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ceForth

B ceForth was eForth written in C.

H ceForth_21 in Cygwin cpp needed
a Forth dictionary meta-complied
by F#.

B ceForth_33 in Visual Studio 2017
had a meta-compiler to build
Forth dictionary in runtime.




ceforth 403

H It was written by Chochain Lee as
a C++ console application in
Visual Studio 2019 Community.

H It runs in a console window like
an old-fashion Forth program
with an ADM3 terminal.




L . wineforth 502

B Chochain changed ceforth_403 to
wineforth 502.

H A simple Windows interface
allowed text in an input box to be
evaluated and output characters
are sent to an output box.




L 3 esp32forth_84

B Chochain ported wineforth_502
to ESP32 and it became
esp32forth_82.

HESP32 is now connected remotely
via WiFi.

B Improved speed and dictionary
space in esp32forth_84.



L s Firmware Engineering

H Forth Virtual Machine is coded in
a single esp32forth_84.ino file.

H Application Forth program is
stored in ESP32 flash memory as
a text file \data\load.txt.

B On power up, ESP32 compiles
load.txt to run an embedded
application.



L s Forth Virtual Machine

L‘l

B A set of Forth words stored in a
dictionary

H An outer interpreter

H An inner interpreter

H A return stack

H A parameter stack

HA terminal



i

L s Forth Virtual Machine

H Forth words are objects.

H Primitive words, outer interpreter,
and inner interpreter are all coded
in C++.

H Applications will be coded as
colon words.

B Code is very tight and looks like

poetry.
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esp32forth_84

HESP32 is no mainframe computer.

HItis meant for embedded
applications.

B OOP can be shoe-horned into an
ESP32 chip.

H It has a very nice web page to
control and program an ESP32
remotely.



ESP32S Devkit




@ esp3forth_24 | Arduine 1.8.15
File Edit Sketch Tools Help

espaZforth_B4

4 finclude <stdint.h>
5 #include <stdlib.h=
¢ |#include <string.h¥

finclude <exception»

ginclude "SPIFFS.R"™

i

1| FEF

L2 \Fif
13 typedef uintlé_t IU;
14 typedef int32 t ©DU;
15 typedef uintle t UlE;
le typedef uints_t U3;
L7 £

1z f/FF alignment macros
S| F5F
20 #define ALIGH(sz)

21 gdefine ALIGN3Z(s=z)
<

tinclude <WebServer . h>

A uintxx t

ff streol

S stromp

S try. . _catch, throw (disakle for le:

f/f flash memory

11 f/F logical units {(instead of physical) for type check and pos

Sf instruction pointer unit
Sf data unit
Sf unsigned le-bit integer

S byte, unsigned character

[{sz) + [-(s=z) & Oxl))
fisz) + (—-i{s=z) & Oxl£))

Arduino

IDE



@ esp32forth_84 | Arduine 1.8.15
File Edit Sketch Teools Help

esp32forth_84

4 ginclude <stdint_h= oy
5 ginclude <stdlib_h= oy
#include <string.h= s
7 f#include <exception> s
2 #include "SPIFFS.h™ £
S #include <WebServer_h>=
10 |\ fFF
11 f/Y logical units {(instead
12 | F75F
13 typedef uintlé t IU; £
14 typedef int3z t© DU; o
15 typedef uintleé_t ULE; o

le typede
rrri

uints_t  US;

F5F alignment macros
'y

20 fdefine ALIGH(s=z=)

21 #define ALIGHN3IZ (sz=)

i

{is=z) +
{is=) +

uintxx t
Strtcﬂ

StIromp

try...catch, throw (disakle for les:

flash memory

of physical) for type check and poa
instruction pointer unit

data unit

unsigned le-bit integer

byte, unsigned character

& Qxlid
& Oxl£))

(—is=z)

(—is=)

de32s, Default, B0MHz, 921600, Na

Arduino

IDE



Serial Monitor

@ coms — - >

| Send
i =10 TmEadU0T poRe

== : pl FE£E£f44010 poke

=< : pls 3££44014 poke ;

== z plc IE£E£440128 poke

== : plOen I££f44020 poke

== : plens 3£ff44024 poke ;

== : plenc 3I££f44028 poke ;

== : plen IE£4402c poke

<<  plens 3IE££44030 poke

== :z plenc 3I£ff44034 poke ;

==  pldin ZE£E£f4403c pesek . §

<<  plin ZE£44040 peek .

