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Abstract

In recent years, GPGPUs, which use GPUs to accelerate parallel computing, have
become widespread, and the demand for large-scale GPU clusters in data centers is ex-
panding in response to the Al boom. However, in computer clusters using GPUs, due
to the nature of the workload, a small number of jobs occupy the majority of nodes
in tasks such as machine learning and model training, making it difficult to design fa-
cilities based on traditional power design using statistical multiplexing. Therefore, the
current options are to prepare expensive, large-capacity facilities to match the maximum
power consumption of the GPU cluster, or to reduce the scale of the cluster, which is a
major obstacle to the spread of GPU clusters. In this study, we propose control using
scheduling as a method to efficiently operate GPU servers even in environments where
such large-capacity facilities such as power supplies cannot be secured. Evaluation was
performed using simulations. The reason for limiting the title of this study to water
cooling is to simplify the simulation, as it would be necessary to delve into heat ex-
haust and airflow issues that are unrelated to the main topic if such large-scale facilities
were used. This scheduler uses two approaches to improve operating efficiency with
limited facilities resources in order to utilize as many computing resources as possible
even in situations where such large-scale facilities resources cannot be secured. The
first is power-based scheduling based on estimated power. Generally, most of the power
consumption in a server is semiconductors such as CPU, GPU, and memory, and it is
usually the device driver that controls these semiconductors to operate in a power-saving
manner, and the content that the scheduler can do is limited. Therefore, the policy was
to maximize the consumption of the given power budget rather than to operate with re-
duced power. Specifically, jobs are scheduled to reach the maximum power limit based
on the estimated power consumption based on pod requests. However, even if the power
is maximized, there is not enough power to fully operate another server in the situation,
so we thought that there is a possibility that the computation nodes will be insufficient
and task execution will be congested. Here, as the second approach, we decided to im-
prove the operating efficiency and prevent job starvation due to blocking, referring to
the “Tiresias” scheduler and the scheduler of K and Fugaku. Specifically, we adopted
backfill and round-robin scheduling to improve the operating efficiency of the cluster
and prevent deterioration of turnaround time and execution time.

The evaluation was performed assuming an NVIDIA DGX H100 with a maximum
power consumption of 10.2kw and a kubernetes environment. The reason for selecting
the DGX H100 server is that it is an NVIDIA product popular for AI HPC due to its
convenience and ease of development, and that it has a common configuration for high-
end GPU servers. The reason for selecting k8s software is that it is widely adopted
in GPU clusters of companies in Japan and overseas due to its high fault tolerance
and convenience, and is suitable as software for general GPU clusters. In addition,



the specification was set to evacuate preemption caused by round-robin to the main
data cache SSD because evacuation consumes a large amount of capacity, including the
contents of the working memory.

For the evaluation, trace data from cluster-trace-gpu-v2023 of the Alibaba Cluster
Trace Program published by Alibaba in China was used. This data is trace data of a Ku-
bernetes GPU cluster by Alibaba, and was adopted because it is considered to be close
to the actual workload environment of the Kubernetes cluster previously determined. In
the evaluation results using Cluster Trace data, the power constraints of the data center
were limited to 45kw and 60kw, and the proposed scheduling method was applied to
the GPU cluster. For comparison, a conventional method was used with a scheduler
that uses only computational resources. Simulation results showed that the proposed
method had a 92% faster turnaround time and 5.8% faster execution completion time
under 45kW conditions. In addition, a comparison under 60kW with the power of one
DGX HI100 added showed that the turnaround time was 38.2% faster and the execu-
tion completion time was 6.6% faster. This shows that the proposed method can reduce
job blocking while maintaining a higher power usage rate, and can perform scheduling
that results in faster turnaround times and execution times. In performing round-robin
scheduling, we assumed that the backup destination was the cache SSD of the DGX
main unit, but we also investigated the impact of the performance difference of this
drive. As a result, the faster drive had a higher number of preemption attempts, result-
ing in slower results. Similarly, an experiment was conducted in which the preemption
interval was changed, and it was confirmed that the longer the preemption interval, the
slower the execution completion time. In this way, the proposed method was able to
demonstrate advantages in both turnaround time and execution time compared to the
conventional method. However, this may not be an accurate value due to the rough
moderation of the simulation (including time penalties). In the future, we hope to im-
prove the fidelity and discover weak workloads by using more accurate moderation and
trace data with different workload characteristics. This work provides a new approach
to improve the operating efficiency of GPU servers in power-constrained environments
and promotes the deployment of servers in such environments.
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2.1 Gandiva: Introspective Cluster Scheduling for Deep
Learning
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2.2 Tiresias: A GPU Cluster Manager for Distributed
Deep Learning
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Est_Pow = Res_CPU x(CPU _-Pow/CPU_THREADS)+Res_GPU x GPU _Pow+ OTHER_Pow
(3.1)
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R—ax 7 NRGBHI 7 7 VIR EPEENDZ D, TS DHBEENSHER K EE T

