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Analysis of SG Workload’s Performance Based on General Multi-core Processor in
Concurrent Scenario

ZHANG Ya-Lin, LI Hao, HU Xiao, LIANG Zhuo, PAN Yan-Peng
(Department of Tactical Weapon General Technology, China Academy of Launch Vehicle/Technology, Beijing 100076, China)

Abstract: Due to the characteristics of large bandwidth, low latency, massive traffic, and diversity in 5G communication
scenarios, it has become a trend for 5G services to shift from traditional base stations to data centers. To solve the
deployment problem of 5G workloads, we use the open-source OpenLTE for performance analysis as its representative
benchmark. Since open-source OpenLTE has«poor performance, and it cannot reflect real scenarios and behavioral
characteristics in performance gnalyﬁis,k we first optimize its codes according to the characteristics of general-purpose
processors (GPPs) and achieve the speedup of 2.5x. On this basis, the workload execution behavior is analyzed
considering the characteristics of GPPs, and the analysis shows that in the physical layer, the processing flow of the 5G
downlink process is computationally intensive with a maximum port utilization rate of up to 90%, and memory access is
not intensive with extremely short program response time. Finally, we analyze the workload behavior in concurrent
scenarios in combination with the unique parameters of GPPs (multi-core, SMT, and turbo boost, etc.) and put forward
deployment suggestions for improving data center resources. It is found that 5G workloads can only run in an exclusive
machine mode on account of their strong real-time nature, and there is little competition among internal concurrent bodies

for shared cache and memory access bandwidth but fierce competition for execution components. Thus, the concurrency
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value should not exceed the number of processor cores for deployment, and the impact of TurboBoost cannot be ignored.

Key words: multi-core processor; 5G; OpenLTE; performance analysis; program optimization
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BRI 5 AT
1.3.1 Uit

2397, OpenLTE XI5 ## PreCoder, Concatena-
tion, Layer Mapper, Rate Match, Turbo Encode #!
Segmentation 7N MEHIAEAE KBS R E#AE, H
BAERBEE K, 7R A SIMD VifEt Ak 5. SIMD
TTE R A B A B — 5 T A ILLE W] LASE I 5040 5 4 5 B
A MBI TR H, WRIRTHRE 7 A TERE. T
X H Intel Intrinsic ?‘éé‘%ﬁﬂ%fﬁﬁ‘]‘_ﬁmm256iloadui
si256 F1l store 152547256 bit #IF£1T load/store £ {FE!".

Pl g A5 A A 1 s, X BOgE 24 2 char
#1, SIMD 54 R HEAT 32 450 load/store, H1 T
IR AP B TR AP A FE AP I, T BRI — A
GRATAT Bl 16 2 [ Jmy 0k, TR0 B 48 2 HO R /b, 52l
T b Ay 12.5 4%, 48 Hosb 9 E R 1/27.

A1 1. Concatenation SIMD 4L~ 15 77 5 F 18 in

//before optimization
while r <N_codeblocks do
for j:= 0 to col step 1 do
f bits[j] :=e_bits[j]
//after optimization
while r <N_codeblocks do
for j:= 0 to col step 32 do
ymmO ;= _mm256 loadu_si256((_m256i *l(e_bits )
_mm256_storeu_si256((_m256i *)&f_bi?%ﬁ[k]’;b/mmO)
k:=k+32; 2 .

1.3.2 @‘@ﬁ\#‘ﬁw

5125 A o (B A 2 A L3 B 4
{F, I CRC Kela S5, #5485 75 J5 10 3R4T Mt $2 T2
FEVERE = W E K. %F Scramble 1 Generate PRS #iH i
AT AL B ATt 4L, T PL Generate PRS 4513t
. AR AL A ARG A ARG 2 .

