both save and display a 
decision table at the same time by typing 

tname .... o-SAVE 

You are cautioned that none o:f these processes save <he 

-9-



t~ble ~cross terminal sessions. In naming your decision 
table you should avoid the names of data structures being 
used by the processor. Most of these start with an under
scored letter. T~ose that don't are listed in the section 
TABLE OF RESERVED N.O&ES near the end of this manual. 

A decision table can be reloaded ~y typing: 

LOAD tname 

It is seldom necessary to do 
operation is incorporated into 
manipul~te decision tables. 

this, however, because this 
all of the fUnctions that 

SPREAD tDame 

also displaye; the table in compact 
vertical bars are placed between 
improve readability. 

:£'orm. In 
the entry 

this displaY 
columns to 

SAVING TABLES ACBOSS TER~INAL SESSIONS 

In the APL system there is a library :facility. It is 
implemented throui',h the concept of "workspaces. 1I When you 
sign on you have immediately avai lable a IIclear workspace" 
and a private library of (previously saved) workspaces. 
Each workspace that is to be separately saved must be 
uniquely named. This is done by typing 

)WSID myws 

where "myws" stands for any name 
choose to give your workspace. 
identifier".) 

(up to 8 
(WSID 

letters lona) you 
means "workspace 

To save a workspace In your private library you type 

)SAVE myws 

If you intend to use the contenTS of a workspace for the 
oext sessioD, you should save your workspace before siij1"Jin& 
off of the current session. When you save a workspace the 
conteoTs of any previously saved copy of this workspace are 
overwritten. To retrieve a workspace from your private 
library type! 

)LOAD myws 

Note that your iniTial workspace name (",iven in the siSo-on 
inSTructions) was 111ibno DTABLII. You must rename this 
workspace be:fore you save it because the APL sys~em will not 
save it under the orieinal name. 

-10-
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Brie£ explanations o~ all messaMes are listed in the section 
~ESSAGE SUMMARY. I~ you do not understand a message in your 
use of DTABL, you should save your workspace be£ore si@nina 
off. Perhaps a person in your area who is familiar with APL 
can ~elp you. If not, you can send your listings to the 
maintenance address indicated when you execute the function 
DESCRIBE In your DTABL workspace. 

EDITING A DECISION TABLE 

You will undoubtably have occasion to chan~e a decision 
table atter it has been entered either to Correct an 
error, or to change the desired la@ic. The editing process 
that provides a ready means to make changes is initiated by 
typing: 

EDIT "tname 

This will cause the named 
editing process. I:f you 
already loaded, type: 

EDIT 0 

table to be loaded 
want to edit a 

and start the 
table that is 

The editor allows you to insert rows or columns, delete rows 
or columns, and to change all or part of rows or columns, 
and to display all or part of the table bein~ edIted. You 
wIll be prompted with a quad-colon ([:) and you respond with 
a request as indicated below. 

EDIT SAWPLE 
[: 

SHOW ALL 

1234567 
vvvvvvv 

<l>NYNYNYNICl 
<2>NNYYYNNIC2 
<3>NNN-YYYIC3 
<1> 1 1 lllAl 
<2> I 11-<2 
<3>12 1-<3 
<1> XX IXl 
<2>xxxx XlX2 

RINITIATE EDIT OF SAMPLE 

RDISPLA,Y TABLE BEING EDITED 

AWITH ROW AND COLUMN 
RNUMBERS. 

Initiate Table Editing and Display Table 
Figure 5. 

Requests are made up ot a verb which Is usually tollowed by 
row/column speci~lca~ions. In Figure 5 the table SAMPLE is 
loaded ~or edi~ina. Tn response to a promp~ from the editor 
a request (SHOW) is made ~or a display o~ all ro.s and 
columns. Notice that each row and column Is aiven a number 
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that is printed between angle brackets. Notice also ~hat 
the stubs are prin~ed to the riSh~ o~ the entries (to speed 
up prlntina). These row and column numbers are used in 
row/column specl~lcations ~o select the sectIon of the table 
to be displayed or changed. The row numbers start ~rom 1 in 
each of the three lateral sections 01 the table (conditions, 
actions and entries). Fiaure 6 shows examples of display 
requests for sections of the table being edited. 

- [: • [: 
SHOW COL 4 5 • - SHOW CND 

M 

45 
vv 

<1>YNICI 
<2>YYIC2 
<3>-YIC3 
<1>1 IAI 
<2> IA2 
<3> IA3 
<1> XIXI 
<2>X IX2 

• 1\1\1\1\1\1\1\ 

• 1234567 
• vvvvvvv 

• <l>NYNYNYN I e1 
• <2> 1 1 IA2 
• <3>12 IA3 
• 
• 
• 
• 
• 

Example of Selective Display Requests 
Fiaure 6. 

1 , ACT 2 3 

(Note: Subsequent examples will constitute continued 
changes on the table EXAMPLE. The examples are taken ~rom a 
sample terminal session that is listed in its entirety at 
the end of this manual.) 

Alteration verbs are: 

eRG (chan@e existing table elements' 
CHS (chanae existing stubs) 
ADD (add new ro~s or columns to the table) 
DEL (delete existin@ rows or columns from the table) 
REREAD (change the table he~der' 

A row/column specification consists o~ a pre~ix followed by 
one or more numbers. The prefixes are: 

eOL (column numbers follow' 
CND (condition row numbers follow' 
ACT (action row numbers follow) 
EXT (exit row numbers follow) 

The followina are special specifications and need no number. 

ALLCOL (all columns includina the stub column' 
ALL (all rows and all columns' 
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The reques"t 

CHG ACT 2 3, CUL 5 6 

asks "to change ac"tion rcws 2 and 3 in columns 5 and 6. You 
will be promp"ted with the contents of these elements, onE: 
row at a time. The change is made like correctIng initial 
input -- i.e., nonblanks replace, Bnd a slash blanks out 
those charac1:ers under which they are typed. l:f you want "to 
change a stub, you can re:fer to it as column zero (0)-
plus any appropriate row speci~ication. You replace the 
contents of a row stub by merely typina new text beneath it. 
In this case, everything you "type to the right of "the 
vertical divider will replace the stub. (See CHS for a way 
to partially modify a stub.) Note that the row/column 
specifications muS·~ be separated by a comma, and that the 
numbers must be separated by at least one blank. If a row 
specification is omitted, it iaplies "all ro~sll. If a 
column specification is omItted, it implies "all entry 
columns". 11' you wan"t to re:fer to all columns (In a chani:e 
-- CRG) including the stub column, use the specification 
uALLCOL". 

SHOW CND 2 

1234567 
vvvvvvv 

<2>NNYYYNNIC2 
C: 

CRG CND 2,COL 4 ? 
YNIC2 

C: 
SROWCND ATHE ATTN BUTTON WAS PRESSED 

v ATO CORRECT A TYPING ERROR. 
- CND 2 

AAAAAAA 

1234567 
vvvvvvv 

<2>NNY-YN-IC2 AELEMENTS IN COLS 4,7 REPLACED. 

The request 

Example of a Row Change (CRG) 
FiSure 7. 

CHS CND 1, ACT 2 3 

asks to perform mo~i:flcation 
actions 2 and 3. You will 

o:f the stubs of condition 1 and 
be prompted with the image of 

each stub and a rieh~ arrow. To the right of the arrow you 
enter It modifica~ion request o:f the form "/strin,,1/strins2". 
Every instance 0:1 "strin ... l" will be replaced by IIstrins2" 1n 
"the stub. (In the :toregoins n/n standS for any character 
no~ contained 1n the arbitrary character sequences "str1n@111 
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and Ilstring2 1'.) Multiple pairs of strings can be entered at 
one time. For example "/A/BB/XX/Y" changes all A to BE and 
all XX to Y. After each change you are again prompted by 
the arrow to enter additional changes to the same stub. 
When the right arrow prompts you, you can also display the 
results of the prev~ous change by typ!n~ one space (blank) 
followed by a carriage return. A single slash t/' followed 
by a carriage return will cancel ~ll changes made to the 
current stub. To move to the next stub you enter an empty 
line . When all stubs requested have been changed you return 
to the normal mode and are prompted with a 0:. 

If your modIfication request starts with a letter or number 
it is assumed that you want to entirely replace the stub 
with the text you enter. If your modIfication request 
starts with an asterisk (*) then it is assumed to be of the 
form "*n/string1/string2". In this case you are ask inS to 
replace the nth instance of string1 with string2. "+n" 
means replace the first n instances of stringt, and "_n'I 
means replace the last n instances of stringl. 

[: 
CRS CND 2 RCRANGE STUB ONLY. 

IC2 
.... ICICOND! 

ICOND2 
- -I 

IC2 -- -

The request 

AARROW B {-B' INDICATES SINGLE 
RBLANK TYPED TO DISPLAY NEW STUB. 
ACANCEL CRANGE, AND 
ASROW RESTORED VALUE. 

Example of Stub Modification 
Figure a. 

ADD COL 3.5 3.6 

asks that two columns be added to the table. You will be 
prompted to fIll these columns. The new columns are to be 
numbered 3.5 and 3.6 respectively indicating their ordering 
among the old columns. (They will be between column 3 and 
4.' When the new columns are added, they do not affect the 
numbering of any prior columns. A row or column therefore 
retains a unique number throughout the editina process. 
When the editing process begins, ro~s and coluwns are given 
consecutive integers starting from 1 in each section of the 
table. You can insert columns between 3.5 and 3.6 by addina 
a column numbered with any number that falls between them -
say 3.55 or 3.596. Frac~ional numbers with up to 15 digits 
to the risht of the decimal point can be used in this 
fashion. However, when you display the table (described 
below' a maximum of three digits will be printed on each 
side of the decimal point. 
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- ADD eND 2.5 ANEW CONDITION ROW TO BE FILLED. 

-
•• X)(X)I;·II( 

YYYNNNN C2.S 
[: 

SHOW eND 1 2 2.5 3 
",,..I\,,I\/\,I\ 

1234567 
vvvvvvv 

<1.0>NYNYNYNICl 
<2.0>NNYNYNYIC2 
<2.S>YYYNNNNlc2.5 
<3.0>NNN-YYYIC3 

ANDTE NEW ROW. 

Exaaple at Row Addition 
F1tlure 9. 

The request 

DEL ACT 6 

asks tor the deletion at action row number 6. It row 6 doe s 
not exist, n o Action wilt be taken and you wilt be so 
inlormed. It both row and column specifications are includ
ed in a request tor addition or deletion, the e ntire row(s) 
and column'e) wltl be added or deleted. It both row and 
column are specIfIed In a change request, only the elements 
at the intersection(s) at the rowls) And column(s' witt be 
affected. 

When you request a chanae or addition (implylna that new 
material ie to be placed in the table) you can epeci£y that 
the added data be obtained from another part of ~he table. 
This is accomplished by using a FROM specification. For 
example, 

ADD COL 4.1, FRON COL 4 

requests that a 
table, and tha't 
column 4. 

new 
it 

column (number 
is to be £i lled 

CHG eND 2 3, FRO~ CND 3 2 

4.1) be add e d to the 
wi th the contents of 

requests that condition rows 2 and 3 be chanaed, and filled 
with the contents of condition rows 3 and 2. Because such 
chan"es take ptace "eimultaneousty", the effect is to 
reverse the order of the entry protion of rows ~ and a. To 
specify the reversal of the stubs of these rows , type 

CRG CND 2 3, COL 0, FROM CND 3 2, COL 0 

and to reverse the entire contents ot the rows, type 

CRG ALLCOL, eND 2 3, FRON ALLCOL,CND 3 2 
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Note from the above example, ~hat the order of ~he specifi
catioDS is immaterial (i.e., row-column or column-row) but 
that the ordering of the numbers within a speci£icatlon is 
significant. In all cases, the FROM specification should be 
last. 

eRG eND 2, COL 4 7, FROM eND 2 , COL 2 3 
[: 

SHOW CND 2 
1\1\1\1\1\1\1\ 

12.34567 
vvvvvvv 

<2>NNYNYNYIC2 AELEUENTS COPIED. 

eRG request with FROM specification 
Figure 10. 

In the event t-hat 
request, you 
comma) a t the 

can 
end 

you wish to 
abandon it by 
of the line. 

cancel a partially entered 
typing KILL (preceded by a 

For example 

CND ACT 2 3, COL 4 5, FROM CND 2,KILL 

To rehead a table or ot-herwise modify the table header, 
enter the request 

REHEAD 

You will be prompted with the current header and a ri8ht 
arrow. You can modify the header uslns the conventions used 
in CBS (includin& display or cancellation of the modifica
tion). However, if you merely enter a Dew header it will 
replace the old one. 

To terminate an edit session type 

END 

This will cause the table to be verified as it is when 
initial input is completed. You will receive the OK/NG 
signal as appropriate, and you can save the resulting table 
via the SAVE order. (The table is in the "loaded" state at 
conclusion of editing.) Betore the table is verified, a 
check is made to see if there are any .'s in the table as a 
result ot editini. It there are, you are not allowed to 
terminate and w ill be prompted by the C:. You can use SHOW 
to see where the errors are. 

Verification of the table takes place at the conclusion of 
editing and input processing_ If the table has any serious 
errors it will be marked so that the compiler will know to 
warn you. 

The editing process 
prompted with the [: 

can be aborted 
by typing 
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ABORT 

If you do ~his, the results of ~he edit are lost and there 
will be no resultant table. You wIll not lose any table you 
have retained by usina ~he SAVE fUnction. 

Self-explanatorY d1aanostics will be issued if you attempt 
to chanae a non-existent row or 
prefix (COL, CND, ACT, EXTI, 

colUmn, or if you omitted a 
or if there is a mismatch 

columns supplied in a FROM 
is to fill. In some cases 

between the number of rows and 
specification and the space it 
you will be prompted to supply a correction_ If you cannot 

you can KILL the request (by 
a new onQ. Any time you are 
KILL a request by typina "KILL" 

properly correct the error, 
enterinK "KILL"I and wri'te 
prompted wi'th a 0:, you can 
at the end of the line. 

COLUliIN IiBRG I NG 

As indicated in the introduction, columns can be mer~ed by 
the in'troduction of "don't care" values. You can do this by 
hand before enter in. the table, or you can have the DTABL 
system do it for you by typlna 

MERGE tname 

This will cause the named table 
priate columns 
loaded, type 

MERGE 0 

to be loaded and the appro
If the table is already 

To save the table resultina from MERGE, use SAVE. The 
mer"in,g process wilt not affect any IIdon' t cares ll that you 
have already introduced. There is an example of the MERGE 
process in the sample terminal session at the end of this 
manual. 

Durina the verification process, if the table condi~ions are 
found to be Incomplete, you wIll be asked if you want to add 
an ELSE column. You may answer YES or NO. If you answer 
YES, the condition sectIon of the table is completed auto
matically by the processor. You will then be asked to 
supply the action and exit column contents. If you must add 
an action stub to the table for inclusion in the ELSE 
column, you should answer NO and use the editor to add these 
rows first. The editor will ~hen ask you aaain whether you 
want the ELSE column added and you can say YES. You will be 
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asked to enter an exi~ name for the ELSE column. You can 
then enter an existing or new e~it stub. (Note that ~he 
ELSE column actually may be more than one column. This 
happens when it requires more than one column to represent 
all of the omitted condition combinations. The same actions 
and exit will be selected in all of the added columns. 
There is nothin8 special about these columns once they are 
added.) 

You can initiate ~he addition of 
~yping 

an ELSE column yourself by 

ADDELSE fname or ADDELSE 0 

depending on wh~ther the named table is already loaded. 

CO~PILING DECISION TABLES 

To compile a decision table, sImply type 

COMPILE toame 

This will cause the table to 
If the table is already loaded, 
table name. 

be loaded and 
use zero (0) 

then compiled. 
instead of the 

produces a 
are conditIon 

and exits. The 

The compiler, using only entry InformatIon, 
procedural code structure in which the units 
~ests (tha~ always branch on true), actions, 
code is initially in a tree structure with the exits as 
terminal elements. Because such a tree often contains many 
redundant code sequences, certain op~lmization processes are 
employed to reduce the code to a more efficient torm. These 
optimiza~ions (detailed in [1] and [2]) remove redundant 
code, reorder condition tests, and relocate actions in order 
to reduce the size ot the resultant code. Unconditional 
branches may be introduced at this time, but the logic of 
the ori£inal form of the proaram ~ill remain unchanaed. 

OptImizations OPT2 and OPT3 operate under the assumptions 
reaarding sequence independence stated earlier. (Optimiza
tion options are listed on page 20.) .You are therefore 
cau~ioned to assure ~hat actions in a table do no~ modify 
condi~ion test results. Program loops should be avoided 
unless they encompass ~he entire decision ~able, or are 
en~irety contained within a sinale action. 

