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Abstract: FAST, the Forth Advanced Sciemtific Tools package, should treat arrays as
entities and riot as collections. The question is how much irformation DATATYPE==
(the grandparent word which creates data-type~defiring words in the proposed Forth
Floating-Point Stardard Extensiord should store ir an array meader, and how array
operators should use the information. As megabyte memaries ard 18 MH: speeds become
the PC rorm, there are applications im which arrays should remember dimersions, data
type, address type, and storage.byte-width.

DATATYFPE== is the grandfather word (herce twg "=" signs apperded) proposed for
the Forth Floating-Point Standard Extension (MacIntyre ard Dowling, 1786; herceforth MAD),
It 15 used to create defining words for some 144 data types, all of which, at the lowest level
of machine irtelligence, are QUANs , fetched by name and stored by IS , (eliminating
many special ! words). DATATYPE==_ expects four parameters on the stack:d=812 3,
the number of dimensions; w = the rumber of bytes per storage location; t =8 { 2 3 4, the data
type (irteger, floating point, compleyx, BCD, string); arnd a = @ 1 2, the location of the stored
data (after the header, elsewhere, outside of Forth’s 64k segment). To create a word to defire
3-dimensioral floating-point complex arrays with 3 bytes per storage location, indirectly
stored. at a point determired after compilation (for block-moving to disc free of link
addresses), one might write:

3 8 2 1 DATATYPE== 3DCIARRAY=

(MAD neglected the convention of ending creating words with "=", omitted strings as a data
type, and parametrized the byte-width where it rnow seems better to use the actual count.
Alsc, the order of parameters suggested in MAD may rot be optimal. Time will tell which is
the most useful approach.) ‘

In passingy MAD noted that DATATYPE might store all dlmensmns (orie more
than needed for subscripting) so that matrix- mampulatmn routines would have this
information. I now.suggest storage of the above parameters also.,

Forth has traditiomally abjured, e.g., bounds checking, in favor of efficiency, honoring
slow, expencive hardware and fast, cheap progammers, With costs and time reversed, it may
make sense to rethink these priorities ir some cases. For instance, by explicitly writing J C
¥ I + {name> + B , one could eliminate the extra storage for dimensiorns and the
overhead of subscripting calculations, but repetition of I J <{name2> more than pays for
this overhead. At the rext level of user friendliness, indexing itself is unrecessary because
the array should be treated as an entity, ever at the cost of additional overhead.

In corjurction with Forth Advarced Scientific Tools (FAST Workshop, Kelly and
MacIntyre, this Confererce), I have experimented with smart arrays to minimize effort in
ysing - array-manipulating words, such as those 'in. Startz’s (1935) “"cookbook". User-
friendliness costs initial programming and memory, but need rot slow critical operations
(MaclIrtyre et al. 1738). As an example, I preserts below some words based on Startz’s
cookgook which work imdiscriminately and without user attention for 13 integer data types:
1-, 2 , and 3-dimerisional arrays, {, 2, and 4 bytes wide, stored at the header or elsewhere.

Noting that "more scientific computation time is spent [onl inrer products than on



336 The Journal of Forth Application and Research .Volume 4 Number 2

ary other simgle problem", Startz half-heartedly begirs to treat arrays as entities, but the
lirk to BASIC lumbers the programmer with inserting ancillary information in subroutire
calls, For imstarce, his mner product routire is called Dy '

CALL GINPROD(A(IROW,8) ,B(8,JCOL) ,SUM,ITYPE,ITYPE,I1,I1,M
where [ROW amd JCOL arz 2ozl - 1L TaZlT lczoss 2UM e the answer
upsn returny ITYPE © is the ar-r-ay type, Il is the byte widih, and M is the number of
elemerits, ’ '

Since the silicor kriew most of the parameters in the above call at ore time, we should
be able to replace the above 1”—parameter call with

A B C INPROD

where " C  is da'destimation array and we have also eliminated the explicit loops.

¥  {name> 'gets the FFA,‘as it would here, indexing would te via: I J K
{name> ENTRY , where "ENTRY cohsists of all but the first lire of the CODE
portion of AR= (241:3-14), We temporize in the examples below, using * {name> to
get the PFA (267:18), and indexing in the normal manner. Such routines should use the type-
conversion of IEEE-754 hardware, arnd reed to know size and byte length. If the programmer
oiis the machirie with ircompatible arrays, it should apologiie ard explain.

