
CMSC 430 - 8 Oct 2026
Array data

• Hoax - Vectors and strings




CMSC 430 - 8 Oct 2026
Announcements

• Exam 1 grades posted

• Assignment 4 due tonight, midnight

• Assignment 5 released; due Thursday

• New quiz out, due Thursday before class

• Reminder: Tuesday is a holiday



Hints for Assignment 5
Some thoughts on the assignment

• Determining if something is a list requires traversing it

• Computing the length of a list requires traversing it

• Temporal and spatial ordering of memory reads/writes can be arbitrary


• You can write the elements starting from the end

• You can write the length last, etc.


• Working examples out on paper will get you there faster

• Draw the memory you expect


• Using static data to make examples that you interactively develop can help

• All of the primitives can be implemented in a single pass over input and without allocating temporary 

memory (i.e. only allocating the output value)

• Reference solution < 90 LOC

• Programming in assembly sucks, someone should develop a high-level… oh



Hoax



Hoax: Adding vectors
Concrete examples

#lang racket
(require hustle)
(require hustle/compile-ops)

;(compile-op2 'cons)

(make-vector 3 #t)             ;=> '#(#t #t #t)
(let ((v (make-vector 3 #t)))
  (vector-ref v 0))            ;=> #t
(let ((v (make-vector 3 #t)))
  (vector-ref v 3))            ;=> err
(let ((v (make-vector 3 #t)))
  (vector-length v))           ;=> 3
(let ((v (make-vector 3 #t)))
  (begin (vector-set! v 0 #f)
         v))                   ;=> '#(#f #t #t)
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Hoax: Adding vectors
AST additions

#lang racket
(provide Lit Prim0 Prim1 Prim2 Prim3 If
         Eof Begin
         Let Var)
;; type Expr = (Lit Datum)
;; | (Eof)
;; | (Prim0 Op0)
;;           | (Prim1 Op1 Expr)
;;           | (Prim2 Op2 Expr Expr)
;;           | (Prim3 Op3 Expr Expr Expr)
;;           | (If Expr Expr Expr)
;;           | (Begin Expr Expr)
;;           | (Let Id Expr Expr)
;;           | (Var Id)

;; type ClosedExpr = { e ∈ Expr | e contains no free variables }

;; type Id = Symbol
;; type Datum = Integer
;;            | Boolean
;; | Character
;; | '()
;;            | String
;; type Op0 = 'read-byte | 'peek-byte | 'void
;; type Op1 = ...
;; | 'vector? | 'vector-length
;; type Op2 = ...
;;          | 'make-vector | 'vector-ref
;; type Op3 = 'vector-set!

(struct Eof () #:prefab)
(struct Lit (d) #:prefab)
(struct Prim0 (p) #:prefab)
(struct Prim1 (p e) #:prefab)
(struct Prim2 (p e1 e2)  #:prefab)
(struct Prim3 (p e1 e2 e3)  #:prefab)
(struct If (e1 e2 e3) #:prefab)
(struct Begin (e1 e2) #:prefab)
(struct Let (x e1 e2) #:prefab)
(struct Var (x) #:prefab)
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Hoax: Adding vectors
Semantic additions

#lang racket
(provide interp)
(require "ast.rkt")
(require "interp-prim.rkt")
(require "env.rkt")

;; type Value = ...
;; | (vector Value ...)

;; type Answer = Value | 'err

;; type Env = (Listof (List Id Value))

(define (err? x) (eq? x 'err))
;; ClosedExpr -> Answer
(define (interp e)
  (with-handlers ([err? identity])
    (interp-e e '())))
;; Expr Env -> Value { raises 'err }
(define (interp-e e r) ;; where r closes e
  (match e
    [(Var x) (lookup r x)]
    [(Lit d) d]
    [(Eof)   eof]
    [(Prim0 p)
     (interp-prim0 p)]
    [(Prim1 p e)
     (interp-prim1 p (interp-e e r))]
    [(Prim2 p e1 e2)
     (interp-prim2 p
                   (interp-e e1 r)
                   (interp-e e2 r))]
    [(Prim3 p e1 e2 e3)
     (interp-prim3 p
                   (interp-e e1 r)
                   (interp-e e2 r)
                   (interp-e e3 r))]
    [(If e1 e2 e3)
     (if (interp-e e1 r)
         (interp-e e2 r)
         (interp-e e3 r))]
    [(Begin e1 e2)
     (begin (interp-e e1 r)
            (interp-e e2 r))]
    [(Let x e1 e2)
     (let ((v (interp-e e1 r)))
       (interp-e e2 (ext r x v)))]))
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Hoax: Adding vectors
Semantic additions

;; Op2 Value Value -> Value { raises 'err }
(define (interp-prim2 op v1 v2)
  (match (list op v1 v2)
    #;...