The code reeultln~ from compilatIon will be optimized 
primarily wi~h reBpec~ to space. There will be a one-to-one 
correspondence between the number of rule columns in the 
source table and the number of flow paths through the object 
code. No path will contain more tests than necessary to 
isolate the particular rule that it represents. Each path 
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will contain th0 r0quir0d actions in the 
and will terminat0 in the sp0ci~i0d exit. 

sp0ci~ied order, 
Sp0ed optimlza-

tiOD is limited to the avoidance o~ redundant t0sting in a 
~iv0n flow path. Because the co~piler 

meanin~ o£ the stub information, no 
per~orm classical optimizations such as 
elimination o~ folding. Such a task is 
this compiler. 

does not analyze the 
attempt is made to 
common subexpression 
beyond the intent of 

In the absence of ot~er information, the optimizer assumes 
that all actions and conditon tests take the same amount o£ 
space (8 bytes). You can override this assumption by 
including a space estimate in the stub sectIOn of the table. 
The size in bytes should follow the action and condItion 
information (entry section) and be enclosed in lie ::III brack
ets. 

If the compiler detects an unverified table it will warn you 
but give you the option to proceed with a compilation. The 
results of such a co~pilation will not be reliable. In some 
cases the compiler will abort the compilation because of 
overlappina or mISSing rule columns. 

Several types o£ output listings can be produced by the 
compiler - lIabatract", COBOL, PL/I, ALGOL, and APL. The 
non-abstract outputs are collectively called "HLL" (for 
Higher Level Langu8ae). Examples o£ these can be found in 
the terminal session example at the end o~ this manual. (If 
you are able to program in APL you can, with the aid of (2], 
readily develop your own RLL listing generator for the 
language of your choice.' 

The abstract format is analogous to an assembly listing with 
a label colUmn, code colUmn, and operand column. The 
op-codes are references to the condItions, actions, and 
exits of the original table. "Cnn ll refers to condition 
number linn". "Ann" and "Xnn" simi larly re~er to actions and 
exite respectively. All labels are two-digit numbers, and 
appear in column 1 ~ollowed by a colon. Condition tests 
(which are conditional branches) and unconditional branches 
{three dashes' have a right arrow ~ollowed by a label which 
is the label of the branch-target. 

If the stub section o~ the decision table is properly 
format~ed, you can obtain a listing o~ a valid HLL proce
dure. The condition section sbould contain relational 
expressions; the action section should contain assianment 
statements; and exits should be valid HLL program labels. 
The HLL lister merely places the stub in1ormation (excluding 
space estimates) verbatim into the appropriate HLL template. 
The decision table header should also be a valid RLL label, 
~oth of itse11, and when su~~ixed by a two-digit number. 
(Note that stubs can be in English or other natural language 
suitable to the user. This is usually the case when the 
questionnaire processor will be used. The lanauage selected 
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does not affect compilation.) 

There are a number of compiler options. 
tion they souid be set as follows: 

Prior to compila-

OPTIONS-opt ion-list 

The options in the list can be placed in any order and are 
separated by commas. The options selected wIll remain in 
force until they are explicitly set again. When a workspace 
is saved the options in force at the time it is saved are 
retained in the saved workspace. They will be in force 
aaain when you reload the workspace. Options can be set at 
any time between compilations. The list of options is 
below. 

ALGOL 
APL 
APLG 
COBOL 
PLt 
SLIST 
ILIST 
FILE 
OPTl 

OPT2 

OPT3 
OPTM 
DETAIL 

The option 

OPTM 

List object code in ALGOL format 
List object code in APL format 
Generate APL proaram 
LIst object code in COBOL format 
List object code in PLlt format 
List object code in abstract format 
List preoptimized code (abstract format) 
Place output on a file 
Perform optimization t (duplicate 

sequence removal) 
Perform optimization 2 (duplicate 

path removal) 
Perform optimization 3 (hoisting) 
Perform all optimizations 
Report details of compilation pro~ress 

list in the distributed version of DTABL is 

If an 
action 

option is omitted from 
will not be performed. 

the list, the corresponding 

If listin8s are requested the processor will print a row of 
periods, pause, and unlOCk the keyboard. You can then 
position the paper and Signal when you are ready for print
ing by giving a carriage return. 

The FILE option can be specified in conjunction with the 
ALGOL, COBOL and PLt listing options. When this is done, 
the listin~ is placed In a file instead of appearing on ~he 
terminal. The fite has the same name as the table header. 
The var~oU8 APL ayatems use di~~erent quall~lca~Jon conven
~ions to separate user files. There are also varying 
protocols tor establishing a connection between the APL and 
opera~ins system environments. While these protoculs are 
simple, you must consult the APL Userls Guide £4_8J relevant 
~o your system for details. 

-20-



An example of the compila~ion of ~he ~able in Figure 1 is 
shown in ~he terminal session exareple at ~he end 01 this 
manual. 

DISPLAYING AND SAVING CO~PILATION RESULTS 

The results 
called MAT. 

01 compila"tion 
This can be 

analogous to the saving and 
typing 

are held in an encoded matrix 
saved and loaded in a manner 
loading oL decision tables. By 

n,name-SAVEMAT 

you will cause the object matrix to be 
and named. To reload it, type 

compressed, saved, 

LOADMAT mname 

Note that saving a matrix wi~h 
across terminal sessions. You use 

SAVEMAT does not 
)SAVE myws to do 

save 
that. 

To display object code in HLL 1ormat, set 
for the desired languaae and type! 

the options list 

Tname PRINTHLL mname 

To print object code in abstract format, type 

ABSTRACT mname 

Note that these requirements load the code matrix, and 
PHINTHLL also loads the decision table. To request printing 
of a loaded matrix or table you can use zero (0) instead of 
the name. The code matrIx is loaded and unnamed just 
following compilation. 

After these listin~ routines are invoked, they pause to 
allow you to posl tion the paper. You si@nal that you are 
ready by Mivins a carriage return. The listing routines 
print approximately 50 lines per pa@e. 

It has been discovered that by sorting a decision table 
accordinv, to certain urules of dominance", one can l!Iain a 
better understanding 0:1 the relatioCiships amon" the condi
tions. DTABL therefore provides a utility sort fUnction. 
One condition row is said to "dominate" a second row if for 
all of the "yes co1.umns" of the first row, the second row 
has all "don't care" values; ~ for all of the "no columns" 
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of the first row the same is true. 

The sort routine first ~orts rows in order of increasing 
number o£ "don't cares". Then it sorts the 1'0"'8 so that 
they are in disjoint "grotlps". (Two rows are In the same 
"roup it they both have a non-don't care (i.e., "Y" or "N") 
in the same colu~n.) Finally, the rows are sorted so that 
it one row dominates another, it lIes above the other in the 
tlnal arranaement. After the ro~s ar e sorted, the columns 
are sorted as though each condition entry was a di~it in a 
base-3 number system ("Y"=O, "N"=l, and "-"=2, and as 1:hough 
each column was a number. The numbers so devised are sorted 
in ascending sequence. Figure 11 below shows a decision 
table before and after sorting. 

To load a decision table and sort It, type: 

DSORT tname 

As usual, a zero (O) instead ot the 
sorting at the table that is already 
the sorted table in loaded torm. 

table name will cause 
loaded. DSORT leaves 

SORTloOOOOOOOOlll 
1123456789012 

cal IYYNNNNNNNNNN 
C02 I--YYYYYYYYNN 
C03 I--YYYYYYNN-
C04 I--YYNNNN---
cos !----YYNN---
C06 IYNYNYNYNYNYN 

AOl 
A02 
A03 
A04 
A05 

1 
1 
1 

1111 
1111 
1111 

1 11 
1111111111111 

------------~----
XOI Ix x x x x x 
X02 I x x x x x x 

bel'ore 

SORTloOOOOOOOOlll 
1123456789012 

cot IYYNNNNNNNNNN 
C06 IYNYYYYYNNNNN 
C02 I--YYYYNYYYYN 
coa I--YYYN-YYYN
C04 !--YNN--YNN-
cos !---YN---YN--

AOl 
A02 
A03 
A04 
A05 

1 11 11 
1 11 11 
1 11 11 
1 1 1 
1111111111111 

xOt I x xxxxx 
X02 I x xxxxx 

atter 

Example 01' DecisIon Table Sortin" 
Fisure 11. 

TEST CASE GENERATION 

In the object code generated trom a decision table there is 
one path tor each rule column In the source table. It one 
test case is prepared tor each rule column then every 
instructIon in the object code witt be executed, and every 
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condl~ional branch ins~ruc~ion wIll be execu~ed ~or both ~he 
~rue (yes) and ~alse (no) values o~ ~he correspondina 
condi~lon. Because o~ ~he ac~ion o~ ~he op~imi,ers it is 
o£~en ~he case ~hat both o~ ~he above tes~ criteria can be 
me~ with ~ewer test cases than there are rule columns. This 
is because the o~timizers overlap paths throuah the object 
code. The ex~ent to whIch testing can be reduced depends 
upon ~he extent to which the pa~hs overlap. To determine 
the minimu~ Be~ o£ tes~ cases en~er: 

tname TESTGEN mname 

and you will be supplied wi~h a list o~ rule column numbers 
which constl~ute the minimum coverage set. (As usual you 
can use zero (01 ~or tname and mname l~ the correspondina 
table or code matrix is already loaded.) 

QUESTIONNAIRE PROCESSING 

It is Possible to use a decision table as the 
on-line questionnaire. Each condition stub 
cons~itutes a question to be asked which can 

basis ~or an 
in the table 

be answered 
"yes" or 1Ino" by a user who is sittin8 at the terminal. 
Each answer determines which question should be asked next, 
or whether no ~urther questions should be asked. When a 
suf£lcient number o~ answers are aiven to enable the isola
tion o£ a sin.le rule column, the actions and exits selected 
by that column constitute a list o~ responses to the user. 
DTABL contains a questionnaire processor tha~ operates in 
this 1ashion when the user enters: 

Q tname 

where tname can be zero (0) for a table that is already 
loaded. The questionnaire processor appends question marks 
to the condition stubs be£ore presenting them to ~he user. 
The anewers entered in response ~o the questions can be any 
word containin&: at least one "Y" (meanin" "yes") or one liN" 
(meaning "no") but not both. Por example OKAY, YES, YEP, Y 
and YEAH would be interpreted as "yes". NEIN, NOPE, N, NAY, 
or NO would mean "no". JA, which has neith",r a "yil or "Nil, 
and NYET which has both would be rejected as ambiauous • 

PROCESSOR CAP~l! 

There are ~ew programmed capacity restrictions in 
You are limited to 255 conditions and a total of 255 
and exits. Furthermore, this restriction applies 
you want to use SAVEMAT (described above). 

DTABL. 
actions 
only i£ 

There are, ho~ever, reBtric~ions imposed by the APL environ-
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ment under which DTAoL is imptemen~ed. These res~rictions 
are in input and output line wid~hs, and in storaae capaci
ty. Experience to date shows that in practice these limita
tions are seldom encounterea. 

The maximum stub width is 130 characters. If your table 
width (including entries and stubs) exceeds this, table 
displays will deteriorate -- i.e., a sinale row will be 
placed on two or more lInes. In any event neither halt can 
exceed the terminal width because an end-ot-line cuts o~t 
input. 

The HLL and abstract printing routines will 
two lOW-order diaits o~ a numeric label, 
restriction on label values io MAT is over 16 

print only 
although 

million. 

'he 
'he 

The size ot the workspace can attect the size of a table 
that can be compiled. DTABL haA handled tables with as many 
as ten conditions and 35 rule columns without spillina 
storase in a SOK workspace. 

You can reduce the chances ot a sEoraae spilt by erasins 
those tables or matrices which you have saved but no longer 
need. This can be done by typing: 

)ERASE namel name2 name3 etc. 

The list at names (separated by blanks) are those named 
items you wish to discard. 

You can LOAD 
version prior 

a table and ) ERASE 
to operatina on it. 

the compact (unloaded) 

You can establish a workspace sol~ly tor storing tables Cor 
object codes) and usina the leOPY facility of APL to trans
ter your tables (codes) to it. After savina your compIler 
workspace under the name ot your choice, perform the tollow
ing seque nce: 

) CLEAR 
)WSID mydata 
leOpy myws namel name2 ••• 
)SAVE mydata 

Repeat the leOPY line as many times as needed to save the 
desired tables (codes). You can then reload your compIler 
workspace and erase the copied tables (codes) from it. 
(Dont~ for.et that your library copy ot ~he compiler 
work-space still contains the old version ot tables (COdes) 
until you 'SAVE the updated version.) 

There are three kinds of 
They are WS FULL, SYMBOL 

overtlo_ mess&aes you can 
TABLE FULL and STACK FULL. 

maintains a symbol table of all the names you create (as 
welt as those that are used in DTABL). UnfortUnately, when 
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you }ERA$E a named item, its name is no~ removed 1rom the 
symbo~ tab~e. Your recourse wi~~ be to per10rm the sequence 
below i1 you received ~he SY~BOL TABLE FULL diaanostic. 

}ERASE unneeded tables and obJec~ codes 
}SAVE myws 
, CLEAR 
'SYMBOL 500 (= biaaer than ~he current setting ' 
)COP¥ mYWB 
)WSID myw8 
)SAVE myws 

You can then restar~ the interrupted activity. 

If you receive a WS FULL 
decision tables then perform 
II'SYMBOL,I1.ine. Then re~ry 
rupted. 

message ~ry erasina unneeded 
the above sequence wi~hout ~he 
the operation that was inter-

11 you receive a STACK FULL messa@e ~ry ~he above sequence 
with STACK in place of SY~BOL. You can find out ~he current 
size limitations by typins 'SYMBOLor ,STACX without a number 
followina. The amount of tree workspace is obtained by 
~ypin& QWA. (No~e ~hat space siven ~o the stack or symbol 
table is ~aken from the free workspace.) 

Ano~her way to obtain more space is to separate certain 
DTABL func~ions into several ditterent workspaces. To 
assist you in doina this the DTABL workspace has been 
divided into six aroups as follows: 

COMPILER 

EDITOR 

JiISC 

NCOMPILER 
NEDITOR 

MUSC 

all 1unctions used by CO~PILE (includes 
~istina functione' 
all functions used by INPUT, EDIT and 
ADDELSE 
a 11 :functions 
TESTGEN, and Q 

used by MERGE, 

functions not used by COMPILE 

DSORT, 

functions not 
ADDELSE 
functions not 
TESTGEN, and Q 

used by INPUT, EDIT and 

used by MERGE, DSORT, 

Each of the first three groups can be used to copy relevant 
1unctions from DTABL into a clear workspace. The last three 
can be used to delete unneeded code from the . ·orkspace you 
are workina with. For example, i1 you set a WS FULL durlna 
compilation. you can erase aroup NCOUPILER and continue. 

If the WS FULL condition persists your needs have exceeded 
the capacity o~ the APL system you are runnin. under. The 
remedies available are (I) to increase your virtual machine 
or re~ion size , or (2) to move your works paces to an APL 
systeffi that accomodates larger workspace sizes. See your 
APL system administrator for assistance. 
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KEYWORD SUMMARY 

Page 

3 
4 
4 
4 
4 
9 
9 
10 
10 
10 
10 
10 
11 
12 
12 
12 
12 
12 
12 
12 
13 
13 
14 
15 
15 
16 
16 
16 
17 
17 
18 
18 
20 

Keyword 

••• 
)LOAD lihno DTABL 
'OFF 
INPUT 
lS3270-( 0/11 
-STOPCHECK 
tname-SAVE 
LOAD tname 
SPREAD tnarue 
,WSID myv;s 
)SAVE myws 
)LOAD myws 
EDIT tname (0 I 
SHOW spec 
CND r r r r 
ACT r r r r 

EXT r r r r 
COL c c c c 
ALLCOL 
ALL 
eRG spec 
CHS spec 
ADD spec 
DEL SFec 
FROM spec 
KILL 
REREAD 
END 
ABORT 
MERGE tname(O) 
ADDELSE tname ( 0 I 
COMPILE tname ( 0 I 
OPTIONS~ 

ALGOL Algol £ormat 

Remln.!!.!!: 

Sign on 
Initialize workspace 
Sli!'n of1 
Initial table entry 
Term! Da 1 lIOode 
InterrUpt checking 
Save decision table 
Load decision table 
Displa, table with verticals 
r.ive workspace a name (myws' 
Save workspace in library 
Load workspace from library 
Edit decision table 
Show partially edited table 
Specify condition rows 
Specify action rows 
Specl~ exit rows 
SpecifJL coluillns 
Specify all columns S stubs 
Spec. all. rows, cols & stubs 
Request change as specified 
Chan,;Ee stub 
Request row/column additon 
Reques~ row/column dele~ion 
Specify dat~ source 
Cancel edit command 
Request table header change 
Terminate editLng 
Cancel editing 
Merge table columns 
Add an ELSE column to table 
Compile a table 
Set cOKpiler options 

FILE Place output in a file 
APL APL format OPT1 Redundant Sequence 
APLG APL (executable' OPT2 Redundant Path 
COBOL COBOL format OPT3 HoIsting 
PLI PL/I format OPTM OPTl,OPT2,OPT3 
SLIST Abstract forma~ DETAIL Report progress 
ILIS1' Preoptlmlzo.tion Abstract Listing 

21 n:name-SAVEMAT Save resul~s o::f compilation 
21 LOADMAT mname (0' Load object code matrix 
21 tname(O) PRINTHLL mname(O, Prln~ in Hiah Lev. Lang. 
21 ABSTRACT wname (0) Print code, abstract £ormat 
22 DSORT tname (0) Sort decision table 
23 tname(O) TESTGEN mname(O) Generate test columns 
23 Q tname (0' OUestionnaire processor 
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Error Heesaa;es 

STUB TRUNCATED TO 130 CHARACTERS 

EMPTY STUB 

NO ACTION 

BAD INPUT 

NOT EDITING 

IN EDIT. NO ACTION 

VALUE EllROJ,l n 

Table stub exceeded 130 characters, 
and waS truncated to 130. 

