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What is R4RS ?
• 164 essential procedures  

• 18 essential syntaxes 

• file I/O procedures 

• rest parameters 

• Quasiquote, unquote 
unquote-splicing 

• call/cc, load (eval)

And how big is it ?

• 5th Scheme standard 

• First "modern Scheme"

1991



How small is 7KB ?



How small is 7KB ?
• 164 essential procedures  

• 18 essential syntaxes 

• file I/O procedures 

• rest parameters 

• Quasiquote, unquote 
unquote-splicing 

• call/cc, load (eval)



       What is Ribbit ? 1
How we enhanced Ribbit 
to fit a REPL in 7Kb ? 2

A Scheme implementation based on a 
custom VM that is: 

• Compact  

• Extensible 

• Portable

• Fully R4RS compliant 

• Novel encoding 

• Compression 

• x86 Host

Presentation Outline



Origins of Ribbit
• Original motivation: fascinating sectorlisp project 

• LISP interpreter + GC that fits in a 512 byte 
bootsector!

https://github.com/jart/sectorlisp
More a curiosity than practical 

because it is not portable or 
extensible



Ribbit is Portable
• Portability of a VM can be defined as:


• Environment usually means a combination of operating system 
and hardware architecture

Implement the Ribbit VM (RVM) in several host languages and 
make it easy to port the VM to a new one (2-3 days)

Our approach

The effort required by a programmer to get the VM 
working in a different environment



rvm_code: "…",0 
… 
loop: 
         … 
         jmp 
loop

rvm.asm

rvm_code = "…"; 
… 
while (true) { 
  … 
}

rvm.js

char *rvm_code = "…"; 
… 
while (1) { 
  … 
}

rvm.c

rvm.clj rvm.lisp rvm.hs rvm.jl rvm.lua rvm.ml rvm.scala rvm.scm rvm.zig rvm.sh
… … … … … … … … … …

rvm.py
…

Ribbit is Portable



Ribbit is Extensible
(cond-expand  
  ((host py) 
   (define-primitive (square x) 
     "lambda: push(pop()**2)")) 
   
  ((host c)  ;; C host 
   (define-primitive (square x) 
     "{  
         int x = pop();  
         push(x*x);  
         break; 
      }")) 
  …) 

(square 3) ;; 9 

• Primitives can be defined with a 
special form   define-primitive 

• Can be used as an Foreign Function 
Interface (FFI) 

Python host

C host



Ribbit is Compact

VMIL (SPLASH) 2021

Ribbit has already shown its 
compactness : 

However … 

- Subset of R4RS 

- No file I/O, no rest parameters, no 
characters 

- 4KB is with the JavaScript host 

- Not user-friendly (no type checking)



Ribbit is Compact
6.1: not, boolean? 

6.2: eqv?, eq?, equal? 

6.3: pair?, cons, car, cdr, set-car!, set-cdr!, caar, cadr, cdar, cddr, caaar, caadr, 
cadar, caddr, cdaar, cdadr, cddar, cdddr, caaaar, caaadr, caadar, caaddr, cadaar, cadadr, 
caddar, cadddr, cdaaar, cdaadr, cdadar, cdaddr, cddaar, cddadr, cdddar, cddddr, null?, 
list?, list, length, append, reverse, list-ref, memv, memq, member, assv, assq, assoc 

6.4: symbol?, symbol->string, string->symbol 

6.5: number?, complex?, real?, rational?, integer?, exact?, inexact?, =, <, 
>, <=, >=, zero?, positive?, negative?, odd?, even?, max, min, +, *, -, /, 
abs, quotient, remainder, modulo, gcd, lcm, floor, ceiling, truncate, round, 
number->string, string->number 

6.6: char?, char=?, char<?, char>?, char<=?, char>=?, char-ci=?, char-ci<?, char-ci>?, 
char-ci<=?, char-ci>=?, char-alphabetic?, char-numeric?, char-whitespace?, 
char-upper-case?, char-lower-case?, char->integer, integer->char, char-upcase, 
char-downcase 

6.7: string?, make-string, string, string-length, string-ref, string-set!, string=?, 
string<?, string>?, string<=?, string>=?, string-ci=?, string-ci<?, string-ci>?, 
string-ci<=?, string-ci>=?, substring, string-append, string->list, list->string 

6.8: vector?, make-vector, vector, vector-length, vector-ref, vector-set!, vector->list, 
list->vector 

6.9: procedure?, apply, map, for-each, call/cc, call-with-current-continuation 

6.10: call-with-input-file, call-with-output-file, input-port?, output-port?, 
current-input-port, current-output-port, open-input-file, open-output-file, 
close-input-port, close-output-port, read, read-char, peek-char, eof-object?, write, 
display, newline, write-char, load, eval 

6.1: not, boolean? 

