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.I.o..traductimi 

This MTB describes nroposed changes to various areas of thA 
syste~ necesary to support sever9l new data types. The need for 
the new data types arises frorn several fronts inclurlinq new 
custoners <DCC> And potential customers CIRS). The need for 
formally defining other data types also Arises from COBOL which 
already partially supports some of these Coverpuncherl sign) 
because they Fire required of a standard COBOL implementation. It 
is also desired th.::it the system 0!2.:t surmort An ;,rbi trary number 
of different data types and that PL/I anrl C090L have commo~ dat~ 
types to the degree possible. 

The Issi.uts 

1 • 

The following problems/questions have been brought ups 

Should the data types surported by Multics be only those 
and a 11 those -- suooorterl by our hardware? 

2. Should the data types sunoorted by Wultics also include data 
tyoes suoported by other important computers even thourih our 
hardware does not easily M8tch it? 

3. Should the datA tyoes surnorb~d be supported by th~ PL/1 
compiler? Or just the system, i.e., the debuoaers. sttL, 
~ny_to_.::!ny_, etc? 

Some interestinn consequences arise with Answers t0 eRch of 
the ~uestions. In particulAr, it would seem quite rePsonF.Jble, on 
first analysis, th::it we should stmoort All Anrl only the rlat~ 
tyoes thAt our hardwRre does. This has the int~restinn problem of 
leaving out sorrte importi'int dstA tyoes that we don·'t su11'1ort tod~y 
but thAt we orobably shoulrl. One such d4tP t~me is th~ ANSI 
stF.Jnd.'=ffd def au 1 t dati'l t yoe for COBOL! 

M11ltir::s ProJect inter'"lAl wnrldn1 rlncument~t1.nn. ~1 nt to he 
r~nrorfuced or rlistr]butr.>d nutsicie th"' Multics Pro_lect. 



The h~rrlware supports th~ followtnn 12 bRsic rlata typess 

fixed decimnl leadin~ sian 9-bit 
f ixerl decimnl leArlin0 siqn 4-bit 
fixed rlecimAl trAilinn si~n 9-bit 
fixed dPcimal trailino si1n 4-bit 
fixerl rleciMBl unsigned 9-bit 
fixed rleciaml unsigne~ 4-bit 
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floRt decimAl CleAdin0 siqn, trailing exponent> 9-bit 
flont rlecimal Cleadin0 sign, trailing exponent> 4-bit 
f ixerl binnry short 
fixed binary lono 
float binRry short 
float binary long 

-:!"\e h~rrh!.~re worl<s equally well on rligit-aligned data AS well ~s 
jyte-, word-, or double-worrl-Aliqned dRtA. 

PL/I could use all of these data types and in .gddition a COMPLEX 
versi~n of soMe of them. In particular, PL/I would reasonably 
underst.::ind thP. followina: · 
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TOTAL OLD NEI'~ 

real fixed decirnAl le-=idinq siqn 9BIT 8 2 6 
complex trAilin0 siq11 4BIT 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
re8l fixed decimril unsigred 9BIT 2 2 

4BIT 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
real float decimAl 9BIT 4 2 ::> 
cornolex 48IT 

- - - - - - - - - - - - - - - - - - - - - - - - - -
real fixed binary short sianed 4 2 2 

long unsianerf 

- - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - -
comol~x fixed binary short sinned 2 2 

long 

- - - - - - - - - - - - - - - - - - - - - - - - - -
re::il float binAry short signerl 4 4 
complAX lonq 

24 1 2 12 

This leAds to 24 Arithmetic dAt,q types of which PL/I Finrl the 
syste~ currently support 12. 

The A~lSI stan.dnrd defatJlt rintA typ~ (f'JSPLfl~Y r-f.~t~> fo~ 

COROL-74 is 

fixed decimal le!'ldinn siqn 9BIT 
tn=i i 1 inq s irin 

26 12 14 

,jfil with the sinn 11 ovAro1rnched 11 with the first 0r lrist rlin1.t. 
Cle,qrly this wor~s only with Q~TT rl~tA anrl h~s its histnry from 
the (still :=ictive) wnrlrl nf GA.H.'.J.S. However, i.t should prnb;:1bly 
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be considerer!. COROL, for exR'TlplP., must surmort thi.s (At 
sinnificAnt AxtrA cost in executinn sneed of co~pilerl prngrP~s 

~in~e 0ur hRrrlwAre hAs no sunport of it) And hence, probRbly so 
shn11l--f the system. 