A1 2. GeneratePRS 17732 5L /0105

-

// Generate ¢

for i:= 0 to len step 1 do
I1x1, x2 53 BEATAR 3 A5 B8, A 30EE RO iR JE —A> bit
new_bitl := ((x] >> 3) * x1) & 0x1
new_bit2 :=((x2>>3) " (x2>>2) " (x2>>1) " x2) & 0xl
111, X2 53 AT e e e SE
x1 = (x1>>1) | (new_bitl << 30)
X2 = (x2 >> 1) | (new_bit2 << 30)

c[i] ;== new_bitl ® new_bit2

XA G FEUARS (LA B A O L BRI AR
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AR AT AT, T5EMR R R (1) s
I WO A7 5 B AR R B OGS ARIRAE L TR 4T
HEAT, 5 B BB, SEILIFATHRAE; (2) BAL R BERAE.
— R I S B AR 2 B AR AN RS AR B, R A
A 18] e 28U 3B S 7 1.

P a3 #T: (1) B A8 AR 2 AR T x1/x2
AN AR &, HRE— 50 K I, 5 — REAS B2 x2
(B i, T fE — RS 2 B a4 A, SEBR EIHA R
FLOB. A SCEEXT RS #5874, (2) — Mk
AR AL S BUERAE, SR B R A I B R S
a7 LI, A AR anAhS 3 B, B T3k
R BN E5 R res T— ML EIE, BT AR EHE res 1A
R 7% DU fe 24 25 2R

switch bits[i] of

case 0:
d re[i]=+3 *42
d im[i]=+3 * 42
break

case 1:
d re[i] =+3 *42
d_im[i] =+1 * 42
break

I/ case2, -+, case63 MY, 35 casel 54Ul

case 63: '
d_re[i] =-7 * 42 >
d im[i] =—7 * 42
break | |

R4 3. Generate JH BRI 36 % HAT AR

// Generate ¢
\

fori:= 0 to col step 28 do 5
I URARER T 5 28 I bit Bl Bt 51 x1
x13:=x1>>3 g »

tmpl :=x13 " xl
/AR AT OXTFFFFFFF i 574, AR 0x1
xl == (tmpl << 3 | x1 >> 28) & 0X7FFFFFFF
IPHE X2
x21 :=x2>>1
x22:=x2>>2
x23 =x2>>3
tmp2 = x2 "~ x21 *x22 ~ x23
x2 = (tmp2 << 3 | x2 >> 28) & 0X7FFFFFFF
res := tmpl * tmp2
/13 bit 45 C HUHWAE
forj:=ito (28 +1) step 1 do
c[j] := (res >>j-i) & 0x1

M A AR S R, A e T

AT B [, ﬁE%ZE?‘éé\ﬁﬁfﬂﬁi%Eﬂ 1/2, 48 RE ik
Eb oA 2.45 1. g
133 3AFk, »

Gy 3B R R e E P RE IR . AT CPU #0A
A3 ST R TG, Qo ST E A, W) SR E A AR g — A
CPU JE #A, T an S w4 %, K T ge 46 9% JL AN s
% CPU J&. FrLA, SR AT Re k> 43 3CiE 4], w] DU A
FF B3R AT I 8] A< SO Rate Match A1 Modulation Fi bt
BT T A4k, PR A48 Modulation 46 515,
AHD ARAS 4.

Pl 1 switch 1 ) A T4 BR A £ P9 5, (ELAS R 7 8
MK 5 S SR B IR A, BB 7S T (1) R
B AA BRYIA, (2) ZAF NI S5 e 4
REBEHLIA, 4852 B R TT R AR . BT BAISK 344 i
FRAERT, AR T B R E A 4 S, g —
SOy BRI A B R ).

RALSY T2 %3 AR ES T4 64 A case, [HZ 40T
KB, BIR case BLH ARZ, HEEA case WHHITHY
R AR e, 6 EL#0 P [RVRE 0 SRS, U 7 5
FIRBOR R, BT AR 2 T AL.

B AL 5 RIS 5 5. A48 case 19 R AR
T 50 B SN R 5| RRI 325 £, switch
55 057 4 SR B, PP A 0F 9 ey 51 IBRIE
HA I RIRIF B R B 5E 40 T switch 15
), SBT3 L 2,39 £,

A 5. Modulation & R #AEMAL Y

Create symbol array sym_re[0..63] and sym_im[0..63]
Create coefficient array con_re[0..63] and con_im[0..63]
fori:=0to N_bits step 1 do