Stub contains only space data. 

You tried delete 
rows or 
columns 
table. 

columns, or 
that were 

Or you 'tr ied 

nonexistant 
add rows or 

already 
to add 

in the 
an ELSE 

column to a complete table. 

Incorrect input, "_" r e places "the 
had data shown with this wessase. 

You trIed to use the edit commands 
.Ithout enterina the EDIT £unctlon. 

You attempted to per£orm a non-edit 
functiqn while editing. 

n is a list oL invalid row/column 
numbers . 

WISSING P~EFIX COL, C~D, ACT, OR EXT 
One or more o:t 
_as omlted . 

the listed prefixes 

STUB MISMATCH 

ROW LENGTH ERROR 

COLUMN LENGTH ERROR 

ERRORS 

YES-NO IWHALANCE 
CDN, YCT, NeT, DIF 

The FROM speci:tication does not 
matCh the eRG specl£ication ~ith 

respect to column O. 

The FROM 
match the 
respect to 

The FROW 
match the 

specification does not 
eRG specification ~ith 

the number or rows. 

speci:tication does 
eRG speci:tication 

not 
with 

respect to the number of columns • 

There is an empty condition , action 
or exit section in the table beinH 
edIted. 

There are not an equal number of 
Y'e and N's In Bome condition rows. 
The counts ~nd differences are 
aiven for the imbalanced rows. 
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WISSING RULE: ••• 

RULE OVERLAP: n 

The indicated rute 
accouoted ~or In the 

column 
table. 

is no' 

'in" is a list o~ columns wtlich have 
overlappins conditioo values. 

NO RULE USES ACIION(S) n 'in" is a list o~ actions not used 
by any rule. 

NO RULE USES EX[~ (S) 0 "n" is • list o~ the numbers o. 
exits not used by aoy rule. 

~ISS[NG OR MULTIPLE EXI~S IN RULE(S) 0 

NG 

'in"~ is a list o£ rule 
without exactly 1 exit. 

coluUlns 

The table bein~ entered or edited 
is io error. 

tablename JS IN E~~Ok, LO YOU WISH TC PROCEED? 

PLEASE ENTER YES Ok NO 

The co~pi ter 
invalid tallle. 
NO. 

has detected an 
You respond YES or 

You have 
response to 

.. iven an 
a YES/NO 

ambiguous 
quest lon8. 

Your response must contain either a 
Y or an N, at least one, not both. 

RULE n OVERLAP. QVESTiONING TERMINATED 
RULE n OVEPLAP. COMPILATION ABANDONED 

a list of the 
that hav~ been ~ound 

rule columns 
by the compi-

ter or questionaire processor to 
overlap. Occurs with an invalid 
table. 

RULE MISSING. QUESTICNING TER~INATED 
RULE WISSING. CCMPILIATION ABANDONED 

Some rule 
missiog by 

column was discovered 
the compiler or the 

ILLEGAL To\BLE 

ILLEGAL OBJECT CODE 

E)lP'IY TABLE 

questionnaire processor. 
with an invalid table. 

Occurs 

You a~temp~ed. to LOAD (possibly 
indIrectly) an object that was not 
a decision table. 

You a~tempted to LOADMAT (possibly 
Jndirectly) an object that was not 
a cede rcatrix. 

There 1s no table loaded ( or 
saved) a 
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EMPTY OBJECT CODE 

INCOMPATIHLE TAELE/CODE 

DEFINITICN ER~OR: 
[n] line imajie 

SYNTAX ERIWR 

VALUE ERROR 

There is no code matrix loaded (or 
saved' • 

You have 
TESTGEN 

tried to use PRINTRLL or 
with an object code that 

does not match the decision table. 

You used the APLG option to produce 
an APL object proararo, but it could 
not be defined because of an error 
in the line imaQe displayed. If 
the line image is line 0, the error 
may be due 
workspace 
aroup wi th 

to the existence in your 
of an APL variable or 

program. 
messa6&e 
trying 

the same name as 
You will also ~et 

if the function you 
"to define is u pendan1:" 

your workspace. 

your 
this 
are 

in 

You have entered a co~mand improp
erly. Look for an omitted comma or 
blank or a roiapelled keyword. 

You have mispelled 
at"tempted to save 
doesn'1: exist. 

something, or 
a table that 

Durin~ an a1:tempt to file output you may encounter one of 
the error messaaes listed below. The error number (n' 
accompanying the message is particular to the operatina 
system you are using. Your APL administrator can direct you 
In seeking help i1' yo" cannot discover the cause of this 
error. 

OPEN FAILURE: n 

WRITE FAILURE: n 

INTEFFACE QUOTA EXHAUSTED 

NO SHARES. SVP INACTIVE 

Probable cause is that your table 
header is not a le~al file name. 
It is also possible that the APL 
shared variable interface is 
(temporarily, unavailable (output 
will be cancelled . 

cause isa line that is Probable 
too lona for the file beina used. 

You don't 
capaci'ty :for 

have enough 
your :file. 

interface 
See your 

APL administrator to 
quota . 

increase your 

'You didn' 't incLude APLl10 or APL121 
when you accessed VSAPL. 
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SV SPACE QUOTA EXCEEDED 

WS FULL 

SYMBOL TABLE FULL 

STACK FULL 

xxxx(n] 

Too little space 
b1e processor. 
activate APL by 
APL110. 

~or Shared Varia-
Get more 
enter ina 

when you 
VSAPL 8K 

Not enough ~ree workspace to 
con~inue calcula~ions. See th~ 

discussion under PROCESSOR CAPACI
TY. 

No~ enouih symbol ~able 
See discussion under 
CAPACI'IY. 

ctlpacity. 
PROCESSOR 

Too many recursions ~or the execu
tion stack to handle. See the 
discussion under PROCESSOR CAPACI
TY. 

You have stopped in :function IIXXXX" 

at line lin". This was caused by an 
interrupt (so~etl~es due to line 
noise). To resume execution enter 

Prompt ina and Other Messages - - - - - - -

ENTER TABLE HEADER 

ENTER OONDITION STUBS 

ENTER ACTION STUBS 

ENTER EXT'! STUBS 

HOW ~ANY RULES ARE THERE? 

Enter the header 
table. 

Enter at least one 

Enter at least one 

Enter at least one 

Enter the number 
tor this table. 

ot the decision 

condition stub. 

action stub. 

exit stub. 

o:f rule columns 

STANDARD CCNDITIONS (n RULES) 

INPUT CANCELLED 

You have 
conditions. 
columns. 

You have 
process. 

requested 
There are 

cancelled 

IIstandard" 
II nil rule 

the input 

DO YOU WANT TO ADD AN ELSE COLUMN? 
Your table has missing rules, do 
you want them added? Answer YES or 
NO. 
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nnn:ACTION'S 

ENTER EXIT NAME 

HEADER IS header 

OK 

"nnnl! is the action row numbers for 
the ELSE column you are addine_ 

Enter the exit stub ~or the ELSE 
column you are adding. 

You have requested REHEAD. "head
er" is the current header expres
sion of the table you are ediTin~. 

The decIsIon table has been veri
fied following INPUT or EDIT. 

COMPILING tablenaole Compilation has started_ 

n LINES CCMPILED IN s CPU SECONDS 

•••••••••• 

FILING to tablename 

END OF FILED OUTPUT 

CompIlation Is completed. 

You are prompted to posItIon the 
paper on your terminal to receive a 
program listing. Enter a carria~e 

return to start printing. 

Signals start of 1iliog output 

Si~nals filed output complete 

The following messages are printed durina compilatIon when 
you have selected the DETAIL optIon. 

o LINES GENERATED FRaN tablename (prior to opts. 1 and 2' 

LOCATE DUPLICATE SEQUENCES IN n LINES (opt 1) 

n SEQUENCES TO BE EXAMINED 

REMOVING REDUNDANT G010S FRON n LINES 

REMOVING REDUNDANT GOlaS FROM n LINES 

REMOVING REDUNDANT EXITS F~OM n LINES 

REMOVING DEAD CODE FROY n LINES 

FURTHER SEQUENCE RED~CTION IS POSSIBLE 

NO FURTHER SEQUENCE REDUCTION IS POSSIBLE 

THERE ARE n LINES OF CODE LEFT (opt1' 

ATTEMPTING DUPLICATE PATH REWOVAL (opt2) 
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TABLE OF RESERVEB 1!AMES 

ABORT CHS DETAIL INPUT NMISC REHEAD 
ABSTRACT CND DSORT KILL OPTIONS SAMPLE 
ACT COBOL EDIT LOAr; OPTIJ SAVE 
A.DD COIBlI EDITOR LOADlfAT OPTI SAVEMAT 
ADDELSE COL END .WAT OPT2 SH OW 
ALGOL COMPILE EXT MERGE OPT3 SLIST 
APL COMPILER FILE MISC PLl SPRE AD 
APLG DEL FROM NCOMPILER PRINTHL S7'OPCHECK 
CHG DESCRIBE ILIST NEDITOR Q TESTGEN 

REFERENCES 

1. Myers, H. J., "Compiling Optimized Code from Decision 
Tables'l, IBN Journal 01 Research and Development. Vl... 1 
16 No.5, September 1972, pa@ee 489-503. 

2. DTABL System Guide. ILicensed Material) LY20-2282 

3. APL Lansua&e. GC26-3847 

4. 

5. 

APL Shared Variables IAPLSV) User's GuIde. 
or SH20-9087 

APL/CMS User's Guide. SH20-1846 

SH20-1460 

6. VS APL £or CMS: Terminal User's Guide. S820-9067 

7. VS APL for VSPC: Terminal User's Guide. SH20-9066 

8. VS APL lor TSO: Yale University Terminal User's Guide. 
SH20-1872 
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- 'LOAD 27 DTABL ALOAD DTABL WORKSPACE 

-----

---
----

SAVED 14:56:37 08/17/76 
INPUT 

ENTER TABLE HEADER 
EXAMPLE 
EN1'ER CONDITION STUBS 
CI 
C2 
C3 

ENTER ACTION STUBS 
AI 
A2 
A3 

ENTER EXIT S1'U8S 
XI 
x2 

AARROW (-) INDICAT6S LINES 
ATYPED 8Y THE USER. ALL OTHER 
ALINES ARE OUTPUT FROM THE 
ASYSTEN. (THE ARROWS ARB NOT 
ANORMALLY PART OF THE LISTING.) 

ADOVBLE ARROWS (--) INDICATE A 
ACARRIAGE RETURN PERFORMED BY 
ATRE USER. 

HOW MANY RULES ARE THERE? 

- 7 
0000000 
12345671cI 

... NYNYNYN 
12345671c2 

- NN YYNN 
BAD IlJPUT 
NNxYYNN I C2 

Y 
12345671c3 

- NNN-¥YY 
12345r7141 

- 1 1 11 
12345671 ·'2 

I 1 
12345671A3 

- 12 
12345671xI 

xx 
12345671x2 

... XXXX X 
OK 

SAMPLE-SA liE 

ABLANK IS NOT A LEGAL CONDITION. 

ACORRECT ONLY THE BAD COLU".N. 

ATHE TABLE IS CONSISTENT. 
ATABLE SAVED AND NAMED. 
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SAMPLE 
EXAMPLE I 0000000 

11234567 

Ct I NYNYNYN 
C2 !NNYYYNN 
C3 INNN-YYY 

Alii I 11 
A2 1 I I 
A3 112 

XI 
x2 

[: 

1 xx 
Ixxxx X 

EDIT SAMPLE 

SHOW ALL 
,..,..",..""" 
1234567 
VVVVVVV 

<l>NYNYNYNICl 
<Z>NNYYYNNIC2 
<3>NNN-YYYIC3 
<1> 1 1 11lAl 
<2> 1 11A2 
<3>12 IA3 
<1> XX IXI 
<2>xxxx XlX2 
[: 

ADISPLAY TABLE NAMED SAMPLE. 

AINITIATE EDIT OF SAMPLE 

ADISPLAY TABLE BEING EDITED 

AWITR ROW AND COLUMN 
ANUMBERS. 

SHOW CND 1, ACT 2 3 
,..,.. ,..,..,..,..,.. 
1234567 
\lVVVVVV 

<l>NYNYNYNICI 
<2> 1 11 A2 
<3>12 IA3 
[ : 

SHOW COL. 4 5 

45 
vv 

<l>YNICI 
<2>yyIC2 
<3>-yIC3 
<1>1 IAt 
<2> 1 A2 
<3> 1 A3 
<1> XIXI 
<2>X 1 X2 

ASELECTIVE DISPLAYS 
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c: 
SROlt' eND 2 

""AAI\AA 

1234567 
YVVVVVV 

<2>NNYYYNNIC2 
c: 

eRG eND 2,COL 4 7 
YNIC2 

c: 
SHOWCND ATBE ATTN BUTTON WAS PRESSED 

v ATO CORRECT A TYPING ERROR. 
- eND 2 

1234567 
vvvvvvv 

<2>NNY-YN-1 C2 
c: 

AELEMENTS IN eOLS 4,7 REPLACED. 

eRG eND 2, COL 4 7, FROM eND 2 , COL 2 3 
[: 

SHOW eND 2 

1234567 
vvvvvvv 

<2>NNYNYNYIC2 
c: 

CHS eND 2 
IC2 

- -Ie/COND/ 

ICOND2 

- -I 
IC2 

c: 
ADD eND 2.5 

l(I(X)(xxxl· 
YYYNNNN C2.5 
c: 

AELEMENTS COPIED. 

ACHANGE STUB ONLY. 

AARROW B (-8) INDICATES SINGLE 
ABLANX TYPED TO DISPLAY NEW STUB. 
RCANCEL CRANGE, AND 
ASHO~ RESTORED VALVE. 

ANEW CONDITION ROW TO BE FILLED. 

SHOW eND 1 2 2.5 3 
1\1\1\1\,,1\/\ 

1234567 
VVVVVVy 

<l.O>NYNYNYNICl 
<2.0>NNYNYNYIC2 
<2.5>YYYN~NNlc2.5 
<3.0>NNN-YYYIC3 
c: 

DEL eND 2.S 
c: 

ANDTE NEW ROW. 

ADELETE ROW JUST ADDED. 

ADD COL 4.5 4.6, FROM COL 1 1 
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[: 
SHOW ALL 

1\"""'''1\1\1\/\ 

123444567 ............... 
000056000 
yvvvvvvvv 

<l>NY~YNNNYNICl 
<2>NNYNNNYNYIC2 
<3>NNN-NNYYYIC3 
<1> 11 IllAl 
<2> 1 11 A2 
<3>12 11 IA3 
<1> XX IXI 
<2>XXXXXX XlX2 
[: 

DEL COL 3.5 
NO ACTION 
[: 

DEL COL 4.5 4.6 
[: 

ADD COL 2 
NO ACTION 
[: 

ANOTE T1:I.AT CONDITION ROW 2.5 
AHAS BEEN £ELETED, AND COLUMNS 
A4.5 AND 4.6 HAVE BEEN Al)DED. 

ACOLUMN 3.5 DOESN'T EXIST 

ACOLUMN 2 ALREADY EXISTS. 

eHG eND 1 2, ALLCOL, FROM eND 2 1, ALLCOL 
[: 

SHOW ALL 
1\1\""1\1\1\ 

1234567 
YVVVYVV 

<1>NNYNYNYIC2 
<2>NYNYNYN leI 
<3>NNN-YYYIC3 
<1> 1 1 IllA1 
<2> 1 11 A2 
<3>12 IA3 
<1> XX IXI 
<2>XXXX XlX2 
[: 

ANDTE THAT CONDITION ROWS 1 
AAND 2 ARE REVERSED. 

CRG eND 1 2, COL 4 7 
NYIC2 
YN 
YNlet 
YN 
[: 

OK 
END 

ATABLE IS CONSISTENT. 
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RSAMPLE USE OF MERGE 
JlERGEXAMPLE 

MERGE I 00000000011111111112222222222333 
112345678901234567890123456789012 

ct IYYYYYYYYYYYYYYYYNNNNNNNNNNNNNNNN 
C2 IYYYYYYYYNNNNNNNNYYYYYYYYNNNNNNNN 
C3 IYYYYNNNNYYYYNNNNYYYYNNNNYYYYNNNN 
C4 IYYNNYYNNYYNNYYNNYYNNYYNNYYNNYYNN 
C5 IYNYNYNYNYNYNYNYNYNYNYNYNYNYNYNYN 

Al 111111111111111111111111111111111 
A2 11111 
A3 11111 
A4 I 11111111 1111 
A5 111111111111111111111111111111111 
A6 11 1 1 1 1 1 1 1 
A7 III 11 11 11 11 11 11 11 

Xl 
X2 

I xx xx xx xx xx xx xx xx 
Ixx xx xx ~X xx xx xx XX 

MERGE MERGEXAMPLE 
- SAVE 

MERGEIOOOOOOOOOl11111 
112345678~012345 

Cl !YYY---YYY---NNN 
c2 IYYYYYYNNNNNN---
C3 !YYYNNNYYYNNNYYY 
C4 IYYNYYNYYNYYNYYN 
C5 IYN-YN-YN-YN-YN-

Al 1111111111111111 
A2 1111 
A3 1111 
A4 I 111111 
AS 1111111111111111 
A6 11 1 1 1 1 
A7 III 11 11 11 11 
---------------------
Xl I X X X X X 
X2 Ixx XX XX XX XX 
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RSAMPLE COMPILATION. 
- SAMPLE 

EXAMPLE I 0000000 
11234567 

cl I N'iNYNYN 
C2 INNYYYNN 
C3 INNN-YYY 

A1 I 1 1 11 
A2 I 1 1 
A3 112 

Xl I xx 
x2 IxxXX X 

OPTIONS-OPTM,COBOL,PL1,APL,SLIST 
COMPILE SAMPLE 

COMPILING EXAMPLE 
14 LINES COMPILED IN 2 CPU SECONDS .......... 