Since PL/I confuses the PACkina of datA Pnd the alignment 
Cby forcinq All specificAtion with only the Cun)Alianed 
~ttribute) it is rlifficult to introduce packed decimal d~ta into 
PL/I in an arbitrary way. It is proposed thAt A new attribute 
(~e~#nrd in PL/I) be added to PL/I to Aid in the declaration of 
VF!r ;_ ::il-:>l es. The new Attribute might be 11 packed11 but bec;:ius P. of An 

alrearly existent use of this word in v;:irious descriptions I woul~ 
Qrooose ·11 com0Act11 • This would indicab~ for decimal data thAt 
4-bit insterid of 9-bit diaits are used. The 1'1lignment attribute 
would then meAn either word-Aligned, diqit-alianed, or 
byte-~ligned -- to be determined. 

Note thAt I would Also prooose using the compAct attribute 
for pointer data with the follo~inQ defaults: 

"'ll ioned => 
1mAli0ned => 

not compAct 
compact 

This wo11ld r=illow for co~patibility with curnmt oroqrams and also 
Drovirie for 11 Rlinned comp('lct" dAb~. (It would not be possible to 
specify 11 unal i0ned And not comoact 11 .) 

Th9 prime quAstion with 4-bit data is whether it is Alianed 
on a byte boundAry or on r:i digit boundary. The DCC (Burroughs) 
dnta tyoe lilJ.!.S.t be diqit alianed because they have programs Cth;:it 
c1n't be chnnrJerl) th;:it "redefine·11 unsigned dnta. For exr:1mole <in 
COBOL terms): . 

01 dAtA pie 99 comp-8. 
01 data! redefines d1ta. 

02 first pie 9 comp-8. 
02 second pie 9 comp-A. 

Cle;:irly there is no room for a sian and "second" must appear on a 
diait boundary Ccomp-8 data is packed decimal with or without 
sign). 

The (i lleqal, but useful) PL/I equivalent of this might be: 

dcl 1 data fixed decimal (2,0) unsianed compact; 
dcl I data! based Caddr (data>>, 

2 first fixed decimal Cl,0) unsigned compact, 
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2 second fixed decimnl Cl,O) unsianed compAct; 

The problem with diait-aligned vs byte-aligned data is twofold. 
First, it is harrier to chanae the comoiler because there is no 
concept of a unit of storaae of size 4.5 bits. Second, the 
runtime Cstu_, rlebug, etc.) has ., similar problem. In fi=lct, the 
runti~e symbol node (of the surnbol table aenerated by -t9ble) has 
two 2-bit unit size fields Allowino sizes of 36, 1, G, ~~rl lA 
bits. It is proposed to use a currently Ut"\llSP,d bit in the 
runti,e symbol nodP. to extend these 2-bit fielrls to 3-bit fiel~s 
thereby Rllowina soecificAtinns of a unit size of 1 dinit. In 
pArticular, the mappings would be: 

OFFSET New bit () 1 rl bits 

word 0 ()() 
bit 0 () 1 
byte () 10 
hnlfworrl 0 11 
undefined 1 00 
undefin!=!d 1 01 
undef inerl 1 1 () 
rli:]it 1 11 

~ large task to be performed if we are to add new arithmetic 
data types to the system is the changing of any_to_~ny_ to handle 
them Cany_to_any_ currently performs all leqal conversions 
betweP,n arithmetic and/or strin~ dAta According to th~ Pl/I 
conversion rules>. If we chan9e the number of Arithmetic detP. 
ty9es from 12 to 26 this would mean chanoin~ the number of 
co~versions from 14 Cincludino 2 strinq types) to 28 or hAnrllinn 
28*27=756 instead of 14* 13=1R2 conversion. A 1 thouah this i c; 
potenti:?lly a big problem, it is. made somewhat ensier ciue to 
certain consistencies of the 68/80 decimal unit's handlinq of 
d~ta of different types. 

It is proposed thRt the following actions be taken Cin time 
fra~es to be determined later): 

1. Change any_to_;:my_ to support those data types userl by COBOL 
for MR5.0. This includes COMP-5 Cbyte-ali.0nerl, 
right-Justifierl, optional tr~iling sinn, packed deci~al -
the IBM formr:it) anrl COMP-A <diryit-Aliqnerl, ontional trailin0 
c;ian, packed decimAl -- the Burnrnghs format>. 



PAqe 6 MTR-311 

?. • Shanae Any_tn_r-iny_ to support conversions bewteen 
~rithmetic dAtA types stA~dardized in the system • 

all 

.3. r,h;:inoe debug to understflnri COMP-5 and COMP-8 data for 
~isplayinq purposes. 

4. ~hanae debuq to understand all data types standardized in 
the system. 

5. Add the unsianed attribute to the Multics Pl/I lanauaae (for 
re~l fixed d~ta>. 

5. ~dd the compact attribute to the Multics PL/I language (for 
rlecinal and pointer datA>. 

~ote that the proposed PL/I packed decimal data would be 
compAtible with the COBOL COMP-8 dF.ita And be aligned as follows• 

yes 
yes 
no 
no 

COffiPACt 

no 
yes 
no 
yes 

new 

no 
yes 
no 
yes 

resultant aliqnement 

word 
word 
byte 
digit 

The debuq chanoes in step 3 should be made available with 
MR5.0. The any_to_any_ chanc:rns in step 1 should also be made 
availAble with MR5.0, but this is not as critical. It would allow 
probe to work with these data types. 

