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Live Programming with Squeak/Smalltalk
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Selection of Possible Use Cases

Macroview

MyClass >> example

¢lx

BouncingAtomsMorph >> initialize

L//—’,——/W“

BouncingAtomsMorph >> addAtoms:

iSUX

BouncingAtomsMorph >> addAtoms: [1]

AtomMorph >> initialize: 30x

Possible Use Cases
As part of an example, ...

— given two or more procedure/probe
executions, how do they relate to each
other?

— given a procedure execution, what other
procedures/probes are called from it?

— which procedures/probes are executed?



Dynamic Analysis ﬂ
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Survey on Property Extraction Techniques for Dynamic Analysis ﬂ

Approach and Corpus

Approach

[T

— Exploratory search for "dynamic analysis” and related topics (“debugger”,
analysis”, “program comprehension”, etc.), including

malware

— Well-known publications for Squeak/Smalltalk
— Workshop on Dynamic Analysis (WODA, 2003 to 2017)
Corpus

— ~40 surveys/survey-like publications, ~20 tool frameworks, ~60 tools, ~90 other
publications, ~20 Smalltalk papers

— 13 publications that explicitly list more than two Property Extraction techniques



Survey on Property Extraction Techniques for Dynamic Analysis ﬂ

Hierarchy of Property Extraction Implementation Techniques

1. Program Level 4. System/Processor Software-based
1.1 Changing Input, Observing Output 4.1 Processor Tracing
1.2 Source Code Rewriting 4.2 Hardware Performance Counters
1.3 Bytecode/Machine Code Rewriting 4.3 Hardware Sensors

2. Runtime/Interpreter Level
2.1 Analysis Interfaces Provided by the
Runtime/Interpreter
2.2 Runtime/Interpreter Modification

5. Virtualization and Emulation

5.1 System Virtual Machine
5.2 Processor Emulation

5.3 System Emulation

3. Operating System Level 6. System/Processor Hardware-based

6.1 Hardware Processor Debugging
6.2 System/Processor Hardware
Instrumentation

7. System External



Call Tracing Implementation

Bytecode Rewriting — Process

‘ (1) Recompile with "NOPs" H (2) Rewrite "NOPs" to Tracer Calls I—->| (3) Activate a process-local Tracer

) w ¥
' ! '
' ! '
1
. | . . :
myMethod i nop (11 times) : pushLitVar: #bpInvocationCount  invocationCount := "read method literal" : 1
H nop | storelntoTemp: 0 : invocationCount := invocationCount + 1. : |
AMl+2 | nop | pushConstant: 1 "write method literal" == invocationCount * |
| nop E send: +
| ' popIntoLit: bpInvocationCount i ByteCodeTracer
[ PO o ot ot b SO :
i nop ! pushLitVar: ByteCodeTracer > enter: #MyClass >> myMethod >>1'
i nop ! pushLitVar: #MyClass >> myMethod >>1' :  contextld: invocationCount
! nop | pushTemp: 0
pushConstant: 1 ! nop | send: enter:contextld: # : aBlock
pushConstant: 2 ' nop ! race: abloc
send: + pushConstant: 1 | tracer process |
returnTop pushConstant: 2 pushConstant: 2 tracer _7}; teCodeTracer new.
send: + send: + - . '
T N R PRI N process := Processor activeProcess.
nop (7 times) pushLitVar: ByteCodeTracer rocess tracer- tracer
nop pushLitVar: #MyClass >> myMethod >>1' P ) )

aBlock ensure: [process tracer: nil]

pushTemp: 0

nop pushCor.\s(ant: true {ByteCodeTracer

nop send: exit:contextId:returns: exit: #MyClass >> myMethod > I
nop pop j’ contextId: invocationCount
returnTop T T FA
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Benchmarks
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Squeak/Smalltalk (Babylonian/S) Integration

Macroview
Ex for MyCl bouncing’ caligraph aRectangle maxVelocity
~ BouncingAtomsMorph #initialize metx: 49 el .
9 annotation set a example
BouncingAtomsMorph #defaultColor @ ctx; 49 procedure set
~ BouncingAtomsMorph #defaultColor gc; :13;3 — “Give this atom a random position and velocity."
i 14 i i ctx: % for MyCla: cin ) ncing'
~ BouncingAtomsMorph #invalidRect:from: o 173 ‘ P in AtomMorph SrarHTRGEaI maxVelocity: tongJ | origin extent |
i ph #invali Lot 173
~ BouncNoAtomsMorph # nvalidRect from: \ ebc 173 Comman ancestor (context-insensitive) origin = aRectangle origin.
+ BouncingAtomsMorph #addAtoms: 1 ctx: 49 BouncingAtomsMorph #addAtoms: extent := (aRectangle extent - self bounds extent) rounded.
7 BouncingAtomsorph #addtoms: (1) lebuag - R self position:
7 AtomMorph #initialize @ cbx: {origin x + extent x atRandom) @
y BouncingAtomsMorph #initialize
A atomvoron #gefaulCatr 3182 ||| pouncinaasomatorsh #addatoms: x P ——
g pl et 121 BouncingAtomsMorph #addAtoms: Qn nouncmg%L. £ 377@177, =53@121, 538

AtomMorph #initialize
AtomMorph #randompPositionin:maxvelocity:
P in AtamMorph #randomPositionin: maxVelocity:

set expression

origin y + extent y atRandom).
velocity :;
Unique Path 2 ity - (2 * maxVelocity) atRandom) @

BouncingAtomsMorph #initialize g
BouncingAtomsMorph #addAtom: (maxVelocity - (2 * maxVelocity) atRandom).
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< AtomMorph #intialize < otx. 144 BouncingAtomsMorph #addAtoms: [1]
AtomMorph #defaultColor mctx: 144;
~ AtomMorph #defaultColor mctx: 144, Invocation 1 (context-sensitive)
- iti BouncingAtomsMorph #initialize

pl
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BouncingAtomsMorph #addAtom
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_ AtomMorph #randomPositionln:maxVelocity: [1]  wcbx: 124 Ak

Probe hit »79@162
~ AtomMorph #randomPositionin:maxVelocity: wcix: 124

P p :
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Call Graphs for Live Programming

Implementing Call Tracing in Babylonian/S based on a
Survey of Property Extraction Techniques for Dynamic Analysis

Exploratory Survey on
Property Extraction for
Dynamic Analysis

~200
publications

|

Hierarchy of Property Extraction

Runtime/Interpreter Level
Operating System Level
System/Processor Software-based
Virtualization and Emulation
System/Processor Hardware-based
System External
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Implementation Techniques /
Program Level /

Shared Call Graph
Generation Implementation
(Call Trace — Call Graph)

methodA enter
‘methodB enter

methodB exit  —3> . vas
methodA exit ¢ - -

' Call Tracing '
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; Bytecode ; Evaluation Squeak/Smalltalk
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