EXAMPLE. 

EXAMPLEOI. 

EXAMPLE03. 

EXAMPLE04. 

IF Cl TRbN GO TO EXAMPLE03. 
IF C3 TIlEA' GO TO EXAMPLE04. 
IF C2 THEN GO TO EXAMPLE05. 
AO. 
GO TO X2. 
A1. 
IF C2 TJJEN GO TO x2. 
IF C3 ThEN GO TO Xl. 
GO TO EXAMPLED 1. 
IF C2 THEN GO TO Xl. 
A1. 

HXAllPLl:o:"05. A2. 
EXAMPLE06. GO TO X2. 

COMMENT END OF EXAMPLE • 
.. .. . . . . .. .. . . 
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--

--

-

EXAMPLE: BEGIN; 
IF Cl THEN GO TO EXAlfPlE03; 
H ' C3 TIlEN GO TO FXAlfPLE04; 
IF <.:2 THEN GO TO PX"'MPLE05; 

EXAJlPLEO 1: A3; 
GO TO X2i 

EXAJlPLE03: A 1; 
'F C2 THEN GO TO X2; 
IF C3 TJiEN GO TO Xl i 
GO TO EXAMPLEO 1: 

EXAMPLE04 : IF C2 THEN GO TO Xl; 
At; 

EXAMPLE05: A2; 
EXA,)iPLE06: ~O TO X2; 

END 1* OF EXAMPLE */i .................... 
EXAMPLE 

[ I J -I CII/6 
[ 2 J -IC31/10 
[ 3 J -IC21/12 
[4 J A3 
[S J -0 
[6 J Al 
[7 J -IC21/0 
[ 8 J -IC31/0 
[ 9 J -4 
[ 10 I -IC21/0 
[ 11 J Ai 
[ 12 J A2 
•••••••••• 

EXAMPLE 

000 I COI-03 
0011 C03-04 
0021 C02-OS 
Ou3101:A03 
0041 X02 
00s102:xol 
006103:AOl 
0071 C02-06 
0081 C03-02 
0091 ----01 
010104:C02-02 
0111 AOI 
012 10S:A02 
013106:X02 
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THE DECISION TABLE 
.. IS A TOOL FOR 
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o CONCISE7 MEANINCFUL 
DOCUMFNTATION 

o I NDUC ES CHECkS ON LOCIC 
CONSISTENCY 
COMPLETENESS . 

, , 

I 
I 

'. ' I 



R~SUI_ TINC PROCRAMS ARE 

o QUICKER TO WRITE 

o MOR E ReLIABLE 
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0190r~ 

ERROR 
TM r=-RRCJ=< DXCC\J4 
R03CK :JhKAM 
MO ] JF:3IND2 
I/O E R~C::;R 
RD9CK ?~RAM AGAIN 
;'100 JFCBIND3 
I / O E~~OR FOR BS F 

!00000000011111 
: 12345578901 ?34 

I YYYYYYYYYYYYYN 
IYYYYYYYYYYYYN 
I Y Y Y Y Y N N N r"-l N hJ N - -
I - - - - - Y Y Y Y Y 1"-1 N - -
I Y f'>l N N N Y N N ~~ NY N - -
I - YNNN - YNf\jN - - --
1 - - YNN- - YNN - - -
I-- - YN- - -YN--- -

SET TO BSF 11 
BSP TVICE 111 111111 11 
SET CCVl TO BYPASS TM HDRI 11 11 
BSF 11 111111111 
SET UP AB END 613 11 1 1 1 1 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

D190Cl 
ABEND 
D190F4 

I XX X XX X XX · 
IX X X X X 
I X 

I I 

.. 



cn~U ~: ,j ME ~GINC 

A~L . ~FMENTS SAME ~ X CEPT 1 CONDITION 
VA ~ ~~S IN CONDITION ARE YFS AND NO 

TWO EXAMPLES 
~ , 

I Y Y Y [1 N N f\l .~ 1 
~~ 

I Y Y Y [2 Y Y Y ~c:::. 
~~ 

I Y N [3 ' -< -
~ '-"' 

- - - - - - - - - - - [4 Y N 
/, 1 
.'"""' 1 1 1 - - - - - - - - - - -

/-\ ? Al 1 1 1 
I' "J r, --..J A2 
- - - - - - - - - - - A3 1 1 1 
Xl - - - - - - - ----

X2 X X X Xl X X X 

I I 



LOCIC_VALIOAT1-0N 

N CONDITIONS REQUIRE 
N 

? UNIQUE RULE COLUMNS 

AMBIC UOUS REDUNDANT INCOMPLETE 

Cl I • · YY . C1 I • • YY . C1 lYNN 
C2 I • • NN. [2 I . • NN. C2 I -YN 
[3 1 • • YY . C3 I • • YY . [3 I - - Y 
- - - - - - - - - - - - - - - - - - -------

Al I • • 1 • Al 1 • • 1 1 . Al 1 1 1 
A2 1 • • 1 . A2 1 • • 22. A2 12 1 . 
- - - - - - - - - - - - - - - - - - - ------

Xl I • • XX . Xl 1 . • XX . Xl IXXX 
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oT~ST CASE ADVIS OR 

o -i A8L~ MANIPULATION · 
COLUMN MERCINC 
TABLE SORTINC 

°QUESTIONNAIRE PROCESSOR 
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------~ ------

OPTfONS·OPTM _ PL:l 
COl1P I LE D~O 190F3 

0190F3 100000000011111 
11234567890 1234 

- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -
ERROR 
Til [1,I"lOR nXeeV4 
RDflCK PARAM 
IIO[) J F CO I N02 
1/0 ERROR 
ROBCK PARAM AGAIN 
1-100 JFCB I N03 
I / O ERROR FOR BSF 

[ YYYYYYYYYYYYYN 
[Y YY YYYYYYYY YN -
I YYYYYNNNNNNN - -
I - - - - -YYYYYNN-
I YNNNNYNNNNYN - -
I - YNNN - YNNN - - - -
I - -mN - - Y NN - - - -
1- - -YN- - - YN - - --

SET TO BSF I 11 
BSP rVl eE 11111111111 
SET Ccu l TO BYPASS TM HORI 11 11 
SSF I 1 I II 11111 I 
SU UP ABEND 613 I 1 1 I 1 I 

0190el 
_ Al~[NO 
-01 90F4 
COMP [LING 

20 LINES . . . . . . . . .. 
0190F3 

I XX X XX X XX 
IX X X X X 
I X 

COMP ILED IN 1 CPU SECOND 

0190F3 : BEGIN: 
[F ERROR THEN GO TO 0190F301: 
GO TO 0190F4; 

Ol:lOrJOI: [F 1M ERROR oxeeV4 THEN GO TO 0190F]02 : 
CO III IJ 190C I : 

OI'lOF]O_~: IF HOACK PAHAM THEN CO TO 0 190F304: 
IF MOO JFCHIN02 THEN GO TO 0190F]04 : 
SE T TO SSF: 
BSF : 
IF ] /0 ERROR THEN CO TO 0190F303: 
CO TO 0 1 ~OC] : 

D190F30]: SE T UP AOENO 613 ; 
en TO Al3ENO: 

01~lF304 : DSP TVICE; 
[F 1/0 ERROR THEN CO TO D190F303: 
SSF: 
[F r~D[)CK PARAM ACA I N THEN GO TO 0 190C I; 
[F MOD JFC[J] N03 THEN GO TO 0 190C 1 ; 
SE T [C VI TO BYPASS TM HOR; 
[F [ /0 ERROR FOR ASF Tf[EN CO TO 0190F303 : 

o l'lror. :iO', : r.o 10 fl I ~I() r; 1 ; 
I-Nfl I , OF ll190F] , I: 

--

• 



1 
I . 

o 

0190F3 
! 

<co I > - - - - - - - 0 

! 01 J 
(X C3) <C02>- -- - --~o 
-- - 1 021 

(XOI) <C03>------ - 0 
---

D190~31000000000I11I1 
11234~S72901234 

- - - - - - - - - - - - - - - - - - - - -
<co.> 
<C02> 
<C03> 
<C04> 
<COS> 
<COS> 
<C07> 
<C08> 

IYYYYYYYYYYYYYN 
IYYYYYYYYYYYYN-
1 Y Y Y YYNNr··~N1'jNN - -
1 - - - - - YYYYYNN -
IY NNNNYNNNNYN- -
1 - YNNN - YNNN- - --
1 - - YNN - - YNN - - - -
I---YN- -- YN- -- -

- - - - - - - - - - - - - - - - - - - - -
[AO 1 ] 
[A02J 
[A03] 
[AO.t.J 
[AOs] 

I 1 1 
1111111 1 III 
11111 
1 1111111111 
I 1 1 1 1 1 

-- - - ----- - - --- -------
(XO 1 ) 
(X02) 
(X03) 

1 XX X XX X XX 
IX X X X X 
1 

o TESTGEN 0 

X 

1 2 3 5 9 11 12 13 14 

I 1 
<C04>- - - - - -- I 

! 041 
[AOI] [A02] 

I I 

[A04] 0-- <C05> 
! 1 1 

<C05>--1 [A04] 
! 1 I 

(XOI) 1 <C05> ---
--- 1 I 1 

1 <C07>- - 1 
1 I 1 

I [A03] I 
I 1 1 

0-------<C08> I 
1 1 1 
1 1 I 

031 051 -- - --
[ AOs ] (XO 1 ) 

I 
(XD2) 

I • 



,. 

· QUESIIO~~AI~E ~20CESSI~C 

Q DISCOUNT 
C LANTITY>lO~? YES 
CUANT.ITY> 500? ~O 
~~EFERRED CJSTOMER? YES 

AO PLY 1Q oCT D;SCOUNT 
AOPLY ~ PCT D!SCOUNT 
C :J B IL L I N G r'J;:- X T 

Q 0 I SCOUt'>!T 
Q~ANTI T Y> l007 YES 
Q~ANTI T Y >SOG? YES 
P~EF E R~ED CUSTOMER? NO 

APPLY 20 PCT G!SCOUNT 
::)0 BILLING Ne XT 

Q DISCOUNT 
QUANTITY>1007 NO 
PREFERRED CUSTOMER? YES 

APPLY 5 PCT DISCOUNT 
DO BILLING NEXT 

DISCO UN TS 

QUANTITY>lOO 
QUANT ITY>500 
PREF~RRED CUSTOMER 

1000000 
I 123.<;55 

INNYYYY 
1- -N NY Y 
IYNYNYN 

APPL Y 10 PCT DISC OUNTI 
APPL Y 20 PCT D!SCOU TI 
APPL Y 5 PCT DISCOUNTll 

1 1 
1 1 

2 2 

00 BILLING NEXT :XXX XXX 
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H, J , Myers 

Compiiing Optimized Code from Decision Tables 

Ah~lr"CI: Thi~ r:lper reviews (he ' IrU<'lIlrt IIr tkds;un t>lhle~ anti nlclhllih fnr Cllnvel'1inl!, them ;nl<> 1I"1o:e,III I""I , . ... Ie. It .k,crihe" IWW 
"1'1;",;/;.1;,," tn,'llh.ds. II hkh :"e "pl,li.',1 I .... ·r"r.· .• IUIlIl~ , "",I :tno:r c"de ~o:tlcr.l'i"tI . S"tlle I ... ,ulh fW1l1 "" '· .'P'·1 il1l"lIlal ,keisll'" ,,,hk 
pwe ... ssur ;n'e pn ... ided . 

Inl roducUo n 
llel'isil'll lahles have been in usc fOf over len years, 

principally in business apl'lkat illns. tll s tale prob1em~ 
thai con tain a rel;IIively high proportion {If pf(J~mmmed 
lests. N Ulllerous compilers have been built that convert 

the IOllic expressed in decision lahles into algorit hm .. 
that arc execul:lble by computer. Emplm~is in decision 
tahle compilers ha ~ Iypically heen placed on prOtillcin~ 

logically correct cOtie, on checking [he decis ion whle fm 
compleleness and con~istent'Y, and (In ordering eondi
th'I,1 It'~h fpi' .:lIki,·,lI ,·\,·,· ulhm, froh',t .. k <·i,i"1\ tahle 

Ctllllpilers pnll.lllce cI)l,1c Ihal j, in iI hi~hel ,lcvd lan , 
!!1I.I!!t·, I .. avin!! Orlillli7:ttion or [h .. P!'lldlll','11 "hiert e tl\le 
lit' (., [h.' III}:h Ind 1.1I1~1I; ' ':~' ~· " 'II I "kr. 11 '''~~'v~' I , [he 
~ I ructurc of Ihe cude Ilft)l,hl.:e .. 1 hy \ypkal dl'ej ~ i,"H,lh lc 

comrikrs i~ of a I),p(' Ihat is improved lillie by any of 

the optimizing algorithms used by commerci,d com pilers 
today, 

(icnef:l l,pu rpose surport prllgl'mm (sy~lems pro, 
gr,Hll") arc also t ),pilied by a high 1l1'Oportion of pro

grammed te~t s. It would Iherefore aprear Ihat effective 
use of deci~ion tahles could he made in descrihi ng ,~ys, 

t elll ,~ pro~rams. However, sySlems pl'Ol!,rams must also 
1", ""11\1'I'i .. ,· .. 1 \,r highlY ()plim:11 ~',)I,\c , Thi~ l':Ijll' r ,\e, 

,,' 1 ibn ~" l\ll' ,k,' i.';, lI1 ,l:lbk ""III1'; Iinl! ah~,"ilhlll\ tlta t 
pn",;d.: " I'I'II!;.nul1 sllUl' tlirc l,r high " lll'lI!!h 'iliality 1U 

,;:. [i ~f\' 1I1<1~ t S} Sl ,'m ~ l 'I','g l~I milli n g Ill,,'t! s, TIll' \11111'111 can 
be used either by 11 pos t,processing compiler or by a pru, 

grammcr as a guide in hand cllliing. 
h J r the pfl'jeel. we clllI~lrllc • .:d a mnning C(lmpiler 

ami sUPP(lrt sys lem into which \"e rc in[roduced IIl1lller, 

O ti S del';siun 1l1ble~ t>:t~ed on :,clilal .\ys t elll~ pr\l~ralll' . 

From these tleei~i\ln lahles, proredlll'al ,,\ ... Ie lin 1'1 I. 
format) was pmdllced. Some sample~ (If Ihe code ~Inl(:, 
lure proltuced arc induded in the Appendi;( In enable Ihe 
re .. de r 10 judge the effectiveness of the compiler, The 

sy~tem was pfllduced in:1I1 inler"clive /\1'1 envimnmellt. 
which .. lIows eonsidembk nexibility in revi~ing and 
augmenting l,lgorilhms, 

In the p"rer, we fi rs t rc\,i .. w the ~ trll ellll'e of Ikci~i\'n 

t :th lc ~ and Ihc 11l '1\' ~' \l lI rc, ",,'.1 It. m.II' [h,'111 intI' ".~.k . 

I lowever. the m;Iin o:mph:I\i, i\ 1111 Ihe IJI'IlllIi/ati "11 

mclhod ,~ we II"" I-l'flll'<'. tlUI illg, and :lftl'l' 1'\lde g,'lWf:l ' 
li"lI. 

Decision tabt es 
In order 10 make Ihi~ paper reasonably self,eonlaineti, 
we review here Ihe struclure of deci ... jnn lahlcs and the 

generll1 method!> used [(1 COli vert Ihem int o I'fOcedur;d 

langu;'Igc . We attempl 10 emrha~ize those "'I'ects of the 
proce!>~ Ihat provide opportun;ties f!lr orlimilation . 