IHEHER BIE, RS R0 R B O R EUE

index := bits[i]

d_re[i] := sym_re[k] * con_re[k] * 42

d_im[i] := sym_im[k] * con_im[k] * 42

AR 4. Modulation 64 FiE LT switch #E4)

fori:=0to N_bits step 1 do

1.3.4 FHESRELIL

B 1T R e F B, i T LSS & AR
J7 1 B AE R A AL Rate Match LR A6 AT 04T
I 18] o5 RN TR 60%. Fedk REMHSIAE T W R AT,
BRI B HT#RA — 26 AFFI W, HHI T 2% A 5 354K
AR EAOR, B AR AL LAY 6 s,
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ARG 6. Rate Match FE K15 A)

while k <N _e bits do
if(rmt_w([(k_0+j) % N_cb] = TX_NULL BIT)
then e_bits[k++] := rmt_w[(k_0 +j) % N_cb]
j=jt1
AT B AEAZ BAR AT — RO AE A, ot 2
TR Af 23 S, FUBT rme w FE 2 TSN TX_NULL
BIT. ik 30X rme_w O BEAT 73 4 RN, 2 HAH B
%45 31 ™ME AN TX_NULL_BIT, MM EARKE N
Wi 7 73, BT CURFERAEL IR EE AR /DN, AN BT A A —
i TF IR K. BT DAACSCER S JF AT A 32 M4, AR s
XFIZ 32 MG — BT R IRME A A, WA R R,

FREAHBEAT L, 750, e s sh. tetk)a i A s i

107 7 B,
A% 7. Rate Match #5038 /> A ReAE AL L5 AXHS
119 256 575 8], MIAR I RFR A
mask ;= _mm256_set]_epi8(100)
while N_e bits > 32 do
= URFFATH5 UL 32 M Hds
src :=_mm256_loadu_si256((__m256i*) & (rmt_w[(k_0 +j) %
N_cb]))
JITAS T A AP AE R A
res ;= _mm256_testz_si256(mask, src)
AN RATF RS IR
if(res == 1)
then //JFATIRE 32 M4
_mm256_storeu_si256((__m256i *) & (e_bits[k]), src)
k :=k+32; N_e bits -=32
else /INSRAFAERFIRAE, 1B/ MG E I8 I
fori:=0to 32 step 1 do
if(rmt_w[(k_0+j) % N_cb] !=TX NULL BIT)
then e _bits[k++] :==rmt w[(k 0+ j) % N_cb]
j+t=32
IFRIZRANRE 32 A B oy, BT UL - 8

A R MR AT R B, 47 20 > 55 %215
4, SERRHT S A BORIER D, NIERH 1/12, 92hRA
I ITE LE Sy 14 £,
1.3.5  ZERmEAL

Rate Match 5 — /MRS AE B B IR #1E, %
BB A UL T B RO 1 (UL 1 FE 1 8
1), ARSI HLAE T & B 4 4 JEIR Yy 89 AN i A 311,
TS T VBR324 S 1 A il o 112,
FF LA 3 FEI . 123U AR 8 .
AR15 8. Rate Match HUR AN ik 3 A0S

-
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K pi:=Rtcsb*Ctcsb
fori:=0to K pistep 1 do

pi_idx := (IC_PERM_TCJ[i/R tc_sb]+ C tc_sb * (i % R_tc_sb)+ 1)
% K_pi

rmt w[K pi+ (2 *w_idx) + 1] = rmt_y[pi_idx]

A3 T - E _F 3 AR A7 P A OB 11, — ¢
BRIEHRAE. (1) 55 2 M IUBERAF SR AR RS 31
R IR, A A AT — US4 P, 7 LA T LGy
0~(K_pi-1), Al K_pi PFMBL. i —Fi il se4 8 2 7
U (2) BRiZ g0 A5 1 ANOBERE 112 o] LUF 75
SRR KA, P IZOEIR 1 LSRR e _sb, 1JZIEAR
Ak j RN i%R_te Zsby SVEMRI I 1 TN K_pilR_
te_sb-1, SEIABE k K5 i/R_te_sh. XFERIF
R_tedsb N H0HR i R ALTE, FRA BB R (1) 0 2
(R_te_sb=1) M4k, T DA L BRIEREBLR(F; 2) SR
— L WA T K pi B, B index M 0 B HOME
TR RAHRFE DL AT ARSI RIS 9 R, iZAR Ak
AR BR T BRI A AU R A, SEOIRAS T 8 bk
ik b

