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A - OTIMIZACAO DAS SUBROTINAS DO MACH2D USANDO O
PROGRAMA ‘Intel(R) VTune(TM) Performance Analyzer 9.1 -
parte 2’

Microcomputador utilizado:
CFD-6 — Intel Core 2 Duo E6700 - 2,66 GHz — 8 GB de memdria RAM — HD de 160
GB

A variavel que é analisada aqui € o CPU_CLK_UNHALTED events.

Ela significa o numero de ciclos de clock que a subrotina utiliza, no total.

Se este valor for alto, isto significa que a subrotina leva muitos ciclos de clock,
ou seja, ela pode ser otimizada, ndo necessariamente lenta (se ela é lenta,
apenas o CPI (Clock per instruction) pode mostrar, se este valor é alto significa
gue a subrotina é lenta computacionalmente).

- Para este estudo utilizou-se uma malha de 224x80 nés, dt=1d-5, itmax=1000,
imax=2, nitm_u=nitm_p=4, tolu=1d-1, tolp=1d-2, solver = MSI

1)Versdo RELATORIO ANTERIOR, simulagdo: SENO3_0013



Name
MSI2D9_mp_FE2DS
MS1205_mp_FE2DS
MSI1209_mp_LUZD3

p,

MSI2D5_ mp_LLZD5
COEFFICIENTS_mp_GET_T_COEFFICIENTS_ND_SOURCE
SOLVERS_mp_NORM_L1_30
COEFFICIENTS_mp_GET_INTERNAL_SIMPLEC_COEFFICIENTS
COEFFICIENTS mp_GET_U_\_AT_REAL NODES_WITH_PL
COEFFICIENTS_mp_GET_U_SOURCE
COEFFICIENTS_mp_GET_V_SOURCE
COEFFICIENTS_mp_GET_P_SOURCE
COEFFICIENTS_mp_GET_P_COEFFICIENTS

_irtel_nen_memsst

COEFFICIENTS_mp_GET_U_COEFFICIENTS

memset

COEFFICIENTS_mp_GET_V_COEFFICIENTS
_irtel_new_memcpy
COEFFICIENTS_mp_GET_VELOCITIES_AT_INTERNAL_FACES_wITH_FL
COEFFICIENTS_mp_GET_DENSITY_AT_FACES
USER_mp_GET_LAMINAR_VISCOSITY_AT_FACES
USER_mp_GET_THERMAL_CONDUCTIVITY_AT_FACES
SOLVERS_mp NORM_L1_50
MAIN_ip_GET_NUMERICAL_SOLUTION
COEFFICIENTS_mp_GET_DENSITY_AT_NODES
COEFFICIENTS_mp_GET_PRESSURE_DENSITY_CORRECTION_WITH_PL
USER_mp_SET_CP_AND_GAMMA

cvlas_t_to_a

USER_mp_GET_430_B_RESCALING
USER_mp_SET_THERMAL_CONDUCTIITY_&T_NODES
USER_mp_SET_LAMINAR_VISCOSITY_AT_NODES

USER_mp SET_BCP

for_interp._fmt

ovl_imee_t_ta_text_ex

USER_mp SET_BCY

USER_mp_SET_BCT

USER_mp_SET_BCU

**%x EFF

CPU_  |INST_R | Clocks EPILLEL \NSQTJ;( CPU_CLE_UNH | INST_RETIRED S
sampl | samples | per, % % vents

8800 12862 0664 1640% 2015% 2346000000 38290092000 OsFFFRFFFF
6433 12455 0676 1572%  1953% 22402378000 33234356000 OFFFFFFFF
7543 1M129%  1182% 16145296000  20109,638,000 DsFFFFFFFF
14, 0 OFFFFFFFF
X . X 8056652000 213346000 D4FFFFFFFF
2634 2744 0823 472%  430%  G7SSE44000 7315504000 O4FFFFFFFF
1895 2820 0672 353%  442%  GOS2070000 7518120000 OxFFFFFFFF
1794 1545 1460 334%  242% 4702004000 4121636000 OFFFFFFFF
1738 1389 1251 328%  218%  4E33S08000 3703074000 O«FFFFFFFF
1593 1573 1013 297%  246% 4246933000 4193618000 OFFFFFFFF
1513 16H 092 282 257%  40IIESE000 4374905000 OFFFFFFFF
1442 2344 OB1S 263  367% 3844372000  £249104,000 O4FFFFFFFF
1231 2072 0534 229%  325% 3201845000 5523952000 OWFFFFFFFF
1206 224 5384 225  035% 321519000 597164000 O4FFFFFFFF
@89 1121 0882 184%  176%  ZEIE74000  298E596000 O«FFFFFFFF
S05 32 2503 163 057 2415396000 965092000 OsFFFFRFFF
892 1127 0791 166%  177% 2378072000 3004582000 OWFFFFFFFF
16 124 BEE 152%  019% 2175456000 330,584,000 (04FFFFFFFF
764 747 1023 142% 117% 2036824000 1991502000 OFFFFFFFF
526 1724 0468 099%  1.76% 1402316000 2995584000 O4FFFFFFFF
437 455 0860 081%  071% 1165042000 1213030000 O«FFFFFFFF
409 463 0872 076% 073k 1000394000 1250354000 O«FFFFFFFF
J6 493 0641 059 O77% 42456000  1.314,338.000 OFFFFFFFF
132 15 BSOD  025%  002% 351,912,000 39,990,000 O4FFFFFFFF
120 04000 022 005x 313920000 79.960,000 0«FFFFFFFF
98 40 2450 018%  006% 261268000 10B.640.000 QuFFFFFFFF
79 1718 018% 002% 210,614,000 29.326,000 D4FFFFFFFF
7204 0377 014% 0% 205282000 543864000 O«FFFFFFFF
67 740905 0M2% 012% 178622000 197.284.000 QuFFFFFFFF
51 £ BEOD  010% 0M% 135,986,000 15,996,000 O4FFFFFFFF
49 1043000 003%  000% 130634000 2685000 OFFFFFFFF
41 22 1884 008%  003% 109306000 5,652,000 Q4FFFFFFFF
k] 33 0974 007% 00E% 101,208,000 103,974,000 (4FFFFFFFF
k] B\ 1061 007X 005% 53,310,000 B7.978.000 OFFFFFFFF
0 13 251 0OB%  002% 87,978,000 34,658,000 Q4FFFFFFFF
a7 12 2250 005%  002% 71,982,000 31,952,000 OxFFFFFFFF
#5 14 17EE 00S%  00% 56650000 37324000 OFFFFFFFF

Figura 1 Versdo ANTERIOR

iency: numerical solution 2D / analytic Q1D (dimensionless) ***

1.000836328728610E+00 = discharge coef

9.691914048072187E-01
9.752768908404300E-01
1.080533092655724E+00
9.677277608885935E-01
9.754462366605242E-01
9.677277608885934E-01
9.754462366605242E-01
9.991643701326544E-01
9.669190986681354E-01
9.746311246511808E-01
9.669190986681355E-01
9.746311246511810E-01

0.000

= dynamic thrust

= pressure thrust at sea level (p = 101325 Pa)
= pressure thrust in the vacuum

= total thrust at sea level

= total thrust in the vacuum

= thrust coefficient at sea level

= thrust coefficient in the vacuum

= characterist velocity

= velocity of efective ejection at sea level
= velocity of efective ejection in the vacuum
= specific impulse at sea level

= specific impulse at vacuum

tcpuo: acumulated CPU time (s) (before interuption)

55.641 = dtcpu: CPU time (s) (after interuption)
55.641 = tcpu: total CPU time (s)

2)SUBROTINA: MSI2D9_mp_LU2D9: SEN03_0014

Dffset
OxEABFD
0w408C0
OxEE4401

043080
0+B8830
0<11B7B0
O=ECFED
OxEFB00
0=87C20
0wA8730
OxDEEED
0=D2560
0=21BFFO
Ow78440
0<1CEEDD
0298010
210550
0=F1200
0x794F0
OxF2450
0-F3170
0=114FD0
Ow122620
0<738C0
O=EF2B0
OxF2720
0133540
0x10F5A0
OxF2930
0=F28D0
O=FEETD
Ox1BBCCO
0181880
OwF74s0
OxFBOAD
0<F3830

Rva,
O:6BEFO
0x418C0
OxE7440

0xd4080
0xB5830
0x11C7RO
0+EDFED
OxFOEO0
0xB8C20
0xA9730
0x07EED
0xD 3560
0x21CFFO
7B 440
0x1C7E0D
0x98C10
0x21E550
0xF2200
Ox7AAFD
OxF3450
0xF4170
0x11BFDO
0123620
0x7ABCO
OxFO2BO
0xF3720
0x134540
0x170540
0xF3330
0xF38D0
O4FFETD
Ox1BCCCO
0x182B80
0xFB440
0:FCOAD
0xF4330

Size.
OxBDED
0287C0
Oxt860

0z4BFD
OxCBAN
0:D50
02350
0x1C00
023780
08060
02800
02380
0x1560
OxBR00
0:F0
0z6C00
02300
0x1450
02980
0720
05720
07ED
OxB0B0
0230
0x350
Ox1B0
0x4320
025830
0xCO
0:C0
02020
OxDE0
0x13E0
0x3C00
03000
0:3C10

Class.

MSI2D5_m
MSIZDE_m
MSI209_m

51205 m
COEFFICIE
SOLVERS.
COEFFICIE
COEFFICIE
COEFFICIE
COEFFICIE
COEFFICIE
COEFFICIE
_inteL_new.
COEFFICIE
memset

COEFFICIE
_intel_new
COEFFICIE
COEFFICIE
USER_mp.
USER_mp,
SOLVERS.
MAIN_jp_E
COEFFICIE
COEFFICIE
USER_mp.
cvtas_t_to_
USER_mp.
USER_mp._
USER_mp,
USER_mp.
for_interp.
ovt_imee_t_
USER_mp.
USER_mp.
USER_mp,

Ao invés de um if, foi feito dois ciclos e casos especiais nos volumes ficticios para

alpha = 0.

Houve uma reducéo de 16,145,296,000 ciclos de clock para 15,558,776,000. A rotina
que utilizava 11,29% do tempo total, agora utiliza 10,91%.



e P TINSTR ks CPUCLTINSLR CRUELCON WSTREIRED oy o | A | s | e
MSI2D9_mp_FBZDY 8800 12862 0684 1640%  20715% 23460800000 34290092000 OxFFFFFFFF  OxBAGF0 OxBEEFD 0xB0S0 MSIZDI_m
MSI2D5_mp FBZDS 8433 12466 0676 1572% 1953% 22482370000 33234356000 OxFFFFFFFF  0x408C0 Ox418C0 0xg7C0 MSIZDE_m
5 1 Ol -

