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Computing Resources Allocation with Load Balance in Modern Processor

WANG Guo-peng, YANG Jian-xin, YIN Fei and JIANG Sheng-jian
Shanghai High Performance IC Design Center,Shanghai 201204, China
Abstract To improve the efficiency of program,it is used to arrange multiple function units in modern superscalar processor,
supporting to execute instructions in parallel. The allocation policy of computing resources plays an important role in taking full
advantage of multiple function units. Although the policy of how to allocate computing resources and schedule instruction has
been well studied in literature, the proposed solutions almost concentrate on optimization methods at compile time, which is mostly
static,inflexible and inefficient because of lack of computing pipeline information at run time. To mitigate the negative impacts of
improper computing resource allocation and maximize the power of multiple function units, this paper abstracts the mathematical
model of resource allocation problem at run time and makes a study of hardware fine-grained automatic method based on symmet-
ric and asymmetric configuration of function units,in order to make dynamic and wise computing resource allocating decision
when instructions are issued in general situation. As a result.a load-balanced greedy resource allocation strategy is proposed and
evaluated. The experimental results show that our policy is efficient to minimize blocking time caused by unfair allocation of com-
puting resources. Furthermore,the more computing resources are provided.the better performance our policy can yield.
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Table 1 Computing resource list of target processor
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Table 2 Configuration of computing pipeline
EHE Kiwmo R R RO K w KA

AU PortAU  IntALU,IntSHTBOP, IntBR 1

BU PortBU  IntALU,IntSHTBOP, IntSELCNT 1 i
AL PortAL  IntALU,IntMULT 1

U PortU FItMA,FItCVT,FltBR 1 pia

L Portl.  FItMA.FItDS 1 A
AM PortAM  RdPort, WrPort 1 W
BM PortBM  RdPort, WrPort 1 #
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Table 3 Examples under symmetric situation
P Planl Plan2 Plan3
TCTARD AR AREDR AR Va AR AEI AR AEDB Var #EDB AR12 AR AR Var
AU 3 3 6 6 3 3 9 9 3 3 7 7
BU 2 6 6 8 2/3 2 6 6 6 2 2 5 5 5 8/3
AL 7 7 7 7 4 4 4 6 3 3 3 9
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Table 4 Result of symmetric greedy allocation under asymmetric

situation
Pipe Init. 4 10 2 11 4 B 12 4 13
AU 3 3 3 3 3
BU 2 2 2 5 7
AL 1 7 11 11 11
Var 2/3 14/3 146/9 341/27 32/3
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Table 5 Example of better allocation under asymmetric situation
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Table 6 Comparison under asymmetric situation
Pipe Planl Plan2
Init 2811 A 12 213 A 14 Init A 12 2B 11 A 13 2B 14

AU 3 3 3 3 3 3 3 3 6 6
BU 2 2 2 5 7 2 2 8 8 8
AL 1 7 11 11 11 1 5 5 5 7
Var 2/3 14/3 146/9 341/27 32/3 2/3 14/9 38/9 14/3 2/3
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Table 7 Example of instructions under symmetric situation

A BREWAL  RAEE wUTs)  HFER
10 AU/BU/AL 6 6 2
I8! AL 4 12 1
12 AU/BU/AL 3 3 4
13 BU/AL 2 1 3

F 8 AR ARNEIE T S B i ) UK £k 0 Bl O

Table 8 Resource allocation under asymmetric situation

Pipe Init. 211 4B 10 S 13 A 12
AU 3 3 3 3 6
BU 2 2 8 8 8
AL 1 5 5 7 7
Var 2/3 14/9 38/9 14/3 2/3

4 KERE

SR Simplescalor B #4511 1% sim-outorder L /3 $4
AT N i K 4R o3 e 7 iR EAT PEAR . BEHDLAS Bl B S B0 ik
W53 AT R AP A 4 BERS 7 R ST A AR B A (R A ]
RT3 FBBMAR A 2 KRFSAEASM 2 ZUFHELS, Hiks
BNk 9 g,

9 B E S8

Table 9 Microarchitectural parameters
Parameter Value
RUU size 128 instructions

L/S queue size 64 instructions

Fetch queue size 16 instructions
Fetch width 4 instructions/cycle
. 3 int instructions, 2 flt instructions,
Issue width . K ,

