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Development of PC emulator detecting
a calculation precision degradation

TosHIHIKO MATSUDAT! and TosHIAKT KITAMURAT!

Some errors may be observed in floating-point calculations caused by round-
ing, overflow, underflow, loss of significant digits, or loss of trailing digits.
IEEE754 handles this problems by signaling the exception of rounding, overflow
and underflow. However, the precision degradation detection isn’t sufficient, be-
cause it can’t detect loss of significant digits and loss of trailing digits. We study
precision degradation detection using a virtual machine. We added a function
to detect loss of significant digits and loss of trailing digits into a PC emula-
tor, in order to develop the calculation environment that detect the calculation
precision degradation.

In this paper, we verified that this system can detect precision degradation
and evaluated the utility by comparing the execution speed of this system with
the general-purpose processor.
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Fig.1 Structure of QEMU.

boooooooboboooobooooboobooobooboboboooOooo0oOoOoOobOoboo
goooboooooooboooooooooooooooobooOoboOooOoOoboboOoooooDoo
oobooSOoooooboooooooooStoooooooooooooooooooo
oooooboboooooboooooooooobooooooooooooooooboooOoo
goboooooooooooboooooooooboooOooOoooboobooooDboobo
ooboooobooooooobooooobooooon

4.2 0O00O0OO0OOOO0OOO

QEMU 0000 OTCGO Tiny Code GeneratorD 0000000 O0O0O0O0ODOOOODO
TCGUOOOOOOOOOoooooO cpuOoOoOoOoOoOoOoOoOOO ceubOOOOOODOO
goooooboooobooboo

TCGUOOOOOOO0O0O0O0O0O0ooooooooooono -ocoooooooooo
0000000000 -oo0oogopoocopoooooooooooooooooog
gooooboooooooooboboooooboooboooooooboooboooooooo
oood -obooo0boboooobooooooboooboooloooooooobooooa
goooooo -oocooboboboboo0oooobobocooobooboboooooobooooooo
O0OQEMUUOOOOOOOOD -00000000000O00O0OO0O0ODOO0OO0OO0OOO
0000oo00oo0o0ooooooooooTCGOUOOOOOOoOoOoOoOooooooo
OO0 -0000000000 helper000O0O0OOODOOO
TCGOOUOODDOOOOOOOOODOOTBO Translation BlockD O OO OOOOTB O
O0O0O0O00D0D0D0 BasicBlockDOOOOOOOOOODOOOOOOODODODODODOO
oobooooboooooboo

Vol.2011-ARC-197 No.24
Vol.2011-HPC-132 No.24
2011/11/29

5. O ogano

5.1 OJOOOOd

QEMUOOODOO0OO0OOOO0OOOO0ODOO0O0OOO0O0ODOO0O0ODOO0O0ODOO0O0OO
000000000000 0000000QEMUDOOOODOOOODOO -0000000
D00000000000000000000x866400000000000000070
x86.64 0000000000000 00C0COCOOO0OIEEETSM4D0000000000O
O000ooO0o00ooOo0o0oooooooooooooooo

0200000000000000000000000000O000000DOOOOO
00000000oooo0o00o0o0oooooO0o0o00o0oooooOo0o0ooonooo
0000000000000 000O000oOo0o0oooo0ooooDQEMUOODOOO
000000 x8.640000000000000000ORelperO0000O0O0OO0O0OO
OO0 helper 00000000000 OO0OOO0O0ODOOOO0ODOOOOOOOODOOOOO
0000000000000 000000000000000D0 helper 00000000
0000000000000 helper 000 SSEO Streaming SIMD Extensionsd 0 0 0O O
O0OD0O000 helperO0OODODOO

5.2 000000000000

QEMUOO00O000000O0OOOOOO0O0OO0O0O00O0OoooooooOooOoOoOODOOD
0000000000000000000000000000O0D000O00DO0O0O0O00
gogboboobobobooboooon

ggogobobooobooobbuoooboboobobbooobobooobboooo

oo0ooo0oo0oo00ooooooo00 2000000000000000000O0
00000000o0o00o0oooo0oo0oo0oo0ooO0bo0oobo0oooo
0000000oooo00O00000oooooO0000oooooOoO0O0o00nooo
ocoooooO2e000000000000000ODOO0O0OO0O0O0O0O0OO0O00O0O0O0O0OO0
oooo

ooooo0ooo0oooooooOooo 20000000000000000O000OO
0000000 b tOOODOOOOODO0O0OO00O0O0O0O0O0ooooOoooooooo

O00o0o0ooo0oo0ooooo0oooooooooooooooooooooDoo
O000000o00o0o0o0o0oo0oOoU0ooooo0ooooooUoooooooooo
O00o00o00oO0o0oo0oo000Doo0o0ooo0oUoO0o0oOoUooOooooooOo

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

gooooo

53 OOOOOO
Doo0ddooooooboooboboooooooooooooobooooooooooo
ooooooogooo

(1) DOoOoOoooooooooo
odo0o0oooU0UooooooU0UoooooUUoooooOUOUOooDoooogggo
000000o0o0oooDOO0o0o0o0ooDOoooooooooooooooooog
0000o0oooooooooooooooon

(2) DOOOOOO/OoOOOO
00000o00o0oUoooO0o000ooooDOOo0o0Do0oooooooooooooo
0o0ooooooooooo