COEFFICIENTS _mp_GET_VELOCITIES_AT_FACES 5275 4,788 1.102 983% 760% 14063150,000 12764808000 O«FFFFFFFF  0<DBEFD OxDCEFO0  Ox8730 COEFFICIE
M&I2D6_mp_LUIZDS 3022 3.081 0.as1 bE3% 483% 8.066,662,000 8213946000 OxFFFFFFFF  OxdS080 Ox4&080 0=4BF0 MEIZD6_m
COEFFICIENTS _mp_GET_T_COEFFICIENTS_AND_SOURCE 2534 2,744 0923 472%  430% 6795644000 7315504000 OxFFFFFFFF  0xB8E30 0xB9890 OxCBAD COEFFICIE
SOLVERS_mp_NORM_L1_SD 1.835 2820 0672  353%  442% 5052070000 75181200000 O«FFFFFFFF  0«11B780  O«11C7B0  0sD50 SOLVERS,
COEFFICIENTS _mp_GET_INTERMAL_SIMPLEC_COEFFICIENTS 1.734 1546 1160 334%  242% 4782804000 4121636000 OxFFFFFFFF  OxECFR0 OxEDFE0 0x2350 COEFFICIE
COEFFICIENTS _mp_GET_U_V_AT_REAL_MODES_WITH_PL 1738 1.389 1.281 J24% 218% 4633500000 3703074000 O=FFFFFFFF  OxEFE00 OxFOE00 01000 COEFFICIE
COEFFICIENTS _mp_GET_U_SOURCE 1593 1573 1013 297%  246% 42468938000 4193618000 OxFFFFFFFF  0=87C20 0x88C20 0x97B0 COEFFICIE
COEFFICIENTS mp_GET % _SOURCE 1513 1641 0922 282%  257% 4033658000 4374906000 OxFFFFFFFF  Oxi8730 Ox89730 k8060 COEFFICIE
COEFFICIENTS_mp_GET_P_SOURCE 1.442 2344 0616 269% 3E7% 3.844,372,000 E.245104.000 OxFFFFFFFF  OxDEEESO OxD7EED 0x2800 COEFFICIE
COEFFICIENTS _mp_GET_P_COEFFICIENTS 1231 2072 0594 229% 325% 3.281,846,000 5523952000 OxFFFFFFFF  0xD2560 Ox03560 0x2380 COEFFICIE
_intel_new_memset 1.208 224 5384 2.25% 0.36% 3.215,156,000 B97.184.000 (O«FFFFFFFF  0221BFF0  Ox21CFFO Ox1560 _intel_new
COEFFICIENTS_mp_GET_U_COEFFICIENTS 989 1121 0882 1.84%  176%  2R36E74000 2988586000 O+FFFFFFFF  0x7A440 Ox7B 440 0xEBO0 COEFFICIE
memset 906 362 2503 169%  057%  2415336.000 965.092.000 0sFFFFFFFF  Ox1CGEDD  Ox1C7E0D  OxF0 memset
COEFFICIENTS _mp_GET_Y_COEFFICIENTS 832 1127 0791 166%  177% 2378072000 3004582000 OxFFFFFFFF  0x84C10 0x3BC10 Ox6CD0 COEFFICIE
_intel_new_memcpy 16 124 6.581 182%  019%  2175456.000 330,584,000 O«FFFFFFFF  0x21D550 Ox21E550  0x2300 _intel_new
COEFFICIENTS _mp_GET_VELOCITIES_AT_INTERNAL_FACES_WITH_PL 764 47 1023 142% 117% 2036824000 1,991.502000 OxFFFFFFFF  0xF1200 OxF2200 0x1450 COEFFICIE
COEFFICIENTS mp_GET_DEMSITY_AT_FACES 526 1124 0468 098%  1.76% 1402316000 2996554000 OxFFFFFFFF  0x794F0 Ox7AAFO 0x960 COEFFICIE
USER_mp_GET_LaMINAR_WISCOSITY_AT_FACES 437 455 0960 081%  071% 1165042000  1.213.0300000 OxFFFFFFFF  OxF2450 OxF 3850 w720 USER_mp_
USER_mp_GET_THERMAL_CONDUCTMWITY_AT_FACES 409 463 n0arz2 076% 073% 1.090,354,000 1,250,354.000 OxFFFFFFFF  OxF3170 OxF4170 0720 USER_mp_
SOLVERS_mp_NORM_L1_GD 316 433 0641 059% 077% 842 466,000 1.314,338.000 OxFFFFFFFF  Ox11AFDO Ox11BFDO Ox7ED SOLWERS_
MAIN_ip GET_NUMERICAL_SOLUTION 132 15 8800 028% 002% 351,812,000 38,330,000 0«FFFFFFFF 02122620 (w123620  OxG0BO MAIN_ip_G
COEFFICIENTS _mp_GET_DENSITY_AT_NODES 120 a0 4000 022%  005% 319,520,000 79.980.000 0<FFFFFFFF  0x738C0 Ox7ABCO 0x230 COEFFICIE
COEFFICIENTS _mp_GET_PRESSURE_DENSITY_CORRECTION_WITH_PL a8 40 2450 018%  006% 261.266.000 106640000 0xFFFFFFFF  0xEF2B0 0xFO2B0 0x350 COEFFICIE
USER_mp_SET_CP_AND_GAMMA, 79 1 718z 018%  002% 210,614,000 29,326,000 0=FFFFFFFF  OxF2720 OxF3720 %180 USER_mp_
cvtas_tto_s 77 204 0377 014x% 032 205,282,000 543854000 O«FFFFFFFF  0x199540  Ox194840  0x4320 cvtas_t o
USER_mp_GET_A30_B_RESCALING E7 74 0a0s  012% 012% 178,622,000 197.284.000 O=FFFFFFFF  Ox10F5&0  Ox110540  0x5830 USER_mp_
USER_mp_SET_THERMAL_CONDUCTRATY_AT_NODES a1 E 8500 010% 001 135,966,000 15,936,000 O=FFFFFFFF  OxF2330 OxF3330 0xCO USER_mp_
USER_mp_SET_LaMIN&aR_VISCOSITY_AT_WNODES 43 1 43.000 0.09% 0.00% 130,634,000 2666000 OxFFFFFFFF  0xF2800 OxF3800 0o USER_mp_
USER_mp_SET_BCP 4 22 1.864 0.08% 0.03% 108,306,000 H8.662.000 O=FFFFFFFF  O=FEE7D OxFFE7D 0:2020 USER_mp_
for__interp_fmt 38 38 0874 007%  006% 101,308,000 103,574.000 0zFFFFFFFF  0x16BCCO Ow16CCCO  0xD80 for__interp_
cvt_ieee_t_to_text_ex 35 n 1.061 007%  005% 43,310,000 87.976.000 0«FFFFFFFF  O«181880 Ox182860  Ox13E0 cvt_ieee_t
USER_mp_SET_BCY feel 13 2538 006%  002% 87.576.000 34.656.000 0=FFFFFFFF  0xF7440 OxFE440 0x3C00 USER_mp_
USER_mp_SET_BCT 27 12 2250 008x  002% 71,982,000 31.992.000 0=FFFFFFFF  0xFBO0&D OxFCOAD k3000 USER_mp_
USER_mp_SET_BCU 2 14 1786 008%  O02% 66,650,000 37,324,000 O=FFFFFFFF  OxF3890 OxF4890 0x3C10 USER_mp_

Figura 2 Antes da Otimizacdo

e G WSTR[ Cocke P CLISTR | CRUCIKCUNA WSTRETRED s o | s See  com
MSI2D9_mp_FBZDY e 1z2anm 0686 16.43%  20715% 23426806000 34154126000 OxFFFFFFFF  DxBAGFD OxBEEFD O+BD50 MSIZDI_m
MSI2D5_mp FBZDS 8468 1251 0677 15.82% 1960% 225756008.000 33394326000 OxFFFFFFFF  0x408C0 Ox418C0 08700 MSIZDE_m
1 3 ] 0| <FFFFFFFF
COEFFICIENTS _mp_GET_VELOCITIES_AT_FACES 5,336 4,832 1.104 997% 7EO0Z 14225776000 12882112000 O«FFFFFFFF  0=DCOB0 0x0D0R0 Ox8730 COEFFICIE
M&I2D6_mp_LUIZDS 2985 3037 0483 5 58% 478% 7.868,010,000 8,056,642.000 OxFFFFFFFF  OxdS080 Ox4&080 O=4BF0 MEIZD6_m
COEFFICIENTS _mp_GET_T_COEFFICIENTS_AND_SOURCE 251 2116 0925 469%  427% 66326000 7240856000 O<FFFFFFFF  0<B8420 O0xB3420  OwCBAO COEFFICIE
SOLVERS_mp_NORM_L1_SD 1519 2813 0.681 389%  443% 5116054000 7515454000 O«FFFFFFFF  0x11B940 Ox11C940  O«D50 SOLVERS,
COEFFICIENTS _mp_GET_INTERMAL_SIMPLEC_COEFFICIENTS 1797 1530 1175 33x  241% 4730802000  4.076.980.000 OxFFFFFFFF  OxEDOFD  OsEEOF0  0x2350 COEFFICIE
COEFFICIENTS _mp_GET_U_V_AT_REAL_MODES_WITH_PL 1720 1.364 1268 323w 215% 4612780000 3636424000 OxFFFFFFFF  OxEF790 OxFO790 01000 COEFFICIE
COEFFICIENTS _mp_GET_Y_SOURCE 1546 1626 0.951 289%  256% 4121636000 4334916000 O=FFFFFFFF  Oxi80CO (x898C0  O=8060 COEFFICIE
COEFFICIENTS mp_GET_U_SOURCE 1,546 1583 0973 289%  250% 4121636000 4236274000 OzFFFFFFFF  0=87DB0  0x880B0  0x97B0 COEFFICIE
COEFFICIENTS_mp_GET_P_SOURCE 1.413 2,358 0602 265% 371%E 3,783,054,000 E.285,034.000 OxFFFFFFFF  OxDEFFD OxD7FFO 02800 COEFFICIE
_intel_new_memset 1.260 222 G67R 238% 0.36% 3.358,160,000 B91.852.000 O«FFFFFFFF  0:21C180 Ox21D180  Ox1560 _intel_new
COEFFICIENTS _mp_GET_P_COEFFICIENTS 1.217 2,061 0693 237% 323% 3.244,522.000 5,467 966,000 OxFFFFFFFF  0xD26F0 =D 36F0 w2380 COEFFICIE
COEFFICIENTS_mp_GET_U_COEFFICIENTS 1.003 1122 0834 187%  177% 2873898000  2.991,252000 OxFFFFFFFF  Dx7AR30 0x7BE30 Ox£B00 COEFFICIE
COEFFICIENTS _mp_GET_Y_COEFFICIENTS 867 1.140 0.761 162%  179% 2311422000 3039.240000 0<FFFFFFFF  0x94040 098040  O«6CD0 COEFFICIE
memsst 835 390 214 186%  061% 2226110000  1.039.740.000 0<FFFFFFFF  0x1C6F30  Ox1C7F30  OsFO MEMSEL
_intel_new_memcpy a3 "z 6943 182%  018%  2167458.000 311.922000 0:FFFFFFFF  0x21DGED  OW21EEED  Ow23D0 _intel_new
COEFFICIENTS _mp_GET_VELOCITIES_AT_INTERNAL_FACES_WITH_PL 74 59 1020 1.45%  119% 2063484000 2023494000 OxFFFFFFFF  0xF1390 OxF2390 0x1450 COEFFICIE
COEFFICIENTS mp_GET_DEMSITY_AT_FACES 508 1134 0519 110%  1.78% 1567608000 3023244000 OxFFFFFFFF  0x79CH0 Ox7ACE0 (w980 COEFFICIE
USER_mp_GET_THERMAL_CONDUCTMITY_AT_FACES 457 478 0956 08%%  075% 1218362000  1.274348000 OxFFFFFFFF  0xF3300 OxF4300 =72l USER_mp_
USER_mp_GET_L&MINAR_WISCOSITY_AT_FACES 412 455 0.905 077% 072% 1.098,352,000 1.213,030,000 OxFFFFFFFF  OxF2BED OxF3BED Ox720 USER_mp_
SOLVERS_mp_NORM_L1_GD 308 BB 0609 058% 0.80% 821,128,000 1,34B.936,000 OxFFFFFFFF  Ow11B160  Ox11CTE0  Ox7EQ SOLWERS_
MAIN_ip GET_NUMERICAL_SOLUTION 125 18 BS44  023%  003% 333,250,000 47988000 0:FFFFFFFF 02122780 Ow1237B0  OwGOBO MAIN_ip_G
COEFFICIENTS _mp_GET_PRESSURE_DENSITY_CORRECTION_WITH_PL 116 4 2829 022%  006% 309.256.000 109.306.000 0sFFFFFFFF  OxEF440 OxFO440 0x350 COEFFICIE
COEFFICIENTS _mp_GET_DENSITY_AT_NODES a8 25 35920 018%  00d% 261.266.000 66.650.000 0=FFFFFFFF  0x73450 Ox7A4850  0x230 COEFFICIE
cvtas_t_to_s a3 206 0.451 017%  032% 247,938,000 549196000 0«FFFFFFFF 0199730 Ox194730  Ow4320 cvtas_t_to
USER_mp_SET_CP_AND_GAMMA, 89 7o1zne 01rx 0Nz 237,274,000 18.662.000 O=FFFFFFFF  OxF2880 OxF3880 0180 USER_mp_
USER_mp_GET_A30_B_RESCALING 75 BE 1136 014% 070% 199,950,000 175,956,000 O«FFFFFFFF  Ox10F730 Ox110720 (w5830 USER_mp_
USER_mp_SET_BCP 45 g 1867 008%  004% 119,970,000 71.982.000 0=FFFFFFFF  OxFFOO0 0x100000  0x2020 USER_mp_
USER_mp_SET_LaMIN&aR_VISCOSITY_AT_WNODES 40 313333 0.07% 0.00% 108,640,000 7938000 OxFFFFFFFF  OxF2460 OxF34E0 OxCO USER_mp_
USER_mp_SET_BCLI 40 8 6.000 0.07% 001% 106,640,000 21,328000 O=FFFFFFFF  DxF3820 OxF4820 03010 USER_mp_
USER_mp_SET_THERMAL CONDUCTRATY_AT_MODES ketcl 4 47680 007%  001% 103,574,000 10,664,000 0«FFFFFFFF  0:F2B20 OxF3B20 0xC0 USER_mp_
USER_mp_GET_ASD_B_RESCALING feel Ell 1065 006%  005% 87,578,000 82,646,000 0:FFFFFFFF  0x10B3C0  Ox10C3C0O 04370 USER_mp_
USER_mp_SET_BCY kil 7 4423 006%  001% 82.646.000 18.662.000 0=FFFFFFFF  0xF7630 0xFBR30 0x3C00 USER_mp_
USER_mp_SET_BCT 0 4 7500 00ex  001% 79,580,000 10,664,000 0=FFFFFFFF  0xFB230 OxFC230 0x3000 USER_mp_
ovi_ieee, bext_ex 0 =] 0769 00e%  006% 79,980,000 103974000 O«FFFFFFFF 0x181010  (x182010  Ox13E0 cvt_jeee |

Figura 3 Depois da otimizacdo

***x EFF

iency: numerical solution 2D / analytic Q1D (dimensionless) ***

1.000836328728610E+00 = discharge coeff
9.691914048072187E-01 = dynamic thrust
9.752768908404300E-01 = pressure thrust at sea level (p = 101325 Pa)
1.080533092655724E+00 = pressure thrust in the vacuum
9.677277608885935E-01 = total thrust at sea level
9.754462366605242E-01 = total thrust in the vacuum

ent




9.677277608885934E-01 =
9.754462366605242E-01 =
9.991643701326544E-01 =
9.669190986681354E-01 =
9.746311246511808E-01 =
9.669190986681355E-01 =
9.746311246511810E-01 =

thrust coefficient at sea level

thrust coefficient in the vacuum
characterist velocity

velocity of efective ejection at sea level
velocity of efective ejection in the vacuum
specific impulse at sea level

specific impulse at vacuum

0.000 = tcpuo: acumulated CPU time (s) (before interuption)

55.547

dtcpu: CPU

time (s) (after interuption)

55.547 = tcpu: total CPU time (s)

3)SUBROTINA: MSI2D5_mp_LU2D5: SEN03_0015

Ao invés de um if, foi feito dois ciclos e casos especiais nos volumes ficticios para

alpha =0.