A sample decision lahle is shown in Fig . I. 
The SIlII) portion (21 I)f the tahle ~ i ve~ llc'c rip[ ioll\ Ilf 
1'1I1Id;I;Oll\' I~.(,) W/rOll.f n.XI ;\1\\1 ,' I i" (9 .1111. I he f.lI · 
lIlal .,1' Ihl.' .,I ub <·,'"t,,'lIb j, J.!1.'t1el' ;,lI y \· "Il~t l .• il1\,.1 h~' Ihc 

\;1rgl.'[ l 'IIlJ.!lIa~e illl l' wltidl Ih.: tahle i, hdnJ.! Ir;lIhl:lI,' \1. 
Our rH"'e~'llr rla,'es no cI\II~lraillt Oil Ihe ':'lIIt"nt~ of 
the s iubs: if corre<:1 1'1./1 code i!> Iu h.:: produced. Ille 
cOlldi lion stu h~ nHl~1 contain one 1'1 /1 n:latioll :.l exprc" 
~iml e:tch : Ihe acti(l ll~ ~holiitl COI1I:l il1 :t 1'1 I I ;1",i~n11lenl 

~ t a t e ll\enl , cal l stalemenl Ill f olhel' IItlnhr;III(hinll l'\~'C'II ' 489 
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FII:"I't, I SlIlIll'ic decision l:obll.' . 

ahle s lalclllcnl): "nu the exit s ttlh ~ should cunlOlin onl y n 
valid "1 It nallle. The table name shou ld llbo be valid in 
1' 1,11, 

Each column in the I'mr." portion (3) of Ihe table Tepre
Sl'1I 1 ~ a ",1.-. Rule numhl'ls UWtHli~i l IlIl1nhl' rs n:.III "'l'r· 

l iCHiI},) mhl the table n;\l\le appl';lr in the 1111,/0> 1"'11.11'1" (-I). 
Rul<' 02 in Fig. I, fo r e:<amplc, indicales lhal if a NAME 

~nr:,p !S rRESf.NT 0' ml';lII~ ),es) </IU/ if OPERAND 1 
IS NOT IN H£GISTfR NOTATION (N means no) 11111/ if 

1"11 r: /S NOT P/T/NfD, lhen lhe :Klillns lal..e n arc 

(;r:NI;AATf. NAME.' and ERROH 2 lin lhal ·ordcl), fu l
l\Jwed hy an exil 10 fiNISH. I n gcncwl, a n Ile s pecilies 

that for a unique cumhin:uion of cond ition .~. some seleCI

cd :\clions :Ire perfllnncd :md a seleeled ("xiI is lahtl. 

The dl'ci~ ion - I ahle I"cpre~cnlation of llJgk dues not 

impusc any s trict o rdc ring un Ihc sequencing o f condi

tiun les ls. Furthermore, ac t ions in a given table are no t 

,11I~lwed tn IlIlli.tify fac lurs th:lt w(luht c,LlI~e a ('h:m1!e in 

Ilh' " ul,'I'Il1\' ,,1':1 ~' I'nd iti"l1 h' .~ t iLl Ihc SHIIW tahle. T hi s 

!!i\'cs the c~lmpilcr 1111lrC J;llilLldc ill sdecljng an IIptimal 

'l!",krinl! Ilf ",lJIditi,1J1 I,'SIS wilh rl'sp(·ct 1t' I.';\c h III her 
ililli wilh respect II) ac lions. 

The u rdering o f ac t iuns with rcspec [ In ('ach nl he r ';::111 

he I UII~ely Iklined . 111 Fig. I the unkr reLluirel1 i~ s ped

lied hy ,Ill inlq;cr ()rpu~itc It scJeded ae lion . If t here i~ 

nil integer. the aCl ion is nOI selected. Wilhin a given rule , 

"c liun~ arc executed in the order specified (e.g .. in rule 

0:' ..: :£NER .. \lT N .. t\lE occurs hcfll1e ERROR 11. E-Lactly 

o ne exil is lake n a ft e r execulion (If the aCl ions of the se

lec led rule. 

In Ihis ex perime nt. we conside r limiled ,ent ry Iype 

1\c..: i."i,11I labks, in \\ hi.:lllhl.' \'" I\If: of:L cllllLl iliL1 l1 i~ li11lit

,'II III y~'., or 1111. '1 h~' alll·I11ati ve. C, IClhkll cnt ry tahles, 

;llIow~ valLlCS Ihal arc IlIlm hcrs IIr IlIlLnlll'r r.Ln!;:~'s. Ilow-

. J. M\· ... C~ 

ever, as Press III cJ eI1lCIII~lralc~. Ihcse call he t:Ol1\· .. f1ed 

inlo limilecJ-enlry tables. Sil lhal our methods apply 10 

bUlh lypeS of dcdsion lahle~ . 

The occurrcn..:e of a th ir,l v,due (- ) in rule 04 of F ig. I 

docs nOI contrad ict the two,value fest r iction . Rulc ' 04 is 

aclua lly a comJens:ll ion o f IWO mle~ (say 4a ami 4111. 
w hich have ident ical action and exil entrics, bill who~e 

condit i\Jn enlries ,Ire: 

Condi fion 

2 

3 

4a 4b 4c 

Y Y J' 

y y y 

Y N 

Rules 4a and 4h mc:UI Ihat the ~redticd :Ktillns :HI,' ex

ils arc III he I'e rfunned when l'ond ilil'ns I ami:! afl' hClth 
ye~, regardless of the value of cll11uition J. " hen'fu l'c in 

nIle 04, cunc.lilion J is immatcrial _ :1 uon't'Cil re l"Iuul i

l iull. A<; wil l he shown later. in the rlllJc I'Hllluced hy thc 

CUI1II, iler. th cfC wi ll he II l1 le.\ t f"rcondiliLln J in the IIlIw 

path for which cunditiun" I :\LId :! a re h\lt h IfIiC. 

Because cnndililllls in iI limilcd-enl l")' whle ;"Ire hinary 

val uell. Ihere arc 2" unique comhinalion" of the valuc" Ilf 

II nlllliitilll;S. :III,l lhel\'r'IIL'~ · 1lIh.- l·I,lulltll' . In 1'I:1l·t;ee. 

thl.' numher or ru1c~ I!. gre;lt1y rt'Juccd hy the intflltluc

[ion of don't-care en!rie~ ;lLld consolidalion of the rLllc~ 

,IS ShUWll fOf ni le 04. If nllcs 4;1 ;lnd 4b had hcen c(\llltIeu 
a" pari of the tahle in F ig. I. Iha l t"hlc II'l'LlId h;lve}! I:!~) 

rules for .\ e C\l uf i litlLl~. t\ del"ilc .. t ,li~t:II~';\l1I of clilulltu 

cOlllhi1ting i~ prl.'SCnll.'\t bi er in the set:l;tl ll 0 11 p rl'!!e UL'ra
liol1llpt;mi'.;l lillll. 

Wilh thl.' 2~ I"l'lill ircmcll t on Ihl.' rille Cllilitl. Ulll' (',111 

prugnl1ll a verilicaliLlIl III' lhl.' filiI.' .:ntrie\ th :1 1 l"hl.'d, .~ rll r 

hll th CLlIlSi\lCncy iLlIIl t:nmplcteness. Il mvevcr. " .. \, 111 he 

~ee1t, the dl.:d: dlles 11111 CXlc nd ILl an ilLtcfpl"l' la l iolt ul" 

the Sluh infl)nnal illLl and Ml it C.1l1nol he rcgarded :1\ :I 

(nmplcte ( hcd ... 

Decl sion·table code production 
0111.' .. r thrl.'e Lln.-Ihllds is g~'ne l~ l lIr lIs~'d 10 map tlecisiun 

table logic into pmceduml rl.'prc~cnt;'liLln. In Ihc mit' 
1II11.\~ method 1:!-41 ev..:ry l'oltdilinn i~ fi rs t tesled ,LlI\I 

th('11 11 .\1''''( /;011 1Ir1l.\~ i\ n ·caled. Nt')!,!. 1'01" c:ldl ;lCli,11I 
and ('xiI. an ,/("/;'/1( 1111111.. fCl"('aled ;11 t:ompilc t illle) i, 
compared III Ihe ~e l eet i\ln 1Il:1\k. If" Ihc lll'I~[...' cHincI,tc, 

Ihe aClion lor exi t ) i~ Pl'lf,IIIll..:.! . 

In the sel'\lnd methlw. a \ariatinn 1111 Ihe rule·IIl:,,1.. 

method , .. unique puwer of 2 is a~!.igllcd 10 each clllldi

lion. whk h is Ihen leslcd a nd il s nU mhef ,Idded III a 

cuunlcr if the c(mdilion is lrue . At the I.'nd o f c,lIlLlil ion 

tl,~tin!!,thl' ~',llIlI ll'r i~ thell:1' :111 iltLkx int,,;, bmndl 1,1' 

I,k :,nd !,"L'LlI I" ] is Ir:llhfl.'llt:" 1\1 Ille :l1'1'11'I'ri:lle :!rll,I"

I':';it ~eli llel ... e. ,NIlt" that Ihe hl~lOdl tahk mll" t h:'\"l' :! ~ 

'''~I I. III ' . 1'1 \"1 1 fll' 
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entries for II conditions.) These two methods require 
that all tes ts be performed reg,mUes\ of the don't·care 
entries in the table. The y tend to I'Jroollce (when hit 
masks are medl a small rrogram thai rllllS longer than is 
USUfllly necessary. 

We use the third scheme, called the f'/lIIdilioll frt' t' 

1II<,t lu,,1, \\ hid, l'au~\'s t In: ~1'nt'r;l t il 'n \I[ a 1r.·e·,trlh.· tllf,'.1 

pHIg.-am \\1111 .·lIlIdil i,,,, l e~ t s at ~' th: h 1I'lde. Eadl a.:ti.llI· 
,'xil s,·ltll,·Il.·C i ~ pbl''':11 at till' kav" s. Figu re 2 ,lltllllS all 

1I1I" l'l ill1l/.',1 II":,' l',11 r" ~ Il\lllllinl! III Ihe .k.:i~illil lilbk ,If 
F;g. I . The rule lIumhers for each aetitJll·e:oli! se(llIence 
;Ire I'bl'.'tllIlltkr Ih.' k:I\'.·s f.ll' dal'it y. 

Niltice Ihe 1111\· · ' .l-IlnC e\lrre .~ I1IHldem:e hetween the 
lea ves of the tree in Fig, 2 ami Ihe rule Ctllumn~ of the 
dec ision table shown in Fig. I. NOlice also Ihe large 
,Ulloun l of redllndancy in 'he code generaled. In this 
Cil'C . thc r cn:illY for th i ~ redu ndancy is IWI IClIl!thencd 
c:oIeclilion SC4uc nces. bU I e:olces,ive ~Iorage conSUlilr' 
liun . fi gure 3 shows the effeel of the ortimi:wlion algo. 
rithm s 1m the tH'e (If Fil!. 2. 

I IL:1It.'·1 »hll\\~:l1I "II.I//',/('I li,I;II); 1'1' the pl'lll!t':!111 Ilia· 
l!rammed ill l· i1! . J, Th is li ~ l in}! is l·; llIl'.I abstnll"t hl,,';lIIse 
II I'th illl! ill II rda, III till' .,..:llIal t r .,.,.-rl'ld nllh l i l i.' n ~. 

;1I: lillll S. or e:olits Ihal <Ire de~crihcd in the t;,hle s tllhs. In 
1'01":1. the rrocessin}! .. Ig(lfi lhm s igntll'e the conten ts of the 
S[III;l~ t! .'(cepl for l is li n~ I'lIrpo.~cs. 

HecallSC we afe principall y interesled in com r ilatiun, 
the ahstril t·t formal is the one uscd in til is raper. II .lwev· 
er. with lillk Ililliculty. concrete listings c;ln be rrod uced 
fo r any proccdun.l language. 

Eigure S i ~ .. I;oncrete lis ting in 1'1./1 fmmat of th e rro· 
gram shuwn in Fig. 4. Because the s tuns in the uriginal 
table (I:'g . I) till not f\l11ow p, /1 COil vent ions, the result is 
110" n •• , / . 1'1'11,' .'11111, . . 

~ I"II Mill!! t'17 2 

DP:'~ '- .. 
." 

'" IA OI ) .--------- • • ." 
rA 02 } IAOl! , , 
(l02) (lfl21 

R3.11~ .R1 .~ I. !f2 

FI\:ur~.\ Ol"limil,('d tree . 

Oplimireu tislill!; . 

LillI: BIIMI CN 
IIIIHB£RS LA fll:LS OPER~ TIO/fS 01'£R ~IfOS 

............ OOO~ Cl'06~ 
0011 \ C02'03 
002tO I ,CO]'01 
OOlt AO] 
OO~ I X02 
OO~t02,XO I 

00610J,COl ' 0~ 
OO~IO~'A02 
ooal X02 
00910~,AOl 

0101 "'-O~ 
0 11 106:~01 
.11.' I '·Ll.' " ,~ 

Ol:lt . ' '111 

N,~. e'~" .. ;,~ I k'"'' •• -• ....!;,~~,.! "' ... ,.h . . .... 
••• , in.J ............ ,.c • ....!" .... 1 t>o ..... h 

OPUT, IEell , 
lr IUH," nr.LO PRESENT TNr" co TO O,."n; 
l r Opr.R~ Nn I 111 flr.C. nOTATlOI; 'f'Nr.H r,n ~O np'I'r1, 

OPY TI, U FfI.E: Or.rJ/lE:O TIII:II co T,~ I'IIT""'O, 
r.RROR 2, 
CO TO ",?lS/I; 

DPIIT) , If fiLE OE:F/IIE:O tRrll co TO O,.IIl'S , 
oPur_, EflIfOR}; 

CD r') flIrtS", 
llPU n, C.~~E: .• A r r. flAHr.; 

.;1' 't" M IlT_ ~ 
OI'UT6, Ct'/H'RAU' ,U~1:; 

I r Or/·RA.ll I 1/1' RCe. ",'TATton nr..' 1;0 TO O"IIT. , 
e(l T,) PPUTI, 
E:,fP; 

• l l/(II' J,:f'IIf'I'fl ti,m 

Various lIl ~ thOl.h e:oli,1 f (l l' Ihe ~~' ~leralilln til' Iree·fnnn 
code from dccision t .. hle~ [5 - 7J. Il rie ll y, \lIlC .~clco,; L s (hy 
criteria tl escribed later) 1I cond ilinn. The ril le columns 
arc then pal'litinne,1 into t\VII l!HI\II'~-a nO-l!rtlllll ;lIld iI 

yes·group-according ttl the v;llue~ in e;Kh columl1 of 

the SClc~' L Cd condition. If the cOllditinn vil!ue i~ don·L· 
1'''1',' in iI !"lItie·ul.lI· l'"hll1lll. th:,( 1',.hll1111 is 1'1.'1',',1 in 1>,'Lh 491 

",Ml·tIINt. " "IIMl t l II ( '1111 
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~·haill~. nllli tllhcr Ill'tlss in Ihdr \\ala', ..... hidl is clcancd 

111' h~ SlllIIc '\' ·<H"'".~/·r optilllil.:lticlll methuds. A tinal 
tll't imi7.:ltil)n pl'('Ices~ W:l.~ introduced inlo the progl'alll 
11\;11 IH' UH' 1,1 ,"I",'atl' a l'l)n~'rcll' 1'1/.lli'lin~. Thi~ I'r'I~' I'S~ 
is an c.,alllple of;1 scavt'nger procetlurc. li s purpose is to 
remllve unneeded cnnditional hranche.~ to exits, whieh 
"fe thcm~clves hmnchcs. These tlillimizittion lIletho(h 
,Ire discussed in the succeeding sec liuns. 

• PfI'I<('II('f(rI;O/l /)fllimi~lI/itllr 

The first optimizalion method used is that of consolidat· 
ing rules where possible so a~ to introduce dnn'l·cares 
into the condition entrie<;, We CHit thi.; the /lwr}.:/' Ilro· 

c,'ss. t'"i~lIrc 7 shows Ihe initial :.tate ('If a del'isinn tahle, 
II hidl IH' II ill \I,,' t,l iIlust ratc tit" PIlI,','SS. 

Two nlk . 'UIIi IiU1S C;1I1 hc cllmhinell intu tine if: 

Thq' arc idenl i;:l1l exccpt fill' ono: C,lIlJiliou entry. 

"u 
[n Ihe differing enlry, one column ha ... Y and Ihe 
other has N (neither is a don't·care). 

The algorithm used first groups n.rle columns accortling 

10 ac tion·exit secluences. In Fig. 7 the grouping gives 

(07 08 09 ) (10 11 12 '12 14 15 16) 

(NOll' Ih:tl groups containing only one column ~lfe ig· 
nUfell .) It thcn hlrms suhp.roup~ accllnlinp. hI \1<)I1'I,c:lrc 

p,llklll', 11'1\\11111'" \'1\llImn~ \\' ,'n' 

)')' 

\,1" 

YN 

Ihey wo1l111 ha ve the samc don't·carc p,lItern and would 

he put intn Ihc SillllC s llhgroup. II cc: lII ~e there arc nn 
don' t·carcs in Ihe tllhle in Fig. 7. all clements of c;u:h 
group ~ilve the Sol me don't-care paltern. so Ihal Ihe 
group .. default to subgroups. Within each ~ ubgr'flup. Ihe 
condition entries are compared to determine if a differ

ence cxi~ts in exactl y one position. Two columns from 
Fi):.. 7 th:lt qualify t:an tie corn"ille,\ a<; fllll,lws: 

11 11 
'I ~ II ~ 
rr Y 
NN N 
yy Y 
NY (DIFFtRENT) (DON'T CARE:) 

The value at the position of difference is replaced by a 
don't-care va[ue lind one of the rules is di scarded. Once 

a pair of rules is consol idatctl. it i~ rcm(l'.'CII from the 
subgroup hecause its don't'C:lre paltern h:IS ch:lngetl, 

The rem:lining columns in the subgroup are proce'ised 
similarl y nntil 11\1 further ('(lIllhiniltillll~ C;III be flluml . 