2 mem instructions/cycle

. Int-wait queue:12,Flt-wait queue:
Issue-wait queue p . .
12, Mem-wait queue:12

Decode width 4 instructions/cycle

Commit width 4 instructions/cycle

Functional units Refer to figure 1

Gshare:4k-entry, 12-bit history
BTB:128 sets.4-way, LRU

5 cycles for extra branch misprediction

Branch predictor

L1 ICache 32kB,2-way,32B block, LRU, 1-cycle latency

L1 DCache 32kB.4-way.32B block, LRU,4-cycle latency

L2 Cache 512 kB,.8-way,64B block, LRU,11-cycle latency
Memory 50 cycles for addressing.4 cycles/chunk for transporting. 2

memory ports,bus width is 8B

AR Jy 2 ] SPEC2000 I 32 45 , 43 45 T A e 20 1) i 72
FERL9 BeyE S MK B R . BT A A IR R R B A compag dec
AR E R rel B0 AR S M i A L AT L e AR 4% STEK
L1110 7 ek 1 8 Bo iR 7 09 90 3R A6 38 40 g 3 Je 48 10
LIRS MBITE R,

T B UEA SCHE Y 09 K 2R 43 T 50 T vk A RO F TR
FURSHE 43 Bit (Round-Robin, RR) | 8 #F 11 %8 %% 43 Bt (Optima-
zed-Round-Robin. ORR) | 570> 7 it (Load-Balance, LB) Fl3E X}
FR B0 4 I (Load-Balance-Sort s LBS) /X L .

(1) 1 B4 e 43 T 7 ¥

WO K R LR ST K R0 U A T K 4R 43 N SR R IR 4
B B K LR 4, S AT HE A A R A B i A R T AR R R
— PR A A

(2) Uik 146 55 23 B T V5

TR MY 2 K& 43 5 RR J7 i A0 R 4 800
KL M S22 Minfe i/ fide S WA A H 0. Bk hid® T
Y B — B S A Ak B YIS B K L RS TR A
AT LV B AR T & nyis B K IR TR R AR R
TSR IR A 5 038 B K 25 48 IR A IR R 4 L ) B
ek,

(3) B L2 43 e Hy vk

3.2 WEITIR T B 0 T YT S UHER T R R4
e HEOR G 98 B AR BN HE 7 5 A e B 5| B AT A IE L B T
AW

) B R 50 43 e ik

TERIRL 3 IR 3.3 Y BT 3 7 ik M 3 4 4 HE T G L HE
T 5 R R R T AT 40 B T3 B W k. |l TR
4 3 O B 5 I HE P 0 S50 B0 4 4 K, X B T S 5 E
I3

5 HRIT

EE 1 R BE BT 8 S RN F AR A4S
BEAFERFZ SR RO 48 IR VR RO v A L 2 5l 2 R
S5 58 B B K G 43 BE i HE AN I A8 B R K 46 Kk A
G PR R ANAT o S % ol (R RE S 5 T A K £k 3 TR B vk
BORM —NEERE R, RSP IR E /NS R T 0038039 145 35
IR A BE B B R R 3 RAH T 52 3, D I e SE7E A [6) Kk 4
Z R BE TR R 45 B UK 4R 43 BE GRD k E AT VR AR DU DU R
IPC A F BT 16 45
5.1 EHEREREA4

T S X LL 4 Fhas B K 2k 4 I Ik R T 1IPC YR
Wi, 46 B, 2% i B T K 2k R T 2 vl A T B 14 0 4, S B
3 SPEC CPU 2000 MU 4L i B 7 1PC 4k 10 Fra . kil ik
SERAN T LB /B ¥ 3R Y TPC B %5 . ORR 1 E R Z . RR
Bk, b L LBS 5 A8 Bk 2k 43 B I AR 3 o6 8 5 x4 4 ik
TR, 3X 2 3T 0 SRR 48 4 00T T 8 9 804 FL BCE R 4R 5%
B4R 2 S50 e N — 2 B2 B2 L T 48 4 DG SR 52 L 1K
T T A 43 T ok B i AL DR ot 7 — 2 0 kA v s R B T A
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Table 10 Experimental results of different resource allocation