Houve uma reducéo de

7,958,010,000 ciclos de clock para 7,134,216,000. A rotina

gue utilizava 5,58% do tempo total, agora utiliza 5,01%.

Name

CPU_ _ |INST_R | Clocks CPU_CL |INST_R |CPU_CLK_UWH INST_RETIRED
% P

comp] T | comples o e i Segment Offset Rua Size | Class

MSI2D9_mp_FBZDY e 1z2anm 16.43%  2015% 23436006000 34154126000 O=FFFFFFFF  OxSAGFO OxBEEFD O+BD50
MSI2D5_mp_FBZDS 8468 1251 15.82%  1968% 22579690000 33,354.326.000 O=FFFFFFFF  Ox408C0 Ox418C0 08700
WMSI2D9_mp_LUIZDS ¥k 7322 1081%  11652% 16568776000 19520452000 O«FFFFFFFF  DxEE440 OxE7440 O=4CF0
COEFFICIENTS _mp_GET_VELOCITIES_AT_FACES 4,832 997% 7EO0Z 14225776000 12882112000 O«FFFFFFFF  0=DCOB0 0x0D0R0 Ox8730
COEFFICIENTS _mp_GET_T_COEFFICIENTS_AND_SOURCE 2116 469%  427%  6RE34326000  7.240,856,000 O<FFFFFFFF  0zB8420 WB3820  OxCBAO
SOLVERS_mp_NORM_L1_SD 2813 389%  443% 5116054000 7515454000 O«FFFFFFFF  0x11B940 Ox11C940  O«D50
COEFFICIENTS _mp_GET_INTERMAL_SIMPLEC_COEFFICIENTS 1797 1530 336% 241% 4730802000 4.076.980.000 O=FFFFFFFF  0xEDOFD  OxEEOFD 02350
COEFFICIENTS _mp_GET_U_V_AT_REAL_MODES_WITH_PL 1720 1.364 323 215% 48127190000 3636424000 O=FFFFFFFF  OxEF790 OxFO790 01000
COEFFICIENTS _mp_GET_Y_SOURCE 1546 1626 289%  256% 4121636000 4334916000 O=FFFFFFFF  Oxi80CO (x898C0  O=8060
COEFFICIENTS mp_GET_U_SOURCE 1546 1589 289%  250% 4121636000 4236274000 OzFFFFFFFF  0=87DB0  0x880B0 049780
COEFFICIENTS_mp_GET_P_SOURCE 1.413 2,358 265% 371%E 3,783,054,000 E.285,034.000 OxFFFFFFFF  OxDEFFD OxD7FFO 02800
_intel_new_memset 1.260 222 238% 0.36% 3.358,160,000 B91.852.000 O«FFFFFFFF  0:21C180 Ox21D180  Ox1560
COEFFICIENTS _mp_GET_P_COEFFICIENTS 1.217 2,061 237% 323% 3.244,522.000 5,467 966,000 OxFFFFFFFF  0xD26F0 =D 36F0 w2380
COEFFICIENTS_mp_GET_U_COEFFICIENTS 1.003 1122 187%  177% 2873898000 2,891.,252.000 0«FFFFFFFF  0:7AB30 0x7BE30 Ox£B00
COEFFICIENTS _mp_GET_Y_COEFFICIENTS 867 1.140 162%  179% 2311422000 3039.240000 0<FFFFFFFF  0x94040 098040  O«6CD0
memsst 835 390 186%  061% 2226110000  1.039.740.000 0<FFFFFFFF  0x1C6F30  Ox1C7F30  OsFO
_intel_new_memcpy a3 "z 182%  018%  2167.458.000 311.922000 0:FFFFFFFF  0x21DGED  OW21EEED  Ow23D0
COEFFICIENTS _mp_GET_VELOCITIES_AT_INTERNAL_FACES_WITH_PL 74 59 145%  119% 2063494000 2023494000 O=FFFFFFFF  OxF1390 OxF2390 0x1450
COEFFICIENTS mp_GET_DEMSITY_AT_FACES 508 1134 110%  1FEE 1567600000 3023244000 O=FFFFFFFF  0x70CE0 Ox7ACE0 (w980
USER_mp_GET_THERMAL_CONDUCTMITY_AT_FACES 457 478 085%  079% 1218362000 1.274.348.000 O=FFFFFFFF  OxF3300 OxF4300 =72l
USER_mp_GET_L&MINAR_WISCOSITY_AT_FACES 412 455 077% 072% 1.098,352,000 1.213,030,000 OxFFFFFFFF  OxF2BED OxF3BED Ox720
SOLVERS_mp_NORM_L1_GD 308 BB 058% 0.80% 821,128,000 1,34B.936,000 OxFFFFFFFF  Ow11B160  Ox11CTE0  Ox7EQ
MAIN_ip GET_NUMERICAL_SOLUTION 125 18 023%  003% 333,250,000 47988000 0:FFFFFFFF 02122780 Ow1237B0  OwGOBO
COEFFICIENTS _mp_GET_PRESSURE_DENSITY_CORRECTION_WITH_PL 116 4 022%  006% 309.256.000 109.306.000 0sFFFFFFFF  OxEF440 OxFO440 0x350
COEFFICIENTS _mp_GET_DENSITY_AT_NODES a8 25 018%  00d% 261.266.000 66.650.000 0=FFFFFFFF  0x73450 Ox7A4850  0x230
cvtas_t_to_s a3 206 017%  032% 247,938,000 549196000 0«FFFFFFFF 0199730 Ox194730  Ow4320
USER_mp_SET_CP_AND_GAMMA, 89 7 017z 0oz 237,274,000 18.662.000 O=FFFFFFFF  OxF2880 OxF3880 0180
USER_mp_GET_A9D_B_RESCALING 75 BE 014  0710% 199,950,000 175,956,000 O«FFFFFFFF  Ox10F730 Ox110720 (w5830
USER_mp_SET_BCP 45 g 0osx  004% 119,970,000 71.982.000 0=FFFFFFFF  OxFFOO0 0x100000  0x2020
USER_mp_SET_LaMIN&aR_VISCOSITY_AT_WNODES 40 3 0.07% 0.00% 108,640,000 7938000 OxFFFFFFFF  OxF2460 OxF34E0 OxCO
USER_mp_SET_BCLI 40 8 0.07% 001% 106,640,000 21,328000 O=FFFFFFFF  DxF3820 OxF4820 03010
USER_mp_SET_THERMAL CONDUCTRATY_AT_MODES ketcl 4 007%  001% 103,574,000 10,664,000 0«FFFFFFFF  0:F2B20 OxF3B20 0xC0
USER_mp_GET_ASD_B_RESCALING feel Ell 006%  005% 87,578,000 82,646,000 0:FFFFFFFF  0x10B3C0  Ox10C3C0O 04370
USER_mp_SET_BCY kil 7 006%  001% 82.646.000 18.662.000 0=FFFFFFFF  0xF7630 0xFBR30 0x3C00
USER_mp_SET_BCT 0 4 006%  001% 79,580,000 10,664,000 0=FFFFFFFF  0xFB230 OxFC230 0x3000
ovi_iese_t to_text ex 0 =] 00e%  006% 79,980,000 103974000 O«FFFFFFFF 0x181010  (x182010  Ox13E0

Figura 4 Antes da Otimizacdo

MSI1209_m
MSI205_m
MSI1209_m
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m
COEFFICIE
SOLVERS.
COEFFICIE
COEFFICIE
COEFFICIE
COEFFICIE
COEFFICIE
_irtel_new_
COEFFICIE
COEFFICIE
COEFFICIE
memset
_irtel_new_
COEFFICIE
COEFFICIE
USER_mp_
USER_mp_
SOLVERS_
MAIN_ip_G
COEFFICIE
COEFFICIE
ovias_t_to_
USER_mp_
USER_mp_
USER_mp_
USER_mp_
USER_mp_
USER_mp_
USEFA_mp_
USEF_mp_
USEF_mp_
cvi_jese L



Name
MSI2D9_mp_FE2DS
MS1205_mp_FE2DS
MSI1209_mp_LUZD3
COEFFICIENTS_mp_GET_VELOCITIES_AT_FACES

e LUt

COEFFICIENTS mp_GET_T_COEFFICIENTS_&ND_SOLRCE
SOLYERS_mp_NORM_L1_3D

COEFFICIENTS _mp_GET_INTERNAL_SIMPLEC_COEFFICIENTS
COEFFICIENTS_mp_GET_U_W_AT_REAL_NODES_WITH_PL
COEFFICIENTS_mp_GET_U_SOURCE
COEFFICIENTS_mp_GET_Y_SOURCE
COEFFICIENTS_mp_GET_P_SOURCE

_intel_new_memsst
COEFFICIENTS_mp_GET_P_COEFFICIENTS
COEFFICIENTS_mp_GET_U_COEFFICIENTS
COEFFICIENTS_mp_GET_Y_COEFFICIENTS

memset

_intel_new_memcpy
COEFFICIENTS_mp_GET_YELOCITIES_AT_INTERNAL_FACES_WITH_PL
COEFFICIENTS_mp_GET_DENSITY_AT_FACES
USER_mp_GET_THERMAL_CONDUCTIVITY_AT_FACES
USER_mp_GET_LAMINAR_VISCOSITY_AT_FACES
SOLYERS_mp_NORM_L1_50
MAIN_ip_GET_NUMERICAL_SOLUTION

cvias_tto_a

COEFFICIENTS mp_GET_PRESSURE_DENSITY_CORRECTION_ ‘\wITH_PL
COEFFICIENTS_mp_GET_DENSITY_AT_NODES
USER_mp_SET_CP_AND_GAMMA

USER_mp GET_ASD_B_RESCALING
USER_mp_SET_LAMINAR_V1SCOSITY_AT_NODES
USER_mp_SET_THERMAL_CONDUCTIVITY_AT_NODES
cvt_isee_t to text ex

USER_mp_SET_BCP

USER_mp_SET_BET

For__interp_fmt

for_write_secy_frut_smit

USER_mp_GET_ASD_B_RESCALING

*** Efficiency: numerical

CRU_

INST_R | Clocks

14,265, 766,000
0
E.795,634.000

EPILLEL \NSQTJ;( CPU_CLE_UNH | INST_RETIRED S
sampl | samples | per, % % vents
$833 12866 0BG7 1656% 2031% 23548778000 38298080000 OxFFFFFFFF
G519 12475 0691 1615%  1970% 22979254000 33.258.350.000 O4FFFFFFFF
6816 7253 0802 1090% 1145% 15505456000 19336493000 O«FFFFFFFF
5351 4778 1120 1003%  754% 12738,148.000 OFFFFFFFF

WFFFFFFFF

- ' 478%  4.25% 7174206000 OxFFFFFFFF
1860 2846 0S4 348%  449% 4953760000 7587436000 OxFFFFFFFF
1798 1548 161 337% 244% 4793468000 4125358000 OsFFFFFFFF
1744 1382 1262 327%  218%  4B49504000 3684412000 O4FFFFFFFF
1546 153 0870 290%  252% 4121636000 4243604000 OxFFFFFFFF
1540 1627 0947 283%  257% 4105540000 4337582000 OsFFFFFFFF
1432 2323 015 268%  368% 3817712000 203,114,000 OxFFFFFFFF
1277 223 5726 233%  035% 340482000 534518000 OsFFFFFFFF
1233 2050 0BM  232% 3% 3303174000 5465300000 OsFFFFFFFF