6.2: eqv?, eq?, equal? 

6.3: pair?, cons, car, cdr, set-car!, set-cdr!, caar, cadr, 
caddr, cdaar, cdadr, cddar, cdddr, caaaar, cadddr, list, 
length, list-ref 

6.4: symbol?, symbol->string, string->symbol 

6.5: =, <, >, <=, >=, +, *, -, quotient, number->string, 
string->number 

6.7: string?, make-string, string-length, string-ref, 
string-set!, string->list, list->string 

6.8: vector?, make-vector, vector, vector-length, 
vector-ref, vector-set!, vector->list, list->vector 

6.9: procedure?, call/cc, call-with-current-continuation 

6.10: read, read-char, peek-char, eof-object?, write, 
display, newline 

Previous REPL New REPL

R4RS library

59 procedures

164 procedures



Ribbit is Compact
Liveness analysis

;; Library 
(define (display obj . rest) 
  …) 

(define (read . rest) 
   …) 

;; Source program 
(display "hello world")

primitives = [ 
 prim3(lambda z,y,x:[x,y,z]), # Primitive ##rib 
 prim1(lambda x:x),      # Primitive ##id 
 ... 
 prim1(putchar), # Primitive ##* 
 ... 
]

Inside the source code

Inside the RVM

And other techniques, such as : 
  

Not including the name of unneeded symbols 
Having a compact encoding…



Let’s look closer…



+

prog.scm

(write "hello")

lib.scm

(define (write obj) 
  …) 

(define (eval expr) 
  …)

Overview of Ribbit system

rvm_code = "#esolc##,2gra…"; 
… 
while (true) { 
  … 
}

prog.js :

rvm_code = "<rvm code here>"; 
… 
while (true) { 
  … 
}

rvm.js

TEMPLATE

Ribbit AOT compiler

• parsing 
• expansion 
• dead code 

elimination 
• Optimizations

Serialization

#esolc##,2gra##,*##,di#
#,1gra##,<##,-##,f,,, 
,bir##;’u!’,>?l_^+l~@m 
^{Ak!+:lkl!*:lkm!-:lkn 
!.:lko!):lkp!,:lkr!(:l 
kq{

3. Ribbit Intermediate 
Representation 

(RIBN)
2. RVM code graph1. Parsing & optimization



Ribbit VM overview
• To simplify memory management, all data is 

built out of triplets called ribs including 
Scheme objects, the RVM code, and the 
RVM stack


• Simple stack machine with 5 instructions:  
  jump/call var,  get var,  set var,  
const value,  if label


• Small set of 18 primitive procedures:  
  rib?  field[0/1/2]  
  rib   field[0/1/2]-set!  
  id    arg1  arg2  close  
  eqv?  + -   * <   quotient  



Execution example 16

1

nparams

5

01 2

23
const

get

0
call

4
if

2
namevalue

3
lengthchars

1

1

envcode

envcode

06013
<

13
const

0
jump

2
namevalue

3
lengthchars

0

11

< primitive

id primitive
envcode

empty list

02
get

12

13
const

get

0
call

0
call

2
namevalue

3
lengthchars

1

0102
f

2
namevalue

3
lengthchars

1

1
envcode

04515
-

- primitive

0
jump

2
namevalue

3
lengthchars

1

1
envcode

04216
*

* primitive

0

nil

nilnil

nil

nil

nil

pc

stack 7 0 8 0 8 0
pcstack

9 0 9 0
pcstack

factorial procedure

0

ret

10 0 10 0
pcstack

… …

don’t 
care

don’t 
care

symbol -

symbol f

symbol <

symbol id

symbol *

don’t 
care

don’t 
care

don’t 
care

don’t 
care

don’t 
care

;; source program  
 
(define f 
  (lambda (x) 
    (if (< x 2) 
        1 
        (* x (f (- x 1)))))) 
 
(f 10)



Typical RVM: rvm.py
17
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Typical RVM: rvm.py
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Ribbit’s Encoding

Symbol Table

Decoding instructions

#esolc##,2gra##,*##,di##,1gra##,<
##,-##,f,,,,bir##;’u!’,>?l_^+l~@m 
^{Ak!+:lkl!*:lkm!-:lkn!.:lko!):lk 
p!,:lkr!(:lkq{



Ribbit’s Encoding

Symbol Table

Decoding instructions

• The symbol-table is constructed from 
left to right 

• Symbol’s names are encoded in 
reverse order, separated by “,”

Symbol Table

#esolc##,2gra##,*##,di##,1gra##,<
##,-##,f,,,,bir##;’u!’,>?l_^+l~@m 
^{Ak!+:lkl!*:lkm!-:lkn!.:lko!):lk 
p!,:lkr!(:lkq{