==  dwords { a —— atls )

= 2 for dup peek 53 .r 4 + next ;

== I pp ( a — atlzg )

el 7 for cr dup 5% _r space 4dwords next

== : ppp 2££44000 pp drop

<= I emits { m. — )}

<l 2 for 100 /mod swap 20 max 7e min emit next drop ;7

== = lechars { a — at+lsc 3}

e 32 for dup peek emits 4 + next ;

<= - pdump {( a m —— atn )

e 10 / for aft cr dup 5% _r space

= dup 4words drop space leéchars

= then next 7

B

<= decimal

== hush

B

e

o

B

S

o

Done loading.

espIZforths experimental 3

Core:l heaplmaxkblk=100140, avail=105540, ss5 max—=l, rs max—=l, pmex~7342], lowest[heap=55404, stack=&312]

Autoscroll [ ] Show timestamp Mewline e 115200 baud -~ Clear output




Serial Monitor

& com3 — O =

Send

ets Jun 2 201s 00:-22:57

rst:0xl (POWEROHN RESET)  kboot:0xl1l2 (SPI_FAST FLAESH BOOT)

configsip: 0, SPIWPE:Oxee

clk drw: 0200, g drvw:-0:x00, d drw:0x00, ocs0_drw:0x00, hd drw:-02x00, wp_drw: 000
mode :DIO, clock di-w:l

load:0x2£££0018, len:z 4

load:0x2£f£f£f001c, len:- 1044

load: 0240072000, len-10124

load: 0240020400, len:585¢

entry O0xd40020&saz

WiFi connected

IP Rddress: 152 .1le28.42.82

Booting esp3ZForth w8.2 ...

HTITP server started

Loading file: /fload.txt.__ <= cr .| example 1. the univrersal greeting )
e

=< decimal

B

<=  hello cr "™ hello, worldl!™ ;

e

=< cr .{ example 2. the kbig £ )

B

== - bar -1 T Rk kA

== : pPOoOsSt o "™ % "o

<<= : £ bar post bar post post post §
B

R

<= cr .f{ example 3. fig, forth interest group )
o

<< I center crx " & "oz

== : sides cxr "™ % w2

<= : triadl cx .™ * % *m o

<= : triadf cr .™ *¥ e

<<= I triad3 cx _"™ ¥ e o

== : triadd4 cr _™ kckowm o

<< I guart or "™ % www o

Autoscroll [ ] Show timestamp Mewline s | 115200 baud -~ Clear output




Serial Monitor

2 comz — | b
Send

dup 0 drop 1 over 2 swap 32 rot 4 pick 5 =r © r>= 7 r@ & Zdup I

Zdrop 10 Z2over 11 EZswap 12 + 13% * 14 — 15 4 1€ mod 17 *F 18 /smod 15

*/imod 20 and 21 or 22 xor 23 akbs Z4 negate 25 max 26 min 27 Z* Zg ZS 25

1+ =za 1— =21 o= 22 0= 33 0> 34 = 35 > 3 = 3T <> 3IZ >= 35

== 40 base@ 41 base! 42 hex 43 decimal 44 or 45 . 4 .r 47 u.r 43 _£ 45

key 50 emit 51 space 52 spaces 53 dovar 54 dolit 55 dostr 5€ dotstr 57 [ 52 1 55

{ €0* _{ €1* % €2 F"™ €32 ." €4* pkbranch €5 Okbranch €€ if €7% else €2% then ©S%

begin T70% again 71% until T72% while 73% repeat 74% donext 75 for TEY next T7Y aft TaY - To