RIS 9. T B HUBE SR AR Jo5 7 J= 98 21 AR

K pi:==Rtcsb*Ctcsb
IR BRI AR 73 0 el 9 41 BRI B B AR
for j:==0 to (C_tc_sb-2) step 1 do
for i:=0 to (R_tc_sb-2) step 1 do
pi_idx :=1IC_PERM _TC[j] + C _tc_sb*i+1
rmt_w[K_pi+ (2 * w_idx) + 1] := rmt Qyﬁpi)fdx]
w_idx ++ : . "
AL B AN R I3 A B I FHA
j=Ctcsh-f § &
for i:=0 to (R_te sb-2) step 1 do
«pi idx := IC_PERM_TCJ[j] + C_tc_sb*i + 1
rmt w[K pi+ (2 * w_idx) + 1] :=rmt_y[pi_idx]
w_idx ++
IIAEER A1 R RIS AAL B 14 FHE
rmt WK pi+ (2 * w_idx) + 1] :=rmt_y[0]

1.4 OpenLTE L3R IT(

A3LX OpenLTE #3122 N T #£ M TB-CRC %
IFFT [ 10 MEHBEA AT AL, 2B T AT IR
13 2.5 IR bL, BEHCREAR B A7 A 12,5 s Ik BL, B
AR o3 5 L HUAS 26 5 s b, a1 iR,

2 5G NHAT A

FH T30 FH A R A% AL B BE 7 PR K R, SG M H
L A AL AR A 2@ A AL B A b ARSOR I S aE Ak
g RS, E K. SMT M Turbo Boost™!!
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S L FH 7 AR R B ok A SR S BRI IE, 24 5G
I 5 oAt 67 BB B BAT Y, MRS S 2 BIA FIFEFE 5
M, BT LAASC A AT 5G N ) 5 2 2R F2 32 i AT .
2.1 XBFAE

AL FH S ML A IC B W3 2 Frow, WA B
AL G ) OpenLTE 27 T AT 8. SEit id F¥ i
Z R AR (R E) (1 AL FER () DA A AN B F 1)
AT ).

# 1 OpenLTE FATISFE &P BUR B 45
i RALTHT (us) LG (us) s e
Segmentation 1.01783 0.680779 1.5
Turbo Encode 33 2.72 1.2
Rate Match 11.05 2 5.5
Concatenation 0.743385 0.0590482 12.6
Generate PRS 3.88978 1.58408 225
Scramble 0.287503 0.239587 12
Modulation 224532 . 0.936376 . 2.4x
Layer Mapper 0.088088 * QO]B 322 1
PreCoder 0.087027 L & 0015978698 1
FFT 4.79 2.08321 2.3
RS 28.224378 1 11.0608259 2.5
#2  HASHEIR (E5-2620)
RS ik
e Intel Xeon CPU E5-2620 Sandy Bridge
[V eE| 6%
AbFR A 2.0 GHz (turbo up to 2.5 GHz)
JOpLiE ZFEEH 6 (NJFSMT), 12 (FTHFSMT)
L1 cache 32 KB {84247, 32 KBEUIE A7
L2 cache 256 KB
L3 cache(LLC) 15 MB

WA 16 GB DDR3-1333 % K7 3521.3 GB/s

22 HEEGMHEHEZSEON .

[SMT = OFF, Turbo Boost = OFF] 7 S0t i+f 1425
Y IRATEH 77 KA LRI S GBI 12759
[ 35 4 1 . TR 90 B2 38 5 B SMIT, BT LU T 8 46
SMT %45 5152, A S0 R E— % i B — s
FHE 9 HERS Turbo Boost % 5 1 A% BT, % bA
Turbo Boost.

1% b, BANMRAL T A SER 5G RLA T 7l i
WYL (0 T A AR B, BN R ORI T R4
R IR B, T AN AT S35 N 2 N T IE R 1
TFALS, YU H B4 2 AN IE R 10 b BT
T2 A O B T4 0

B 2 BT, SR T TR AR R TR, 4
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