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Abstract Accurate monitoring memory traces of applications running on real systems is the basis of
memory system scheduling and architecture optimization. HMTT is a hybrid hardware/software
memory traces tracker system, which is able to track full-system memory traces in real time. But
there exists a semantic gap between memory traces and high level application events, such as
synchronization problem between upper functional execution flow and memory traces. In this paper,
we propose a hybrid hardware/software approach for monitoring memory traces with functional level
semantic information. It directly modifies the process image in memory with binary instrumentation at
the beginning of a process, by respectively inserting an extra tag memory access instruction at the
entry and exit of each target function, which will be tracked and identified by HMTT. With binary
instrumentation, there is no need to require source code of applications, no need to re-compile or re-
link applications, and the run time overhead is quite low. The experimental results show that our
hybrid hardware/software approach can effectively track memory traces with functional semantic
information. For memory intensive applications in SPECCPU2006, the average run time overhead is
62% , and the pure software approach run time overhead with Pin is at least 10. 4 times, compared

with the original run time.

Key words hybrid memory trace toolkit (HMTT); memory traces; functional level semantic gap;

binary instrumentation; executable and linkable format (ELF); tag memory access
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Fig. 1 HMTT framework.
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Fig. 2 Semantic gap between memory traces and high
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Fig. 3 The overall framework of HMTT_FBI.
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@ int fib(int n)

if(n==0)
return O3

else if(n==1)
returnl;

else

return fib(n—1)+ fib(n—2);
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Fig. 4 Normal execution flow of a function.
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P52 38 HoAth 1) 5 18] CANERAE R G0) - ik e 32 3 400 O/
UESRAE B tag U5 7 1Y IE 6 £ R — .

()
s

03

2.1 XBHE

AR SC I FH B 52 56 5F- 5 02 Intel 258 & 51 E5504
I 45 2% - A0 55 B Ab BE 2% (socket) . 5§~ socket 417
A RIS Ccore) , TAEMIZ Ky 2 GHz, B4~ socket
LAY R ZAE (cache) O 3 R &5 R L1, L2
A . L1 #9154 cache FIEE cache #B 2 32 KB,
1.2 cache K/NF 256 KB, L3 cache N [a]— socket
WY 4 DRI R/NE 8 MB, 434~ 22 A7 Bt (cache
line) By R/ Sy 64 B. ) LN A7l H] DD3-800 . &Y
Fim N 4GB, Hh 2 GB MR AE R G n] l =5 L 55 4k
2GB # R BAEN HMTT [ ¥ %5 8] )2 ioremap =5
. 10 R4 K 10 4~ 1T B Y 4541 i — 4 raid 0
FES). BT USF traces #BJE K ICHF - SCMF R Ge ik FH %
R3S PRt 1) xfs SCHE R 8 A iozone
IR Py 52 I A 1O 54 58 0] 126700 MBps L E. 52
BrF 5 B #AE R G CentOS 5. 3. WA Linux
2.6.32.

FATHE i Fe Fy 2 SPEC CPU2006 H1 i
Vi ARy . 3R 1 AN T 3 S A e 1 R R
Table 1 Individual Memory-Intensive Benchmark Characteristics

®1 FEEEEERFNSE

Benchmark Function Average Average Instruction

Number Size/B Number

401. bzip2 78 550. 51 135.6
410. bwaves 7 5332 868. 29
416. gamess 2840 2621.47 476. 18
429. mcf 24 325.04 80. 75
433. milc 207 413.18 96. 54
434, zeusmp 63 4463. 49 765. 24
436. cactus 1246 430. 52 93. 14

437. leslie3d 21 6201.71 1045.1
450. soplex 995 303. 44 71.57
456. hmmer 488 429.73 106. 11
459. Gems 98 3636.34 645. 14
462. libquan 94 252.99 69. 55
470. Ibm 19 524. 26 102. 89
471. omne 2377 168. 64 41. 68
473. astar 97 299.9 76.05
482. sphinx3 327 366. 05 92. 38
483. xalan 15559 155. 54 39. 89
Mean 199 698. 27 152. 69

Note: We just analyze functions in the . text section of each

application, without those dynamic functions.
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£ 5 Rk tag VifERY traces. 8 ATTHE 6 75 B K W) o6 5k
22 [B) B4 AH B VR 5% 2 IR DL B A A R B8 R R B R
S aE AR5 E AR IR A Y 4 B 4
ETEA B, XA RE T HMTT _FBI TAEM
TR .