§ B80%* create 21 wariakble 22 constant 23 c@ 24 o! 25 o, 26 w@ 287 w! 22 w, 295

@ 50 ! 31 , 52 allot 52 +! 54 7 55 exit 53€ exec 537 does S22 to 55

is 100 [to] 101 here 102 ucase 103 words 104 " 105 s 10€ see 107 damp 102 peek 105

poke 110 forget 111 clock 112 delay 113 pim 114 im 115 out 11€ adc 117 duty 112 attach 1159

setup 120 tone 121 bye 122 boot 123 hello 124 bar 125 post 128 £ 127 center 128 sides 125

triadl 120 triadZ 121 triad? 122 triad4d4 122 guart 124 right 125 kigt 12¢€ kigi 127 kbign 122 kbigg 125

fig 140 width 141 asterisks 142 rectangle 143 parallelogram 144 triangle 145 the 14&€ that 147 this 1428 jack 145
summary 150 flaw 151 mummery 152 k 153 ha=ze 154 phrase 155 bBluff 15& stuff 157 (theory) 152 buttom 1559
child 1€0 cybermnatics 1€l hiding l€2 lay 12 based l€d sawved 1€5 cloak le€€ thick 17 hung l€2 cowver 1&3
make 170 pushed 171 without 172 rest 173 cloaked 174 THEORY 175 guestion 17€ help 177 sex 1728 too 175
mach 1280 little 121 health 122 jok 1823 money 124 mt 185 Fnt 18€ rmk 127 Frmbk 122 hk 125

Fhk 190 gold 191 sgold 1592 silwver 1532 $silwer 1934 ocounce 155 dollars 19 £xo 157 oxf 198 weather 1559
conerow 200 mmltiply 201 julian 202 leap 2032 year 204 first 205 stars 2Z20€ header Z07 klanks 2028 4days 205
month Z10 january 211 february 212 march 213 april 214 may 215 june 2Z21¢€ july Z17 august 218 september Z15
october 220 nowvember 221 december 222 pi 223 10k 224 xs 225 kn 226 (sin) 227 (cos) 228 sinm 225

cos_ 230 sin 231 cos 2322 sgrt 2332 octal 234 binary 235 character 23€ lime 237 takle 232 rmnd 235

random 240 choose 241 myHumber 242 yourlumber 243 limit 244 guess 245 greet 24€ ppgn 247 delay 242 hush Z45
note 2Z50 ppgni@ 251 14 252 1.2 2Z53 1.8 Z54 374 2Z55 3,8 2Z5€ o 257 bS5 Z52 aS# Z55S

BSk 260 at 261 gs# 262 abbk 263 gt 264 £f5# 265 gtk 266 £5 2ZE7 e5 268 4d5# ZE59

eSSk 270 d5 271 o5& 272 d5b 273 cof 274 b4 275 bdbk 276 a4 27T a4 278 g4 275

adk Z20 g4 221 £44 222 gdb 222 £4 Z24 e4 225 d4f 226 edlk 22T d4d4 Z22 ocdf Z2S5

d4k ZS90 c—c4 251 B3 252 a3f 253 b3k 254 a3 Z55 g3 ZS5E€ a3k 25T g3 252 £3§ 2S5

g3k 200 £3 201 =3 302 4d3# 303 3k 304 43 305 coc3# 308 d3k 307 o3 302 B2 305

aZ#& 210 kZk 211 a2 =212 g2# =212 aZk 214 g2 215 £Z24 =21l gZk =17 £2 =212 =2 215

dZf 3220 eZb 321 d4d2 322 c2f 323 d2b 3224 c2 3225 blow 32€ ride 327 laser 328 warkble 325

wwail 330 wail 3231 kbird 332 updown 333 tones 334 fore 335 back 323€ left 33T right 338 stop I35

led 240 p0d 3241 plds 342 pldc 343 pl 344 pls 345 plcoc 34 plen 347 plens 342 plenc 345

plen 250 plens 3251 plenc 3252 pldin 3532 plin 354 4words 3255 pp 325€ ppp 257 emits 258 lechars 355

pdumnge IO <—1> ok

Core:1l heap[maxblk=535&02Z24, avail=10155&, ss mawx=1l, rs max=1l, pmer—7342], lowest[heap=53557&, stack=&312]

