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For th Advane~d Se ien t i f i~ Tool s:
How Intelligent Should Arrays Be?

Fer'r'eri Mai:r,tyr'e

Center' for' Atmospheric-Chemistry Studies, Gr~duate School of Oceanogr'aphy
Uriiversity of Rhode Island, Nar-rgansett RI 02882-1197

Abstract: FAST, the For.th Advanced Scientific Tools package, should treat arr'ays as
entities and not as collections. The question is how much infor'mation DATATYPE==
(the grandparent wor-d which cr-eates data-type-defining words in the proposed For.th
Floating-Point Standard Edensioni should stor'e in an ar'r'ay ileader', and how arT'ay
ooer'ators should use the information. As megabyte memor'ies and 10 MHz $peeds become
the PC nor'm, there ar'e applications iri whichar'rays should r-emember dimensions, data
type, addr'ess type, and stor'age byte-width,

,

OATATYPE= is the gr'ar,dfather' wor.d (hence two "=lIsigns appended) pr'oposed for'
the Forth Floatirig-Point Standard E~:tension (MacIntyre cirid Dowling, 1986; hencefor.th MAD),

It 1S used to cr-eate defining wor'ds for' some 144 data types, all of which, at the lowest level
of machine intelligence, are Q~s ,fetched by name and stored by IS, (eliminating

many special ! wordsi,OATATYPE= expects .four: par'ameters on the stack: .f = 0 1 2 3,
the number of dimensions; ~ = the number of bytes per' storage location; .1 = 0 1 2 34, the data
type liriteger', floating point, comple~:, BCD, str'irig); and A = 0 1 2, the location of the stor'ed

data (after the header', elsewhere, outside of Forth's 64k segment), To create a word to define
3-dimensional floating-point. complex ar'r'ays with B bytes per stor'age location, indir'ectly
stored at a point deter'mined after' compilation (for' block-:moving to disc free of link

addresses), one_ might wr.ite:

3 8 2 i DATATYPE== 3DCIARRAY=

(MAD neglected the convention of ending cr'eating wor'ds with u=", omitted strings as a data

type, and par'ametr.ized the byte-width wher'e it riOW seems better' to use the a.ctual count.

Also, the or'der of parameter's suggested in MAD may not be optimal, Time wil tell which is
the most useful appr'oach,)

In passing, MAD noted that DATATYPE== might stor'e all dimensions (one more
than needed forsubscr'ipting) so that matrix-manipulation routines would have this

information. I now suggest stor'age of the above par'ameter's also,
For.th has traditionally abjur-ed, e.g., bounds checking, in favor of efficiency, honoring

slow, e~:pensive har'dware and fast, cheaP pr'ogammer's. With costs and time r'eversed, it may

make sense to rethink these pr'ior-ities in some cases, For' instance, by e~:plicitly writing J C
~ I + (n ame) + ~ ,one could eliminate the edr'a stórage for' dimensions and the
overhead of sub scripting calculations, but r'epetition of IJ (name) more than pays for
this overhead. A t the ne~:t level of user fr'ieridlir,ess, inde):irig itself is unnecessar'y because
the array should be treated as an entity, even at the cost of. additional overhead,

In cor~unction with For.th Advariced Scientific Tools (FAST Workshop, Kelly and
Mai:ntyre, this Confer'ence), I have e~:perimented with smart arrays to minimize effort in

usina ar'r'ay-manipulating words, such as those in Startz's (1985) "cookbook". User-
fr-endliness costs initial pr'ogramming and _memor'y, but need not slow critical oper'ations

(MacIntyre et aI, l'l86). As an example, I presents below some words based on Star.tz's
cook:l'Clok Wh1Ch wor.k iridiscriminately and withoutusèr attention for 18 integer data types:

