
CMSC 430 - 15 June 2026
Array data; function definitions and calls

• Exam review?

• Hoax - Vectors and strings

• Iniquity - Function definitions and calls




CMSC 430 - 15 June 2026
Announcements

• Exam 1 not yet graded, but will be soon

• Assignment 3 grades released later today

• Issue with Assignment 5 autograder, will be fixed after class

• Quiz released after class, due by start of class tomorrow

• Reminder: Assignment 4 is due tonight

• Reminder: Friday 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
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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)
> 



For next time

• Read Hoax notes


• Take ELMS quiz


• Submit assignment 4 tonight