988 1716 0885 185% 176%  ZEM008000 275,256,000 OwFFFFFFFF

882 1113 0788 165% 177X 2350412000 2983254000 OsFFFFFFFF

625 395 2083 158%  062% 2193450000 1.053.070.000 OsFFFFFFFF

70 100 7800 148%  016% 2106140000 265,600,000 OxFFFFFFFF

7A0 745 1047 146% 118X 2079480000 1.986.170.000 OsFFFFFFFF

607 1186 0512 114% 187X 1B18.262000  3161.876.000 DsFFFFFFFF

433 488 0975 081%  074% 1154378000  1247,688,000 OuFFFFFFFF

416 467 083 078% 074X 1103056000 1245022000 OsFFFFFFFF

M4 495 0B14 057%  078%  BI0464000 1319670000 DsFFFFFFFF

131 25 5240 025% 004% 343246000 66,650,000 OFFFFFFFF

39 201 0433 019%  032% 263934000 535866000 OsFFFFFFFF
94 3B 2606 016%  00B% 250604000 93.310,000 OxFFFFFFFF
0 18 5000 017% 003% 239340000 47,988,000 OFFFFFFFF
i 712286 016%  001% 223276000 18652000 OxFFFFFFFF
68 72 0944 013%  011% 191280000 191852000 OsFFFFFFFF
57 5 11400 011% 001%  151,362.000 13,330,000 OFFFFFFFF
47 7OG7M4 003X 0M% 125302000 18652000 OxFFFFFFFF
12 ¥ 1138 008% 008 111972000 93,642,000 OxFFFFFFFF
3 130 008%  0.04% 87,578,000 66,650,000 DFFFFFFFF
az 4 8000 00B% 0% 65,312,000 10,654,000 OxFFFFFFFF
a0 23 10M  006%  005% 73,980,000 7234000 OxFFFFFFFF
28 24 1167 005%  004% 74,648,000 63,984,000 OFFFFFFFF
2 3087 005%  005% 71.982.000 62.646.000 OxFFFFFFFF

Figura 5 Depois da otimizacdo

solution 2D / analytic Q1D (dimensionless) ***

1.000836328728611E+00
9.691914048072191E-01
9.752768908404300E-01
1.080533092655724E+00
9.677277608885939E-01
9.754462366605247E-01
9.677277608885938E-01
9.754462366605245E-01
9.991643701326540E-01

= discharge coeff
= dynamic thrust
= pressure thrust at sea level (p = 101325 Pa)
= pressure thrust in the vacuum

= total thrust at sea level

= total thrust in the vacuum

= thrust coefficient at sea level

= thrust coefficient in the vacuum

= characterist velocity

ent

9.669190986681355E-01 = velocity of efective ejection at sea level
9.746311246511808E-01 = velocity of efective ejection in the vacuum
9.669190986681356E-01 = specific impulse at sea level
9.746311246511810E-01 = specific impulse at vacuum

0.000
55.234 =

55.234 = tcpu:

tcpuo: acumulated CPU time (s) (before interuption)
dtcpu: CPU time (s) (after interuption)
total CPU time (s)

4)SUBROTINA: MSI2D9_mp_FB2D9: SENO3_0016

Dffset
(x40 330
0=E5430
053080
0-CECCO
DBFL
OwsBEE0
0<110DF0
0:DFD30
OxE2300
0=7A3F0
036500
OxCAC30
0=21E630
0xC5330
60270
0<8D3ED
0103440
Ox21FBS0
0=E3FDO
060800
OxFE7B0
0<F5030
0=11DE10
Ow124CE0
0<13BBED
OxE 2080
OxBCES0
0=FADED
0=111BED
OxF4F10
0=F4FDD
0x1841C0
Ox101480
0<FDEED
0x1EE300
0147440
0<10D870

R,
OxdE 330
O=EE430
54080
0:CFCCO

Ox&CEB0
0<11EDFD
0=EO0D30
OxE 3300
0=7B3F0
030500
OxCaC30
0=21FB30
0xCE330
OxBE 270
0<BE3ED
0104440
Ox220B50
O=E4FDO
0=EDECO
OxFE7B0
0<FE030
0=11EBTD
Ow126CE0
0<13CBED
OwE 3080
OxBDES0
0<F5DE0
0=112BED
OxFEF10
0<FSFDO
021851C0
Ow102480
O<FEBED
0w1EF300
Ow148430
0<10EB70

Sizer
0xBD&0
0xB7C0
0<4CF0
048730

0xCRAD
0xD50
0%2350
0x1C00
0x5780
0%B060
02800
0x1560
%2380
0xEB00
0x6C00
0:F0
02300
0x1450
0x980
0720
0x720
0x7ED
OxE0B0
0x4320
04350
0230
0x1B0
0x5830
0xCo
0xC0
0x13E0
0x2020
0x30D0
0:DB0
0:2480
0x4370

Class

MSI2D9_n
MSI2D5_m
MSI209_n
COEFFICIE

COEFFICIE
SOLYERS,
COEFFICIE
COEFFICIE
COEFFICIE
COEFFICIE
COEFFICIE
_intel_new
COEFFICIE
COEFFICIE
COEFFICIE
menet

_intel_new
COEFFICIE
COEFFICIE
USER_mp
USER_mp,
SOLYERS,
MAIN_ip_
cvtas_t_to
COEFFICIE
COEFFICIE
USER_mp,
USER_mp
USER_mp
USER_mp,
oot jsee t
USER_mp
USER_mp,
for_irkerp,
for_wite_s
USER_mp,

Ao invés de um if, foi feito dois ciclos e casos especiais nos volumes ficticios para o

célculo do residuo.

Houve uma reducéo de 23,548,778,000 ciclos de clock para 22,924,934,000. A rotina
que utilizava 16,55% do tempo total, agora utiliza 16,27%.