[(list 'make-vector (? integer?) _)
     (if (<= 0 v1)
         (make-vector v1 v2)
         (raise 'err))]
    [(list 'vector-ref (? vector?) (? integer?))
     (if (<= 0 v2 (sub1 (vector-length v1)))
         (vector-ref v1 v2)
         (raise 'err))]))

;; Op3 Value Value Value -> Value { raises 'err }
(define (interp-prim3 p v1 v2 v3)
  (match (list p v1 v2 v3)
    [(list 'vector-set! (? vector?) (? integer?) _)
     (if (<= 0 v2 (sub1 (vector-length v1)))
         (vector-set! v1 v2 v3)
         (raise 'err))]
    [_ (raise 'err)]))

;; Any -> Boolean
(define (codepoint? v)
  (and (integer? v)
       (or (<= 0 v 55295)
           (<= 57344 v 1114111))))
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Hoax: Adding vectors
Semantic additions

;; Op2 Value Value -> Value { raises 'err }
(define (interp-prim2 op v1 v2)
  (match (list op v1 v2)
    #;...

[(list 'make-vector (? integer?) _)
     (if (<= 0 v1)
         (make-vector v1 v2)
         (raise 'err))]
    [(list 'vector-ref (? vector?) (? integer?))
     (if (<= 0 v2 (sub1 (vector-length v1)))
         (vector-ref v1 v2)
         (raise 'err))]))

;; Op3 Value Value Value -> Value { raises 'err }
(define (interp-prim3 p v1 v2 v3)
  (match (list p v1 v2 v3)
    [(list 'vector-set! (? vector?) (? integer?) _)
     (if (<= 0 v2 (sub1 (vector-length v1)))
         (vector-set! v1 v2 v3)
         (raise 'err))]
    [_ (raise 'err)]))

;; Any -> Boolean
(define (codepoint? v)
  (and (integer? v)
       (or (<= 0 v 55295)
           (<= 57344 v 1114111))))
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Encoding pointer values (Hoax)
Type tag in least significant bits

61-bits for address

Cons

Box100

01061-bits for address

Vector11061-bits for address

String00161-bits for address



Creating a vector
A vector is a tagged pointer to a sized array of values in memory

vect
rax

3 #t #t #t

heap

3

Welcome to DrRacket, version 8.18 [cs].
Language: racket, with debugging; memory limit: 4096 MB.
> (compile-op2 'cons)
(list
(Mov (Mem 'rbx 8) 'rax)
(Pop 'rax)
(Mov (Mem 'rbx 0) 'rax)
 (Mov 'rax 'rbx)
(Xor 'rax 2)
(Add 'rbx 16))
> (exec (parse '(cons #t #f)))
'(#t . #f)
> (compile-op1 'box)
(list
 (Mov (Mem 'rbx) 'rax)
 (Mov 'rax 'rbx)
 (Xor 'rax 1)
 (Add 'rbx 8))
> (exec (parse '(box 10)))
'#&10
> (require hoax)
> (exec (parse '(make-vector 3 #t)))
'#(#t #t #t)
> 



Making an example vector
Write 4 words of memory

#lang racket
(require hoax hoax/executor/host a86)

(run
 (prog
  (Global 'entry)
  (Label 'entry)
  (Push rbx)
  (Mov rbx rdi)

  ; create '#(#t #f 99)
  (Mov rax (value->bits 3))
  (Mov (Mem rbx 0) rax)
  (Mov rax (value->bits #t))
  (Mov (Mem rbx 8) rax)
  (Mov rax (value->bits #f))
  (Mov (Mem rbx 16) rax)
  (Mov rax (value->bits 99))
  (Mov (Mem rbx 24) rax)
  (Mov rax rbx)
  (Xor rax type-vect)
  (Add rbx 32)

  (Lea rax (Mem 'myvect type-vect))

  (Pop rbx)
  (Ret)

  (Data)
  (Label 'myvect)
  (Dq (value->bits 3))
  (Dq (value->bits #t))
  (Dq (value->bits #f))
  (Dq (value->bits 99)))

 )
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Accessing parts of a vector
Assume rax holds a vector, index is in bounds

#lang racket
(require hoax a86)