7



H27D, BEOLHTOEELE LT GPU Y —NDREKERIEEE 155 CPU
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OTHER_Pow = Server_T DP — CPU _Pow x numCPU — GPU _Pow * numGPU (3.2)
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Algorithm1 ¥ a 7 A5 a -V 7
1: A73: Job,task,Server
2: for N in Queue_Size do
3: Job < Queue.pop(task)
4: Est_ Pow = Job.Res CPU * (CPU_P/CPU_THREADS) + Job.Res GPU *
GPU _P + OTHER _Pow
if Pow_Facility > Est_Pow then

5
6: : > Z ZTCHEZ 0B SEMEEHE
7
8

if Pow_Server > Est_Pow then
: if available CPU >= Job.Res.CPU & available. GPU >=
Job.Res_GPU then

9: Scheduling Success
10: return
11: else
12: Scheduling Failed
13: Queue.put(task)
14: RR < True
15: continue
16: end if
17: else
18: Scheduling Failed
19: Queue.put(task)
20: continue
21: end if
22: else
23: Scheduling Failed
24: Queue.put(task)
25: continue
26: end if
27: end for




==
Queue_Size

B THE TS
AL WS

A—=Fic
FERH LD

BEF1—ICEER
Gang7 5% ON

ATrya—uwd
ALTh

h 4

return

K31 71I3YZXLT7A—F ¥ — k

AP a—7 DEEFEIEE B> THHT 5, $32 a3 7DEEF 2 —XFIFOFE
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BAEINY a 7id, HEBEEBE N ZHE LR, BXWCRFEOBEZ DV
V=Rt miEIZ/ — FOEZHARFE THRALTEHID Y TA[fELRA T Y 2 -
YITPITObNS, INEF2—DREIDOEEHEDIRL, IXRTOY a 7 TilfT%
179, MK LIZY a 7 F 2 —DBREBREICEEINS, T2 EMEKL T
F a2 —IERORZNCERT 5P a 77X DEICHERZ kD, EIRLT
WESR Y Y = ZADRKREWD a THMID/NERY a 77X D F 2 -0k T <.
BT LT VWEE R Tz FEMED GPU 7 7 A X DZEXPTRL IR o728
BDATZYYNREVETTELILT, BT ars7DE—VT7I539 Y REAL LD
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E L IBBERF VT 4+ OFREZRNRE T 2HND D 5,
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F4EZ BTFEIE

AETIE, BEFEZY I 2L —2 a VHRERHMET 212572 - T, FHRIVEL
TREBRE 2 5,

41 T—RE>AR

HIRD K 512, GPU 7 7 R X DB QBICKGT SN2 T — X2 XI2BWT
F, 772074 )Y =R RKBBICHER T 2EH2Z LR, WWHEHT—4X
TR —F ¥ VRARE 50MW ROZEREN 2RO T —XtEr X [6] bEIGLT
W3, LL, AR THEEINE T —Xt U RIFZDXSICHHRZ 7 72V T4
BHENEHINTES T, 727 AKX L TCENLFTELTVWEHD LT 5,

42 T72 T4 &R

T—=RE Y RDZERENHIRL DD, ZhBARHFEDOERICH S Z I1TBEC
RUTD, T—RE Y EANTHRZERNGIRIIFEST 2, IR T L —
H=PHdEo17u7, HE. Fv il vwokEEIric7 7> 7 1 BIR
WIHIRDBTEELTED, ZALIKOVWTHIERLANSORAT Y 2 —1) Y P T
XAMETHANELD B, RFFED R 7Y 2 —F12B VT HIEREIZELET 255,
HLETHFEIT -2 RXICBIIZEFREERTL2HDTH L7120, §
BY oy 75 TORIBHEEBNIVINGZERN & EFE L ERE L THEEHERIR
TiHiiZfT5> 2 & & Lz,

43 H—N

P2l —yar%iT5 GPUY— ¥ L TIZNVIDIA #:#, NVIDIA DGX H100
ZPEELR, ZHUE, GPUa Y Ea—7 4 Y7 TAKDEW NVIDIA fHDH —
TH5Z &, Dell[7]. Supermicro[8]. HPE[9] & W o 7o — "RV X —IZBWVWTD
LU D GPU S — AT A4 VFy TEINTWBE Z e 63K L7,