_I I'll M ,!! 1\ I'l/~ 

r l'TlIOQIIO,IO,I00 1111111 
t I, J ~ Vjl 0 1~ 1 ~)1, ~(, 

CI 111r:lnr;1111:llI/"JrYY 
C1 1,!/lyrr:I':YY'i::1 r::"'y 
,'J I .;· .~.~·::r:.".": .~·n· r r r'r 

c~ tUIHl;I:tryrr,~ r ."I1."lYr .. I 1111111 

" I I " " II .. I '" 
" I '" .. I 1111 

" \ 111111 III .. I 

.tI tXXXllllllXXlXlXX 

After a ll slIbl;rllUI'S have h~'l'n I'roccs .~(' d, Ihe comhinc\1 
c\lltrmns "fe regrouped ,\Ild feproce~:.eu. Thi~ itc.r:tlivc 
procc .~s cont inlle ~ until no new combinat ions arc I'll"; ' 
hie. (Nolc that the paniculilr comhin:ltillO .~ Ihilt (lCCIII' 

tlepentl upon the order in which the co[umn.; arc 
miltched.) 

The crrect Ilf this opt imi7.ntilln lin bil~ic code !!cncra· 
lion (in the ahsem;c of o ther optirni l.,tlillll lllClhou,) i\ Iu 
remoye IJnnet:e~sary condilion le:.ling. II therefnl'e im· 
proves both the'space ami limc CII~t, I)f the re~lJltinJ.! 
code. 

HJ\tlII' S Slhl\\':' Ihe I'l,,"lt~ tlf th~' mc!'ge I'n .... ·"" :1Il.1 

exampks ,If il~ dl'cl'\s. :IS \It:[[ 'I~ the l·trct:h of dill','l'enl 
,' nll-rin)! (in Ih~' :Jbs~'Il~'t: "f nlhl'r "l'l ill1il;ltilll1 I1I1'llt\\d,l. 
()n Ihe nth,·C' h;llIIl. ill the pI c~,']\t:e III' \1\lIer \lptinli/.:lli"11 
pnx:ctllJl'e~, the efrecl j.; rcdlll'cd because of l"'cd,11' \If 
optimi7.; llill]\ rllllctilln . . , hi, pfej.!L'llemtiI11l 1'l'tlll1l/;1li •• ]\ 
gil'cs the lI,el" a hcl1er iu,ighl inhl hi, Ilcl.:i,il1l1 tahle. It 

aho reduces, at ;tn e;lf[y 'lil!!c. Ihe ,IIII\'l1l1t nf wllr ~ th:rt 
tile olhel' optimil.crs have In 11\1 . This mel hod gellcr"lIy 
results in a nctC'edm;tion il\ ,'"mrile timc. 

Both of the compilcr~ Ihilt we cXilmined I H,9} require 

that Ihe IIser pcrfurm thi, tlptimilali'lIl in mder to pm· 
duce bettcr clllle, It is often convenient f,lf the u.;ef to 
dn p:lfl nf this uptirnil.alitlll him~clf when the sillr;llilln'; 
!:!i~' i ll~ rise t,ldtln'I ,t:;II"C'; ;1\ 'C Pill,'III[ Y I,blioll:'. lit a[[,l\'~ 
himtn grcally reduce the rll1rnhel' Ilf ru[c cohrrnn~ he ha' 
I" .I,'a[ Ililh .) J he \I~l' "f ,1. 111'1 - ":: 11'." ;11.", l'an bC:1 Irid, 
Ihal all,lw, Cllllllili\'";11 le~1 Ikpl'ndelll' ies (:I viulalitlll Ill' 
decisilln·lahlc grtlund rule,); theref,l!"e the irnpleml'l1Ied 

llIerge functiun wa.; designetl til leave origiml l tlnn'l
cares intact. 

It is in slmt:lil'e 10 comp;rrc our merge prllCcss hI lhe 

elec l ric,,1 engineering I'l'tlh[cm Ilf circuit simplificalil1l1. 
Ih'clilItlmt we idelll ilicd IWll gr'IHlp~ fmlll Fig. 7 h;wing 

the same action-cxit sequence . Considcr rewri t ing the 
ctlntli tion enll'ie~ of the :.('cond \If thc~c grnUP\ as fnl· 
lllw~,;o that Ihey look like a IIt llllca,. l'\pr,'';';lIIn. 493 
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The equivalent Ilnolean expression with A , H, C. and 0 
representing condilions I through 4, respecti vely . is: 

"iilel) + ... iBCl) + ABeD + ABeD + AIJCD + ABCD 
+ ... IBCn. 

Nole thaI eOlch nile rcpresenl ~ a Icrm ;n Ihc cxpression, 

a".1 lhal nil wIn lIr~' ill dh-,' I "lInl \ II 1It1:<·IIII:I'. '1 he 

.'kI1lCl1b \\; Ihlll illIlk ~· ' lhIl1111 :uc ANIll'd. I he dl.'~i,i'"1 
t:.bk dr~" ' li\'d y :.1:tll'S in Ih i, C ISI.'. "If ,,11,.1' III\' \." ' 11.11 -
Ii,.", ,,1' '111.1' ~·,'1\l1111\ lIrl.' m\.'l . lit ,· (',I11 II11UI\ 11,·t;t1ufc .\;1 

SCtlllCnee i10 pel'r"r01ell." 
Now if we use the Qujne-~'IcClu skey technique [1]1. 

to find lhe optimal Boolean ell press ion. Ihe result is: 

... Ie i- lie ,. efl. 

11 . I . ~IYI , II~ 

The cquivalent dccision'I:I1-k rule Cillumns are: 

{{-

-N
yyy 
- - y -, 

I nvesti~al ilJn (If the COtlc ~cncl'a!ed fwm a 1:ll1le so 

oplimi/e,1 ~h'lws Ihl il11l'l'tlYI' I1I"lIl "v~' r lhal ftll' Ih,' 

m,'r!!,' 1II1·,hud . I hi, i, 1>,',:"",' 'Ill' Olli*' ~h' ( 11t~\..q 
m,' l lwd ;n lr.l,hl":l·~ d'IIl · I · eare~ lhal uh;l1lald)' ':: I\1~e 11K' 

code gener;L\Or 10 pl:lce a rille col umn in IWO sublablc, . 
II cnn therefol'c he condmlcd Ihal QlIi1\e-~Ic(,hl,kcy 

oplimiz:lli,111 mClhotls arc Ilnl apl'lic:lblc 10 Ihc deeision
t:.hle oplimization pl'OCCs ~, Nole Ihnl Ihe fir:'1 IW\J col
umns actua ll y tIYerlap le.g" lhe eonuiliun scquem:e 
NNYY could :Ipply 10 eilher one of Ih em) . Imleed. if il 
were nUl for Ihc fa Clthal both columns spceify lhe ~:lIne 
action.exit scqllel1ce, lhe dedsitln table would he incon

~; s l el\t. 

• ()'I/ III1I ~ !ltlml (/w 'ill): ( '0 (/1' }:('/I('/',"ioll 

The n)de geu('ralion I'r'll'es ~ II',' !I .~l·d has already "e('11 
(lull;rl('d . Howcver. Ihe l11('tholl or ,ekcti n~ Ihe "nc.'(1 
les l" was do:Cerred Itl Ihi ~ ,;e..:lion ~ ince i1 has an imp;lcl 

Iltl lhe 4l1alil }' "f Ihe colle pl'odtu:ell . 
The 1lI0~1 significanl \lfllrk pu bli,hcll rdal in!; 10 COOl.' 

oplimi7illion is, in Ihe ;1lIthof's opinion. lh,,' of Rei nwi\ld 

:tlltl Snlaml in Kcf1o. 110 I :uul 114 1. Primal y p"pel'1o 1I:lvc 
al so been publi shed by Monl:.!h:.no t hi :Ind Pulbc \.. 171. 
and contribulions nKld c hy K;ng 1:!.1 and PfC"' 1o [II . 
"" I{lst recenlly . Shwayder I I:! 1 eXlenus the wlul of Pol 
lack. King oe~c ribe~ lhe rule·m:"k lechni4l1e. \\hich 

proollecs l'ompal'l 1'1lIk 1-111 r('qui rl'''' 'h:l l :1 11 l· .'mlili,'ll 

Il' ~'~ h..: Iwrfonnl'd lq:.:mlk .. , ,,1' the I",!!;e "'·1·1I .... '!. I h..: 
olher papers IIe.d w;lh IIP I;",i l.i n~ 111<.'11 ...... 1 ... 1'111' ~e4uenliill 

lest ill].! 1'1 ,,,,',',I,,res (I hl' ",mdi l i,ln-Irl' ,' 111 .... 11111\1 t. 
Press lake!. adv;lfl1:Ige of all d .\(' Clliumn. redlll' in!! the 

number ll f instances of le,I S to :'I minimlll1llhnlh slalical· 
Iy-presence in storagc-and dynamicallr-prcs..:m·c in 
a now palhl. How\!yer. the Rei nwald and Suland wmk i ~ 

the mosl gencral and requ ires lhal Ihe time al1d spacc 
COS IS of performing lests be incl llueu a~ ;111'111 10 Ihe op

limi zlilion process. Reference [ 11)1 de~crihes time "1'
limil.a!ion and Ref. l14! descrihes space oplimiwlion . 
Bulh p"l)ers prlwide forlllula' fllr l'akulil,inl:! Ihe ('XII, I 

l·tlS! inYIIlycll in pcrf'lfm;n)!. le'l i :ilh'r 1..:,1 i h." bel'lI 

PI' II" 'I\I1I·'1. I hl'Y 111' \1 .kl1l<'I"II.lIl· :, I1Il': III , 1'\., ,kll'l 

lIlil1ill )! a I\'WCI b'\1I11I1 ,III Ih~' C\tl ~ 1 l',1\IS "fall '~" I"'I'''''' 
I',"m·.t nIh'. t,',lj. 'I'h.'11 Ih.' y I'II>1'i,h- :111 :1 ! ~\lIilhl\l 1"'1' 
sC; l rchin~ a s ll"se t Ill' nil pll~~ihlc gencIOllell t~' ~lill!! se· 
quences III find Ihe ~equence with min;mall"wcr huum!. 
They prove this sequential procedure I •• be uplimal III 
fcrmJ of III, ' IItl",II( ' r f!{ /( '.1' /.\. The rll ... l~ (If aelion, wele 

IlUl c'1II,illc1'I:1I . Thi~. we ]l1("III11C. i, h..:<.::\\1"'c aCli<1" 

111M J ~" . 1>1 \ ' " "" . 



~Ctl llences lIIere considcred by them 10 be alomic unils 
lUl11 Iherdore coutd not be subjec ted to reorganizatiun . 
II shoutu be noteu that the time consumeu by the search 
:Ilgnrithm goes up rllpidly with the number (If condition 
tes ts in the table. (This approach fall s in the area of 
combinatorial mathematics and is akin to the " traveling 
sa lesman" problem.) 

Our ini tial ;Ipprnach to tes t selection foll o wed alons 
the lines suggcMel1 hy Poll;ll'k PI. It was the simple~t, 

al1ll \II1T all~'ntitlll W:IS f,lt US"I' .\1\ p'l~tl!cl\,'ra t i'ln " ptimi , 
ntinu - a S\lhj~'l' l \reaIC,' I\lIly 11):.lllly cisewlll'l"e . Th~' 

1i1 .,1 ,' Iih'ril'" w:, s th,' whyti,," "fllw ,·,'mlili(l11 nllv \\'Ilh 
IIIl' ""\\l~ !< t .1,IIl'I·,·nrl' \'ahl,'s. lI e}l,nd th:II , if a I;e had ttl 
he hroken, the row wa~ sdccted that had the rnin inllll11 
I' itkll'''~'e helll'cl'" the 11I111111\'1' "f ~"s and N's (agai" lin 
the aJvice of Pollack), Laler Ihis was compareJ to Ihe 
Press melhCK!. 

II was found thaI the Press methCK! 

Requiretl IIlnrc compilc lime. 
D id nOI improve ohject coue in the presence of post
generation optimizalion, anu 
Interfered with " hoisl;ng" (lptimi1ali~ln sleps. 

w~ fdlthat nlll~'cntrati'lil till pIlst\i.e ncratilllllll't;m;l.a. 
tillll ~ I ",u ltl be cllnlillul'll. and nil further elli.n \\';,~ ~x

I'I'n.k,l till l'nhan~' il1!! e • .,ulili,m tl'St sekl'tillll , ( 'I,'art y_ 
further inve .~ tigalil," is \\'amlllled , The original sekc lillil 

• , ,LI!!ll ri lhm is th .... rerore ret ained . lIecall~e an ctse-column 
capa})i lil)' was de~irable in a decis ion -taole processor. it 
was prnviJed . The implementalion wa~ .~imply 10 con, 
Sll'lICt the Illi s~ in!! condi l ion rule entries ami to suppl y 
Ihem w;lh a common action,ell;t sequencc (specified hy 
the IIser), These aducu columns arc compre'ise,1 vhl the 
merge routine and require no sub~eq\lent spec;:,l tre:ll' 
men!. Test selection and hoisting arc llpplieu eqUlllty 10 
ll lt colllmn~, 

Sd, I\ :I\",kr II ~ I ,hll\\' ~ h"w hi illl·"II',.tal ,- fl"'IIlI'I1Q' 
illf"n";Il i" \I inlll I~'sl ~l'Ic~'li,"l. ,\lthtlll!!h Ihi~ was nlll 
iIKI'II' ,"'; IlI'lt in,,1 th,' prll\.' I'~~ '"· , th" il1lp;lcl I'n I'ur l'ur· 
I~'n l gencr.llinn technique of inclmlill!! Sc hw;l ydcr 's algo
r;thm wa'i investigated , If Ihe rrequene y infllrmalion 
sp"l'i lles the rule rreqllencies. only tlile line tlf AI'1. (oue 
need be lIudeu 10 take them into account. Another 
line of AI'!. coue woulu be requ ireu if condil ion leSI fre
quencies arc f!ivcn. fl-Iore effort wou ld be required It) 

;n.:orpor;1 l .... frequency srec ification in Ihe decision laole 
furmat th;U! in making lise of;t in code gencflIlion. Inelu 
sinn of orlion:ll frequency informal ion is recommenued 
rM follow-on work', (A s will he desc ribed laler, some 

l"I~Il!.,·n .... a ti lln "l'timiJ:llitlll m~-tll\l.,ls !\lay llest rtl )' Sll111 e.' 
.,1' Ihe I'I1 'c~' li v l'lll' sS "I' Il'st H'lel,tioll ,) 

'111l' ~,'nllltl "I'I;mi/al;oll pnf"I"III"11 durin!! clltk I!~'n 

cl"<lll,11\ is thaI "I' " h"islillg," Wh\"u ,mc ,II' mnl"C :lCliollS 
;I re 10 occur ;n lill now paths follo wing frum a s ing\c 

~ 11'11 ~lItl I( 1 '17~ 
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conditioll le ~ t. illilles nut ,!cstrtlY pwgr;1I1l IlIg;c tLl nlil\'l' 
(lwi!<t) lhesc iI.:ti, lIIs III a pusililln ill frllnl ,,1' Ih,- c,IIlJ i, 
tilln lest. Thi ll is a space oplirnil:ll;on, hecau~e dupli..:atc 
inslances of Ihese :le tions can be removed from all '11(;' 

ces~or path~ 10 Ihe lest. Figure 9 demonstrates Ihe ef
fects (If h";~ I;n g. 

II should be lIuled Ihat an "c l;ul) Cil lll lOl hc htli~ted 

pasl ;lIlolher action Ihal must precede it in sequcnce. 
Hoisling can moq re,tu ily oe performed during COile 

):.".I1,'I";lli,111. .I11~1 pri"r 1,1 s~'k,-'I ; 'II\ til" :tl'tlll tl iti,'n 1,-'~1. \Ilt,' 
Mlhlab1c i~ ~'xalll;nC\1 fnr an ilC li,11I th:ll : 

Is perfllfllwd in atl rem:linin!! ruks, and , 
Is nut re1l uired to f\litow an act inn thai is n,I[ per
formed in a ll Ihc remaining rules, 

A ny actions that fuUill these crite ria ;Ire immeu;;l tdy 
generated Hlld removeJ ffllm Ihe suht able. 

The actiun ellIries llCcel'll-tI or the rr(\ce"(lr allllw the 
use r Itl indicate an tI["<,kring, ;t (lid oj" "rdcring., ,II ' a 1':11"
lial unJcring requiremc nl 111\ Ihe :"':Iillll'. Thi , i~ iI degL"~'e 

of rreedorll nul pl"Ovi,led in prl,celllll"al dC.~Clil'l;{lI "' , 

It is nol always e;",y for the u ~er II) reeogni .. e hlli~l
ahle aCli(ln~ hcciluse h,' {':!lUWI easi ly rtCIlgn i7e Ihe ~lIbl:. 

hln . " ,1\1 \'\ 1'1. h\· al\l: L~' h., ~ ; , ,tr.1I 1';.:1(11" "I' Ih,' ,'I ' 
dcring r\'qllirl'Ill~'lIls (nr Iheir ladd 1I11 the acliun. ,\IIIU
malic I llli ~ t in !! kts Ihe lI ~e r .~rcci f)' hi .~ logic require
men IS in lerms mO~1 easily IInd er~ l llod b)' him. 