(run
 (prog (Global 'entry)
       (Label 'entry)
       ; create '#(#t #f 99)
       (Mov rax (value->bits 3))
       (Mov (Mem rbx 0) rax)
       (Mov rax (value->bits #t))
       (Mov (Mem rbx 8) rax)
       (Mov rax (value->bits #f))
       (Mov (Mem rbx 16) rax)
       (Mov rax (value->bits 99))
       (Mov (Mem rbx 24) rax)
       (Mov rax rbx)
       (Xor rax type-vect)
       (Add rbx 32)

       ;; access vector-length
       (Mov rax (Mem rax (- type-vect)))

       ;; access first element (index 0)
       (Mov rax (Mem rax (- 8 type-vect)))

       ;; access second element (index 1)
       (Mov rax (Mem rax (- 16 type-vect)))

       ;; access third element (index 2)
       (Mov rax (Mem rax (- 24 type-vect)))
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Accessing parts of a vector
Check rax holds a vector, assume index is in bounds

#lang racket
(require hoax a86 hoax/compiler/assert
hoax/compiler/compile-ops)

(run
 (prog (Global 'entry)
       (Label 'entry)
       ; create '#(#t #f 99)
       (Mov rax (value->bits 3))
       (Mov (Mem rbx 0) rax)
       (Mov rax (value->bits #t))
       (Mov (Mem rbx 8) rax)
       (Mov rax (value->bits #f))
       (Mov (Mem rbx 16) rax)
       (Mov rax (value->bits 99))
       (Mov (Mem rbx 24) rax)
       (Mov rax rbx)
       (Xor rax type-vect)
       (Add rbx 32)

       ;; access vector-length
       (assert-vector rax)
       (Mov rax (Mem rax (- type-vect)))

       ;; access first element (index 0)
       (assert-vector rax)
       (Mov rax (Mem rax (- 8 type-vect)))

       ;; ...
              
       (Ret)
       ;; Error handler
       (Label 'err)
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Welcome to DrRacket, version 9.2 [cs].
Language: racket, with debugging; memory limit: 4096 MB.
'err
> (assert-vector 'rax)
(list
(Push 'rax)
(And 'rax 7)
(Cmp 'rax 3)

 (Pop 'rax)
(Jne 'err))

> 



Implementing vector-length primitive
Vector is in rax['box? (type-pred ptr-mask type-box)]
    ['vector? (type-pred ptr-mask type-vect)]
    ['string? (type-pred ptr-mask type-str)]
    ['vector-length
     (seq (assert-vector rax)
          (Mov rax (Mem rax (- type-vect))))]
    ['string-length
     (seq (assert-string rax)
          (Mov rax (Mem rax (- type-str))))]))

;; Op2 -> Asm
(define (compile-op2 p)
  (match p
    ['+
     (seq (Pop r8)
          (assert-integer r8)
          (assert-integer rax)
          (Add rax r8))]
    ['-
     (seq (Pop r8)
          (assert-integer r8)
          (assert-integer rax)
          (Sub r8 rax)
          (Mov rax r8))]
    ['<
     (seq (Pop r8)
          (assert-integer r8)
          (assert-integer rax)
          (Cmp r8 rax)
          if-lt)]
    ['=
     (seq (Pop r8)
          (assert-integer r8)
          (assert-integer rax)
          (Cmp r8 rax)
          if-equal)]

68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103



Implementing vector-ref primitive
Vector is on stack, index is in rax

(Sub r8 8)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-vect)  ; create tagged
pointer
            (Add rbx r9)         ; acct for
elements and stored length
            (Add rbx 8)
            (Label theend)))]

['vector-ref
     (seq (Pop r8)
          (assert-vector r8)
          (assert-natural rax)
          (Mov r9 (Mem r8 (- type-vect)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 1)
          (Mov rax (Mem r8 rax (- 8 type-vect))))]
    
    ['make-string
     (let ((nonzero (gensym 'nz))
           (loop (gensym 'loop))
           (theend (gensym 'theend)))
       (seq (Pop r8)
            (assert-natural r8)
            (assert-char rax)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-str))
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Implementing vector-set! primitive
Vector is on stack, index is next on stack, new element in rax

(seq (Pop r8)
          (assert-natural rax)
          (assert-string r8)
          (Mov r9 (Mem r8 (- type-str)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 2)
          (Mov eax (Mem r8 rax (- 8 type-str)))
          (Sal rax char-shift)
          (Xor rax type-char))]))