DGX H100 D NERRERLICES LT NVIDIA O —H% —F# 4 RE5IHT 3, [10]
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g0 = =0

CPUOE - E CPU1

4.1: DGX H100/200 System Topology [10]

BRI/ Y L Tld. Intel Xeon CPUL BN L. 4 A ® NVIDIA H100 SXM
GPU ¥ 4 5T RAIDO H L% 7 — X ¥ v v > 2 il NVMe SSD 23 ki X4, %
N2y MERINEE LY 15, 0S1X2 AT RAIDI #K X172 1.9TB D
SSD IZHIENTE D, FADCPUREMINTWS, FEIARY 7 ERDEKIC
ZNE RS

* GPU NVIDIA H100 SXM 80GB (Upto 700W)[11] x8

* CPU Intel® Xeon® Platinum 8480C 2.0GHz 56Cores (Upto 350W)[12] x2
* OS:1.9TB NVMe SSD x2. Internal:3.84TB NVMe SSD x8 RAIDO

- DRAM 2TB

DGX HI100 D KEEBE I 1EH7=D 102kWTHH., ZONRDESLL Y 7
% 5.6kW 1 8 D H100 SXM GPU I X 2 HEE N TIHEINZ D TH 5,
EHEBEN 71T XLI2BWTIE, DGX H100 D KIHEE 175 CPU2 KL b
GPU 8 EDHBEENZZ LW, 3.9kW IZDOWTIXZDMEEE L LTHIC
MEST25DE L, ZHUX Y DENITZESE T 7 % NVLink X 4 v FZEIZH
KHT2EZLNEZBDD, FNONREDES5 KTy —r0— RIIHLTEDORE
HEENEHE T 203 TCER WD, REOHEENRZ— e LTHEE
L7bDTH 5,

44 SSD

SSD ¥ X Solid State Drive DEEFRTH D, 7T v a X EY AL &k
MEEEEETH B, DGXH—oNZBWTE, AL =S/ —FDF vy al
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LTHEHINTED, AMERFETEETHOY a 7ol 7 —&X w5 KRERQ
T—REBRBIFIDERDH LD, Z 2TV T arylikyaldT—X&
DOHM T — X ZEGFT e LTHET %, mEE WS DD, ZiUImibElEeE
B LTTHD, XEY XDIEEEEILEN2D DGX > AT L LTI Z Z083—%
DRIV 2B,

FITTF—ZFXxyv > aSSDR SV LY I a5z 2 BDFMD -,
DGX HI00IZ7 =& F vy ¥ 2 HIZEHINTWVWS SSD, BLXULZD T x—<
AWELTHEBEZIT oD, FRrDIIBEoNRDr o7, ZZTDGX HI00 23H
i BAAE S 7z 2023 56 1 YRR R, &0 3.84TB DA & %2 U.3 SSD 2
LRAVNIRTAHGZE Yy 77y 7L, BMEFEETHE L, 25 SSDDA X
17 BWTH SK Hynix ORGAZFRE, Al 7 7V —2 a VAT e#FT7=nT
Wa5HDTHY, HWYILBETDH 2 &HWr L7z, CPU T 5 Intel Xeon 8480C H
EINZHE 2 LT PCle Gen5 IR JE LTV 225, 2023 FEAJ5E 4 KF 1% PCle Gen5
BHIcIE L2 7 — &t v ZANF SSD X B L T o 72728, Wb #%k
NZIZPCle Gend £ 7> TWb, 2Dz, RkHEH 6900MB/s THHITH I/ -
TW3HDEEZLND,
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#4.1: * vy 2 H1 SSD HhRE T &
A —=J— | A% Seq.Read | Seq.Write
KIOXIA | KCM61RUL3T84 [13] 6900MB/s | 4200MB/s
Micron MTFDKCB3T8TFR-1BCI15SABYY [14] | 6800MB/s | 5300MB/s
Samsung | MZQL23T8HCLS-00A07 [15] 6900MB/s | 4100MB/s
SK Hynix | HFS3TSGEETXO070N [16] 6500MB/s | 4000MB/s

M EOFAEHRE I D FIERERD, > Ial—a IZBWTHEET % SSD DH
IRERIE TS 133t A0A A 6850MB/s(6532.6TMiB/s). = & A4 4150MB/s(3957.75MiB/s)
MEYTHBLREL, X 51T NVIDIA O HARHETH % GDEP IZ X 2 fi#én
FLHIC X D% . DGX HI00 DFEEHERRETIX Z D F v & 2SSD 13 RAIDO IZ3%7E X
NTWVWBEH, RAIDSAYIDEZ 22 bA[EETH 5 LA LT WS, KRIFFEIC
BWTIE, D RAIDO TORE L T %, [17]