Hams T T s 6 L [T B I WS [y [ o | G | 6 O
MSI12D5_mp_FB205 8619 12475 0691 1615% 1970% 22979254000 33.258.350,000 O«FFFFFFFF  0xE5430 OREG430 0=87C0 MSI205_mp_FB205
51208 mp_LU2D3 5818 7,253 0802 1080% 11.45% 15505456000 19336498000 O«FFFFFFFF OxG3080 OxGa080 O=ACFO HS1205_mp_LUIZDS
COEFFICIENTS _mp_GET_VELOCITIES_AT_FACES 5,351 4778 1120 1003%  754% 14265766000 12738148000 O«FFFFFFFF  0:CECCO  0«CFCCO  Ow8730 COEFFICIENTS _mp_GE
MSI12D5_mp_LU2D5 2676 2916 0918 S501%  460% 7134216000 7774056000 OwFFFFFFFF  0:EDBF0 OxEEBFO  Ox7040 MSI2D5_mp_LU2DE
COEFFICIENTS mp_GET_T_COEFFICIENTS_&ND_SOURCE 2549 2691 0947 478% 4.25% 795,634,000 774208,000 O«FFFFFFFF  Dx4BEED 0x&CBED OxCBA&0 COEFFICIENTS_mp_GE
SOLVERS_mp NORM_L1_3D 1860 2846 0654  348%  443% 4958760000 7587436000 O«FFFFFFFF  0x11DDF0  Ox11EDFD  OxDS50 SOLYERS_mp NORM_I
COEFFICIENTS _mp_GET_INTERMAL_SIMPLEC_COEFFICIENTS 1798 1548 1161 337% 244% 4793468000 4126969000 OWFFFFFFFF OxDFD30  OxE0D30  Ox2350 COEFFICIENTS_mp_GE
COEFFICIENTS mp_GET_U_W_aT_REAL_NODES_WITH_PL 1,744 1,382 1262 327% 218% 4, £43,504,000 3684412000 O«FFFFFFFF  0xE23D0 0xE3300 0x1C00 COEFFICIENTS_mp_GE
COEFFICIENTS_mp_GET_U_SOURCE 1546 1534 0570 290%  252% 4121636000 4243604000 O«FFFFFFFF  0«743F0 0x7BSFO 0<9760 COEFFICIENTS_mp_GE
COEFFICIENTS _mp_GET_V_SOURCE 1540 1827 0947  289%  257% 4105640000 4337562000 O+FFFFFFFF  0x9B500 0x3C300 0=8060 COEFFICIENTS_mp_GE
COEFFICIENTS mp_GET_P_SOURCE 1,432 2329 0E15 288% 368% 3817712000 £.209,114,000 O«FFFFFFFF  0xCC30 0xCAC30 Ox2800 COEFFICIENTS_mp_GE
_intel_newy_memset 1.277 223 6726 233%  038%  3404.452000 534518000 O«FFFFFFFF  0«21E630  0«21FG30  Ox1560 _intel_new_memset
COEFFICIENTS_mp_GET_P_COEFFICIENTS 1233 2050 0604  232%  324% 3303174000 5465300000 O-FFFFFFFF  0xC5330 0xCE330 0x2380 COEFFICIENTS_mp_GE
COEFFICIENTS mp_GET_U_COEFFICIENTS 988 1116 0885 1.85% 1.768% 234,008,000 2.976,256,000 O«FFFFFFFF 060270 OxEE270 OxER00 COEFFICIENTS_mp_GE
COEFFICIENTS_mp_GET_V_COEFFICIENTS a8z 113 0788 165%  1.77% 2351412000 2983254000 O«FFFFFFFF  0«8D9E0  0«8ESED 0+6C00 COEFFICIENTS_mp_GE
memset ) 95 2089 1.95%  062% 2199450000 1053070000 O=FFFFFFFF  0x1C9440  Ox1CA440  OxFO memset
_intel_new_memcpy 740 100 7800 1.48% 0168% 208,140,000 2B6.B00,000 OxFFFFFFFF  Ox21FBS0  Ox220B390 02300 _intel_new_memcpy
COEFFICIENTS_mp_GET_VELOCITIES_AT_INTERMAL_FAC. 780 745 1047 146%  118% 2073480000 1386170000 O«FFFFFFFF  0«E3FD0  0«E4FD0  Ox1450 COEFFICIENTS_mp_GE
COEFFICIENTS_mp_GET_DEMSITY_AT_FACES B07 1186 0512 1.14%  1.87% 1618262000 3161876000 Ox=FFFFFFFF  0x6CECO 0x6DECO D980 COEFFICIENTS_mp_GE
USER_mp GET_THERMAL_CONDUCTMITY_&T_FACES 433 468 0425 081% 0.74% 1.154,378,000 1,247 B88,000 O«FFFFFFFF  OxFG7B0 OFE7BO Ox720 USER_mp_GET_THERt
USER_mp_GET_LAMINAR_VISCOSITY_AT_FACES 416 467 0891 078% 074% 1109056000  1.245022.000 O«FFFFFFFF  0xF5090 0xFE030 0x720 USER_mp_GET_LAMIN
SOLVERS_mp_NORM_L1_5D 04 495 0614 057%  0.78% 910454000 1.719670,000 O«FFFFFFFF Ox11D610 Ox11EE10  Ox7ED SOLYERS_mp_NORM_I
tAIN_ip_GET_MUMERICAL_SOLUTION 13 25 5240 0.25% 0.04% 343,246,000 EE.BG0,000 OxFFFFFFFF  Ox124CE0  Ox126CE0  Ox60BO AN _ip_GET_MNUMERI
cvtas_t_to_a EE] 201 0433 019% 032% 263.934.000 535.866.000 O«FFFFFFFF  0«19BBED  0+19CBED  Ox4320 cvtas_t_to_a
COEFFICIENTS _mp_GET_PRESSURE_DENSITY_CORRECT... 94 i) 2886 0718%  0.06% 250,604,000 93.310,000 O=FFFFFFFF  Ox£2080 OxE 23080 0x350 COEFFICIENTS_mp_GE
COEFFICIENTS mp_GET_DENSITY_&T_NODES a0 18 000 017% 0.03% 233,940,000 47.588,000 O«FFFFFFFF  OxBCES0 0EDES0 0x230 COEFFICIENTS_mp_GE
USER_mp_SET_CP_AND_GAMMA, 86 7 12286 016k 001% 229.276.000 18662.000 O«FFFFFFFF  0xF4DGE0 0xFEDED 0x160 USER_mp_SET_CP_&N
USER_mp_GET_&30_B_RESCALING ] 72 0944 0713%  011% 181,288,000 191.952,000 O=FFFFFFFF  0x111BED 0x112BE0 (w5830 USER_mp GET_ASD_B
USER_mp SET_LaMINAR_WISCOSITY_AT_MODES &7 6 11400 011z ooz 151,962,000 13,330,000 O«FFFFFFFF  OxF4F10 OxFEF10 OxCO USER_mp_SET_LaMIN.
USER_mp_SET_THERMAL_CONDUCTIMITY_AT_NODES 47 7 6714 009% 001% 125.302.000 18662.000 O«FFFFFFFF  0xF4FDO 0xFEFDD 0xC0 USER_mp_SET_THERH
cvt iees tto text ex 42 w 1138 0089%  006% 111,972,000 98642000 O«FFFFFFFF  Ox1841C0  0x1851C0  Ox13ED ot ieee b bo text ex
USER_mp SET_BCP 33 25 1320 0.06% 0.04% 87,978,000 B6.BG0.000 OxFFFFFFFF  Ox1014B0  Ox1024B0 02020 USER_mp SET_BCP
USER_mp_SET_BCT 32 4 8000 006% 001% 85.312.000 10664.000 O«FFFFFFFF  OxFDEED  OxFEGED 0x3000 USER_mp_SET_BCT
for_interp_fmt an 29 1034 00ex  0.05% 79,980,000 77314000 O«FFFFFFFF  Ox1BE300  Ox16F300  OxDEO for_interp_fmt
for_warite_seq_frat_smit 28 24 1167 0.05% 0.04% 74,648,000 B3.584,000 O«FFFFFFFF  Ox147430  Ox148450  Ox24B0 for_wwite_seq_fmt_smit
USER_mp_GET_&50_B_RESCALING 27 Ell 0871 005%  0.05% 71.982.000 82646.000 O«FFFFFFFF  0x10DB70  Ox10E670 04370 USER_mp_GET_A50D_B
Figura 6 Antes da Otimizacdo
Name E:n%ﬂ Is'\\larSnLEF; ED\nEn':ks EPI;L:EL \NSZLF( CPU_CLE_UNH \NST{;LIF\ED S Offset Ay Size
34000 0xFFFFFFFF
MSI12D5_mp_FB205 8436 12461 0677 1596% 1991% 22490376000 33.221.026.000 O«FFFFFFFF  0<CESED  OxCFIEQ 0:87C0 MSI2D5_m
51208 mp_LU2D3 5,844 7.250 0806 1106% 1168% 165580104000 19328500000 O«FFFFFFFF  OkEAOCO 0xEBOCO Ot CFO MS1205_m
COEFFICIENTS_mp_GET_VELOCITIES_AT_FACES 5.302 4735 1106 1003%  76R% 14135132000 12783470000 OxFFFFFFFF  0xB6270 0xB3270 0:8730 COEFFICIE
MSI2D5_mp_LU2DS 2570 2590 0920 505%  464% 7119220000 7734086000 O:FFFFFFFF 0xD71A0  O0:DE1AD  0x70&0 MSI2D5_m
COEFFICIENTS mp_GET_T_COEFFICIENTS_AND_SOURCE 2545 2736 0930 481% 437% 784,570,000 7.294.176,000 O«FFFFFFFF  0w34C10 08610 OxCBAD COEFFICIE
SOLVERS _mp_NORM_L1_90 1881 2832 0664 386%  453% 5014746000 7550112000 OsFFFFFFFF  0x110F10  Ox1EF10  0xDS0 SOLVERS,
COEFFICIENTS _mp_GET_INTERMAL_SIMPLEC_COEFFICIENTS 1.798 153 17 2407 245% 4793468000 4094976000 OFFFFFFFF  0xC92E0 OxCAZED 02350 COEFFICIE
COEFFICIENTS mp_GET_U_W_AT_REAL_NODES_WITH_PL 1,742 1.393 1.261 330% 223% 444,172,000 3713738000 O«FFFFFFFF  OwCEAB0 0:CC380 0x1C00 COEFFICIE
COEFFICIENTS_mp_GET_U_SOURCE 1555 1584 0962 294%  253% 4145630000 4222944000 OxFFFFFFFF  OxE3FA0 OxGAFAD 029780 COEFFICIE
COEFFICIENTS mp_GET_%_SOURCE 1.450 1632 0413 282% 261% 3,972,340,000 4350912000 O«FFFFFFFF  OxB44B0 0xB54B0 080E0 COEFFICIE
COEFFICIENTS_mp_GET_P_SOURCE 1416 2335 0606 268%  373% 3775056000 62251100000 0«FFFFFFFF  0<B31E0 OxB41ED 0:2600 COEFFICIE
_irkel_new_memset 1.246 21 8471 236%  037% 3321836000 E18.512000 DsFFFFFFFF  Ox21E750  0s21F7S0 01560 _intel_new
COEFFICIENTS mp_GET_P_COEFFICIENTS 1,243 2044 0E08 235% 327% 3,313,838.000 5,443,304 000 OxFFFFFFFF  OwaERED O<4FBED 02380 COEFFICIE
COEFFICIENTS_mp_GET_U_COEFFICIENTS 387 1127 0876 1.87%  1.80% 2631342000 3004582000 0«FFFFFFFF  0x56820 0x57820 0x6B00 COEFFICIE
COEFFICIENTS _mp_GET_Y_COEFFICIENTS 75 113 0770 1EEB%Z  1.82% 2332750000 2028576000 O:FFFFFFFF  Ox7EFS0 Ox77FI0 0=6C00 COEFFICIE
memset B46 42 2063 1E0% 0.66% 2,255,436,000 1.098,352.000 O«FFFFFFFF  Ow1CSGE0  Ox1CAGED  O=F0 memset
_intel_new_memcpy 797 1z 7053 181% 018% 2124802000 301.258.000 O«FFFFFFFF  0x21FCE0  0x220CEB0  0x23D0 _intel_new
COEFFICIENTS _mp_GET_VELOCITIES_AT_INTERNAL_FACES_ ‘wITH_PL e 748 1037 147% 1.20% 2068816000 1994162000 O«FFFFFFFF  0:C0580  OxCESE0 01450 COEFFICIE
COEFFICIENTS mp_GET_DEMSITY_AT_FACES 547 1143 0.476 1.03% 1.84% 1.458,302,000 3063234000 O«FFFFFFFF  OWS5E70 O:6EE70 0x580 COEFFICIE
USER_mp_GET_LAMINAR_VISCOSITY_AT_FACES 431 449 0960  082%  072% 1149046000  1.,197.034.000 OxFFFFFFFF  OxFSTEQ OxFE1BD 0x720 USER_mp_
USER_mp GET_THERMAL_CONDUCTMITY_&T_FACES 397 474 0838 075% 0.76% 1.058,402,000 1263684000 OFFFFFFFF  OwFEBDO 0xFEBDD 0720 USER_mp_
SOLVERS _mp_NORM_L1_5D 304 507 0600 058% 081% 810464000 1351662000 O«FFFFFFFF  Ox11D730  O«11E730  Ox7ED SOLVERS,
MAIN_ip_GET_MUMERICAL_SOLUTION 148 17 8706 0zex  003% 394,568,000 45322000 OxFFFFFFFF 0x124D80  0x125080  0x60B0 MAIN_ip_C
ovtas_t_to_a 104 200 0520 020 032% 277,264,000 533,200,000 O«FFFFFFFF  Ow1SBO00  Ox1SCDO0  0x4320 cwhas b bo_
USER_mp_SET_CP_AND_GAMMA, 99 4 24750 019%  001% 263.534.000 10.664.000 OxFFFFFFFF  OxF4EBD OxFEERD 0x160 USER_mp_
COEFFICIENTS_ _mp_GET_DEMNSITY_AT_NODES a7 21 4619 018 003% 258,602,000 55,986.000 OxFFFFFFFF  0x55C40 OxBEC40 0230 COEFFICIE
COEFFICIENTS mp_GET_PRESSURE_DENSITY_CORRECTION_WITH_PL 91 e 2395 017% 0.06% 242 B06.000 101,308,000 O«FFFFFFFF OwCEE30 0:CCB30 0360 COEFFICIE
USER_mp_SET_THERMAL_CONDUCTIMITY_AT_NODES 64 g 8000 012x  00ix% 170,624,000 21.328.000 OxFFFFFFFF  OxFSOFO OxFEOFD 0xC0 USER_mp_
USER_mp_GET_&30_B_RESCALING 62 E7 0928 012x 011% 165,292,000 178.622.000 DFFFFFFFF  0x111D00 0112000 0:5830 USER_mp_
USER_mp SET_LAMINAR_WISCOSITY_AT_MODES 47 B 7833 003% 0mz 126,302,000 16,936,000 OxFFFFFFFF O+FE030 OxFEO30 OxCO USER_mp_
USER_mp_SET_BCU el 13 2769 007%  002% 95,976,000 34,658,000 OxFFFFFFFF  OxFSFFO ORFEFFO 0:3C10 USER_mp_
ovt_ieee_t_to_text_ex 36 41 0878 007z 007z 55,576,000 108,306,000 O«FFFFFFFF k184260  Ox1852E0  (x13E0 owh_ieee_t
for_wwite_seq_frt_smit 35 3 1.061 007%  0.05% 933100000 87.978.000 OxFFFFFFFF  0x147580  0x1485B0  (0x24B0 for_wite_s1
for__interp_fmt ek] 29 1138 008%x  005% 87,978,000 7314000 OxFFFFFFFF Ox1EE420  Ox16F420  0xDEO0 for_interp_
USER_mp SET_BCW 3 12 2583 006% 0.02% B2 646,000 31,932,000 OxFFFFFFFF OxFACO0 OxF&Co0 0x3C00 USER_mp_
USER_mp_SET_BCP Ell 17 1824 006%  003% 82,646,000 45322000 OxFFFFFFFF  0x101500  0x1025D0 02020 USER_mp_

Figura 7 Depois da otimizacdo

*** Efficiency: numerical solution 2D / analytic Q1D (dimensionless) ***

1.000836328728611E+00 = discharge coeff
9.691914048072191E-01 = dynamic thrust
9.752768908404300E-01 = pressure thrust at sea level (p = 101325 Pa)
1.080533092655724E+00 = pressure thrust in the vacuum
9.677277608885939E-01 = total thrust at sea level
9.754462366605247E-01 = total thrust in the vacuum
9.677277608885938E-01 = thrust coefficient at sea level
9.754462366605245E-01 = thrust coefficient in the vacuum
9.991643701326540E-01 = characterist velocity
9.669190986681355E-01 = velocity of efective ejection at sea level

ent




9.746311246511808E-01 =
9.669190986681356E-01 =
9.746311246511810E-01 =

0.000

velocity of efective ejection in the vacuum
specific impulse at sea level
specific impulse at vacuum

5)SUBROTINA: MSI2D5_mp_FB2D5: SEN03_0017

tcpuo: acumulated CPU time (s) (before interuption)
54.829 = dtcpu: CPU time (s) (after interuption)
54.829 = tcpu: total CPU time (s)

Ao invés de um if, foi feito dois ciclos e casos especiais nos volumes ficticios para o

célculo do residuo.

Houve uma reducéo de 22,490,376,000 ciclos de clock para 21,165,374,000. A rotina
gue utilizava 15,96% do tempo total, agora utiliza 15,16%.