;; Op3 -> Asm
(define (compile-op3 p)
  (match p

['vector-set!
     (seq (Pop r10)
          (Pop r8)
          (assert-vector r8)
          (assert-natural r10)
          (Mov r9 (Mem r8 (- type-vect)))
          (Cmp r10 r9)
          (Jge 'err)
          (Sar r10 1) ; convert to byte offset
          (Mov (Mem r8 r10 (- 8 type-vect)) rax)
          (Mov rax (value->bits (void))))]

    ))

(define (type-pred mask type)
  (seq (And rax mask)
       (Cmp rax type)
       if-equal))

;; Asm
;; set rax to #t or #f if comparison flag is equal
(define if-equal
  (seq (Mov rax (value->bits #f))
       (Mov r9  (value->bits #t))
       (Cmove rax r9)))

;; Asm
;; set rax to #t or #f if comparison flag is less than
(define if-lt
  (seq (Mov rax (value->bits #f))
       (Mov r9  (value->bits #t))
       (Cmovl rax r9)))

;; Asm
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Static memory
Code lives in memory, so you can make data part of the program

#lang racket
(require hoax hoax/executor/host a86)

(run
 (prog
  (Global 'entry)
  (Label 'entry)
  (Push rbx)
  (Mov rbx rdi)

  ; create '#(#t #f 99)
  (Mov rax (value->bits 3))
  (Mov (Mem rbx 0) rax)
  (Mov rax (value->bits #t))
  (Mov (Mem rbx 8) rax)
  (Mov rax (value->bits #f))
  (Mov (Mem rbx 16) rax)
  (Mov rax (value->bits 99))
  (Mov (Mem rbx 24) rax)
  (Mov rax rbx)
  (Xor rax type-vect)
  (Add rbx 32)

  (Lea rax (Mem 'myvect type-vect))

  (Pop rbx)
  (Ret)

  (Data)
  (Label 'myvect)
  (Dq (value->bits 3))
  (Dq (value->bits #t))
  (Dq (value->bits #f))
  (Dq (value->bits 99)))

 )
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If you know the vector you want 
to make at compile-time, you 
don't need to do this…




Static memory
Code lives in memory, so you can make data part of the program

…you can statically allocate 
memory in the data section.


And create a tagged pointer to it.

#lang racket
(require hoax hoax/executor/host a86)

(run
 (prog
  (Global 'entry)
  (Label 'entry)
  (Push rbx)
  (Mov rbx rdi)

  ; create '#(#t #f 99)
  (Mov rax (value->bits 3))
  (Mov (Mem rbx 0) rax)
  (Mov rax (value->bits #t))
  (Mov (Mem rbx 8) rax)
  (Mov rax (value->bits #f))
  (Mov (Mem rbx 16) rax)
  (Mov rax (value->bits 99))
  (Mov (Mem rbx 24) rax)
  (Mov rax rbx)
  (Xor rax type-vect)
  (Add rbx 32)

  (Lea rax (Mem 'myvect type-vect))

  (Pop rbx)
  (Ret)

  (Data)
  ; create '#(#t #f 99)
  (Label 'myvect)
  (Dq (value->bits 3))
  (Dq (value->bits #t))
  (Dq (value->bits #f))
  (Dq (value->bits 99)))
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#lang racket
(require hoax hoax/executor/host a86)

(run
 (prog
  (Global 'entry)
  (Label 'entry)
  (Push rbx)
  (Mov rbx rdi)

  ; create '#(#t #f 99)
  (Mov rax (value->bits 3))
  (Mov (Mem rbx 0) rax)
  (Mov rax (value->bits #t))
  (Mov (Mem rbx 8) rax)
  (Mov rax (value->bits #f))
  (Mov (Mem rbx 16) rax)
  (Mov rax (value->bits 99))
  (Mov (Mem rbx 24) rax)
  (Mov rax rbx)
  (Xor rax type-vect)
  (Add rbx 32)

  (Lea rax (Mem 'myvect type-vect))

  (Pop rbx)
  (Ret)

  (Data)
  ; create '#(#t #f 99)
  (Label 'myvect)
  (Dq (value->bits 3))
  (Dq (value->bits #t))
  (Dq (value->bits #f))
  (Dq (value->bits 99)))
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Static memory
Code lives in memory, so you can make data part of the program

Very useful for canonically 
representing the empty vector.

