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KLASY: System for Source-based Binary-level Dynamic Weaving

YOSHISATO YANAGISAWA," KENICHI KOURAIt SHIGERU CHIBAt
and REI ISHIKAWAT

In this paper, we propose KLASY, which is a dynamic aspect-oriented system for OS kernels
written in C language. Instead of other similar systems, KLASY enables developers to select
not only executions of functions but also accesses to structure-members as pointcuts. This
feature helps developers to profile and debug OS kernels. To let developers to select accesses
to members of structures, we modified a C compiler to generate extra symbol information.
The extra symbol information enables a weaver of KLASY to investigate an address where
the member of the structure is accessed at run-time. The weaver inserts a hook to make
kernel execute an advice when a thread reaches the member access. At that time, execution
context can be obtained in an advice body. We implemented KLASY by modifying the GNU
C compiler on the Linux to do some experiments. The results of experiments has shown that
KLASY has little overhead. Our case studies to investigate performance bottlenecks of Linux
kernel has also shown that KLASY is available for real problems.
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<aspect>
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Fig.1 An aspect written in KLASY (inode_trace.klasy).
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Fig.2 An overview of KLASY.
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Table 1 Benchmark programs of UnixBench.

oo oo
dhry2reg  Dhrystone 2 000000
whet Whetstone 000000
execl exec JOOOOOOODOD
pipe gooooooooo
context J0o00o00o0o0oo0oooooooooo
filel 256 000O0O0OOOOODOO
file2 1024 00000000000
file3 4096 00 0O0O0OOOOOOO
create gooooo
shell gooooooo

syscall ooooooooooo

1200

O monolithic
1000 | O Kasy i -
@ normal

600 — —

UnixBench Index

\0""\6“‘\;2‘egw“e‘ e*ce\ ae) e e o‘ea\e p\pe 00“\2*\ 5“9“ s‘!sca\\

03 KLASYOOQOoouoo
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<aspect>

<import>local.h</import>
<advice>
<pointcut>
access(sk_buff.%) AND target(arg0)
</pointcut>
<before>
struct sk_buff *skb = arg0O;
unsigned long long timestamp;

if (skb-&gt;protocol != ETH_P_ARP) {
STORE_DATA ($pc$) ;
STORE_DATA (skb) ;
DO_RDTSC(timestamp) ;
STORE_DATA (timestamp) ;
}
</before>
</advice>
</aspect>
05 000000 I[yO00ODODOOOOOOO0
Fig.5 An aspect for tracing network I/O.
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02 000000 I/O000000O0DO0O0O
Table 2 The result of tracing network I/0.

ooo goooo ooo oooo 1 oooo 2
€1000-_rx_checksum €1000-main.c 2773 0.00 0.00
netif_receive_skb dev.c 1638 1.06 1.39
ip_rcv ip-input.c 367 3.43 4.35
ip_local_deliver ip-input.c 275 5.56 6.67
tcp-rev_established tcp-input.c 4238 11.14 12.62
tcp-rev_established tep-input.c 4355 14.23 15.43
skb_copy_datagram_iovec datagram.c 234 25.93 703.76
_kfree_skb skbuff.c 225 27.14 707.25
goobos8sfdobooooooooo <aspect>
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<import>linux/sched.h</import>
<advice>
<pointcut>
access(task_struct.timestamp) AND
within_file(sched.c) AND target(argO)
</pointcut>
<before>
struct task_struct *p = arg0;
unsigned long long timestamp;

DO_RDTSC(timestamp) ;
STORE_DATA ($pc$) ;
STORE_DATA (p-&gt ; pid) ;
STORE_DATA (timestamp) ;
</before>
</advice>
</aspect>
0e6e OU00ODOOOOOODOOOOODOOOOOOO
Fig.6 An aspect for tracing context switches.
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Fig.7 Distribution of CPU time quantums.
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