Name
MS12D9_rp_FE203

CPU_
sampl
8533

g P

MET2DS mp. U208
COEFFICIENTS_mp_GET_VELOCITIES_AT_FACES
MSI205_mp_LU2D5
COEFFICIENTS_mp_GET_T_COEFFICIENTS_AND_SOURCE
SOLVERS_mp_NORM_L1_3D
COEFFICIENTS_mp_GET_INTERNAL_SIMPLEC_COEFFICIENTS
COEFFICIENTS_mp_GET_U_Y_AT_REAL_NODES_WITH_PL
COEFFICIENTS_mp_GET_U_SOURCE
COEFFICIENTS_mp_GET_V_SOURCE
COEFFICIENTS_mp_GET_P_SOURCE

_irtel_nen_memest
COEFFICIENTS_mp_GET_P_COEFFICIENTS
COEFFICIENTS_mp_GET_U_COEFFICIENTS
COEFFICIENTS_mp_GET_V_COEFFICIENTS

memset

_intel_new_memepy

COEFFICIENTS mp_GET_DEMSITY_AT_FACES
USER_mp_GET_LAMINAR_VISCOSITY_AT_FACES
USER_mp GET_THERMAL_CONDUCTMITY_&T_FACES
SOLVERS_mp_NORM_L1_5D
MAIN_jp_GET_MUMERICAL_SOLUTION

COEFFICIENTS mp_GET_VELOCITIES_AT_INTERMAL FACES %W/ITH_PL

cvias_ttoa 104
USEF_mp_SET_CP_AND_GAMMA 9
COEFFICIENTS_mp_GET_DENSITY_AT_NODES %7
COEFFICIENTS_mp_GET_PRESSURE_DENSITY_CORRECTION_WITH_FL Eil
USER_mp_SET_THERMAL_CONDUCTIVITY_AT_NODES 64
USER_mp_GET_430_B_RESCALING 62
USER_mp_SET_LAMINAR_MISCOSITY_AT_NODES 47
USER_mp_SET_BCU kS
cvl_ieee_t_to_text_ex 36
for_wte_seq_ fmi_smit k]
for_interp._fmt 0
USER_mp_SET_BCY 7
USER_mp_SET_BCP El

INST_R | Clocks
samples | per
12071 072

CPU_CL |INST_R | CRU_CLK_UNH | INST_RETIRED
3 % ent

16.27%

330%
294%
282%
2B8%
236%
235%
187%
1.66%
1E0%
1.51%
1.47%
1.03%
0.82%
075%
058%
0.28%
020
013%
0ex
017%
012%
012%
003%
0.07%
007z
007
0.06%
006%
0.06%

13.29%

7.6EB%
4.64%
437%
4.53%
2.45%
223%
253%
261%
373%
0.37%
327%
1.80%
1.82%
0.66%
0.18%
1.20%
1.84%
072%
0.76%
08%
0.03%
032%
oms
0.03%
0.06%
omsx
0%
0mz
0.02%
007z
0.05%
0.05%
0.02%
0.03%

22.524.334.000

15,580,104,000
14.135.132.000
7.118,220,000
784,570,000
5.014,746.,000
4.793,468.000
444,172,000
4.145,630,000
3,972,340,000
3.775,056.000
3.321,836.000
3,313,838.000
2.631.342.000
2,332,750,000
2,255,436,000
2,124,802,000
2,068,816.,000
1.458,302,000
1.149,046,000
1.058,402,000
810.464.000
394,568,000
277,264,000
263.934.000
258,602,000
242 806,000
170,624,000
165,292,000
125,302,000
95,976,000
95,976,000
43.310,000
87,978,000
82,648,000
82.646.000

32.181.286.000
332210
19,328,500,000
12.783.470.000
7.734,066,000
7.294,176,000
7.550.112,000
4,094,976,000
3.713,738,000
4,222,344,000
4,350,912,000
£.225.110.000
618,512,000
5,449,304,000
3.004.582.000
3,028,576,000
1.088,392,000
301,252,000
1.994,168,000
3063,234.000
1.197.034,000
1.263,684,000
1.351.662.000
45,322,000
533,200,000
10.664.000
55,986,000
101,308,000
21,328,000
178,622,000
16,936,000
34,658,000
108,306,000
87.978.000
77,314,000
31,932,000
45.322.000

Figura 8 Antes da Otimizacdo

Segment
OFFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
OAFFFFFFFF
D4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
OAFFFFFFFF
D4FFFFFFFF
OWFFFFFFFF
OWFFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
D4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
OWFFFFFFFF
OWFFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
OAFFFFFFFF
D4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
O4FFFFFFFF
OAFFFFFFFF
D4FFFFFFFF
OWFFFFFFFF
OWFFFFFFFF

Dffset
0-DE250

OxEA0CO
0-B8270
0:D7140
0%34C10
0=11DF10
0xC92ED
OxCEAB0
0E3FA0
OxB4aB0
0-B31ED
0=21E750
OwaEBED
0568201
0w7EFI0
Ow1C3660
0=21FCBO
0:CD580
Ox55E70
0=FE1BO
OxFEBD0
0=11D730
0x124D80
Ox1SBD00
0<FAEBD
0x55C40
OxCRE30
0=FEOFD
02111000
OwFEO30
OxFEFFO
Ox1842E0
0147580
0x1EE420
OxFSCO0
0<101500

Rva,
0xDF250

0xEBOCO
0xB3270
0xDE1AD
08610
0x11EF10
O:CAZED
0:CC380
Ox64FAD
0xB54B0
0xB41ED
0x21F750
O<4FBED
0x57820
0x77FI0
Ox1CABED
0%220CB0
0xCESR0
O:6EE70
0+FE1BD
0xFEBDD
0x11E730
01125080
0x15C000
0+FSEB0
045EC40
0:CCB30
0xFEOFD
0x112000
OxFEO30
0xFEFFO
0x1852E0
0x1485B0
Ox1EF420
OxF&Co0
0x102500

Size.

0:BE7D

Ot CFO
0:8730
0x7040
OxCBAD
0:D50
02350
0x1C00
023780
080E0
02800
0x1560
02380
0<6B00
0z6C00
OxF0
02300
0x1450
0x580
0x720
0720
0:7EQ
06080
04320
0:1B0
0x230
0360
0250
05830
OxCO
023C10
0x13E0
0:24B0
0080
0x3C00
0:2D20

Class.

COEFFICIE
MSI2D5_m
COEFFICIE
SOLVERS,
COEFFICIE
COEFFICIE
COEFFICIE
COEFFICIE
COEFFICIE
_inkel_new.
COEFFICIE
COEFFICIE
COEFFICIE
memset

_inteL_new.
COEFFICIE
COEFFICIE
USER_mp,
USER_mp.
SOLVERS,
MAIN_jp_&
cvtas_tin_
USER_mp,
COEFFICIE
COEFFICIE
USER_mp,
USER_mp.
USER_mp._
USER_mp.
owt_ieee_t
for_wite_s:
for_intetp,
USER_mp.
USER_mp,



. G TNSTR T Cooks [CRUCLINST R CRUCLEUN [WSTRETRED [ oo™ or | fua | oo | ol
MS1209_mp_FBZDS BRA7 12111 0714 1661%  1877% 23062802000 32287926000 OxFFFFFFFF  O=CESED 0:CFSED O<BE7O M5I1208_mp_FE
2 7 FFFFFFF
MS1209_mp_LUZDI 5743 7208 0797 1097% 11.76% 15310838000 15.211,196.000 O«FFFFFFFF  0=DASS0 0x0B&50 Ox4CFO WMSI1209_mp_LL
COEFFICIENTS mp_GET_VELDCITIES_AT_FACES 6335 4786 1113 1017%  781% 14136450000 12759.476.000 O«FFFFFFFF  0+B8270 0489270 0x8730 COEFFICIENTS
MSI2D5_mp_LU2D5 2656 2913 0912 507%  47%x% 7080836000 7766053000 O«FFFFFFFF  OWEDCBO  O:EECBO  0x7040 MSI12D5_mp_LL
COEFFICIENTS mp_GET_T_COEFFICIENTS_&ND_SOURCE 2508 271 0521 479% 4.44% 680,996,000 7.254186.000 OxFFFFFFFF  0x34C10 095010 OxCBAD COEFFICIENTE
SOLYERS_mp NORM_L1_5D 1862 2736 0BGE  356%  456% 4964092000 7454136000 D«FFFFFFFF  Ox11DEBD  O<11EEBD  0xDS0 SOLYERS_mp_
COEFFICIENTS mp_GET_INTERMAL_SIMPLEC_COEFFICIENTS 180 143 1210 346%  244% 4825460000  3,998,336,000 OFFFFFFFF  OWC92ED 04CA2ED 02350 COEFFICIENTS
COEFFICIENTS mp_GET_U_W_&T_REAL NODES_WITH_PL 1.754 1,439 1213 336% 235% 4.676.164,000 3836374000 O«FFFFFFFF  O«CBS20 0xCC380 0x1C00 COEFFICIENTS
COEFFICIENTS _mp_GET_U_SOURCE 1534 1608 0384 303k 263% 4222344000 4283534000 OsFFFFFFFF  Ox63FAQ0 0x64FAD 0x37B0) COEFFICIENTS
COEFFICIENTS mp_GET_V_SOURCE 1514 1646 05920 289%  269% 4036324000 4398236000 O«FFFFFFFF  0w344B0 0+B5AB0 0+B0B0 COEFFICIENTS
COEFFICIENTS mp_GET_P_SOURCE 1.412 2393 0530 270 391% 3,764,392.000 E.379,738,000 OxFFFFFFFF  O«B31E0 O:B41E0 0x2800 COEFFICIENTE
_intel_new_memsst 1267 233 5433 242 038% 3377822000 621173000 DFFFFFFFF  0w21EBFD  0x21FEF0  0x1560 _intel_new_mer
COEFFICIENTS mp_GET_P_COEFFICIENTS 1219 2080 0592 233%  336% 3249854000 5491960000 O:FFFFFFFF  OwAEBED  OxAFBED  0#2380 COEFFICIENTS
COEFFICIENTS mp_GET_U_COEFFICIENTS 1.mz2 1,108 0913 1593% 181% 2,£57.992,000 2953928000 OxFFFFFFFF  O«G6E320 067820 OxEB00 COEFFICIENTS
COEFFICIENTS _mp_GET_V_COEFFICIENTS 833 1115 080 171%  182% 2380733000 2572530000 0-FFFFFFFF  0x76F30 0x77F30 0x6C00 COEFFICIENTS
memset a24 3|8 2124 157% 063 2196784000 1,034.408,000 O«FFFFFFFF  0¥1C9500  O1CAS00  OxFO et
_intel_new_memcpy a4 137 5942 155% 022% 2,170,124,000 365,242 000 O«FFFFFFFF  Ox21FCA0 Ox220C50  Ox230D0 _intel_new_mer
COEFFICIENTS _mp_GET_VELOCITIES_AT_INTERNAL_FACES_‘w/ITH_PL 768 726 1058 147z 118% 2047488000  1.835.516.000 O+FFFFFFFF  04CD580  0xCES80  Ox1450 COEFFICIENTS
COEFFICIENTS mp_GET_DENSITY_AT_FACES 851 1200 0459 105%  196% 1468966000 3199200000 O+FFFFFFFF  0455E70 O+56E70 0x980 COEFFICIEMTS
USER_mp GET_LaMIMAR_WISCOSITY_AT_FACES 413 452 0827 08wz 074% 1,117.054,000 1,206)032,000 O«FFFFFFFF  OxF5160 OxFE150 0x720 USER_mp_GE~
USER_mp_GET_THERMAL_CONDUCTIMITY_AT_FACES 418 471 0887 080 077% 1114388000 1.255686.000 O«FFFFFFFF  0:F5870 0xFBET0 0x720 USER_mp_GE™
SOLYERS_mp_NORM_L1_5D 5 441 0714 0B0Z  0.72% 839,790,000 1.175,706,000 D«FFFFFFFF  0w11DEDD  O<11EEDOD  Ox7EQ SOLYERS_mp_
MAIN_ip_GET_MNUMERICAL_SOLUTION 142 24 6917 027% 0.04% 378.572,000 E3.984.000 O«FFFFFFFF  Ox124D20  0Ox125020  Ox60BO0 MalN_ip GET_
cvlas_t_to_a 103 208 0435 020%  034% 274533 000 554528000 D«FFFFFFFF  Ox19BCA0  0<15CCAD  0x4320 cvlas_t_to_a
COEFFICIENTS mp_GET_PRESSURE_DENSITY_CORRECTION /ITH_PL 93 44 2114 0y 007 247,938,000 117,204,000 OsFFFFFFFF  0WCBE30 O:CCE30 04350 COEFFICIENTS
USER_mp SET_CP_&ND_GakMa 9 11 B273 017% 002% 242 BOE,000 29326000 O«FFFFFFFF  OxF4E20 OxFBE20 Ox1B0 USER_mp_SET
COEFFICIENTS _mp_GET_DENSITY_AT_NODES 88 20 4400 017  003% 234608000 53.320.000 O«FFFFFFFF  0x55C40 0x56C40 0x230 COEFFICIENTS
USER_mp SET_THERMAL CONDUCTIVITY_AT_NODES 57 11 s182 011z 0.02% 151,962,000 29,326,000 OxFFFFFFFF  OwF5030 0xFE090 0+C0 USER_mp_SE1
USER_mp_GET_&3D_B_RESCaLING 53 A0 1.060 010z 0.08% 141,258,000 133,300,000 O«FFFFFFFF  Ox111CA0  0x112C40  0x6830 USER_mp_GE~
USER_mp_SET_LAMINAR_VISCOSITY_AT_NODES 52 6 BBE7  010%  001% 138,632.000 15.936.000 D«FFFFFFFF  0sF4FDO 0+F5FD0 0xC0 USER_mp_SE1
USER_mp SET_BCP 45 12 3833 009%  002% 122)636,000 31.992,000 O«FFFFFFFF 0101570 04102570  0x2020 USER_mp_SE1
USER_mp SET_BLCY 40 m X k174 0.02% 106.640,000 29.326,000 O«FFFFFFFF  OxFSBAD OxFABAD 0x3C00 USER_mp_SE7
cvlieee_t_to_text_ex 37 38 0374 007% 006X 58.642.000 101.308.000 D-FFFFFFFF  0x184280 04185280  Ox13E0 cvl_ieee_t_to_t
USER_mp GET_ASD_B_RESCALING 3k 26 1385 0.07%  0.04% 95,976,000 E9.316.000 O«FFFFFFFF 0100930 Ox10E930 04370 USER_mp_GE”
USER_mp_SET_BCL 23 4 7.250 006% 001% 77.314,000 10,664,000 O:FFFFFFFF  OwFEFA0 0xFEF30 03010 USER_mp_SET