#lang racket
(require hoax hoax/executor/host a86)

(run
 (prog
  (Global 'entry)
  (Label 'entry)
  (Push rbx)
  (Mov rbx rdi)

  ; create '#(#t #f 99)
  (Mov rax (value->bits 3))
  (Mov (Mem rbx 0) rax)
  (Mov rax (value->bits #t))
  (Mov (Mem rbx 8) rax)
  (Mov rax (value->bits #f))
  (Mov (Mem rbx 16) rax)
  (Mov rax (value->bits 99))
  (Mov (Mem rbx 24) rax)
  (Mov rax rbx)
  (Xor rax type-vect)
  (Add rbx 32)

  (Lea rax (Mem 'myvect type-vect))

  (Pop rbx)
  (Ret)

  
  (Data)
  ; create '#()
  (Label 'empty)
  (Dq (value->bits 0))

 ))
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Implementing make-vector primitive
Size is on stack, initialization element in rax

(assert-integer rax)
          (Cmp r8 rax)
          if-equal)]

['cons
     (seq (Mov (Mem rbx 8) rax)
          (Pop rax)
          (Mov (Mem rbx 0) rax)
          (Mov rax rbx)
          (Xor rax type-cons)
          (Add rbx 16))]
    ['eq?
     (seq (Pop r8)
          (Cmp rax r8)
          if-equal)]
    ['make-vector
     (let ((nonzero (gensym 'nz))
           (loop (gensym 'loop))
           (theend (gensym 'theend)))

       (seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-vect))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 1)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8) rax)
            (Sub r8 8)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-vect)  ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            (Label theend)))]

    ['vector-ref
     (seq (Pop r8)
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make-vector
Special case for size 0

(assert-integer rax)
          (Cmp r8 rax)
          if-equal)]

['cons
     (seq (Mov (Mem rbx 8) rax)
          (Pop rax)
          (Mov (Mem rbx 0) rax)
          (Mov rax rbx)
          (Xor rax type-cons)
          (Add rbx 16))]
    ['eq?
     (seq (Pop r8)
          (Cmp rax r8)
          if-equal)]
    
    ['make-vector
     (let ((nonzero (gensym 'nz))
           (loop (gensym 'loop))
           (theend (gensym 'theend)))

       (seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-vect))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 1)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8) rax)
            (Sub r8 8)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-vect)  ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            (Label theend)))]

    ['vector-ref
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make-vector
When size > 0

(assert-integer rax)
          (Cmp r8 rax)
          if-equal)]

['cons
     (seq (Mov (Mem rbx 8) rax)
          (Pop rax)
          (Mov (Mem rbx 0) rax)
          (Mov rax rbx)
          (Xor rax type-cons)
          (Add rbx 16))]
    ['eq?
     (seq (Pop r8)
          (Cmp rax r8)
          if-equal)]
    
    ['make-vector
     (let ((nonzero (gensym 'nz))
           (loop (gensym 'loop))
           (theend (gensym 'theend)))

       (seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-vect))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 1)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8) rax)
            (Sub r8 8)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-vect)  ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            (Label theend)))]

    ['vector-ref
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make-vector
Constructing return value and account for memory use

(assert-integer rax)
          (Cmp r8 rax)
          if-equal)]

['cons
     (seq (Mov (Mem rbx 8) rax)
          (Pop rax)
          (Mov (Mem rbx 0) rax)
          (Mov rax rbx)
          (Xor rax type-cons)
          (Add rbx 16))]
    ['eq?
     (seq (Pop r8)
          (Cmp rax r8)
          if-equal)]
    
    ['make-vector
     (let ((nonzero (gensym 'nz))
           (loop (gensym 'loop))
           (theend (gensym 'theend)))

       (seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-vect))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 1)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8) rax)
            (Sub r8 8)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-vect)  ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            (Label theend)))]

    ['vector-ref
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Hoax: Adding strings
Concrete examples#lang racket

(make-string 3 #\t) ;=> "ttt"
(let ((s (make-string 3 #\t)))
  (string-ref s 0))             ;=> #\t
(let ((s (make-string 3 #\t)))
  (string-ref s 3))             ;=> err
(let ((s (make-string 3 #\t)))
  (string-length s))            ;=> 3
"fred"                          ;=> "fred"
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Hoax: Adding strings
AST additions

#lang racket

(make-string 3 #\t) ;=> "ttt"
(let ((s (make-string 3 #\t)))
  (string-ref s 0))             ;=> #\t
(let ((s (make-string 3 #\t)))
  (string-ref s 3))             ;=> err
(let ((s (make-string 3 #\t)))
  (string-length s))            ;=> 3
"fred"                          ;=> "fred"

;; type Lit = ... | String
;; type Op1 = ...
;; | 'string? | 'string-length
;; type Op2 = ...
;;          | 'make-string | 'string-ref
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Hoax: Adding strings
Semantic additions

#lang racket

(make-string 3 #\t) ;=> "ttt"
(let ((s (make-string 3 #\t)))
  (string-ref s 0))             ;=> #\t
(let ((s (make-string 3 #\t)))
  (string-ref s 3))             ;=> err
(let ((s (make-string 3 #\t)))
  (string-length s))            ;=> 3
"fred"                          ;=> "fred"

;; type Value = ...
;; | (string Char ...)