These tasks are not difficult to adtomate, but the apperded MMSFORTH #9:d
assembly code’is far from definitive, being a chemist’s first experiment with smart arrays. xf
this approach appeals to Forth rumber crurchers, it might be well toc seek joint decisions
about intelligent operators befare we \‘ragment mto 1d105yncrat1c camps, all of which are
correct-—and 1ncompat1ble.

EXAMPLES OF SMART ARRAY USAGE

As a step toward DATATYPE== , the integer array-maker AR= (241:8) expects
{ to 3 dimensions,.wy d, and a on the stack (263:2-8), If a=9, data is stored after the header;
if a=1, data is stored at OBASE OP + . The highly experimental words RDO CDO PDO
{262:6-8), take the PFA of ar array on the stack and initiate DO loops of the appropriate
size on rows, columns, and pages, as at 263:12-45.

APARAM  ard ACOMP . put array parameters orni the stack and compare them,
respectively, calling .QUIT if arrays are incompatible. RAMP ,  A!' ,and A+ {ill
an array with a ramp, copy it, and add two arrays, as examples of functions of f, 2, and 3
arrays. After the first example is tested, writing related functions is simpler.

The use of memory for temporary storage where other larnguages use the stack (264:2),
ard the unForthlike use of the stack for static indexed storage {263:4-%) with clearing upon
return (269:6), may rot be necessary, sifce I was mostly copying Startz’ model, Still, the S@as
architecture is far from optimal for dual-stack operatiorr or array processing, and I certainly
would rict object to finding three memory-address regl=ter=. por ts, and indices (2 sources and
a destinatior) or a-Forth engme.
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Smart Arrays; 1258586 (186:58:08) Z2.4-GHORAK-358220 Page 1

Black 248 143 :13 Black 243 (48 :1]

\ 848417 FM 81/18 Array-maker. Dimensional offsets. 8\ 848428 FM 94/18 Array-maker, Practice arrays.

: TASK - 4" Array-maker” TASK ; 1\ Arrays with data stored at OBASE OP + -

GUAN OP @ 1S OP (QUAN DBASE' 8 IS 0BASE 2\RCPwda” RCPwda RCPwda
VARTABLE '8P  VARIABLE 'SI  VARIABLE !TP 3 4 PL1AR=AN 54 22 1AR=BEV 65443 1AR=SUE
CODE K 3 [+BP1 PUSH NEXT \"3rd loop index 4 \ Compatible arrays with data stored after header:

CODE CCA  ‘-Yb b) ‘BX POP [BXYT AX MOV AH DL MOV \ Fetch 2 bytes
AH AH XOR DH DH XOR PSH2 %' from-address.

Y\ Calculate dimensional offsets. '

t DIM2 Crc " w->' o) DRORRE S+ (R ¥ +EFR) g

t DIM3 Crcp " w2 0) 7R)RR@6*CCERDTKRDT'!??R}R}:

P0IM Ll W deon) 9 00 S4AP 1+ DUP C, U¥ DROP LOOP ;
$ ADIM (... “w d-)’ 0) NCASE 2 3 * DIMZ DIM3 CASEND ROT £ ;

188 (da)'l
1 MOFF (e @)

20UP IF DROP OP ELSE'HERE + 5 + THEN ;
NOT [F ALLOT ELSE * OP ¢! THEN ; -

Block 241 [44 :1)

\ 848428 P¥ 82/18 Array-maker, AR= , the magic word itself.

\8 2 454 7 8978

\ CFA PFA w d a PCR CR R data

\ Use in the form: D1 D2 D3 w d a AR= (name>

\ The children dot (rcp =) ")

\ ‘Start a a2 d w a

: AR= CREATE 'ed , DUP C, R 20UP C, €, 'DIM R> !OFF ;CODE
AX AX XOR DX DX XOR BX INC BX INC 8X PUSH "\ pfa
3 4 BX ADD [BX) AL MOV BX INC [BX] DL MOV X PUSH V' w

AX PUSH -\ d
\ 1) and [ switch between assembler and MMSFORTH.
Hrcp‘wd WM (70)Il
\ (QVER 2+ CR [F 0BASE + THEN SWAP 8+ ;
AX POP BX POP 2 [+BX] CL MOV CL CL OR
~ 2 IF AT OBASE [] AX ADD THEN (BX] AX ADD PSH

B

Block 242 147 :1]