The unsigned attribute, proposed by the MSPL committee for 
real fixed binary data; would be extended to apply to real fixed 
decimal data as well. 

There are 2 major chAnqes to rlebug that are necessnry if it 
is to be helpful in debugging programs with the various new data 
types. These are, 1) displaying arbitrary data as if it were of a 
qiven type, and 2) assiqninq to arbitrary data a constant of a 
oiven data type. In order to rlo these it seems necessary th~t we 
establish a method of tAlking ~bout the vRrious data types, i.e. 
naminn the~. The nroposed method for output is an extension of 
the current Csignle-letter) output mode character convention to 
inclurfe many '1ew <multiple-letter> output mode sequences. The 
oroposerf method for input is an extension of the current 
character and bit string conventions. 

For output; the followino new modes are proposed: 



,. 
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DEBUG 
TYPE MODE DESCRIPTION 

I 1 SS rer:il fixed bin::iry short 
2 ls! real fixed binr.1ry lonq 
3 f ls real float binl'lry short 
4 fll real f lo.::3t bin Ary long 
5 Cl SS comolex fixed binary short 
6 clsl complex fixed bi miry Iona 
7 cf ls complex float binr:iry short 
8 cfll complex float binary long 
9 ls9 real fixed decimal le.=idinq sign 9-bit 

Io fl9 real float decimal 9-bit 
11 cls9 complex fixerl decimal leadino sion 9-bit 
12 cf19 complex float decimal 9-bit 
29 ls9o reAl fixed decimal leading SiQn overounched 
30 ts9o real fixed decimal trailino sian over punched 
31 NAP cls9o complex fixed decimal lending siqn overounched 
32 NA? cts9o complex fixed decimAl trailina sign overouncherl 
33 nss real fixed binAry short unsigned 
34 nsl real fixed bin Ary lona unsianed 
35 us9 real fixed decimal unsigned 9-bit 
36 NP ts9 real fixed decimal trailing sign 9-bit 
37 NAP cts9 complex fixed decimal tre!iling sign 9-bit 
38 us4 real fixed decimal unsigned 4-bit 
39 NP ts4 real fixed decimAl tndlina sign 4-bit 
40 NAP cts4 complex fixed decimal trailinq sign 4-bit 
41 ls4 renl fixed decimal leadinq siqn 4-bit 
42 f 14 real float dee imal 4-bit 
43 cls4 complex fixed decimal le8ding siqn 4-bit 
44 cf 14 complex float rfecimal 4-bit 
45 pp packed pointer 

These are derived from the oossible combinations of attributes 
described by the following diagram: 

fl 1 

ls 

ns 

ts 4 



c ==> complex 
fl ==> floAtin~ point 
ls ==> le.::idin~ sinn (or ~-s comple~ent siqn) 
ns ==> unsianed 
ts ==> trailin1 sian 
1 ==> lonr; bin.::iry 
s ==> short bin.::iry 
9 ==> non-pAcked decimAl 
4 ==> pac~ed decirnAl 
o ==> overpunched siqn 
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The cndes NP ;:ind NAP inrlic;:ite th;:it it is proposed there be no 
S'IOJort for this dat.::i type in PL/I or in PL/I and nny_to_.::iny_. 
res'.:'le tiv ly. 

Tnere Are some inconsistent cornbinAtions thAt .::ire not included 
such as unsiqned complex And unsianed overt')rtnched sian. <The 
overf)unch c;:in - only o.ccur with non-a.::ick:ed, leArfing siqn or 
trAil1n~ sion, fixed decimAl, re;:il or complex.) 

For input, these modes could be irnmediRtely 
ch.::irActer strin~ to indicate a v.::ilue of the qiven 

"-321 11 ls4 

A rpenrferl 
mode: 

w0uld indicnte A 4 digit coMpRct decimal number. Simil2rly: 

11 12.3e-4 11 fl9 

to 

w0ulr:l indic;:ite A real floAt decim;:il non-p;:icked number. The v::ilue: 

'' 12. 3e-4" ls4 

would suroosedly be illegal. 

ThP runt t me symbol table w0u 1 d be changed «=women ted) in thP 
fol lo•·1fnq 1trAy: 

1. The size field ;:issoci!:lted ''lith rlecimRl datA would include :=i 

count of th~ number of diqits in the d:=itum, not includinc 
~ny siqn th~t ~iJht be present. 

2. The rl.::it1 tycr> numbfff woulr:f be one of those qiven ribove in 
the rlebug ~orles tAble. 

3. The unit fielrfs would be extended ;:is rnentionerl ;Wove. 