Unfurtu nalely, ho;!<tinj; call, tin IIcca~i lln, ellerl a neg
;lIivc in fluence on duplicate ~equencc rcmnvltl . illI IIP
limizalion prncedure thaI UCCIII'~ nfter code general ion . 
Thi ~ pnthlem ;s di~cusseu aftcr the tle~crirlilln of Ihe 
affeCled IIptimi/:tlion, B,II a way ha .~ nlll becn dj ~ctl\' 

ered 10 uelect the !< ilual;ulI w;lhlllll ex hallst ive (lillie 
co nsuming) ( tlmhinawrial :Inalysis of the enlire lahl e. 
I"tlrtllnately, in Ihe "",ctical C.'(;lI llpit:s we h:lve e>';lIll
ineu , 11U; ~ljng i ~ m(Jl'C oftcn gllou Ih:m baJ . (It ~elutlm 

h:1\1 any "n'C,' 1 1111 ,hll"i\' ;1\c S\''1"\'II\'(- 1~'I1I'II':'1.t We "\ ' 
I'l i..-i tl y re~ i s t laking th..: I"IIlIle "r Ih" I'.ET, I'nll:e~,ur , 

"hidl n'l tllirl' .~ Ihat thc IIS,'f cllnll"l! this l)pl;mi/:ltill!l. 
,\~ m~'nl il 'llI'd l':lllicr. pU!<I,):.cllcl~ltion htl;~ting might 
impmve Ihe si tllat;un, hul WilS \lilt inve~ t ig:llcd dcep l ~' , 495 

I"~II'II I "", "1'11~1I/111 ,,'Ill 
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I\.ssibly durlicllte sequences. 

• /', >.\"I J.!c'/lI'rll / im, 1I/'limilll/;!l1I 

The two rrillCirill ptls\gcnc;'l lion (iplimil.aliull pro
cedures arc t/IIJlIif"flft' .1'f'C/III'lIn' ((' 111111'0/ (DS R) and tllI 
plinlll' 1111111 rc'/llf/\ ' /I1 (DPR). I n ;1I.loil ioo, "scavenger" 
opl imizalion Icchn iques remove 

Dead funrdercnced) code. 
Redundant cond ition tesls, 

Redundanl unconditional brllnche~ (branch ch,lins), 
Ih'Jllm\:lnl (:\ll s. 

Till' maj" r drl'l'! Ilf l h ~' se (\I' limi/alinu 1'1'\\n'duH'S is 1\) 

!>,I\ O: s l'.lr.: . 

• /)lIfJ/inllf' .fl'f{I/j ·II(·{· 1'1'//101 ,,11 I f)S R J 

The codc generation Icch nique we use assures the per
rmmance of all testing requi red to isolate a rule . I f don't. 

cares a re ;n:'>erted by the user or the merge proces:'>. then 

nu tes ts 'Ire perfuI"med beyond th(l ~ e ac tllall y neelled to 

·iMllatc a n Ile. Note that rule frequencies arc not taken 

inlo account , and that a reduced execution time cannol 

I>t, a .. sllfl'll. AVi.'n1j.:c Ilcrrl'rman({' cm hl' \'arkd hy 

l'l1iI1Il!1IIl!- the '1Ilki ,If h'~ t;II I!' but Ihc minimum :lIl1mll1 l 
of les lmg It'quircd to is(lI.lIe a rlilc cannot he v,u'icd 
! I n I. 1I ,'I '\IIIt1 [",', Iul' illl! Ih,' t..' .~ I ~ h. ,I lI1illimllm, "11,' 1',111 

alll'mpt to r,'~trllctur,' the gellCtateu c(hk SIl a s I(l rc , 

ducc the mUlll>cr (If Ihlplic'ltCII cnde scqllcn (" l'~. This i ~ 

d,lI\l' 1» ll'rlacill~ l\I1e of Ihe duplicale se lluence~ wit h a 

hranch to it s equivalent (DSR). In this way a small time 

Inss i .~ introduceu (to cxecute Ihe hranch) 10 sa ve s torage 
space. 

n S f{ is easy 10 perfo rm hecause the code gene rato r 

produces code containing eas ily noticed pallerns (lr du , 

plicated code. Pairs of code sequences wi th identical 

oflemtion coues are first isolate(1 anu then more carefull y 

~l" l ltill i /l'" (!tlll].:l' r SI' tJlh.'II'·I'S til~ \) I,. aS~II"" 11'I'.i .. a l 

Cll ll iv"knce. I r I hey ,II 'C 10~icOilly cqu ivaicnl. 111Ie of thrill 
b r<'l.t,,"·,'d wi th a I>ra.ndl Itl tlw \.\ l1l'l". Th ... ,'IIIllI';lr('1I 

~nllh:lh: I· .~ !I ll' "III1~idl'l"cll ll llt eltlli v;lklll Ii ... Ih ... ftlll,.w, 
ing a'OIsons: 

Thl'y a rc dissintil:lI' at any point . 

One sequence overlaps a portion of the olher, or 

A pmtion of eil her sequence has been pre vious ly 

removed (because it W'I.~ equiv,llent 10 ~ome olher 
Jo.cq uell~l'). 

Ir any of Ihcse condition~ occur, the unequivalcnl pur

t ions of Ihe seqllcnce.~ arc masked off and the remaining 

"good" porlion <; Me individuall y compared by a rec ur

s ive proct'durc. Any dlll'li('a ll'd seq l1 l'nce lon!;l'!" Ih ;1II 

(\IlC lille of COltr is relllUVl'u if il is Ingically equi\'atrnt 10 
:lnulher. 

Figure 10 shows Iwo pus<; ihly dupl icate .. equcnt'e .. . 

NOll' first [hal lines DID ami 042 arc nOI incl uded in Ihc 

sequence.'! hcing c\lmpa rl'd . bill are shllwn ht'l';I11\e Ihc~' 

arc l:el"malle to Ihc detai led l· ' ll1lp;l rison. Opcrali'llI 

ctlde.~ in line.<; 003 Itmlll1!h IJ19 mat ch Ihmc Ilf line .. O;l~ 
Ihrl1ll1;h 041. -, 'he nnw path ~ full"wing Ihe;o;e se(l l1ence" 
pass tn lines 010 ;md 0·12, which arc ~ee n to he eq ui va 

lent. The branch palh" from lines 003 1035) ami 006 (0381 
,Ire readily compared hccOluse Ihey lie within the two 

sequences bein!!; cl)lIlp:lrcd . The."e call he ccrli lied a .. 
heing lugic;llI y equ ivalent by comparing Ihe orr~e h of the 

h r;mdl taq:els fHlm Ih ... I>c~innin1! ,.r Ihe SI'4\1" nl·c~ . 
Noll' Ihal III thl' l'.ISC Ilf lh ..: OOJ- OJ~. pOli1" till' hr:lII~h [;1 r
~e[~ ;11'" "crl'~" ~l'q ll"lK.'.~ I>ut Iha l thi .. faci dll.'~ 11\1\ m,ll 

te l' in the e"I11IW rislln. A I.-Ilglhy ;U1aly~i~ nHl~1 hl' Jler. 
fo rmed only on the pat hs emanOllillg. from [he pair lXl9 -
041. This require~ ;1 line-bY· line c(l l1lpa ri ~(.n oflhe code 

"Iarling al lahel 25 with Ihal .. tarling :1I lahe l 13. 
The c ro .. s- link proce~~ performed h~' Ihe P.E.T. pro. 

eessor is an :lIlCmpl t(l eliminate duplica te codl'. lI s ef. 
feet. however. i ~ 10 e liminale onl y el1l11l110n l rai l i n~ por

lion s of ac t ion SC1tIlCnl· ... sl lh,)se Ih:11 el\l l in an c'(i tl . ()ur 

algorilh m .~ I'Cl11o\,e a ll trailing se4l1cncc~ \.f redundant 

cndc. inclllllill].: rl'dtltldanl Il" 1 tr~'e ,. In atldili,\il . :1 11 l1OIl · 

Ifailin,: 1\',hl l\l]'1I11 ~"II"" IL ':C" :11.' 1~' lI hl\','d if 11Il') \l ,1\\ 
in to logie,dly cllil ival.-ni codl' . In ~cll.:ral. till' IC~u ll ~ 

hav,' hl:l-II vcry ~,' .. , I \\ 11.'11 ;ll' l'li.'1I h' ;I,' llIal ~} .. ICIll I'nl . 

I.! l"an l.~, a.~ sh""," h}' th(' l"" ' HlIl'k .~ in Ihe :\ppemlix . 

II \\ as 1ll.'n1 i,IIIC,1 .';n li ... r Ih.lt t lie hoi~ t i n~ ol' linli/;11 iun 

C,Ill have a IIcgati .. e elrc .. 1 Ull [)S IC 1> .... l';l lI ~C IlI' i' l in~ ,If 
an OI ct ion moly removc il fl"um one or a p:n \" uf d"plit'ate 

seque nces. When this 11:I Pl'cn<;. Ihe pair 11\) longer q lt:1li

lies fur consl)li(.I:1tion. It i~ po~~ih1c. ror l'X"IllPtc. fnr 

ho isti ng 10 removc two lines anu pre vent the re muvOlI of. 
say, [en or twelve l ine~ of duplica led ~eq Ul'nce~. On Ihe 

o lhe r hand , Ihc remova l of an ac tinn from a sequence 

could :tlso cause Ihat sequence tll mal .. h anllthcr, when 

il Willi III IWI have ,1,11Ii.' ~n Ilth lTwi,l' . S \\llI ,' Cl\e\ lit..l' 

II,is WCIC ;1.' \1 1:111), ~'I' l· 'I( ll l t ~'lt'd. MIl'h a, 1;lbks X and 'I 

in the Apl'e l1d". '1 hntllgh II '.' "I' l"Il1 l1l' ik l" ol'li"n~. 
wk .. tin' dlll1i llalioll ,. \" hoi'lillg i, " lImh',1. 11I11 h,' 1" 

wurk ~ hutllli he d llnc to try til cslabl i~h an .'lIi: .. tiv ... 
11I("lhnd f\lf predil' l ing Ihc ,'lrl'~'1 " I' IllIi,linl.! 1111 n SI{ . 

Dcf..- rmcnt (If h ni~til1g 1II11il till' p"~I·l.!cn"' fali'l1I pha,c 
was cons ide red . Huisting al Ih;l t lime i, much Ie" 1'(111' 

venient and will uelinitdy lead 10 Itlnl:cr compil e time . 

r. l ure il11"orOlOltion mll,t he carrktl ,lIld mailltailll'tI \II 

kcep tr.ld; of Ihc nile l'\lllIl lIllh) 111:11 Wl"l"~' Ihe '01 11".'" \I!" 

• 



,I panicula r ac tion . The problem is made more complex 
by the fold ing act ions of the other optimizers. On the 
other hand. rea<;ol1ahly good resu lts were obtained wi lh 
Ihe algorithm used . ,Ind we judged [he corrort-to-payoff 

ra tio 100 high to implement delaycod hoisting. 

• O,,(,li"III(' 1'(1111 '('/11111'/11 ( nPR I 
. \ hl' Sl'~'"U\' ml\j,1r I'llstl!.elleratillll optimi1.atiun technique 
is ,h1ll li e,lIe p:llh removal (DI'R ). When two now palh~ 
Ih at <'man,lIe flllm ,1 ..:,'nllilinn I<'~[ IIllV!! i,kmi..:allcmlinl! 
1"I!i..:. Ihe k01.lil1g port illl1 uf t he~c pa ths can he consllli
dat ed hy moving the condition test down [he paths to the 
point(s) where they ditfer. Figure II illust rates DI'R . 

As can be seen. DPR may cause reordering of condi 
tion les ting. The method is to isolate a~ potential c,lI1di
dates tho~e now pat hs ema nat ing from Ihe sallie condi
tion te),t and Ihal ~tart wilh the ~,Lme Oller;!lion code. 
T hen a test is selected whose branch larget :1111.1 s ucces· 
SOl' lines cont;!in Ihe sa me opcration code. For e;lch such 

lest. the nnw paths arc compared "nd points of diffc r
,'nc,' (POD) .lre t,'cll ted . (Nutc Ih:ll if Ihcre afe 1111 

1'\ 11 '"~. Illl' 1,')'1 i~ 1'".hlllll:1111 :1ll,1 Clln h(' rl'm,,,,,,,t imme
di:lldy.) ·1 hl' t lVO paths cl1I:lIlatinl! from the Ic~ t will hc 
1,''-'' 11','" 1., a~ lit ,· "fall-Ihlllll l!h p:Il h" and rhl' ·'b. anc h 
palh."· Cunceptllally. Ih~ process i ... a$ ro l1oW.i. Locate 
the 1'00's in CHch ,1f thc IWO paths. Removc Ihe tes l 
,lIld place a copy of it jus l in front of elleh POD in the 

_ ( .. II·through pillh. The address of e:!ch les t copied is 
changed 10 poinl 10 the corresponding POD in the 

hranch path. 
With Ihe remo\'al of the original lesi . il is expected 

tOll! 1101 guar.mteed) Ih.1I a I:lrge portion of the br:mch 
palh will Occome dead code. However. Ihere is no sim

I'll- \1":1~' ILl ,kl,'n11il1e this "rim III !,erfllrm illl! DI'R , 
I hCfd,'re :1 copy "f the c.Ilk is ~a\ ,'.1 hcf,lI",' Ilclf,mning 
Dl'lt If Ihe C\1Ltc feslliling fro111 Dl' l{ shows il1ll'rIlve-
111,'111 . il rq,I:K"»' Ihc old ,' (Ilk . II" 1101 the ,,1.1 c",k is re· 
'h'l ~.,1. S"llte time 11.1, 'I','nl tf) ing [., oJe\'d01' M'n iI.' l'Ilf· 

lel:lli,111 IWlwecn Ihe :Imount of improvement ,Iml hOl h 
nUllll">er of POD's "nd Ilumber of lines in Ihe dupl icated 
pal hs. I-I u"evrr, not hing developed thaI W,IS useful. 
Furt hermore, the conceptual a lgorithm descrihed above 

did llI't WOl k. This was because DI'R was "Ilplied after 
IJ SR, and DSR cOlild destroy the trcc nalure orthe orig· 
inal lInoptimiled code, Therefore. D PI{ has 10 contend 
with the interest ing possibili ty thai the two now paths 
hdng cnm pMc,1 mighl merge. or cro~s (Iver. In fact. 

Milne C;1~es e ..... uuine,1 ha.\ ;\ si ngle line in the code tllrn 

lip :IS . POO·s in two ditT(' rent (la th s. T his caused the 
same test to be in~erted Iwice in Ihe same place. 

The alg"r1[hm linally de\'cioped avoid s the prohlem~ 

by lIlak ing :1 separale ,"upy of Ihe fall- Ihrnup.h pa lh. ami 
pladng :I[ each POD (in the duplicate! a copy of the 

OIi l! ill:ri leS I witll the l;rl'gel of tlte I'Oj) ill tltL! llrigi ll :t l 
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hl~lnc h palh . Thi~ 11''''1 i~ foll"wed hy an IlIK' ,l11di li"":11 
hl ~rnch \\h~)~e target i~ Ihe POD ili lhe f;,II· lhfllllgh palh. 
At [he end "f Ihe [1 ;1lh cOll1p.,rison. Ihe llfigin;l! te~1 i~ 

replaced wilh :111 unconditional hranch [\1 the Jllplic;ltcd 
colic. which i~ [' Iuced at Ihe cnd of thc code budy. Btllh 
the branch and fall- through p;Lth~ Ihen hectlme elimlid"le, 
fur dead cOlic retlwva1. 

Il cc;Hlse DI' R reurders cOluliti" 1l le~ting. it may de
Sl roy Ihe clkcl ivCIIC)" of nplimil:lliun pfl\l:edun:,~ lh.11 
depend Il pOIl t e~ t orderin!;. Since IlI'I{ never illcleu~e~ 
~IIIra!;!e l"L1Il~umptil'l1, only linw vptil1li1:ltill1! C:II! ,,~, 

;l11\'ersc!y atr,',' t.:d . ' r- his i~ :t I) pical t lll11'·'l'al."" tr:lltl.' ·olr 
situ:!liull. UnrU1"tunalciy. Illl' lI~a may wi~h to tradl' ,'l r 
l!ilkr"I1II), for cliJr,·1"l'nl p.,in" "f :tl'l'li,;alillll I,f J)!'R 

1\llhin l"Lltll.' 1"1"11111 a sill!;!le tahle. ,\1 1'11."l'l1l. ~u ll klcl11 

inf,lfmalioll i~ lIut carried in Ihc gCllel':l[\'d cOLic It' caku· 
laiC Ihe oventll time cos ts. 1\ rccornl1l('llllcd foll\lll -on 
wou ld be to Ily \I) include Ihi~ . 

