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A Report on Porting the Programming Environment Squeak to
SHARP Zaurus and Its Evaluation

YOSHIKI OHSHIMA," KEN WAKITAT and MASATAKA SASSAf

This paper reports our effort to implement Squeak Smalltalk on a family of personal dig-
ital assistant (PDA) devices called Zaurus. The Squeak on Zaurus (Squeak/Zaurus) offers
programmable interfaces to various Zaurus specific devices. The system is evaluated in terms
of its usability and performance. Two important issues in implementation of Squeak/Zaurus
are as follows. Firstly, we measured performance of several implementation strategies for
event-handling and bitmap conversion, which are dominant performance issues, and adopted
the best ones in Squeak/Zaurus. Secondly, we have extended Squeak to support PDA spe-
cific hardware such as pen input, audio, digital camera, TCP/IP network, serial and IrDA
communication, power consumption control, and file I/O on flash memory. These PDA spe-
cific devices are made directly accessible to the programmer. Those Zaurus specific functions
are written in 4,000 lines of C code and 600 lines of Squeak code. The performance of
Squeak/Zaurus has been evaluated by various micro- and macro-benchmarks and its usability
has been tested by applications. MI-EX1, the highest model of Zaurus family, marked 1/8
of the performance of Squeak running on 400 MHz G3 Mac at best. This result and the us-
ability tests indicate that it performs sufficiently well for practical use. The Squeak/Zaurus
implementation demonstrates feasibility of practical programming environment on palm size
devices that can operate PDA specific hardware.
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Table 1 Hardware specification of Zaurus MI-series.
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Table 4 Memory transfer benchmark results (in MB/sec).
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MI-C1 5.69
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Table 5 Comparison of pixel conversion scheme (in
milliseconds).
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interpret ()

{
while (1) {
switch (currentBytecgdé) {

handleEvents () ;

000000000000 Squeak O SHARP Zaurus 000000000 71

handleEvents ()

while (1) {
if (LookupEventMsg() == IOCS ERROR) {
/* no pending events */
return 0;
1
GetMessage (&msg) ; /* may block */
switch (msg) {
FastTick:
return 0;

.
}

02 0bOOoO0Oooooooooooo
Fig.2 Interpreter loop and the event handler.
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Table 6 Number of pen positions available per second.
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Fig.3 Byte code dispatch loop.
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07 ODO0ODOOOOOOOODOOOOO
Table 7 Effectiveness of removing bytecode range check.

0o 000 000 oo
MLEX1 | 2,486,648 2,672,632 | 7.5%

MI-C1 1,333,333 1,470,588 | 10.3%

G3 400 MHz Mac | 28,131,873 30,245,764 | 7.5%
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0 8 Green Book BenchmarkDOOOOOOOODOOOOOOO0OOO
Table 8 Result of Micro-benchmarks in Green Book Benchmark (in seconds).

oo a b c a/b b/c oo a b c a/b b/c
LoadlInstVar 30.79 19.45 2.32 1.58 8.38 StringAtPut 49.79 25.29 2.53 1.97 10.00
LoadTempNRef 46.43 19.77  1.52 | 2.35 13.01 Size 49.42  22.66 291 2.18 7.79

LoadTempRef 45.91 19.80 2.24 2.32 8.84
LoadQConst 48.76 18.48 2.11 | 2.64 8.76
LoadLiteralNRef 40.71 19.44 2.33 2.09 8.34

PointCreation 24.44 15.49 1.17 1.58 13.24
StreamNext 55.74 23.64 2.64 2.36 8.95
StrmNextPut 75.92  29.68 3.17 | 2.56 9.36

LoadLitIndirect 42.86  21.17 243 | 2.02 8.71 EQ 49.92 2493 2.82 | 2.00 8.84
PopStorelnstVar 56.56  27.28 2,59 | 2.07 10.54 Class 77.18  31.76  3.71 2.43 8.56
PopStoreTemp 49.66  23.22  2.67 | 2.14 8.70 Value 51.92 25.42 3.00 | 2.04 8.47

3plus4 40.16 19.11 2.37 | 2.10 8.06
3lessThan4 46.71 22.21 2.54 | 2.10 8.74
3times4 65.75 31.45 3.51 2.09 8.96
3div4 52.40 19.90 2.19 | 2.63 9.09
32bitArith 38.83 19.44  2.23 | 2.00 8.72
LargelntArith 101.93 29.86 2.45 | 3.41 12.19
ActReturn 45.55 22.35 243 | 2.04 9.20
ShortBranch 33.59 16.87  2.03 1.99 8.31
WhileLoop 43.71 21.58 249 | 2.03 8.67
ArrayAt 59.36 29.23 3.44 | 2.03 8.51
ArrayAtPut 41.22 21.20 2.13 1.94 9.95
StringAt 66.51 32.563  3.54 | 2.04 9.19

Creation 37.48 19.29 1.63 1.94 11.83
PointX 31.64 15.64 1.67 | 2.02 9.36
LoadContext 42.85 20.48 244 | 2.09 8.39
BasicAt 44.69 19.08 2.72 2.34 7.01
BasicAtPut 47.51 22.07 2.86 | 2.15 7.72
Perform 56.66  25.54  3.60 | 2.22 7.09
StringReplace 52.70  24.85 3.57 | 2.12 6.96
AsFloat 41.96  22.32 1.63 1.88 13.69
FloatAddition 67.15  29.19 1.66 | 2.30 17.58
BitBLT 113.95 75.19  3.96 1.52 18.99
TextScanning 146.63 47.82 3.22 3.07 14.85

0 9 Green Book BenchmarkDOOOOOOOOOOOOOOOOOOO
Table 9 Result of Macro-benchmarks in Green Book Benchmark (in seconds).

oo a b c a/b b/c
ClassOrganizer 62.03 21.74 1.16 | 2.85 18.74
PrintDefinition 79.88 22.91 1.44 3.49 15.91
PrintHierarchy | 173.09 60.88 2.84 | 2.84 21.47

AllCallsOn 64.15 18.77 098 | 3.42 19.15
Alllmplementors 43.11 16.81 0.85 2.56 19.78
225.59  101.52 2,96 | 2.22  34.30

Compiler | 238.46  100.82 2.95 | 2.37 34.18

Decompiler 83.97 31.01 1.15 | 2.71 26.97
KeyboardLookAhead 96.84 45.68 2.27 2.12 20.12
KeyboardSingle | 101.93 49.19 2.35 | 2.07 20.93
TextDisplay 53.55 33.83 3.29 | 1.58 10.28
TextFormatting | 175.90 78.32 250 | 2.25  31.33
TextEditing | 106.97 51.57 2.74 | 2.07 18.82

0O00a0 MLEX1O0OOOObO MLClOOOOOc
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int result;
for (count = 0; count < 200; count++) {
int i, j;
unsigned short color =
(count % 2) ? OxFFFF : 0x0;

for (j = 0; j < 224; j++) {
for (i = 0; i < 224; i++) {
result += color;
}
}
}

04 D0O0O0O00 aada0DO0O0DO0OO
Fig.4 Pseudo code of add benchmark.
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Nov. 2000
.L2978:

add r3,r8

add r3,r8

add r3,r8

dt r0

bf/s .L2978

add r3,r8

05 addd0000DO0DOOOOOODOOODOOOO
Fig.5 Assembly code for the inner-most loop of add.

010 000000D00000000000000000000
Table 10 Memory block transfer benchmark results (in
milliseconds).
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