Ribbit’s Encoding

Symbol Table

Decoding instructions

0

0

0

0

0

0

5 3
035

…

2

2

2

2

2

2

1 3

4 3

NIL

0102 

NIL

035

0 3

#esolc##,2gra##,*##,di##,1gra##,<
##,-##,f,,,,bir##;’u!’,>?l_^+l~@m 
^{Ak!+:lkl!*:lkm!-:lkn!.:lko!):lk 
p!,:lkr!(:lkq{

List of symbols

Symbol ##rib

tag

Anonymous symbol

tag 

Anonymous symbol

Anonymous symbol

Symbol f

Symbol ##-

tag 

tag 

tag 

tag 

tag 

String "##rib"

Empty string 

String  "f"

String  "##-"

length

length tag

0114

0105

098

035

045

NIL

NIL



Ribbit’s Encoding

Symbol Table

Decoding instructions

0

0

0

0

0

0

5 3
035

…

2

2

2

2

2

2

1 3

4 3

NIL

0102 

NIL

035

0 3

#esolc##,2gra##,*##,di##,1gra##,<
##,-##,f,,,,bir##;’u!’,>?l_^+l~@m 
^{Ak!+:lkl!*:lkm!-:lkn!.:lko!):lk 
p!,:lkr!(:lkq{

List of symbols

Symbol ##rib

tag

Anonymous symbol

tag 

Anonymous symbol

Anonymous symbol

Symbol f

Symbol ##-

tag 

tag 

tag 

tag 

tag 

String "##rib"

Empty string 

String  "f"

String  "##-"

length

length tag

0114

0105

098

035

045

NIL

NIL

Global variables (to be set later on)



Instructions of the decoding stack machine
Ribbit’s Encoding



Serialization
RVM code encoding

Decoding instructions

#esolc##,2gra##,*##,di##,1gra##,<##,
-##,f,,,,bir##;'u!',>?l_^+l~@m^{Ak!
+:lkl!*:lkm!-:lkn!.:lko!):lkp!,:lkr!
(:lkq{

STACK



Decoding instructions
Ribbit’s Encoding

Decoding instructions

#esolc##,2gra##,*##,di##,1gra##,<##,
-##,f,,,,bir##;'u!',>?l_^+l~@m^{Ak!
+:lkl!*:lkm!-:lkn!.:lko!):lkp!,:lkr!
(:lkq{

STACK
arg = 4 - 0 = 4

0

0

0

0

0

0

2

2

2

2

2

Symbol table

00



Decoding instructions
Ribbit’s Encoding

Decoding instructions

#esolc##,2gra##,*##,di##,1gra##,<##,
-##,f,,,,bir##;'u!',>?l_^+l~@m^{Ak!
+:lkl!*:lkm!-:lkn!.:lko!):lkp!,:lkr!
(:lkq{

STACK
arg = 72 - 82 = 10

00

2

3 10



Decoding instructions
Ribbit’s Encoding

Decoding instructions

#esolc##,2gra##,*##,di##,1gra##,<##,
-##,f,,,,bir##;'u!',>?l_^+l~@m^{Ak!
+:lkl!*:lkm!-:lkn!.:lko!):lkp!,:lkr!
(:lkq{

STACK
arg = 4

00

2

3 101

2



Decoding instructions
Ribbit’s Encoding

Decoding instructions

#esolc##,2gra##,*##,di##,1gra##,<##,
-##,f,,,,bir##;'u!',>?l_^+l~@m^{Ak!
+:lkl!*:lkm!-:lkn!.:lko!):lkp!,:lkr!
(:lkq{

STACK
arg = 9 - 0 = 9

00

2

3 101

2

00

2



Decoding instructions
Ribbit’s Encoding

Decoding instructions

#esolc##,2gra##,*##,di##,1gra##,<##,
-##,f,,,,bir##;'u!',>?l_^+l~@m^{Ak!
+:lkl!*:lkm!-:lkn!.:lko!):lkp!,:lkr!
(:lkq{

STACK

1

NIL



       What is Ribbit ? 1
How we enhanced Ribbit 
to fit a REPL in 7Kb ? 2

A Scheme implementation based on a 
custom VM that is : 

• Compact  

• Extensible 

• Portable

• Fully R4RS compliant 

• Novel encoding 

• Compression 

• x86 Host

Presentation Outline



The journey to 7KB

18 KB

0 KB



Writing R4RS

We improved the way we wrote R4RS :


• Higher order procedures


• Using numbers instead of character literals (boxed)

with style

18 KB

0KB

14 KB



Ribbit’s Encoding

The enhanced encoding is : 


