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Optimization of Virtual Machine Architecture
for a Scheme Interpreter

ATUSI MAEDAt and YOSHINORI YAMAGUCHI!

An efficient implementation methodology for Scheme interpreters that interpretes stack-
oriented virtual machine instructions is presented. Starting from simple instruction set defini-
tion, we show how our systematic optimization techniques reduces the interpretation overhead
based on dynamic frequency of instruction sequence. Evaluation shows that our interpreter
can achieve 20 to 40 percent of the performance of native code, without losing portability,
interactivity, and ease of debugging.
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Table 1 Dispatch cost.
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Table 3 Register set.
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Table 2 Baseline instruction set.
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Fig.1 Stack layout.
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Fig.2 Stack after stack-gc.
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(define (shorterp x y)
(and (not (null? y))
(or (null? x)
(shorterp (cdr x)
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Fig.3 shorterp program.
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Fig.4 shorterp compilation result (baseline instruction
set).
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Table 4 TAK execution time.
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Table 5 Clock cycles of basic interpreter.
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Fig.5 Number of fusions vs. instruction and operand
words.
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Fig.6 Added instructions vs. real clock cycles.
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Table 6 Top 20 important instructions.

oo ooooo oo ooo
1 | (call& 1) 7343981 | (call&_1)
2 | (vref1) 5939664 | (vref_1)
3 | (vref0) 3454368 | (vref0)
4| (call& 2) 3063918 | (call&_2)
5 | (gref& cdr) 2978806 | (gref&_cdr)
6 | (gref&_cdr) (call&_1) 2969294 | (gref&_cdr_call&_1)
7 | (vref 2) 2834495 | (vref.2)
8 | (gref& null?) 1990856 | (gref&_null?)
9 | (gref&_null?) (call&_1) 1941856 | (gref&-null?_call&_1)
10 | (gref& car) 1789743 | (gref&_car)
11 | (gref&_car) (call&_1) 1789743 | (gref&_car_call&_1)
12 | (gref&-null?_call&_1) (br-false _) 1506104 | (gref&_null?_call&_1_br-false _)
13 | (gref& cons) 1368036 | (gref&_cons)
14 | (quote #f) 1212885 | (quote._f)
15 | (check-stack 5) 1206091 | (check-stack-5)
16 (vref_0) (gref&_null?_call&_1_br-false _) 1143299 (vref_O_gref& null?_call&_1_br-false _)
17 | (quote_f) (return) 1138380 | (quote_f_return)
18 | (vref-1) (gref&_cdr_call&_1) 1087793 | (vref_1l_gref&_cdr_call&_1)
19 | (vref 2 gref&_cdr_call&_1) 1045962 | (vref_2_gref&_cdr_call&_1)
20 | (gref&_cons call&_2) 996442 | (gref&_cons_call&_2)
07 0000D0D0O0O0O0O0O0DOO0 x10%0
Table 7 Clock cycles of interpreters. (
OD00000 | 00 1500 | 3200 | 6400 (qref 54)
browse 195 13.0 113 (make-procedure 1774lambda 0 2 #f)
(gref& global-set!)
cpstak 69.6 68.5 63.9 (call-tail& 2)
dderiv 108.2 86.7 68.3 (label 1774lambda)
deriv 90.5 70.5 56.7 (check-stack 3)
destruct 114.3 96.7 50.8 (vref_1)
div 95.1 50.1 35.2 (vref_1)
tak 13.0 10.9 6.9 (label 1772lambda)
takl 130.1 42.9 18.8 (check-stack_5)
boyer 432.5 322.6 255.1 (vref_O_gref&_null?_call&_1_br-false 1776)
takr 20.4 19.0 13.9 (quote_f_return)
O 1093.5 | 7815 | 5810 (label 1776)
(vref_1)
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gobooooooboooobobboobbooo (vref_0)
0000000000000000 threaded code [ (o Talse 1779)
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Fig.7 shorterp compilation result (with 32 instructions).
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(qref 54)

(gref& global-set!)

(call-tail&_2)
(label 1774lambda)

(label 1772lambda)

(quote_f_return)
(label 1776)

(return)
(label 1778)

(br 1772lambda)

(make-procedure 1774lambda O 2 #f)

(check-stack_3_vref_1_vref_1)

(check—stack_S_vref_O_gref&_null?_call&_1_br—false 1776

(vref_1_gref& null?_call&_1_vref_O_br-false 1778)

(vref_2_gref&_cdr_call&_1_vref_2_gref&_cdr_call&_1)

0 8 shorterp00000000O064000
Fig.8 shorterp compilation result (with 64 instructions).
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Table 8 Change of importance with different weight.
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