;; type Lit = ... | String
;; type Op1 = ...
;; | 'string? | 'string-length
;; type Op2 = ...
;;          | 'make-string | 'string-ref
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Creating a string
A string is a tagged pointer to a sized array of codepoints in memoryWelcome to DrRacket, version 8.18 [cs].
Language: racket, with debugging; memory limit: 4096 MB.
> (require "parse.rkt" "exec.rkt")
> (exec (parse '(make-string 3 #\a)))
"aaa"
> (exec (parse '(make-string 4 #\a)))
"aaaa"
> 

1 Inductive data

str
rax

4 a a a a

heap

So far all of the data we have considered can fit in a single machine word (64-bits). Well,
integers can’t, but we truncated them and only consider, by fiat, those integers that fit into a
register.

In the Hustle language, we will add two inductively defined data types, boxes and pairs,
which will require us to relax this restriction.

Boxes are like unary pairs, they simply hold a value, which can be projected out. Pairs hold
two values which each can be projected out.

To see how values are now inductively defined notice that if you have a value , you can
make another value with . Similarly, if and are values, then so is

. This suggests the following recursive type definition for values:

3
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register.
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"aaaa"
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string-length
Just like vector-length

(Mov rax (Mem rax (- 8 type-cons))))]

['empty? (seq (Cmp rax (value->bits '())) if-equal)]
    ['cons? (type-pred ptr-mask type-cons)]
    ['box?  (type-pred ptr-mask type-box)]
    ['vector? (type-pred ptr-mask type-vect)]
    ['string? (type-pred ptr-mask type-str)]
    ['vector-length
     (seq (assert-vector rax)
          (Mov rax (Mem rax (- type-vect))))]
    ['string-length
     (seq (assert-string rax)
          (Mov rax (Mem rax (- type-str))))]))

;; Op2 -> Asm
(define (compile-op2 p)
  (match p
    ['+
     (seq (Pop r8)
          (assert-integer r8)
          (assert-integer rax)
          (Add rax r8))]
    ['-
     (seq (Pop r8)
          (assert-integer r8)
          (assert-integer rax)
          (Sub r8 rax)
          (Mov rax r8))]
    ['<
     (seq (Pop r8)
          (assert-integer r8)
          (assert-integer rax)
          (Cmp r8 rax)
          if-lt)]
    ['=
     (seq (Pop r8)
          (assert-integer r8)
          (assert-integer rax)
          (Cmp r8 rax)
          if-equal)]
    ['cons
     (seq (Mov (Mem rbx 8) rax)
          (Pop rax)
          (Mov (Mem rbx 0) rax)
          (Mov rax rbx)
          (Xor rax type-cons)
          (Add rbx 16))]
    ['eq?
     (seq (Pop r8)
          (Cmp rax r8)
          if-equal)]
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string-ref
Similar to vector-ref, but different

(Mov (Mem rbx 0) r8) ; write length
            (Sar r8 2)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            (Sar rax char-shift) ; convert to codepoint

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8 4) eax)
            (Sub r8 4)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-str)   ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            ; Pad to 8-byte alignment
            (Add rbx 4)
            (Sar rbx 3)
            (Sal rbx 3)
            (Label theend)))]

['string-ref
     
     (seq (Pop r8)
          (assert-natural rax)
          (assert-string r8)
          (Mov r9 (Mem r8 (- type-str)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 2)
          (Mov eax (Mem r8 rax (- 8 type-str)))
          (Sal rax char-shift)
          (Xor rax type-char))

     ]))