Autoscroll [ ] Show tmestamp Mewline - 115200 baud - Clear output
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E5P32Forth 8.02

Web Page

@ espl2forth x 4+ o = X
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Web Page

@ espilorth x +
<« C A Notsecure | 192.168.42.8

12 Apps (G Google eow Index to Texts & Tra..

ESE32Forth vBwords
dup 0 drop 1 over 2 swep 3
2drop 10 2owver 11 Zswap 12

1

1ega

1+ 30 1- 31 0= 32 0< 33 0> 34 6
4

<
<= 40 baszel 41 base! 42 hex 43 decimal 44 cr 45
key 50 emit 51 space 52 spaces 53 dowvar 54 dolit 55 dostr 56 dotatr 37 58 ] 59
{ 0% .{ &61* \ &2 " 63 .™ 64* branch &5 Obranch &6& if &7* else &3% then &9*
begin 70% again 71%* until 72%* while 73% repeat 74*% donext 75 for 76%* next 77% ait 7

; BO* create Bl variable 82 constant 83 cf 84 ¢! 85 ¢, 36 w@ B7 w! B3 w, 89

@90 ! 91 , 92 allot 93 +! 94 ? 95 exit 96 exec 97 does 98 to 99

iz 100 [te] 101 here 102 ucase 103 words 104 ' 105 .3 106 see 107 dump 108 peesk 109
poke 110 forget 111 clock 112 delay 113 pin 114 in 115 cut 116 ade 117 duty 118 att
getup 120 tone 121 bye 122 boot 123 helle 124 bar 125 post 126 £ 127 center 128 sid
triadl 130 triad2 131 triad3 132 triad4 133 guart 134 right 135 kigt 136 bigi 137 b
fig 140 width 141 asterisks 142 rectangle 143 parallelegram 144 triangle 145 the 14
summary 150 flaw 151 mummery 152 k 153 haze 154 phrase 155 bluff 156 stuff 157 (the
child 160 cybernatics 161 hiding 1462 lay 163 based 164 saved 165 cloak 166 thick 1é
make 170 pushed 171 without 172 rest 173 clcaked 174 THEQRY 175 guestion 176 help 1
much 1 little 1E1 heslth 182 job 183 money 184 nt 185 &nt 186 rmb 137 Srmb 188 hk
Shk 190 gold 191 &gold 192 silver 193 $3ilver 194 ounce 195 dollars 196 f>c 197 c>f
onercw 200 multiply 201 julian 202 leap 203 year 204 first 205 stars 206 header 207
month 210 januwary 211 february 212 march 213 april 214 may 215 june 216 july 217 an
cctober 220 november 221 december 222 pi 223 10k 224 xs 225 kn 226 (3in) 227 (ces)
cos_ 230 sin 231 cos 232 3agrt 233 octal 234 binary 235 character 236 line 237 table
randem 240 chocse 241 myNumber 242 yourNumber 243 limit 244 guesa 245 greet 246 ppg
note 250 ppgn@ 251 1/4 252 1/2 253 1/8 254 3/4 255 3/8 256 c6& 257 b5 258 aS5# 259

bSb 260 a5 261 g5% 262 adb 263 g5 264 £5# 265 gSb 266 £5 267 e5 268
esb 270 d5 271 cbh4 272 dSb 273 c5 274 b4 275 bdb 276 ad# 277 ad 279
adb 230 g4 281 f£44 232 gib 283 f4 234 ed 285 ddf 286 edb 237 d4 238 239
ddb 2 cd 291 b3 292 a3# 293 b3b 294 a3 295 g3# 2396 adb 297 g3 298 # 235
g3b 300 £3 301 e3 302 43¢ 303 e3b 304 43 305 c3# 306 d3b 307 c3 308 b2 309
a2 310 b2b 311 a2 312 g24 313 aZb 314 g2 315 f2¢ 316 g2b 317 f2 318 e2 318

d2$ 320 elb 321 d2 322 c24 323 d2b 324 c2 325 blow 326 ride 327 laser 328 warble 32
wvwail 330 wail 331 bird 332 updown 333 tones 334 fore 335 back 336 left 337 right 3
led 340 p0 341 pls 342 plc 343 pl 344 pla 345 plc 346 plen 347 plens 348 plenc 349
plen 350 plens 351 plenc 352 plin 353 plin 354 4words 355 pp 356 ppp 357 emits 358
pdump 360 <-1> ok