1-; 2 i and 3-dimerlsional ar.r'ays, 1,2, and 4 bytes wide, stor'ed at the header or elsewhere.
Noting that "more scientific computation time is spent (onJ inrier products than on
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ariy other' single pr'oblem", Star'ti half..hear'tedly begiris to tr'eat ar'r'ays as entities, but the
link to BASIC lumbers the pr'ogr'ammer' with inserting ancilar'y information in subroutine
calls. For' instance, hisinner-pr'oduct r'outine is called by

CALL GINPROD(A( I ROW, 0) ,B( 0, JCOU ,SUM, ITYPE, ITYPE, I i, i i ,M)

w'her'e IROW and .JCOL 5,'=;: ,::;,::~ ,- = ~=--~~ =.0:::: :c::;:. SU~1 :5 the ariswer
i.P:~¡ .-eturn, ITYPE is the an'ay type, 11 is the bite widt~., and M is the number of
elemerits.

Since the silicon knew most of the par'ameters in the above call at one time, we should
be able to replace the a.bove 12-parameter' call with

A B C INPROD

where C is adestina.tiori array and we have also eliminated the e):plicit loOps.
If (na.me) gets the FFA, as it would here, inde):ing would be via J K

(name) ENTRY ,where ENTRY consists of all but the fir'st line of the ; CODE
portioriof AR= (261::3-14), We tempor'iie in the e):a.mplesbelow, using , (name) to
get the PFA (269:10), and inde:,:ing in the nor'mal manner, Such routines should use the type-
conver'sion of IEEE-754 har'dwar'e, arid rieed to know size arid byte length, If the pr'ogr'ammer'

foÜs the rnachirie with incompatible ar'r'ays, it should apologiieande):plain.
These tasks are not difficult to 'aòtornate, but the appendedMMSFORTH :30::::::

assembly code is far from definitive, beirig a chemist's fir'st e):per.iment with smar't arrays. If
this appr'oach appeals to For,th riumber cr'uncher's, it might be well to seek joint decisions

about intelligerit oper'ator's befor'e we fragment into idiosyncr'atic camps, all of which are
cor'rect--and incompatible,

EXAMPLES OF SMRT ARRAY USAGE

As a: step toward DATATYPE= ,the integer ar'ray-maker' AR=(261:6) e):pects
1 to 3 dimerisions,~; Q, and ~ on the stack (263:2-6). If ~=0, data is stor'edafter' the header';
if ~=1, data is stored at OBASE OP + ,The highly exper.imental words RDO CDO PDO
(262:6-8), take the PFA of ari ar'r'ay on the stack and iriitiate DO loops of the appr'opr'ìate

siie on rows, columns, and pages, as at 263:12-15,

APARAM and ACOMP put ar-r'ay par'ameter"son the stack and compar'e them,
respectively, callng . QU'r T if arrays are incompatible, RAP ,.A! ,and A+ fill
an an'ay with a r'amp, copy it, and add two ar'r'ays, as e):amples of fuhctionsofl, 2, and 3

arrays, After' the first e):ample is tested, writing r'elated functions is simpler',

The use of memor'y for' tempor'ar'y stor'age where other' lariguagesusethe stack. (266 :2),
and the unForthlik.e use of the stack. for' static inde):ed stor'age '26:3:6-8) with clearing upon
retur'n (269:6), may riot be necessar'y, sirice I was mostly copying Starti' model. Stil, the :::0::::::
architecture is far from optimal for' dual-stack. operatiori or' ar'ray processing, and I cer.tainly
would not object to firiding thr'ee memor'y..addr'ess regi:,ter':" por'ts, and indices (2 sources and

a destinatior,) on a For'th engine.
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Block 269 (65 :IJ

Srrar t Arrays; 12',,05".86 (16: 56: 08) 2.4-o.'IORAK-860220

810ck 263 (68 : 1)

\ 869417 FM 91/18 Array-ker. Dimensional offsets.