I)PR ca n recogni7e only those duplicate p:1Ih~ Ih:lt 

e lll:tn"te frum the s:lme cllmliti l'l1 le~1. Some I:lhles Ih:lI 
were pfllce ... sed cOllt"illCU ~hll'l i c01 t e pa lh .~ Ih"t did 110t 
em:uwtc from Ihe same Il(lint :tnd cllul,ln't hL! renllwcd 

hy thc proce~sur. Whcn these path" werl' removcd 
mamlally. it lI'a~ discn\'';f,'d Ih:lt Ih.-y ~·\Il I r.J be f('lIILl\'cd 

llll l ~' .11 the cSl'cn .. e 1,1" ill,!."rtrn~ :ld,liri\11l:11 le't~ in Ih..: 
p;1I hs. The reslil ling codc then \\ould conlain Iwo leq, 

for Ihe S:lme comJitinn in a <;ingle path , Thi , i~ IY(lil'alllf 
;I .~itlla t i\ln in which Ihe prngr;Llnmer would onlinaril}' ~el 
:1 ~wi t ch fill" 1:llc r le~rillg. ' j "hk ft in Ih(' Appe lldi, ~· nll· 
l :rin~ I hi~ typc nr pnlgral1l ~tnll' llire . Nil :r1J!"rilhm \\:1\ 

IJiM'ovc rcd 11t;lt nUl lo! ,· .\Jll·dili\lIl~ly ",,·al,· Itll!,li,·:!I,· 497 
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",.lIhs or this n;llure , This is ,OIlso an arca Iha. neetls fur
Iher explomlion , 

• Sf'(/I '('II/.!I'f f!ptim;~lIIitlll 

Scavenger ortimilalion procedure~, as Ihei,. name lm-

1'1iI' ~. ,' 11':111 111' 1111" h- a\' ill~" I,r II lhl' l IIl'lil1li,l'I", '1111" 

, ' , 

s~'a\'cngcr I'rtlcnlun's 10 he Ilcs.;ribed ill .hc l'ar;I~r;lphs 

helow:II'c 

Redund;,n l bram:h rem.lVal. 
RCltund;ull clIiil rClillival. 
Redundanl lest removal. and 

Dead code removal. 

• RI'dum/{1II1 "mlld, I"I '/II"nrl i~ ,\ procedure fur seeki ng 
OUI hr:Hlches Ihal rect!ive conlml rmm olher branche~ 
and rellHlving Ihem , (Seqnences or direcl l~' ClHUlccll'd 
hranches afC c; llIcd hranch c hain~.) I.:,hclcll hmnch<:\ 
arc readily del ecle!! . All rcfcren~'es (in 111 her i! I\lnlC
l i,I1l\) \,\ Ih~' 1;lh.-l 1111 .1 hr;\IKh .lll' ' l'pb.:c,1 \\ilh Ihl' 

branch llperand, elfcl'liv.:!y rcmuvin~ Ihe hr;wch fmlll 
Ihe chain. The lallels <:; 111 then ht! rcmo\·ed . Figure 12 
ill us lral cs branc h I cnw\'a!. 

The second step is 10 IOC;l le a ll hranches .hal arc pre, 
ceded hy cilht'r:1I1 IIII.:omlitilln;1I hranch or an e .~il and I,) 

remove Ih<:rlI, All hr;lIIche~ whu~c larl!,els ;\ re e .,ils :Ire 
rcrJaccd wilh Ihe exils IhCIll~dvc ~. I f a hr,lIlch h:l~ ;11;11"

gel Ihal C;IO receive c\11Iln)1 only fwm Ihe brandl li ,t! .. 
Ihe taTl;cl is preceded by an une()IldililUlal hranch or an 
exit), Ihen the br.mch can he eliminated hy fe,mlering 
Ihe code. This i~ dllne, therehy pl:1cinl!- Ihe larget and a ll 
code rh ys icull y f\lllowill~ i. (lip III a hranch or cxit) in 
pi arc of • hI' hralll"h , l ' i):llfl' I) il1\lil' all'~ Ihl' 111\'.111,,1. 

Whik dC;lI1l1lg lip 1'1 allrhc." • h i, "p.imi/l'r ~' all tin r"rm 

"n~' :l<ldi.inll;11 \'l'lillli/ali'llI s lcp, whir h. ~Irirtl)' ~pca'" 

i n ~, is 11.11 rl"dunJanl hmn.:h climinatioll, Ii is iI typc \If 
reverse hoisling. Ir Ihe ",reJece~sor line 1<1;1 tmUlch lar
ge. is Ihe \amc iI~ the prcdccc~'(\r 10 Ihe hr;uw h, Ihe 
branch prcll<!cessnr can he !'emnvcd. ;ul11 Ihc hnmc h 
address reduced by one, Itl refer 10 Ihe preJece~~lIr nf 

Ihe fo rmer wft,:et. Fi~ure 14 :-.how~ Ihis oplimizalion 
melhod, 

RI'fhmdrllll 1' 1";1 rl' /llf/I'ul is a proccd urc I" rCIll"ve "II 
elli its of any onc Iyrc Ih:I ' arc preceded by a branch or' 

,lIlother e .~il. Care mus t he I;.ken. hOI'e\'er.thal Ihe re is 

al w;\y~ on<! cxi t "r C;\dl1~l'e k fl. All cllnditillU:l1 h l~lIl <: h 

c.\ Ihat h:l \'e <:~it .~ ;'s their l:lf"I;ch ;lI e set ~o Ihal all refl'!" 
ences In ;\11 cxi. of tlllC Iypc rcf~'r Itl 111l' ~: 1I11C ':"l:il. ' 1 hi ~ 

rnhh:l'~ 111l' r~'tlllih'm~'n" fl" in, t;tIll'C' ,If cxil~ 1.1 a mini· 
11111111. tNol\' Ihal nncolll lil illlwi b l~lIwhc\ Itl ellii l ~ wcre 

eliminated by Ihc hrandl Ilplimi/.cr.) No fllrlh~'r pnlCe~" 
ing hy Ihe c ,~ illlptimi7.er i.~ nl"ce~ .,ary , 

!?('Ihllldlll!l 11'.1"1 (1'1II1I1'ul re411ires Ihat .he nnw r<llh ~ 

emanaling from each condilion:iI hr:1IKh he c:l.: l1l1in.:d . If 
Ihe f:ill . lhl"Oligh rath i~ Itll!,ically ~'l l lIiva len l Itl thc hmnch 

pa lh, the le.~' is dimhwled. Nil lIlher cleall-lir i~ rer· 
formed hy Ihe Icsl \)pllmI7.: r . 

Dellli ("ful!' /"I'mOl'111 is a procedllre Iha. li"' l removes 
all IImcferenced I;lhcl~. It Ihcl\ hll'all' ~ :11\)' IIll lahl'1nl 

lillt', 111111 1',,11"11' ,'\il' "1" "".-"II.liti,'It.l1 1>1,111,'1",\. 1 "C~ l' 

III ~I J III' , III \ I I ' 11' , 



lines :Ire dead and can he removed. Any unl:lhelcd line 
fnllowinj; a dead line is also dead and can bc removed. 
All deau lines ilre located and removed at one time. 
However. because a dead line may have been iI br,mch 
(conditional or unconditional) . the removnl of dcad lincs 
may ~i\' e riSl' tn nlllre unrefercoee\1 lahels, Thercf("lre. 
the pmcess is iterated until there are no morc sm:h la· 
bels. Fij,!ure 15 illus tralell dead code remov,,]. 

• 1IIII'I"(IC"I iOll of 1/11' 0fll;mi:a.1 

' I'he Ilfuer or all llptimization proceduTI:s is: 

Pregencralion 

Mer1,:e 

Generation 

Test selection 

lI oisting 

Postgener.ltion 
Dupliclll' sequence femovi,l {O'~Rl 

S~'a\,I'I'~('r~ 

Rt',llllld:mt brand, rl'!lI(w:II 
\{,'dlilldant esil remnl'al 

Redundant test removal 

Ikall elide remuval 
Duplicate path removal (D P R). 

The pOlllgenenition optimization procedures are item

.tjve wllencver Iheir il Pl'lication Ciln plIssibly intmdllce 

new progmm ~truclurc that would be lIusceptible to their 

fmther appl ic:ttion, Further, Ihe scavenj;er slep~ are 

caliI'll by bOlh OrR and DS R, and OS R call~ OrR. 

SI'l'dtkally, nSR prtICI'SSI'S :!Uof th,' \cqllellccs ill:an, 

thl:l1 calls th,' Sl'a\'Cl1gc r~, II th,'n tkl,'llnilK's wheth,' I' 

"".1,' was r".ILlc,·,1. If ~n. it rl'pl'als. I II Ih .... ~·:I S .... of DI'R, 

an .... r .... al:h 1 .... ' 1 instru..:till!l i~ pru..:essed. Ihe ~I:avenger 

procedures arc ca lled. followed h y DSR. (Calling the 

Sl'avcnger prucellures befMe entering OSR speeds up 

the lalt er.) Then orR chec ks for cOlIc improvement as 

described earlier, 

Concluding remarks 
Aboul sevenly decision tables t:"lken from actual .tpplica
tion areas have been compiled by the lIystem, T he code 
fill' !lill y IWI) I,f Ihl:sc could he imprnved hy h'lIlIl. Fm· 
tlll'IIII\II"I', tll\' "'lmt'il~'1 IlIlIuin,.: t illlt's IlIhkr Ih" API ~}'~

tl'lIl wcrc ~lItlrt \'IHlIl)!h h) allnw tho.' C.\I'I'I imcnlal m'l\lcl 
hI "1"'1:11<' : I~ a PI" dll"lil'" /",11. ."Illh"'I):1I Ihl'II' IHII ~I hI' 

IIlUllunl int,'IVI' nth ll! I>l't\\""'n 1I1"11l'1'"il1l:\ II .rl'.:i ~ il>ll tahk 
and the prOllw.:tiun of the linal code, the prol:essor ilS il 
s tand s has al read y proved 10 be fI useful aid 10 some 
pr,lgrillnmI: I'~ hy helping them mganize Ihcir clKle , It can 
he cum:lutletl that the prucessor can he u~e\1 /lflU ' 10 
r:li ll lll i fluh, If Illc al":lIfit tllm \k.,,·lih,'d ;,IIIIVI' IWlt' 

recuded inlo ;, mllre fully aulomated enl'ironll1cnt, pro
gram production could be improved even more. 

As has been noted earlier, certain optimization prob. 
lems are yel unsolved, These are: 

The interference among test-order sc:teelion, hois-ling, 
nSR ilnd IWR, and 
Duplicate path removal where the palhs do not slart 
at the same conditinn te~1. 

Some alluitilln al (Jplimi7:ill iun procedures could he added 
to the processor. These arc: 

The use of frequency infurm:l1ion in tesl-order ~ clec
tiun, 
The u~e of liming informalion in conjllnction wilh 
lIpace(speed priority selling for DPR. anll 

• The reversal of condition tests. 

An investigation of the benefits of post.gener"lion hoist, 
ing shou ld al ~o he made. 

Till' Ilptimi/atitlll m"lhll\l .~ tk~lTihl'd in thi\ p:lper .10 
nut indll,k all p'lssibk pfl\~r~lIn optimiz:llilln pro, 
cl'dures. We lIa"\' clln'·enlrat .... d un oplimizat ion meth".!" 
thaI are not usually done by higher-level language pm
ee~snr~, Oiunely, the gross arrangement of program How 
structure, Spel:i fi cally ignored arc Stich oplimi zillion 
melhod~ a~ loop im:llysis. common lIubex pression elimi, 
nation, code motion (except for hoisting and forward 
cmle motion), II lid subsumpliun (15 J, Tn perfilI'm Ihe~e 
would require :tnillysis of the infurmalion in Ihe deci· 
s io n-tnble entries, and would require il re~tric t ion on the 
langu:lj;e pcrmilled in the cillries. II Wa\ felt th ;! t a wider 
scr\';ce CIIUIII he pl'IfmnleJ h)' proviJing a framework 
that 11'1)11111 accept any l:mgllagl' fo r \'ntry s tatements. In 
Ihi~ WilY, IIplim;7:1I;,11\ pnlCedlircs that were nlll jlcr
fonnl:d c\lLIld st ill be :n.:ctllllpli\h .... d hy p:I~~in1,: the 01111'111 

(nun Ihe decisilll1-1ablc ctIIlll'iicr Ihrough anothcr oplim
izinj; compiler. Minor rel'isillm 10 Ihe 1'1/1 printing pro
gram can c:lUse il 10 produce output ;lcceptable 10 FOM

TM .... r<, .... I.G01.. and COIIOt. cOnlpi!cr~ (some of which pe r
form optimizat ion), and evcn to an assembler macro
processor. 

It should be noted Ihat if ,I deci.~;on 1:lble has IJ rul e
columns. Ihen there afe exactly" ways of tra\'er~ing the 
gencrated pmgram. Thi~ ~hllllll1 su~e~1 thaI exaelly " 
tl:s t Cil."eS lIec,L he PI"\'I':l red til thnl"lllighly test Ihe pl"ll
.Iuc,',1 pn'gl,Im . Slidl a t,'~1 h:lllcry \\,111111 hI.' )!lIal",tIlt"I',1 

Itl l'.\l'l·.,te el'l' ry in~tfllrti'ln in Ihe pl"llgr:tm. and III I'\C' 

r lll l' cI' t'ry ",llIlIiri'1I\ :1I hr:llldl fill' hill II )'l'~ :111.1 IIlI ~·'\ihti · 

li '"ls. I kl·a \l ~\' Ihl' "I'limill'rs ft,l.! Ihl! Ilr,lgtatll ~,I IIL:II 
some pillhs Ihroug.h the pn)gram e)(ec ut e the {physically) 
lIlune insl ruclions, it is often possible to completely e)(er
d~e the pwgr;lnl wilh fewer te~t cases Ihan Ihe nllmber 
of rille col umnli. A te'it-ea\c general or cllti lli ea~ily St'· 
11'1'1 II slth~~,t Ilr thc rllk l"\ ' llIl1In~ Ih:1I wllulll \! ,\cll" iw.,1I 49. 

'''~II'IIIN'' tIt'IIMI/III 1'"lI 
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of Ihe code. It i~ recommended thaI such a generator be 

'lddcd hi the ~ys tem . 
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Appendix : Samples 01 decision table compilat ions 
This appem.l i:o: cllntains decision I,lblcs and now ehllns 
of code compiled from them. The reader is invited to 

browse them to obtain a subjective apPr.lisal of the ef
fe c tiveness of the compiler. The tables arc representa· 

tiYe of those examined during the development of lhe 
cotnpiler. They were selected 10 demonstrate several 
(minIS. 

The ntnge of tahle com('llex it y. 

("\11lI'ik· timl'r.m!!I', 

'1 he ,'Ireds of Y:lri ,JUs optimi1.alilln pr'lcedures. 
CIltnparisllll with l,lher mcth(lt l ~ . 

S",l1l' 1I11 ~ ,.h <',1 pl ... t'll-llI ;lrc;ls. 

In :uJdilillll to these ('Ioint s Ihe realter should ,llso he ,lhle 
I,. vcrify th;ll : 

Thl!re is a unique now path through the object cotle for 

each rule column. 
A ~iyen flow palh contains no redundant les t~. 

lIu istin~ ~itualiuns arc nut illways readily seen in a deci
silln tahle by the mer. 
1 he compiler produced cnrrect code. 

Thl' ('mlt- l'; lnml' ho.: irnf'l'lIved h\' h;md e~n'rt where 

Ih llcll. 

Tahle I lis ts the sample decis itln tahles. the tirne re
qllir~·.1 t,1 ':,'mpik Ihem tIll a S)~tl'mn611 t-ohltld 50. :Lllu 

the numher (If lines nf ohject code produced. 
I II rd<'reIKl' III T,lilk S. 11IltC thllt in Sllllle l:ilSCS the 

Imler of cundition rt.w sciecti,lIl is arbilrary. When this 
happens. il is pussi hle Ihat dirrerent onkrint;s will pro· 

duce Jilfcrent ;mlllunis of final ohjl!c t code. The condi
tion rules were revcrsed in D 190FJ in T .. hle II III create 
1)1\)01')1{. The Ctlt!c produ~'cd ffllm DI911F 3R wa~ ~6 
lines compared wilh 20 lines pmduced fmm t) IlJtlF3 . 

Careful examinatiun of thc pmducct! code Shl)WS that 
th ... fcversal Ilf ~clcct il.n llf ell nll i li,.n ~ J ;Lilli :'i (in the 

~ lIb t aj,k 1"'1' .:,\11.11111111 ~ ... ~' l'~) l' all ~l'l l a .Iilr"'ll'Il~· l' in 
thl' tl<li~lil\!-! III' a~· ti 'l n .1. \Vhl'n Ih:li,1I1 .\ lI'a~ h,.is tl'd 
\ ... 'nll'l l ill~ I) 1' )11 1· \ I. 1\ p.lil' t.f dllpll',ll': 1'.lth ~ IIppl·all·,t . 
,mc of whk'h wa~ rellloved hy the 01'tiIll1/1·1'. 
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