2 AT B B & 2% ) SPECCPU2006
WL R P R B0 UE. BT X 26 78 7 A0 & i pR 4>
B % sRBOH ] G R B 4% FRATT RSk 7 P A7 15 1]
A5 2 MR 10 A eR B0 B0 R Bk aE i
GNU 1§ gprof T.H G842 15 | F2 7 v A5 A oR 01 4
FTEF IR 43 o A g o gk AR 5 S i HMTT
Viff traces 43 M 45 2 (1) o8& B0 FH R B2 47 %7 E.

2 %) T FEJF 433. mile X L4558, Hop g
2 50 gprof A4 EI A HT 10 A~ bR £ Bl 8 FH U8 5
350 HMTT R4 21 /) %t 1 o $008 1 tag Ui FE
ANEGESE 1R e Z 0 2 E 4 . 3R 2 AT
PLE 1 HMTT Ge 6 fE 6 48 HURE S5 433. mile Y PR 4K

PAT AR R ZEAE 200 LUT S o i 25 55 K 1 02 bR
% mult_su3_mat_vec, HMTT [t gprof /b T 1. 90%.
X H A LA FR P 1 2 25 AR A 200 LAF .« il B AR O
5 1) TE A 1

Table 2 Number of Functions Comparison between Gprof and

HMTT_FBI for 433. milc Program
% 2 HMTT # gprof B M2 F 433. mile B & #18 H R

X Lk
Function Name Gprof HMTT Difference/ %
mult_su3_na 4,61E+08 4.63E+08 0.52
mult_su3_nn 4.62E+08 4.68E+08 1.30
mult_su3_mat_vec 6. 50E+08 6.38E+08 —1.90
mult_adj_su3_mat_vec 6.32E+08 6.38E+08 0. 84
add_force_to_mom 4, 10E+03 4.16E+03 1. 60
scalar_mult_add_su3_matrix 1.00E+09 9.96E+08 —0.73
mult_su3_an 1. 19E4+08 1.18E+08 —1.27
su3mat_copy 2. 70E+08 2.72E+08 0.61
su3_projector 6.55E+08 6.61E+08 0.93
u_shift_fermion 8.02E+03 8. 12E+03 1.35

2.3 FFEHSWEE

K6 Wl T HMTT_FBI 45 A S e Bk (452 47
T4 . B AT AT SPECCPU2006 1 i 5 77 % 4R B 7
X BLA I B0 2 25 BT i o5 R UG B AT
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B[] 640, 008 26, S 4 23 7 i 0. 02804 . ) i/ i Ik
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JEE H b 0,051 %6, i LA IR B P JL-F- A 51 A TF 5.
HA P R KR FRIF 416 gamess I5F] 0. 417001
JEH A FET 416. gamess 417 1 R AL Z 1K 2 840 4>,

0. 40 3
o | M ELF Parser Disassembly Analysis Code Instrumentation
5 0.35
2 [0.14
S = 0.30 5
EE 0.25
E E' 0.20
s 0.22
g% 0.15
é;: 0.10
o
z 0.05 —]
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Fig. 6

Run time overhead of each module in HMTT_FBI.

K 6 HMTT_FBI & # 53z 47 7 44
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Fig. 7 Overhead of the instrumentation code.
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Fig. 8 Overhead of tracking memory traces with Pin.
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