33718 érray-maker, Experimental auteloops.
t (R

-( ->R8) 3 +DUPCR+ 1+ C8 O R>ROT IR SHAP JR DR ;
P (CL (°->C8) 3+ 0UPCR+  C@ G RYROT IR SWAP DR DR
PAPGY (X PR) St C@ 8 RY ROT DR SHAP )R DR ;

\ Row, Column, and Page loop. Use after ‘ (array-name}

$ RO COMPILE (RW) HERE ; IHHEDIATE
1 €0 COMPILE (CL) HERE ; IMHEDIATE
: PDO COMPILE (PG) HERE ; IMMEDIATE
P WIDR;

-

3 4 I 10AR=ANI 54 228 AR=BE! 6544384=50!
§ 4 118AR=AN2 54 2208AR=BE2 §354438cR= 52
3 AN 7 AN RDO [+ [ AN LOOP

21 BEY “ BEVROD ' BEVCDO 18 £ 1+ J T BEV:! LOOP LAOP ;
18 @ PSUE “ SUE RDO 7 SUE-CDO “ SUE POO -

11 180 K% 8%+ 1+ & KJISUE2 LOOP LOOP.LOOP ;
12 .AN2 CR * AN2 RDO 1 A2 c? LOOP §

13 + .BE2 CR ‘ BE2 ROO / BE2 CDO J I BE2 @ 3 .R LOOP CR LOGP ;

+ ,3U2 CR / SU2 RDO “ 542 CDO-4 COLS ( =1/4-pg jump) ‘ SU2 PDOQ
KJ [SU222 LOGP LOOP CR LOOP ; -)

Block 244 {49 :1]

8 \ 848430 P 85/18 Array processing. Parameters to Stack.

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

2\ # of dimensions, and address of start of array: -) nwd 68
3 \ NB: NOT for row/column cperators!

4\NPFA a d w P T R = Stored values

SNBX 2 3+ 4+ ,.4+d.. = Offsets to BX

& LABEL APARAM DI POP BX POP CLC

7 3 [+BX] AL MOV  AH AH XOR AX CX MV \ X=d

8 AXEX ADD 4°# BX ADD 1 8 AX MV -\ BX="R

9 BEGIN {BX1 DX MOV DH. DH XOR DX HUL

i@ BX DEC LOOP AX PUSH N\ n (BXI=w

11 (BX1 AL MOV AX PUSH N\ w

12 BX DEC [BX] AL MV AX PUSH N\ d

13 BX DEC [BX] AL MOV B DEC - N\ Al=a

t4  BX DEC [BX) BX MOV 1 # AL OMP £ [F AT-0BASE [] BX ADD THEN
15 _BX PUSH DI PUSH RET ) -7 \ ‘08

Block 265 {78 :1)

8 \ 848427 FM 84/18 Array processing. Parameter comparisaon.
; + JOUIT .* Arrays are incompatible! * 20ROP .S ABORT ;

2 LABEL 2QUIT CX AX CMP ~ € IF

5 '8P [1 BP MOV 'SI [1 SI MOV 11 .QUIT C[ THEN RET
g\nwd&ﬂndeBRET

from APARAM twice,
8\ 14 12 18 9+ 4+ 4+ 2+ BX=SP :

9 LABEL ACOMP SP BX MOV BX INC BX INC \ Skip Return
18 14 [+BX) CX MOV & [+BX] AX MOV 2GUIT CALL \ Test caunt
11 12 [+BX] X MOV 4 [+BX] AX MOV 2QUIT CALL \ AX=width w
12 6 [+BX] CX MOV RET  FORTH  \ CX=count n
13