: TASK .' Array-ker' TASK ;
Il OP 9 ¡ S Il Il OISE 9 IS OBASE

VARIABLE 'BP VARIA8LE' Si VARIABLE' TP

CODE K a (+8PL PUSH NEX \3rd i~ index
CODE cca ( '-)b b)BX POP (8X) AXMW AH DL HCI \ Fetch 2 bytes

AH AH XOR DH OH XOR PSH2 \ fr'an address.
\ Ca¡clJi~te dimensional offsets.
:OIH2 (rc'w-)'0))R)RR~6+ C~ l+'RiRi¡
: DIH3 ( rcp , w-)' 0) iR )RR~ 6 . CC~ ROT L ROT + ï + Ri R)

: 'OIH ( ... w d-)n) 9 DO swP 1+ DUP C, Ui DROP LOOP j

: ~DIH ( .,. ' w d-), 0) NCASE 2 3 . DIH2 DIH3 CASED RaT I i

'99 (d a-),8)
i OFF (nw a)

2DUP IF DROP OP ELSE HERE + 5 + THE ;

NOT IF ALLaT ELSE ' OP +' THEN; --)

Block 26i (66 :1)

\ 86428 FM 9UI9 Array-maKer. AR= , the magic NOrd itself.
\92456789789
\ CFA PFA ii d a PeR CR R data

\ Use in the form: Dl D2 D3 w d a AR= (name)

\ The chi Idren do: (r c p -) ')

\ 'Start a a d w
:AR CREATE '89 , OUP C, )R 2DUP C, C, 'DIH R) 'OFF ¡CODE

AX AX XOR DX DX XOR ex INC 8X lNC 8X PUSH \ pia

3 ~ 8X ADO (BXJ AL HC 8X INC (BX) DL HC DX PUSH \ w
AX PUSH \ d

\ ii and (( swi tch between assembler and IlSFORTH.

J 1 ( rep , w d) aDlH (' 0) ((
\ ClR 2+ ca IF OBE + THEN SWP a + ;

AX POP 8X POP 2 (+axJ CL HCI CL CL OR

. 2 IF AT OBASE (J AX ADD THE (8XJ AX AOD PSH \ 0

Block 262 (67 : ii

::n43e =i, e'3/:9 Array-maKer. Experimental autoloos.
: (RW) (,. -) R 9) 3 + DUP C~ + 1+ ca 8 R) ROT )R swP )R )R ;

: (Cl) (' -) e 9) 3 + DUP ca + C~ 9 R) RaT )R swP )R )R ;

: \PG) (' -) P 9) 5 + ca 9 R) ROT )R swP )R jR ;

\ Row, Column, and Page loop. Use after

: RO OOILE (00 HERE ;

: CDO CllPILE (Cl) HERE;

: PDO CllPILE (PG) HERE;

, (array-nane)

IIlDlATE
IIlEDIATE

IIlEDIATE

: 2? 2a 5 D.R i

Page 1

9 \ 86428 FM 94/i9 Array-Ker. Practice arrays.

1 \ Arrays wi th data stored at OBASE OP +

2 \ R C P wda RC P id aRC P ii d a
3 4 1 1 i AR if 5 4 2 2 I AR= 8EV 6 5 44 3 1 AA SUE
4 \ Canpatible arrayS iiI th data stored after header
5 4 1 1 8 AR i'l 54 229 AR= 8El 654439 AR SUI
6 4 I 1 9 AR= i'2 5 4 2 2 8 AA BE2 6 5 4 4 3 9 ,:R= SU2

8 : 'if 'if RDO I 19 + i i' C' LOOP i
9 : '8E1) 'BEV RDO ' 8E1) COO 19 -J I :. J i 8E1)! LOOP LOOP ;

19 : 'SUE 'SUE RDO ' SUE COD 'SUE PDO '

11 109 K I 19 J I + I + 9 K ,) i SUE 2! LOOP LOOP LODP ;

12 : ,i'2 CR ' i'2 RDO I i'2 C~ LOOP j
13 : .8E2 CR ' 8E2 ROO ' 8E2 CDO J I 8E2 ~ 3 .R LOOP CR LOOP j

14 : .SU2 CR ' SU2 RDO ' SU2 COO 4 COLS ( = 1/4-pg jump) , SU PDO

is K -J I SU2 2? LOO LOOP CR LOIJ ; --)

BlocK 264 (69 :IJ

9 \ 869438 FM 95/19 Array processing. Paramters to Stack.