• Using all 256 codes per byte rather than 92 


• DAG code graph no longer tail duplicated 


• The encoding is specialized to the source code

Enhancements

18 KB

0KB

14 KB

9 KB



SHARE instruction
Ribbit’s Encoding

18 KB

0KB

9 KB



SHARE instruction
Ribbit’s Encoding

(lambda (n) 
  (let ((sign (if (< n 0) -1 1))) 
    (* sign n)))

const
3 -1

2
get const

3 00 3 2 0 4
const call if const

3 1 2 0 2 2 3 2
get get const

0 0
jump

arg countarg count

2 0 2 2 3 2
get get const

0 0
jump

arg count

< symbol

* symbol

2
get const

3 00 3 2 0 4
const call if

3 -1
const

const
3 1 2 0 2 2 3 2

get get const
0 0

jump

arg countarg count

(< n 0) (* sign n)

< symbol * symbol

With SHARE

Without SHARE

18 KB

0KB

9 KB



Instruction specialization
Ribbit’s Encoding 18 KB

0KB

9 KB



Instruction specialization
Ribbit’s Encoding 18 KB

0KB

9 KB



Instruction specialization
Ribbit’s Encoding

  INSTRUCTION      SIZES  START 
(((jump int short)   5    0) 
 ((jump int long)    1    5) 
 ((jump sym short)   11   6) 
 ((jump sym long)    2    17) 
 ((call int short)   5    19) 
 ((call int long)    1    24) 
 ((call sym short)   15   25) 
 ((call sym long)    2    40) 
 ((set int short)    4    42) 
 ((set int long)     1    46) 
 ((set sym short)    0    47) 
 ((set sym long)     2    47) 
 ((get int short)    7    49) 
 ((get int long)     1    56) 
 ((get sym short)    4    57) 
 ((get sym long)     2    61) 
 ((const int short)  11   63) 
 ((const int long)   3    74) 
 ((const sym short)  0    77) 
 ((const sym long)   1    77) 
 ((const proc short) 7    78) 
 ((const proc long)  1    85) 
 ((skip int short)   3    86) 
 ((skip int long)    1    89) 
 (if                 1    90)) 



Instruction specialization
  INSTRUCTION      SIZES  START 
(((jump int short)   5    0) 
 ((jump int long)    1    5) 
 ((jump sym short)   11   6) 
 ((jump sym long)    2    17) 
 ((call int short)   5    19) 
 ((call int long)    1    24) 
 ((call sym short)   15   25) 
 ((call sym long)    2    40) 
 ((set int short)    4    42) 
 ((set int long)     1    46) 
 ((set sym short)    0    47) 
 ((set sym long)     2    47) 
 ((get int short)    7    49) 
 ((get int long)     1    56) 
 ((get sym short)    4    57) 
 ((get sym long)     2    61) 
 ((const int short)  11   63) 
 ((const int long)   3    74) 
 ((const sym short)  0    77) 
 ((const sym long)   1    77) 
 ((const proc short) 7    78) 
 ((const proc long)  1    85) 
 ((skip int short)   3    86) 
 ((skip int long)    1    89) 
 (if                 1    90)) 

test.js

> ./rsc -t js fibo.scm -o test.jsEncodes range information

Ribbit’s Encoding



Decoding instruction specialization
Ribbit’s Encoding

• The best encoding can be determined by the compiler and 
injected into the RVM with annotations


• The compiler can compute the ranges that generate the 
fewest long encoding instructions


• This minimizes the code overall



LZSS
Ribbit’s Compression

• LZSS is a compression algorithm that uses back pointers to 
refer to part of text that has already been seen

I am Sam I am S(4,2)

The difficulty : Encoding the backpointers !

18 KB

0KB

6.5 KB

9 KB



LZSS encoding
Ribbit’s Compression

Range for encoding instructions Range for compression

0 k 255

Decided by the compiler

(length, offset) => offset * size-base + length

Encoding of back-pointers

Decoding of back-pointers

offset = (quotient backpointer-value size-base) 
length = (+ 3(modulo backpointer-value size-base)) 

+ Next byte
Back-pointers are encoded 

on 2 bytes 



LZSS decoding
Ribbit’s Compression



LZSS decoding
Ribbit’s Compression

50 LOC in x86 assembly !

Injected by the compiler



Results

$ ./repl 
> (define x (open-output-file "test_file")) 
> (display “hello TFP !" x) 

$ cat test_file 
hello TFP ! 

$ ls -la ./repl 
-rwxr-xr-x 1 501 lp 6624 Sep  2 09:37 ./repl



Results



Future work

R7RS in 15 to 30 KB ? 
Generating RVMs with LLM ?