14

15 -=)
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Fage 2

Smart Arcays; 12W8TN248 C17:08:83) 2.4-QWORAK-Z88226
Bio 248 (71 :1) Biock 248 (73 :11
\ 368428 FM 97/18 Array processing. Fill array with up ramp.. 0 ( 848427 FM 89/18 Array processing. Array addition D
CODE RAMP ( “Dst-)) 1 CODE A+ ( “Srcl “Spc2 ‘Dst -))
BP 'BP [] MOV SI 'St {1 MOV SI SI XOR \ Si=Index 2 BP 'BP (I MOV SI 'SI E1 MW SI SIXOR \ SI=Index
APARAM CALL = DX DX .XOR SP BX MOV : 3 AX POP AX 'TP {1 MV
(=>nwd88) § [+8X] CX MV \.CX=count n BP=width 4 BP POP APARAM CALL  BP PUSH APARAM CALL  ACOMP CALL
.~ 4 [+BX] BP MOV {BX1'BX MN CX AX MOV AX DEC BP HUL . 5 TP (] AX MOV AX PUSH APARAM CALL ACOMP CALL
AX 51 ADD AX AX XOR é\n w d 88 n w d 80 n w d 08  from APARAN thrice.
1 #BP CHP E [F \ I-byte 7N\22720 18 16 14 12 18 8+ 4+ 4+ 2+ BX=SP =count AX=width
BEGIN CL [BX+511 MOV 8P 51 5UB LOOP 8 [BX] DI MOV 9 [+8X1 BP MOV 14 [+BX]} BX MOV \ DI=Dst BR,BX=Srcs
ELSE 2 # BP CMP E IF \ 2-byte 9 IHAX P EIF \ 1-byte
BEGIN CX [BX+51] MOV BP SI 5UB LOOP 18 BEGIN [BP+SI) AX MOV AH AH XOR (BX+51J AX ADD
ELSE 4 # BF IMP E IF \ 4-byte 1 AL [DII MOV 1 # DI ADD . 1 ¥ SI.ADD LOOP
BEGIN CX 2 (+BX+51] MY 8 # (BY+S[] MOV 12 ELSE 2 # AX CMP E IF \ 2-byte
BP SI 5U8 LOOP 13 BEGIN [BP+311 AX MOV [BX+S11 AX ADD
THEN THEN THEN 3P BX MOV @ # BX ADD BX 3P MOV 14 AX [DIJ MV 2 4 Df ADD 2 # SI ADD LOOP
'8P (] BP MOV 'SI [} SI HOV NEXT FORTH - 13 ==y

8lock 287 (72 i}

( 848433 FM 83/18 Array processing. Copying/Staring.)
CO0E A! ( “Src ‘Dst -7
BP 'BP [1 MOV SI !SI 11 MW SI 50 XOR *\ SI=Index
BP POP APARAM CALL BP PUSH  APARAM CALL ACOMP CALL
\n wd 8 n wd 88 from APARAM twice:
\ 14 12 18 8+ &+ 4+ 2+ BX=5P \ CX=count RX=wrdth
[BX] BP MOV 8 [+BX] BX MOV \ BX=3rc BP=Dst

18 AXCMP EIF -\ 1-byte .
BEGIN [BX+SI1 DL MOV DL [BP+S11 MOV AX SI.ADD LOOP
ELSE 2 4 AX CMP E IF \.2-byte
BEGIN [BX+51) DX MOV DX [BP+SI] MV AX SI ADD LOOP
ELSE 4 § AX (MP E [F \ 4-byte
BEGIN (BX+S51] DX MOV 0X  (BP+SI) MOV

2 [+BX+611 DX MOV DX 2 [+BP+S1] MOV. AX SI ADD LOOP
THEN THEN THEN SP BX MOV 14 # 8X ADD BX SP HOV
'8P [1 BP MOV !SI 1 SI MOV NEXT FORTH

-

Block 267 [74 .11

8 \ 848438 FM 10/18 Array processing. Array addition 2

1 ELSE 4 8 AX CMP E IF \ 4-byte

2 BEGIN [BP+SI1 AX MOV [BX+511 AX ADD

3 AX [DL] MOV 2 # DI ADD 2 % SI ADD

4 [BP+S13 DX MOV {BX+S[1 DX ADC

3 DX [DIT MY 24 DI ADD 24 Sl ADDLOOP

[ THEN THEN THEN SP BX MOV 24 % BX ADD BX SP MOV
7 'BP [} BP MOV !SI {1 S MOV NEXT FORTH

8 : AFILL - “ ANN RAYP ! BEY RAMP / SUE RAMP ;

9 ¢+ ACOPY 7 ANN “ ANT A! 7 BEV “ BE1 A! 7 SUE " SUT A!
10 : AADD 7 AN ANT Z AN2 A+ BEW ‘ BE1 ‘ BE2 A+

i * SUE 7 SUY 7 SU2 At ;
12+ A, N2 LBE2 802

13 \ Set start of indirect arrays
14 HEX ¢ GO A888. IS 0BASE ;

15 ¢ ATEST  AFILL ACOPY AADD A, ;

60 DECIMAL