USER_mp_SET_BCT 25 7357 onsk  001% B6.650.000 1B662.000 D«FFFFFFFF  0:FD740  O:FE7AD 0x3DD0 USER_mp_SE1

Figura 9 Depois da otimizacdo
*** Efficiency: numerical solution 2D / analytic Q1D (dimensionless) ***

1.000836328728611E+00 = discharge coeff
9.691914048072191E-01 = dynamic thrust
9.752768908404300E-01 = pressure thrust at sea level (p = 101325 Pa)
1.080533092655724E+00 = pressure thrust in the vacuum
9.677277608885939E-01 = total thrust at sea level
9.754462366605247E-01 = total thrust in the vacuum
9.677277608885938E-01 = thrust coefficient at sea level
9.754462366605245E-01 = thrust coefficient in the vacuum
9.991643701326540E-01 = characterist velocity

9.669190986681355E-01 = velocity of efective ejection at sea level
9.746311246511808E-01 = velocity of efective ejection in the vacuum
9.669190986681356E-01 = specific impulse at sea level
9.746311246511810E-01 = specific impulse at vacuum

ent

0.000 = tcpuo: acumulated CPU time (s) (before interuption)
54.329 = dtcpu: CPU time (s) (after interuption)
54.329 = tcpu: total CPU time (s)

6)SUBROTINA: MSI2D9_mp_FB2D9: SEN03_0018

Foi aplicado a técnica de loop unrolling no calculo do residuo, ao invés de um calculo
de residuo com ip variando de um em um, foi feito de dois em dois. ATENCAQO: ESTA
TECNICA SO FUNCIONA PARA NUMEROS PARES DE VOLUMES REAIS NA
DIRECAO AXIAL

Houve uma reducéo de 23,059,902,000 ciclos de clock para 21,951,844,000. A rotina
que utilizava 16,51% do tempo total, agora utiliza 15,87%.



CPU, INST_R  Clocks CPU_CL INST_R | CPU_CLE_UMNH | INST_RETIRED
# %

Wemme Pl amples = ents e

E {FFFFFFFF
M512D5_mp_FB2D5 793 1183 0710 1516% 1826% 21165374000 23.823.674.000 OxFFFFFFFF

Dffset

Ry

Size Class

0+£5550 0xEE550 0x8760 MSI205_mp_Ft
MS1205_mp_LUI2DS 5,743 7206 07587 1097% 11.76% 16310838000 15211196000 O«FFFFFFFF  OxDAB50 OxDBB50 0w CFO MSI209_mp_LL
COEFFICIENTS _mp_GET_VELOCITIES_AT_FACES 5325 4786 1113 1017% 781% 14196450000 12.758,476.000 0«FFFFFFFF  0xBE270 0:B5270 0+8730 COEFFICIEMTS
MSI2D5_mp_LU2DE 20656 2913 0912 S07%  475% 7080836000  7.766.058.000 OsFFFFFFFF  OxEDCEO  OxEECBO 07040 MSI2D5_mp_LL
COEFFICIENTS mp_GET_T_COEFFICIENTS_&ND_SOURCE 2508 2721 03821 475% 4.44% E.ER0.996,000 7254186000 OxFFFFFFFF (34010 03510 OxCBAD COEFFICIEMTE
SOLYERS_mp NORM_L1_3D 1862 2796 0666 356%  456% 4964032000 7454136000 0«FFFFFFFF  0x11DEBO  Ox11EEBO  0<D50 SOLYERS_mp_
COEFFICIENTS_mp_GET_INTERMNAL_SIMPLEC_COEFFICIENTS 1810 149 12100 346% 244% 49825460000  3.988.336.000 O«FFFFFFFF  OkCS2EQ 0xCAZED (2350 COEFFICIENTS
COEFFICIENTS mp_GET_U_W_&aT_REAL_NODES_WATH_PL 1.754 1.439 1219 335% 235% 4. E76.164,000 3.836,374.000 O«FFFFFFFF OCBS20 0xCC380 Ow1C00 COEFFICIEMTS
COEFFICIENTS_mp_GET_UU_SOURCE 1584 1603 0984 303%  263% 4222944000 4289534000 0«FFFFFFFF  OxG3FAD OxBAFAD 0:53780 COEFFICIENTS
COEFFICIENTS_mp_GET_Y_SOURCE 1514 1646 0920 289%  269% 4036324000  4.380.236.000 O«FFFFFFFF  OxB4ARO 0x85480 0xB060 COEFFICIENTS
COEFFICIENTS_mp_GET_P_SOURCE 1.412 2353 0550 270% 391% 3,764,392,000 E.379,738,000 OxFFFFFFFF  OB31ED 0«B41ED 02800 COEFFICIEMTE
_intel_new_memset 1267 233 5438 242%  038% 3377822000 621178000 0sFFFFFFFF  0x21E6F0  0x21FGF0  (x1560 _intel_new_mer
COEFFICIENTS_mp_GET_P_COEFFICIENTS 1219 2060 0992 233%  336% 3249854000 5491960000 O«FFFFFFFF  OxAESED OxAFEED 0x2380 COEFFICIENTS
COEFFICIENTS mp_GET_UI_COEFFICIENTS 1.012 1.108 0813 1.93% 181% 2E97.932,000 2.953,928.000 O«FFFFFFFF  Ox5E820 057820 O«6B00 COEFFICIEMTS
COEFFICIENTS_mp_GET_V_COEFFICIENTS 833 1115 0801 171%  182% 2300738000  2.572.530.000 0«FFFFFFFF k7GRS0 0:77F30 0x6C00 COEFFICIENTS
memset 24 /e 2124 157X 0B3% 2196794000 1.034.408.000 OxFFFFFFFF Ox1C9500  0x1CAS00  OwFO memset
_intel_new_memcpy 814 137 5942 1.65% 022% 2170124000 365,242,000 O«FFFFFFFF  Ow21FCS0 0220050 0x2300 _intel_new_mer
COEFFICIENTS_mp_GET_VELOCITIES_AT_INTERMNAL_FACES_WITH_PL 768 726 1088 1.47%  118% 2047488000  1.935516.000 OxFFFFFFFF  0xCDSG0 0:CES80 01450 COEFFICIENTS
COEFFICIENTS_mp_GET_DEMSITY_AT_FACES 551 1200 0459 1.05%  1.96% 1469966000  3.199.200.000 O«FFFFFFFF  OxS5E70 Ox56E70 0:5B0 COEFFICIENTS
USER_mp_GET_LatMINaR_VISCOSITY_AT_FACES 413 452 0327 0.80% 074% 1.117.054,000 1,205,032,000 O«FFFFFFFF  O<FGH150 OxFE160 w720 USER_mp_GE~
USER_mp_GET_THERMAL_CONDUCTMITY_AT_FACES 418 47 0887  080%  07F% 1114388000  1.255.686.000 O«FFFFFFFF  0xF5E70 0:FGE70 0x720 USER_mp_GE"
SOLYERS_mp NORM_L1_5D L) a1 0714 080%  072% 939790000 1175706000 O«FFFFFFFF Ox110ED0 Ox11EEDD Ow7ED SOLYERS_mp_
MalN_in_GET_MUMERICAL_SOLUTION 142 24 53917 027% 0.04% 378,672,000 £3.984,000 O«FFFFFFFF  0w124D20  (w126D20  (E0R0 MaIN_ip GET_
cvtas_{_to_a 103 208 0435 020%  034% 274,598,000 554528000 0sFFFFFFFF  0x198CA0  0x19CCAD (04320 cvlas_t_to_a
COEFFICIENTS_mp_GET_PRESSURE_DENSITY_CORRECTION_WwW/ITH_PL 93 44 2m4 018 00Rx 247,932,000 117,304,000 OsFFFFFFFF  0xCBE30 0xCCE30 0x350 COEFFICIENTS
USER_mp_SET_CP_4ND_Gabkita, Ll n 8273 017% 0nzz 242 B0E,000 29,326,000 O«FFFFFFFF  OwF4E20 OxF5E 20 Ox1B0 USER_mp_SE7
COEFFICIENTS_mp_GET_DENSITY_AT_NODES aa 200 4400 017%  003% 234 606.000 53.320.000 0«FFFFFFFF  0x55C40 0:56C40 0x230 COEFFICIENTS
USER_mp_SET_THERMAL_CONDUCTIMITY_AT_NODES 57 " 8182 011%  002% 151,962,000 29,326,000 O«FFFFFFFF  OxFS090 0xFE090 0:C0 USER_mp_SE1
USER_mp_GET_4S0_B_RESCALING 53 A0 1.080 010% 008z 141,298,000 133,300,000 O«FFFFFFFF  Ow111C40  Ow112C40 (5830 USER_mp_GE~
USER_mp_SET_LAMINAR_WISCOSITY_AT_NODES 52 6 BEET  010%  001% 138,632,000 15.396.000 0«FFFFFFFF  OxF4FDO 0:F5FD0 0<C0 USER_mp_SE1
USER_mp_SET_BCP 46 123832 009%  0o02% 122,636,000 31.992.000 O«FFFFFFFF 01570 (x102570  Owx2D20 USER_mp_SE1
USER_mp_SET_BCW 40 n 3636 0.08% 00z 106,640,000 28,326,000 O«FFFFFFFF  OFSBA0 OxFABAD w3C00 USER_mp_SE7
cvl_ieee_l_to_text_sx a7 3@ 0974 007%  006% 98.642.000 101.308.000 0sFFFFFFFF  0x184280  0x185280  Ox13E0 cvi_ieee_t_to_t
USER_mp_GET_A50_B_RESCALING *® 26 1385 007%  004% 95,976,000 E9.316.000 O«FFFFFFFF  (x100930  Ox10E930 04370 USER_mp_GE”
USER_mp_SET_BCU 23 4 7250 0.06% 0mz 77,314,000 10,664,000 O:FFFFFFFF  OwFEFA0 OxFEFA0 w3070 USER_mp_SE7
USER_mp_SET_BCT 25 73871 005% 0o 66,650,000 18.662.000 0«FFFFFFFF  OxFD7AD 0:FE7AD 0:3000 USER_mp_SE1