1 \ Leaves ~ of entries in array, byte-width,

2 \ ~ of dimensions, and addess of start of array: -) n ii d 99

3 \ N8: NOT for rowcolui opators!

4 \ PFA a d ii P C R = Stored va i ues

5 \ BX 2 3+ 4+ .. 4+d.. = Offsets to BX

6 LABEL APiW D i POP BX POP CLC

7 3 (+8X) AL MW AH AH XOR AX CX M( \ CX=d

8 AX BX ADD 4~ BX ADD 1 1 AX Hi \ 8X='R
9 8EGIN (8XJ DX HCI OH, OH XOR OX IlL
18 BX DEC LOO AX PUSH \ n (8X)=w
1I (SXJ AL MW AX PUSH \ w
12 BX DEC (SX) AL HO AX PUSH \ d
13 SX DEC (SXJ AL Hi) BX DEC \ AL=a
14 SX DEC (BXJ SX Hi) I ~ AL O1P E IF ATOBASE () BX ADD THEN

--) 15 SX PUSH DI PUSH RE -) \ '99

810cK 265 (79 : 1)

0\ 869427 FM 96/18 Array processing. Parameter comparison.

1

2 : .OUIT .' Arrays are incanpatible' , 2DROP .S ABORT j

3

4 LA8EL ?QUlT CX AX CH . E IF

5 !8P (J BP HCI 'SI (J SI HO JJ .QUIT (( THE RET

6

7 \ n w d 89 n w d 98 RET
8 \ 14 12 18 8+ 6+ 4+ 2+ 8X=SP

9 LA8EL ACllP SP 8X Hi BX INC BX INC

18 14 (+8X) ex HCI 6 ¡ '8X) AX HCI ?QIT CALL

11 12 (+8X) ex MOO 4 ('8X) AX HCI 'QUIT CALL

12 6 (+8X) CX HCI RET FORTH
13

14

--) 15

frOO APAIW twi ce.

\ SKip RetlJrn

\ Test count

\ AX=width w

\ CX=coun t n

--)
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BI, 266 (71 :11

:;:;mar' t Ar-r"¿i.y-:., 12.......£15\._:36 (17.: CIØ :08) 2 .4-Q~\J(iRAK-:36Ø22Ø.

BlocK 268 (73 : IJ

\ 369428 FM 87/18 Array proc~ing. Fi ii array wi th up ram.

CODE RJP ( 'Ost-))

BP 'BP ! J I1 Si 'SI (J H(J SI SI XOR \ SI=Inoex

APARJ CALL OX OXXOR SP BX I1

( -) n w d 88 ) 6 (+BXJ CX I1 \D:=count n 8Pidth
4 (+8XJ BP HOV ¡8X) BX HOV ex AX HIJJ AX OEC BP HUL

AX SI ADD AX AX XOR
1 * BP CHP E IF \ l-byte

BEGIN CL (BX+Sll HlIJ BP SI SUB LOOP

ELSE 2 * BP CH E IF \ 2-byte
BEGIN ex (BX+SI J HOV BP SI SUB LOOP

ELSE 4 * 8P CHP E IF \ 4-byte
BEGIN ex 2 (+BX+SI J I1IJJ 8 * (BX+SI) HIJJ

BP SI SUB LOOP

THEN THEN THEN SP ex HOV B * BX ADD ex SP I10V
! BP () BP HOV 'SI (J SI HOV NEX FORTH

810cK 267 (7 : 1 J

( 868438 FH 83/18 Array processing. Copying/Storing.)