[ Gnews - Bring dow...

i B TxA [¥] Mewsmax - Breakin..

WV Parler Free Speech...
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Web Page

@ espilforth X +

€« C A Notsecure | 192.168.42.8

Apps G Google eew IndextoTexts & Tra. DM AETHER-5. O YouTube @&

ESE32Forth vBwords

dup 0 drop 1 over 2 swep 3 rot 4 pick 5 >r & > 7 r@ 8 2dup 9

2drop 10 2over 11 2swap 12 + 13 * 14 - 15 / 16 mod 17 */ 18 /

*/mod 20 and 21 or 22 xor 23 abs 24 negate 25 max 26 min 27 2* 23 2/ 29

1+ 30 1- 31 0= 32 0« 33 0> 34 = 35 > 36 < 37 <> 38 >= 39

<= 40 basef 41 base! 42 hex 43 decimal 44 cr 45 . 46 .r 47 u.r 43

key 50 emit 51 space 52 spaces 53 dowvar 54 dolit 55 dostr 56 dotstr o2 53 22

{ 60* .({ 61%* % 62 &" 63 ."™ 64* branch 65 Obranch 66 if &7* els= &8* then &9+

begin 70% again 71%* until 72* while 73* repeat 74* donext 75 for 76* next 77% aft 7

: BO* create Bl variable 82 constant 83 c@ 84 c! 85 ¢,
@ 90 ! 91 , 92 allot 93 +! 94 ? 95 exit 96 exec 97
iz 100 [te] 101 here 102 ucase 103 words 104 ' 105
poke
getup 120 tone 121 bye 122 boot 123 hello 124 bar 125 post 126 £ 127 center 128 sgid
triadl 130 triad2 131 triad3 132 triad4 133 guart 134 right 135 bigt 136 bigi 137 b
fig 140 width 141 asterisks 142 rectangle 143 paralleleogram 144 triangle 145 the 14
summary 150 flaw 151 mummery 152 k 153 haze 154 phrase 155 bluff 156 stuff 157 (the

36 Wk B7 w
doss 98 to 99

28 W
Ed w,

child 160 cybernatics 161 hiding 162 lay 163 based 164 saved 165 cloak 1b6 thick 16
make

170 pushed 171 w out 172 rest 173 cloaked 174 THEORY
little 181 health 132 job 183 money 184 nt 185 &n

onercw 200 multiply 201 julian 202 leap 203 year 204 first

month 210 january 211 februmary 212 march 213 april 214 may 215 june 216 Jjuly 217 au

october 220 november 221 december 222 pi 223 10k 224 x3 225 kn 226
cos_ 230 sin 231

{3in) 227
cog 232 agrt 233 octal 234 binary 235 character 236 line 237

{co3g)

random 240 chocse 241 myNumber 242 yourNumber 243 limit 244 guess 245 greet 246 ppg

note 250 ppon@ 251 1/4 252 1/2 253 1/8 254 3/4 255 3/8 256 c6 257 b5 258 a5# 259

bSh 5 261 g5+ 262 aSb 263 g5 264 £54 265 gSb 266 f5 267 =5 268 d45F 269

esb 5 271 c5# 272 d5b 273 c5 274 b4 275 bdb 2 7 278 g44 279

adb 2B1 f4# 2382 g4b 283 f4 284 e4 285 d44# 28 7 288 oA 9

d4b 291 b3 292 a3# 293 b3b 294 a3 295 g3# 296 a3b 297 g3 298 f£34 299

g3b 3¢ 301 3 302 d3# 303 e3b 304 d3 305 c34 306 d3b 307 3 308 b2 309

a2# 310 b2k 311 a2 312 g24 313 a2b 314 g2 315 £2# 316 g2b 317 £2 318 e2 u1~ .
dZ# 0 edb 321 d2 322 c2# 323 d2b 324 c2 325 blow 326 ride 327 laser 328 warble 32