policies when depth of issue queues is 4

R & RR ORR LBS LB
164. gzip 1.3699 1.3794 1.4211 1.4211
175. vpr 1.0588 1.0592 1.0877 1.0874
176. gee 0.8368 0.8392 0.8506 0.8508
181. mef 1.2745 1.3154 1.3470 1.3624
186. crafty 0.7386 0.7396 0.7500 0.7487
197. parser  1.0214 1.0223 1.0473 1.0489
252. eon 1.0075 1.0122 1.0167 1.0149
253. perlbmk  0.3377 0.3360 0.3462 0.3487
254. gap 1.3237 1.3089 1.3476 1.3609
255. vortex  0.9459 0.9521 0.9783 0.9778
256. bzip2 1.3755 1.3783 1.3975 1.3983
300. twolf 0.722 0.7072 0.7100 0.7307
average 1.0010 1.0042 1.0250 1.0292
168. wupwise 1.2126 1.2266 1.2261 1.2240
171. swim 1.4247 1.4234 1.4014 1.4005
172. mgrid 1.3199 1.3196 1.3178 1.3191
173. applu 1.2512 1.2520 1.2502 1.2499
177. mesa 1.0255 1.0762 1.0934 1.0874
178. galgel 1.246 1.2447 1.2731 1.2734
179. art 0.8609 0.8603 0.8723 0.8725
183. equake  0.8335 0.8545 0.8983 0.8501
189. lucas 1.0404 1.1292 1.0723 1.0767
average 1.1350 1.1541 1.1561 1.1504

XTI AR R TR ROCR 7T LBS 7k e 4 FlO7
T BRI A 3 2 R R O TR R A Y PIAT I T 5 K HL
AR IF RLE S RS S R E B WJZIH/%M@/:&*H%?’T
MR LR 228+ R A4 6E 58 AL O S 0 B SUAT
TEHE ARG s B W . SR 10 BRI LA 2, IB?‘J“
T X 4 B R AU O A e A R AR B X

P T R 3R R SE Y -

(1) RO KRB £ T B8 45 1 90 B O R T f Ry
597 1 S AR AR H 5

(2) HBAAHSCNE R W A 75 2R 1 AR A 1 AT I i) 3

i 5 BRI O Sfe ) AH DG B ZE I Bl g £
5.2 FRAHEHRENG

Hy TR 1 R JF 85 4% K. LBS BAE NI AT i — 45
HxE g, AT RR,ORR A LB 3 3 Fl 43 Bt J5 3 19 M G
A R 22 0% s 46 4 AN 3 5k L 3 2 45 ) 1 BT A I) Sy
6. oA T UL I A AR A A G BT A R 1 £UTE B2 o T 157;253‘
S IG UR B B KRB 6, HoAth & G 5% vl R B AR FEOR AR B AT
B ) HE A0 S2 5, A5 R A3 11 BT g,

HL VAR VRIEY 6 I ) I 4 R

Table 11 Results when depth of float issue queue is 6

RS RR  ORR LB & RR ORR LB
164. gzip 1.370 1.374 1.421 |[168. wupwise 1.216 1.208 1.231
175. vpr 1.059 1.065 1.087 171.swim  1.470 1.465 1.470
176. gee 0.837 0.841 0.851 172. mgrid 1.401 1.399 1.483
181. mcf 1.275 1.288 1.362 173, applu  1.286 1.286 1.336
186. crafty 0.739 0.741 0.749 177. mesa  1.027 1.057 1.098
197. parser 1.022 1.034 1.049 178. galgel 1.207 1.282 1.292
252. eon 1.008 1.010 1.016 179. art 0.864 0.859 0.881
253. perlbmk 0.336 0.342 0.352 || 183. equake 0.842 0.856 0.850
254. gap 1.323 1.328 1.361 189. lucas 1.069 1.130 1.124
255. vortex 0.946 0.952 0.978
256. bzip2 1.376 1.376 1.398
300. twolf  0.722 0.722 0.740
average 1.001 1.006 1.030 average 1.154 1.171 1.196
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Fig. 2 Comparison when depth of float issue queue is 6
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Fig. 3 Comparison with limitless issue queue
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Table 12 Instruction issuing delay under 3 different resource

allocation policies

BURF RR ORR LB IR RR ORR LB
164. gzip 9.9 10.01 9.69 |[168. wupwise 15.75 15.96 15.29
175. vpr 15.77 15.77 15.14 171.swim  7.92 8.02 7.79
176. gce 8.55 8.54 8.28 172. mgrid  12.24 12.24 12.23
181. mef 12.21 12.09 11.41 173.applu  13.00 12.97 12.98
186. crafty 7.87 7.86 7.61 177. mesa  15.67 14.81 14.62
197. parser 13.62 13.52 13.29 178. galgel 18.22 18.16 18.28
252. eon 6.01 5.99 5.89 179. art 26.69 26.72 26.22
253. perlbmk 35.83 35.34 36.15 || 183.equake 18.69 18.75 18.20
254. gap 10.42 10.27 10.19 189. lucas  17.12 17.17 18.29
255.vortex  8.07 7.88 7.44
256.bzip2  12.26 12.32 12.05
300. twoll  22.01 22.07 22.11
average 13.54 13.47 13.27

average 16.14 16.09 15.99
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