COOE A' ('Src 'Os! -))

BP 'BP (J I1 Si 'SI (1 H(J SI SI XOR \ SI=Index

BP POP APARA CAL BP PUSH APARA CALL AC CALL
\ n w d 88 n w d 88 from APARA twice;
\ 14 12 10 B+ 6+ 4+ 2+ BX=SP \ CX=count AX=wioth

lBXJ BP I1 B (+BXJ BX HOV \ BX=Src BP-Ost

1 * AX CHP E IF \ I-byte
BEGIN (BX+SI J CL HOV OL (BP+SI J I1 AX SI ADD LDDP

ELSE 2 * AX CHP E IF \ 2-byte
BEGIN lBX+SI) OX HIJJ OX (BP+SI J I1 AX Si ADD LOOP

ELSE 4 * AX CHP ElF \ 4-byte
BEGIN (BX+S! J OX HOV OX (BP+Sll I1

2 (+BX+SI) OX HOV OX 2 (+BP+SIl HIJJ . AX SI ADD LOOP

THEN THEN THEN SP BX HOV 16 * BX ADD 8X SP HOV
'BP (J BP HOV 'SI (J Si I1 NEX FORTH

Page 2

8 ( B69427 FM 8U 18 Array processing. Array addi tion D

I CODE A+ ('Src 1 'Src2 'Ost -))

2 BP 'BP (J HOV SI 'SI n H(J SI Si XOR \ SI=Index

3 AX POP AX 'T? (J I1

4 BP PGP APARA CAL BP PUSH APARA CALL AC CAL
5 'TP . (J AX H( AX PUSH APAIW CALL ADlP CALL
6 \ n w d 08 n w d 88 n w d 88 from APAR thrice.
7 \ 22 28 18 16 14 12 18 B+ 6+ 4+ .2+ BX=SP D:=count AX=width

B (BX) 01 HOV 3 ¡+BXI BP I1 16 (+BXJ BX H( \ OI=Ost BP,ex=Srcs

9 I * AX CHP E IF \ 1-byte
18 BEGIN (BP+SIJ AX HaJ AH AH XOR (BX+SIJ AX ADD

11 AL (OIL HIJJ 1* 01 ADD I * SI ADD LOOP
12 ELSE 2 * AX CH E IF \ 2-byte
13 BEGIN (BP+SI J AX HOV (BX+SI J AX ADD
14 AX (011 HO 2 * DI ADD 2 ~ SI ADD LOOP~ ~

810cK 269 (74 : 1)

8 \ B69438 FM 18/18 Array processing. Array addi tion 2

I ELSE 4 1 AX CH E IF \ 4-byte
2 BEGIN (BP+SI) AX HiJ (ex+SI) AX AOO
3 AX roi I H(J 2 * 01 ADD 2 * SI ADD
4 (BP+SI J OX H(J (8X+SI J OX ADC
5 ox roii HO 2 ~ 01 ADD. 2 ~ SI ADD LOOP
6 THEN THE THEN SP 8X H(J 24 * ex ADD BX SP H(J
7 'BP II BP HOV 'SI II Si HOV NEX FORTH

8 : AF I LL 'tf RA ' 8EV RAP , SUERAP ;
9 : ACOP 'tf' ~I A' ' BEV ' BEl A' , SUE ' SUI A'

18 : AADO ' tf , ~I ' ~2 A+ '8E' BEl' BE2 A+

i i ' SUE' SUI ' SU2 A+ ;
12 : A. ,~2 .BE2 .SU2 ;

13 \ Set star t of í ndi rec t arrays
14 HEX : GO A888 IS 08ASE ; GO DEeII'L

--) 15: ATEST AFIL ACOPY AAO A. ;