Figura 10 Antes da Otimizagédo
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MS1205_mp_FE2DT 21.951.644.000 xFFFFFFFF JFIFD
MSI2D5_mp_FB205 7878 143 0707 1518%  1837% 21002748000 29.707.230.000 OxFFFFFFFF  OxCESED  OxCFIEQ 0xE760 MSI2D5_mp_FE
MS1205_mp_LUI2DS 5771 7.285 07582 1112% 1201% 15385486000 15421810000 O«FFFFFFFF  O<EBAROD  OxECABO  0xA4CFO MSI2D8_mp_LL
COEFFICIENTS_mp_GET_VELOCITIES_AT_FACES 5248 4794 1035 1011%  740% 13591168000 12780.804.000 0«FFFFFFFF  0xBE270 0xB3270 0x8730 COEFFICIENTS
MSI2D5_mp_LU205 2710 2891 0937 522%  477% 7224860000 7707406000 O«FFFFFFFF OxD7140  0:DE140 Ox70A0 MSI2D5_mp LL
COEFFICIENTS mp_GET_T_COEFFICIEMTS_AND_SOURCE 2674 2714 0848 496% 4.47% 862,284,000 7.236,524.000 OxFFFFFFFF 0284010 0:86C10 0:CBAD COEFFICIENTS
SOLYERS_mp_MORM_L1_9D 1933 2818 0686 372%  464x% 5153370000  7512788.000 O«FFFFFFFF  Ox11F900 0120900  OxDSO SOLVERS _mp_
COEFFICIENTS_mp_GET_INTERNAL_SIMPLEC_COEFFICIENTS 179 1.541 1162 345%  254% 4774006000 4108306000 O«FFFFFFFF  OkCS2E0 0xCAZED 0x2350 COEFFICIENTS
COEFFICIENTS mp_GET_U_W_AT_REAL_NODES_WATH_PL 1.710 1.251 1228 329% 229% 4.558,860,000 3.708,406,000 OxFFFFFFFF  O2CEBS20 0:CCH80 0x1C00 COEFFICIENTS
COEFFICIENTS_mp_GET_U_SOURCE 1541 1588 0970 297%  262% 4109306000  4.233.608.000 O«FFFFFFFF  OxG3FAD OxGAFAD 0x97B0 COEFFICIENTS
COEFFICIENTS_mp_GET_%_SOURCE 1513 1.624 0332 292% 2E8% 4,033,658,000 4329584000 OxFFFFFFFF  OxBAAR0 [xBRAR0 OxBOE0 COEFFICIENTS
COEFFICIENTS_mp_GET_P_SOURCE 1441 2357 0611 278%  388% 3841706000  6.283.762.000 O«FFFFFFFF  OkB31ED 0«B41E0 0x2600 COEFFICIENTS
COEFFICIENTS_mp_GET_P_COEFFICIENTS 123 2082 0602 239%  338% 3300508000  S470.632000 O«FFFFFFFF  OxAEBED  OwAFBED 0x2380 COEFFICIENTS
_intel_new_memset 1.228 222 5532 237% 037z 3.273,848.000 591,852,000 O«FFFFFFFF  0w220140  0x221140  Ox1560 _intel_new_mer
COEFFICIENTS_mp_GET_LI_COEFFICIENTS 1.003 1132 0886 193%  187% 2673938000 3017912000 0«FFFFFFFF  0x56820 0x57820 0x6E00 COEFFICIENTS
memset 860 40 2145 1BE%  0BE% 2292760000  1.069.086,000 O«FFFFFFFF  OW1CAFSD  Ox1CEFSD OsFO memzet
COEFFICIENTS _mp_GET_V_COEFFICIEMTS 856 1128 0758 1.665% 1.86% 2,.282,086,000 3007248000 OxFFFFFFFF  Ox7RFS0 0:77F30 0:6C00 COEFFICIENTS
COEFFICIENTS _mp_GET_VELOCITIES_AT_INTERMAL_FACES_WITH_PL am 744077 184x 123% 2135466000 1.993.504.000 OxFFFFFFFF  OxCDSB0  OxCES80 0x1450 COEFFICIENTS
_intel_new_memcpy 794 120 BE17 153%  020% 2116804000 319,920,000 O:FFFFFFFF  0x221640  0x222640  0x23D0 _intel_new_mer
COEFFICIENTS mp_GET_DEMSITY_AT_FACES H40 1.158 0466 1.04% 191% 1.433,640,000 3.087,228,000 OxFFFFFFFF  OWGGETO O66E 70 0580 COEFFICIENTS
USER_mp_GET_THERMAL_CONDUCTMITY_AT_FACES 432 464 0.931 083%  076%  1I5LF12000 1.237.024.000 O«FFFFFFFF  OwF72C0 0xFE2C0 w720 USER_mp_GE1
USER_mp_GET_LatMINaR_VISCOSITY_AT_FACES 427 462 03524 082% 076% 1.138,382,000 1.231,632,000 OxFFFFFFFF  OFEBAQ OF7RAD 0720 USER_mp_GET
SOLYERS_mp_NORM_L1_5D 295 505 0584 057%  083% TOE.4T0000  1.346.330.000 O«FFFFFFFF  Ox11F120  0«1200120  0s7ED SOLVERS _mp_
MAIN_ip_GET_MUMERICAL_SOLUTION 134 14957 026%  002% 357.244.000 37,324,000 O«FFFFFFFF  Ow126770 0127770 Ox60BO MAIN_ip_GET_
COEFFICIENTS mp_GET_DENSITY_&T_NODES 125 22 5682 0.24% 004z 333,250,000 58,662,000 O«FFFFFFFF  OW55C40 Ox6EC40 0x230 COEFFICIENTS
cvtas_{_to_a m 190 0584 021%  031% 295,926,000 506.540.000 0sFFFFFFFF  0x19DEF0  0x19EGFD  0x4320 cvias_f_to_a
COEFFICIENTS_mp_GET_PRESSURE_DENSITY_CORRECTION_WwW/ITH_PL 96 IF 289 0189%  00E% 255,936,000 98,642,000 O«FFFFFFFF  0xCBE30  OxCCE30 0x350 COEFFICIENTS
USER_mp_SET_CP_AND_GAMMA 87 10 8700 017% 002z 231,842,000 26,660,000 O:FFFFFFFF  OwFEE70 0:F7870 0180 USER_mp_SET
USER_mp_GET_430_B_RESCALING 63 64 0994 012x  O011x% 167.952.000 170,624,000 O«FFFFFFFF  0x1136F0  Ox1146F0  0x5830 USER_mp_GE1
USER_mp_SET_THERMAL_CONDUCTIMITY_AT_NODES 46 318333 009%  0.00% 122,636,000 7.990.000 OxFFFFFFFF  OxFEAED  OxFRAED 0xC0 USER_mp_SET
USER_mp_SET_LAMINAR_WVISCOSITY_AT_MODES 4 ] 8200 0.08% 0mz 108,306,000 13,330,000 O«FFFFFFFF  OxFEA20 0:F7520 0:Co USER_mp_SET
cwit_izes_t_to_text_ex el 39 1000 008%  006% 103,874,000 103,974,000 OsFFFFFFFF  0x185CD0  0x196C00  Ox13EQ ovi_ieee_t to_t
USER_mp_SET_BCW 35 8 4375 007 ooz 53,310,000 21,328,000 O«FFFFFFFF  OFBSFO OxFCEFO 0x3C00 USER_mp_SET
USER_mp_SET_BCU 34 9 3me 007k 00lx 90.644.000 23.334.000 0«FFFFFFFF  OxF7IED 0xFA3ED 0x3C10 USER_mp_SET
USER_mp_SET_BCP 0 17 17Es  00ex  003% 79,980,000 45,322,000 O«FFFFFFFF  Ox102FCO 0x103FCO 0x2020 USER_mp_SET
USER_mp_GET_AGD_B_RESCALING 28 A 0,803 0.085% 005% 74,648,000 82,646,000 O«FFFFFFFF  Ow10F380  Ox110380  Ox4370 USER_mp_GET
USER_mp_SET_BCT 22 10 2200 0M4%  002% 58.652.000 26.660.000 0«FFFFFFFF  OxFF1FO 0x1001F0 0x30D0 USER_mp_SET

Figura 11 Depois da otimizacao

***x EFF

iency: numerical solution 2D / analytic Q1D (dimensionless) ***

1.000836328728610E+00 = discharge coef
9.691914048072191E-01 = dynamic thrust
9.752768908404300E-01 = pressure thrust at sea level (p = 101325 Pa)
1.080533092655724E+00 = pressure thrust in the vacuum
9.677277608885939E-01 = total thrust at sea level
9.754462366605247E-01 = total thrust the vacuum
9.677277608885938E-01 = thrust coefficient at sea level
9.754462366605245E-01 = thrust coefficient in the vacuum

nt




9.991643701326540E-01
9.669190986681357E-01
9.746311246511811E-01
9.669190986681356E-01
9.746311246511811E-01

characterist velocity

velocity of efective ejection at sea level
velocity of efective ejection in the vacuum
specific impulse at sea level

specific impulse at vacuum

0.000 = tcpuo: acumulated CPU time (s) (before interuption)
53.828 = dtcpu: CPU time (s) (after interuption)
53.828 = tcpu: total CPU time (s)

B - CONCLUSOES

- Neste relatério foi possivel otimizar o solver MSI 5 diagonais e MSI 9 diagonais,
fazendo com que o programa que utilizava 55,641 s de tempo computacional,
agora utiliza 53,828 s de tempo computacional. Gerando os mesmos resultados.

- Houve otimiza¢cdes que foram realizadas no intel i5 que realmente diminuiram o
tempo computacional, mas no computador CFD6 ndo geraram melhora
significativa:

- Na subrotina get_velocities_at_faces, o calculo daindexacédo de mpa, sumup e
sumvp foi feito de 2 em 2 e depois de 4 em 4 (da mesma forma que no passo 6) ),
gerando melhora no tempo computacional de 20,064 s para 19,676 s (com o
calculo de 2 em 2), e de 19,676 s para 19,660 (com o calculo de 4 em 4).

- Nas subrotinas de resolucéo do MSI (fb2d5 e fb2d9), foi indexado uma variavel
auxiliar 'inv_dl1' para néo realizar a divisdo por dl(ip,1) que era feita em muitos
calculos, também a abolicdo dos if's como foi feito nos passos 2),3),4) e 5) deste
relatorio.

O tempo computacional final, com todas estas otimiza¢@es citadas no intel i5, foi
de 17,983 s.

- Ou seja, a partir de um certo nivel, as otimizagdes dependem de cada
computador utilizado, pois no CFD6, as mesmas otimizagdes até aumentavam o
tempo computacional.

- OBS: O uso do VTUNE é feito na versao debug do fortran. Isto pode fazer a
diferenca, na comparacéo entre o CFD6 (debug) e o intel i5 (release).

- Ha a possibilidade de que uma otimizacdo n&do apareca na versao debug mas
apareca na versao release do fortran.

- Quadro geral de otimizacfes:

(VERSAO DEBUG) (REDUCAO DE 12,2 %)
- PROGRAMA Bertoldo - 61,329 s (RELATORIO ANTERIOR)

*** Efficiency: numerical solution 2D / analytic Q1D (dimensionless) ***

1.000836328728611E+00 = discharge coefficient

9.691914048072193E-01 = dynamic thrust

9.752768908404300E-01 = pressure thrust at sea level (p = 101325 Pa)
1.080533092655724E+00 = pressure thrust in the vacuum
9.677277608885942E-01 = total thrust at sea level
9.754462366605249E-01 = total thrust in the vacuum
9.677277608885942E-01 = thrust coefficient at sea level
9.754462366605249E-01 = thrust coefficient in the vacuum
9.991643701326538E-01 = characterist velocity

9.669190986681359E-01 = velocity of efective ejection at sea level
9.746311246511808E-01 = velocity of efective ejection in the vacuum
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9.669190986681359E-01
9.746311246511810E-01

specific impulse at sea level
specific impulse at vacuum

0.000 = tcpuo: acumulated CPU time (s) (before interuption)
61.329 = dtcpu: CPU time (s) (after interuption)
61.329 = tcpu: total CPU time (s)

- PROGRAMA Atual - 53,828 s

*** Efficiency: numerical solution 2D / analytic Q1D (dimensionless) ***

1.000836328728610E+00
9.691914048072191E-01
9.752768908404300E-01
1.080533092655724E+00
9.677277608885939E-01
9.754462366605247E-01
9.677277608885938E-01
9.754462366605245E-01
9.991643701326540E-01

discharge coefficient

dynamic thrust

pressure thrust at sea level (p = 101325 Pa)
pressure thrust in the vacuum

total thrust at sea level

total thrust in the vacuum

thrust coefficient at sea level

thrust coefficient in the vacuum
characterist velocity

9.669190986681357E-01
9.746311246511811E-01
9.669190986681356E-01
9.746311246511811E-01

velocity of efective ejection at sea level
velocity of efective ejection in the vacuum
specific impulse at sea level

specific impulse at vacuum

0.000 = tcpuo: acumulated CPU time (s) (before interuption)
53.828 = dtcpu: CPU time (s) (after interuption)
53.828 = tcpu: total CPU time (s)

(VERSAO RELEASE) (REDUCAO DE 17,6 %)
- PROGRAMA Bertoldo - 35,859 s

*** Efficiency: numerical solution 2D / analytic Q1D (dimensionless) ***

1.000836328728610E+00
9.691914048072180E-01
9.752768908404300E-01
1.080533092655724E+00
9.677277608885928E-01
9.754462366605237E-01
9.677277608885928E-01
9.754462366605237E-01
9.991643701326548E-01
9.669190986681352E-01
9.746311246511806E-01
9.669190986681352E-01
9.746311246511807E-01

discharge coefficient

dynamic thrust

pressure thrust at sea level (p = 101325 Pa)
pressure thrust in the vacuum

total thrust at sea level

total thrust in the vacuum

thrust coefficient at sea level

thrust coefficient in the vacuum
characterist velocity

velocity of efective ejection at sea level
velocity of efective ejection in the vacuum
specific impulse at sea level

specific impulse at vacuum

0.000 = tcpuo: acumulated CPU time (s) (before interuption)
35.859 = dtcpu: CPU time (s) (after interuption)
35.859 = tcpu: total CPU time (s)

- PROGRAMA Atual - 29,532 s

*** Efficiency: numerical solution 2D / analytic Q1D (dimensionless) ***

1.000836328728610E+00
9.691914048072179E-01
9.752768908404299E-01
1.080533092655724E+00
9.677277608885926E-01
9.754462366605234E-01
9.677277608885926E-01
9.754462366605234E-01
9.991643701326548E-01
9.669190986681351E-01
9.746311246511805E-01
9.669190986681352E-01
9.746311246511805E-01

0.000
29.532
29.532

discharge coefficient

dynamic thrust

pressure thrust at sea level (p = 101325 Pa)
pressure thrust in the vacuum

total thrust at sea level

total thrust in the vacuum

thrust coefficient at sea level

thrust coefficient in the vacuum
characterist velocity

velocity of efective ejection at sea level
velocity of efective ejection in the vacuum
specific impulse at sea level

specific impulse at vacuum

tcpuo: acumulated CPU time (s) (before interuption)
dtcpu: CPU time (s) (after interuption)
tcpu: total CPU time (s)
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