;; Op3 -> Asm
(define (compile-op3 p)
  (match p
    ['vector-set!
     (seq (Pop r10)
          (Pop r8)
          (assert-vector r8)
          (assert-integer r10)
          (Cmp r10 0)
          (Jl 'err)
          (Xor r8 type-vect)       ; r8 = ptr
          (Mov r9 (Mem r8))        ; r9 = len
          (Sar r10 int-shift)      ; r10 = index
          (Sub r9 1)
          (Cmp r9 r10)
          (Jl 'err)
          (Sal r10 3)
          (Add r8 r10)
          (Mov (Mem r8 8) rax)
          (Mov rax (value->bits (void))))]))
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     (seq (Pop r8)
          (assert-natural rax)
          (assert-vector r8)          
          (Mov r9 (Mem r8 (- type-vect)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 1)
          (Mov rax (Mem r8 rax (- 8 type-vect))))]

vector-refstring-ref



string-set!
We don't include, thus strings are immutable

[This space intentionally blank.]



make-string
Similar to make-vector, but different

(seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-str))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 2)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            (Sar rax char-shift) ; convert to codepoint

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8 4) eax)
            (Sub r8 4)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-str)   ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            ; Pad to 8-byte alignment
            (Add rbx 4)
            (Sar rbx 3)
            (Sal rbx 3)
            (Label theend)))

]

['string-ref
     
     (seq (Pop r8)
          (assert-natural rax)
          (assert-string r8)
          (Mov r9 (Mem r8 (- type-str)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 2)
          (Mov eax (Mem r8 rax (- 8 type-str)))
          (Sal rax char-shift)
          (Xor rax type-char))

     ]))

;; Op3 -> Asm

187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

Let's take it in pieces



make-string (1/8)
Similar to make-vector, but different

Just like make-vector

(seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-str))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 2)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            (Sar rax char-shift) ; convert to codepoint

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8 4) eax)
            (Sub r8 4)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-str)   ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            ; Pad to 8-byte alignment
            (Add rbx 4)
            (Sar rbx 3)
            (Sal rbx 3)
            (Label theend)))

]

['string-ref
     
     (seq (Pop r8)
          (assert-natural rax)
          (assert-string r8)
          (Mov r9 (Mem r8 (- type-str)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 2)
          (Mov eax (Mem r8 rax (- 8 type-str)))
          (Sal rax char-shift)
          (Xor rax type-char))

     ]))

;; Op3 -> Asm
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make-string (2/8)
Similar to make-vector, but different

Unlike make-vector

(Mov rax rbx)
            (Xor rax type-vect)  ; create
tagged pointer
            (Add rbx r9)         ; acct 
for elements and stored length
            (Add rbx 8)
            (Label theend)))]

['vector-ref
     (seq (Pop r8)
          (assert-vector r8)
          (assert-natural rax)
          (Mov r9 (Mem r8 (- type-vect)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 1)
          (Mov rax (Mem r8 rax (- 8
type-vect))))]
    ['make-string
     (let ((nonzero (gensym 'nz))
           (loop (gensym 'loop))
           (theend (gensym 'theend)))
       (seq (Pop r8)
            (assert-natural r8)
            (assert-char rax)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical 
representation
            (Lea rax (Mem 'empty
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make-string (3/8)
Similar to make-vector, but different

Just like make-vector, but 
makes an empty string

(seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-str))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 2)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            (Sar rax char-shift) ; convert to codepoint

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8 4) eax)
            (Sub r8 4)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-str)   ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            ; Pad to 8-byte alignment
            (Add rbx 4)
            (Sar rbx 3)
            (Sal rbx 3)
            (Label theend)))

]

['string-ref
     
     (seq (Pop r8)
          (assert-natural rax)
          (assert-string r8)
          (Mov r9 (Mem r8 (- type-str)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 2)
          (Mov eax (Mem r8 rax (- 8 type-str)))
          (Sal rax char-shift)
          (Xor rax type-char))

     ]))

;; Op3 -> Asm
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make-string (4/8)
Similar to make-vector, but different

Just like make-vector, but half 
as many bytes

(seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-str))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 2)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            (Sar rax char-shift) ; convert to codepoint

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8 4) eax)
            (Sub r8 4)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-str)   ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            ; Pad to 8-byte alignment
            (Add rbx 4)
            (Sar rbx 3)
            (Sal rbx 3)
            (Label theend)))

]

['string-ref
     
     (seq (Pop r8)
          (assert-natural rax)
          (assert-string r8)
          (Mov r9 (Mem r8 (- type-str)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 2)
          (Mov eax (Mem r8 rax (- 8 type-str)))
          (Sal rax char-shift)
          (Xor rax type-char))

     ]))

;; Op3 -> Asm
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make-string (5/8)
Similar to make-vector, but different

Unlike make-vector, don't 
write value, write codepoint

(seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-str))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 2)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            (Sar rax char-shift) ; convert to codepoint