(3) DOoUoOooOooOoOoo
00o000o000ooOoOO000000O0O0000ooOoOoOoOoooooooooooo
J000o00DOOo00obOO00ooOoO0oooOooEMUODODODOODOOOOODODO
0000000ooooooooooooooooon

(4) DOODOODOOOUDODOOODOOOOO/OOOOOO
0000000000000 000000000000000000000000000
0000000000000 000000o0D000ooooo0oooooooooooog
ooooooooag

() ODOODODOOOUOOODODUOOOODODOOOO
Oooddoooooobooodooooodooooooooboooooooooo
000x86.640 0000000 CR3O Control Register 30000000000 O Linux
gooOo0oO0o0o000ooOoOoUOUooooOopDUUOoooOOOoOoOoOoOOoooooDooO
0000doooooooooooooocrR30OoOOOOOOoUOOOoOooooooDO
oooooOoooOopoOoOoOOoOOoODOOOOO0OO CcR3COOOOOOOOOOODOODOO
0000 cCcrR300O0OOOOCOOOOO0OOUOUOUOUOUOOOUOOOOOooOon

54 00000OO0OO0OOOOOO
0000o0o00o0o00ooOO0o0oUo00oooOoDoOo0oooOoooOoooooooooo
0000000oO0oO0o0O0O00o0oU000o0oOooOoOoDoDOoUoOoooOoOOoOoOoOOoOOOoOODoOOO
0000000000000 0000oDoO00000ooooDooooooooooooog
oooooo

Vol.2011-ARC-197 No.24
Vol.2011-HPC-132 No.24
2011/11/29

00 0000ELFO Executable and Linking Formatd O .debug-info 00000000
000000000000000000000000000000000000DWARFE®
000000000 0000oooooooooooCcoooooooooooooonon
O0000gecO-g0O00000O00O0O0OOO0O0DOOO0DOOOOODODOOODOOODBOO
O000O00OO0O0OODWARFOOOOOOOOOOOOOOOOOOOODOOOOOO
O00o0o0oo0ooo0o0oooU0oOooo0o0oooo0oo0ooooooooooooo
00000000 0oo0o00oo0o0ooooooooooooo

O00QEMUOOOOOOOOOOOOOOO0OOOO0OOOOO TBOOOOOOO
TBOOOOOOOOOOOOOOODOOOOOOOO0OO0OoO0O0oOooooooooooo
00000000ooo0o0o00o0ooooooO0o0o0o0ooooooooooooooo
0000000000000 -o000o00oo0o0oooooUooooooooOo
00000o0000ooO0o0o0ooo0oooooooooooooooo

ooooooo0oQQEMUOOOOODODODOOODODOOOOOOOOOOOODDDODD
0000000000000 00000000O000O00O00O0OO0OoOOo0ooOoOOo
O0o0oO0oooooooooo

6. 0 0O0O0O

61 000D
0000000000000000SO CentOS 5.50CPU O Intel®@Xeon®CPU X5680
3.33GHz00000 24GBO000000000O000000O0O000000000SO
CentOS 550 00000000000 3584MBOOO0O0OOOO0ON0ONONONONONOOOO
00000000000000000000000000000000000000000
00000000000000000000000000000000000
6.2 000000
(1) Rump’s Example?
0000000000000000000000000000000000000000
O0000ae=776170b=33096 000000000 yOOOOO
y = 333.750° + a®(11a°b” — b° — 1210" — 2) + 5.50° + a/2b
a0000000000a0bO00O00000000000O
a® =550+ 1
000000000000000000000000000000000000

(© 2011 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

for(i1=1;i1<=512;i1++)} IL—73|
xx = x30[i1-1]*cnt0;
by =1.0 - xx;
cnt2 = by -ay;
for(i2=1;i2<=512;i2++){ IL—>2
yy = x30[i2-1]*cnt2;
bz = 1.0-xx-yy;
cntd = bz-az:
for(i3=1;i3<=512;i3++){ I—=1

zz=x30[i3-1]*cnt4;

d=-xx"yy*s
-tt*zz*(1.0-xx-yy-zz)
+(xx+yy)*pow(ramda,2)
+(1.0-xx-yy-zz)*(1.0-xx-yy)*pow(fme,2)
+zz*(1.0-xx-yy)*pow(fmf,2);

w3[i3-1] = (cnt0*cnt2*cnt4*gw30[i1-1]

*gw30[i2-1]*gw30[i3-1])/ (pow(d,2));

for(sum = 0.0,i=1;i<=512;i++) sum = sum + w3[i-1];
w2[i2-1]=sum*h;

0 0.¢ 0.4 0.6 0.8 1 }

for(sum = 0.0,i=1;i<=512;i++) sum = sum + w2[i-1];
02 0000000000000 wii1-1]=sum*h;
Fig.2 Data plot of Multidimensional

for(i=1;i<=512;i++) sum = sum + w1[i-1];

integration.
03 ODOoooooooo
Fig.3 Code of Multidimensional integration.
y=—2+ (a/2b)
= —0.82739605 - - -
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0 1 Rump’s Exampled1 00000000 O 2 Rump’s Exampled 10000000000
Table 1 Execution time of Rump’s
Example(10,000 times).

Table 2 Execution time of Rump’s

Example(one million times).
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Table 3 Execution time of 04 DO0O PCOOOOOOOOOOOO

Multidimensional integration. Table 4 Execution time in Host PC.
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