vwail 330 wail 331 bird 332 updown 333 tones 334 fore 335 back 336 left 337 right 3{

led 340 p0 341 pOs 342 pOc 343 pl 344 pls 345 plc 346 plen 347 plens 348 plenc 349
plen 350 plens 351 plenc 352 plin 353 plin 354 4words 355 pp 356 ppp 357 emits 358
pdump 360 <-1> ok

.5 106 see 107 dump 103 pesk 109
110 forget 111 clock 112 delay 113 pin 114 in 115 cut 116 adc 117 duty 118 att|.

175 guestion 176 help 1
186 rmb 187 &rmb 188 hk
gold 191 égold 192 silver 193 $3ilver 194 ounce 195 dollars 196 f>c 197 c»f
205 stars 206 headsr 207|°

table|:

cr L

cr .( example 2

center cr ."
sides ecr "
triadl cr ."
triad2 er ."
triad3 cr ."
triad4 cr ."
quart cr ."
right cr ."
bigt bar ce
center ;
bigi center
center
bign sides
sides

( example 4.

variable width
asterisks to print )

fig, forth interest group

= w
* ®n
£ ® m
£ &N
* xx"

www 0
8 kED
£ wExm

nter center center center center
center center center center center

triad2 triad2? triadl triad3 triad2

fig f bigi bigg ;

repeated patterns )

( number of

Gnews - Bring dow.. & B i kR m Mewsmax — Breakin...
cr . example 1. the universal greeting )
decimal
hello cr ." hello, world!™ ;
cr .( example 2. the big f )
bar cp 7 FEEEET
post cr " F "y
f bar post bar post post post 3

)

J

bigeg triad4 sides post right triadl sides triad4

WY Parler Free Speech...

* » @

>

X
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@ espilorth x +

& C A Notsecure | 192.168.42.8

- ~

HE Apps G Google ew IndextoTexts & Tra. DM AETHER-E. @ YouTube
usE
eZb
dz
ci#
nstant dzb
65 constant c2

: blow

g2 1/4 g2 1/4 a2 1/8 g2 3/8 e2 1/4 c2 1/4 e2 1/4 g2 3/3
a2 1/8 gZ 1/4 =2 1/2

c2 Z 374 a2

f2 Z 1/4 dZ 1/2
d2 2 1/4 £2

el Z 1/4 el

d2 Z 1/4 g2

g2 2 1/4 22 3/

d2 Z 3/4 hush ;

c2 1/4 3/8 c2 3/8

d2¢ 1, 2 3/8 d2# 3/8

g2 1/4 g2 3/8 =2¢ 3/8

d2¢ 1/4 d2# 173 g2 3/4 hush

: lasger

for dup 120 - 1 20 */ 120 swap
for dup 0 tone 20 + 30000 delay
next drop

next drop hush ;

{ 400 10 laser )

: warble

for dup 120 - 1 20 */ 120 swap
for dup 0 tone

20 +
next drop

next drop hush ;

{ 800 10 warble )} <-1> ok

<-1» ok

<-1» ok

ER  ° Type here to search . G

@, Gnews - Bring dow...

Web Page
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Im—

Demo

B ESP32S Devkit
B Arduino IDE

B WIiFi connection
B Motor drives
HLEDs

B Small speaker
HADC




L ; Conclusion

i

=1 DA

B ESP32S Devkit is by far the most
powerful and the cheapest
microcontroller kit.

H Esp32forth_84 allows us to
develop embedded or IoT
applications very conveniently.

HIt is the best system for
firmware engineering.



Im—

Thank You!