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8 4) eax)
            (Sub r8 4)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-str)   ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            ; Pad to 8-byte alignment
            (Add rbx 4)
            (Sar rbx 3)
            (Sal rbx 3)
            (Label theend)))

]

['string-ref
     
     (seq (Pop r8)
          (assert-natural rax)
          (assert-string r8)
          (Mov r9 (Mem r8 (- type-str)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 2)
          (Mov eax (Mem r8 rax (- 8 type-str)))
          (Sal rax char-shift)
          (Xor rax type-char))

     ]))

;; Op3 -> Asm
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make-string (6/8)
Similar to make-vector, but different

Just like make-vector, but 
writing 4 bytes at a time

(seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-str))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 2)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            (Sar rax char-shift) ; convert to codepoint

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8 4) eax)
            (Sub r8 4)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-str)   ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            ; Pad to 8-byte alignment
            (Add rbx 4)
            (Sar rbx 3)
            (Sal rbx 3)
            (Label theend)))

]

['string-ref
     
     (seq (Pop r8)
          (assert-natural rax)
          (assert-string r8)
          (Mov r9 (Mem r8 (- type-str)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 2)
          (Mov eax (Mem r8 rax (- 8 type-str)))
          (Sal rax char-shift)
          (Xor rax type-char))

     ]))

;; Op3 -> Asm
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make-string (7/8)
Similar to make-vector, but different

Just like make-vector

(seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-str))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 2)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            (Sar rax char-shift) ; convert to codepoint

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8 4) eax)
            (Sub r8 4)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-str)   ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            ; Pad to 8-byte alignment
            (Add rbx 4)
            (Sar rbx 3)
            (Sal rbx 3)
            (Label theend)))

]

['string-ref
     
     (seq (Pop r8)
          (assert-natural rax)
          (assert-string r8)
          (Mov r9 (Mem r8 (- type-str)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 2)
          (Mov eax (Mem r8 rax (- 8 type-str)))
          (Sal rax char-shift)
          (Xor rax type-char))

     ]))

;; Op3 -> Asm

187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
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248



make-string (8/8)
Similar to make-vector, but different

Unlike make-vector, need to 
pad to preserve heap invariant 
when string-length is odd

(seq (Pop r8)
            (assert-natural r8)

            ; special case for length = 0
            (Cmp r8 0)
            (Jne nonzero)
            ; return canonical representation
            (Lea rax (Mem 'empty type-str))
            (Jmp theend)

            ; Code for nonzero case
            (Label nonzero)
            (Mov (Mem rbx 0) r8) ; write length
            (Sar r8 2)           ; convert to bytes
            (Mov r9 r8)          ; save for heap adjustment

            (Sar rax char-shift) ; convert to codepoint

            ; start initialization
            (Label loop)
            (Mov (Mem rbx r8 4) eax)
            (Sub r8 4)
            (Cmp r8 0)
            (Jne loop)
            ; end initialization

            (Mov rax rbx)
            (Xor rax type-str)   ; create tagged pointer
            (Add rbx r9)         ; acct for elements and stored length
            (Add rbx 8)
            ; Pad to 8-byte alignment
            (Add rbx 4)
            (Sar rbx 3)
            (Sal rbx 3)
            (Label theend)))

]

['string-ref
     
     (seq (Pop r8)
          (assert-natural rax)
          (assert-string r8)
          (Mov r9 (Mem r8 (- type-str)))
          (Cmp rax r9)
          (Jge 'err)
          (Sar rax 2)
          (Mov eax (Mem r8 rax (- 8 type-str)))
          (Sal rax char-shift)
          (Xor rax type-char))

     ]))

;; Op3 -> Asm

187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
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221
222
223
224
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227
228
229
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String literals
String literals are compiled to static memory

Welcome to DrRacket, version 9.2 [cs].
Language: Determine language from source; memory limit: 4096 MB.
> (require hoax)
> (compile-datum "wilma")

compile-datum: undefined;
cannot reference an identifier before its definition
> (require hoax/compiler/compile)
> (compile-datum "wilma")

 compile-datum: undefined;
 cannot reference an identifier before its definition
> (compile-e (Lit "wilma") '())
(list
(Data)
(Label 'string435421)
(Dq 80)
(Dd 119)
 (Dd 105)
 (Dd 108)
 (Dd 109)
(Dd 97)
 (Dd 0)
(Text)
(Lea 'rax (Mem 'string435421 4)))
> 