45 VYI7bh0x7T

V7 b 7EREY LTI, kubernetes 2 ¥ a > T EREEEE L2, IR
RREHEORZ X, MESEHEOE X2 5ENNDREIRE T S GPU 7 7 AXRY
KR ORI T ORHAEENIL L. TED GPU 7 7 A X DI BT
BRYZMNV 27N THLEHM Lz, &), I2 L —XTEMT
ZIERFHEICBIZ SV Iy ayidaryrFHEATO SV Iy a v &2
ETbHZe L7

4.5.1 Alibaba Cluster Trace Program

YIalb—yaViiicHH 3 57— & & LTHIE Alibaba A3 github TR L
T\ 5, Alibaba Cluster Trace Program @ cluster-trace-gpu-v2023 D b L — X7 — &
PAER U7z, [18] A7 — & X Alibaba 23f#E § % Kubernetes ZfEfH L7z A4 — 7>~
GPUZ FRAZD L —RAF—XTHD, MERFETRLELS BRay T ZH#H
Liev—2u—rile LTEYITHZ e EZ O THS, PL—XFT—KiJcsv
EATEMINTBD, A—7> /7 — FTIERE L7z pod DK % CPU, GPU J
V=, XEVER, FRRHZEPHENE TS, CPU, GPU Y Y —R1& 3
VT, REOBMIMTHIESINTVE, AMFRICBEVWTRT Y2 -V 755
pod (3MEH LY a 7ML TW3

4.5.2 FEaisTH
MERBEPRETAICHED, KL —XF—XDONEY § 3 CPU,GPU 1. &
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KIEEHEE N @ EBRENCDBE R — N HE ST 270, FHillcE I ¥ —
NEBDPERIBE R 25HTHF L —RAF—XE2HEH L TGHi> I 21— arv%
To7zo FBRITIEY 2 2L —RDIGERES. b —N"BRUCERELZRET 5 Z 21k
AA[EETH 2728, THITRERIGEIRS & LTS50MW, H—EE1X 4900 A,
HPEEDENFIRIIZERENERAFL LT Ial—Yar®2iTot, K421
HIRRETOMEHEBEENDOS I 2L — a ViERZ, £-HB0FHE L o A
WKKI43CHRIBRTOR -7 70 RRA A0tk %E, 758 TRIEIER 2 £ 4.2
WCRT, BB, TATERTIDIEZR—VT 7Y FRA LD TH %,
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3 4.2: Alibaba IR 521758 7 RFREFEAMRS SR 3=
Fik S TATRD) | 4758 T IRFE (D)
RR 72 L 25787.9 12902961

—_ kWWatts
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19120 A
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104 4

103 4

Frequency
=
4

101 4

07 WHTIHI 0 0m I'H [ H

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Pod Execution time (Seconds) 1le7

X 4.3: Alibaba IR & —> 75w > R& A4 L5074

EEFERE LT, AL —RT—=XRDETTCPUITHRAT46 AL v K, GPU &
BRRTOBDLETH D, AHEEHEE X 19.1522MW & 72572, DGXH100 1 &
H1-H DEETCPU XL v FEUX 224, GPUBRII8ETH 272, H—NZHRIK
[ROBRHETH S, F£HEENEEES 19.1522MW O 55 19.110MW 1 DGX1 &
WD X3kWHERE NS, TZDMIEEE T 4900 BMHETH 57D, DGX DK
ENT BT CPU,GPU & W o 725t BEEDTHE 3 2 DIXFRAHEETHBEE 10 & Z Ofth
HEENZEZLFIWE, 0.0422MW Th b, £FEEHR—VT7 7T KR A L5
XD 5F, AL —2AF— X TIIUEREOE N a THRZHELEDTWDS
bbb,

DB GPU BE &, MERETHIIC B 2FEHERE L L CEERE TE 29— NG
BUX9B. BIXIL8kw & Lz, D%, 91.8kw TOFEITHERDHEHIFREF & R4k
TH2E2DMREITo Tz FATHRZK 4.4 R A3ITRT,
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3% 4.3: Alibaba 91.8kW SE{ 758 1 IFIEIFAMAS SR 5%
Fik S TATRD) | 4758 T IRFE (D)

RR7ZL 25787.9 12902961
[ — kwatts
601
50
30 1
20
0.0 02 0.4 geﬁc L 08 L0 12 .

X 4.4: Alibaba 91.8kW #EEHEE 1 ML — 2K

FGERES] 91.8kw, B — N9 B DHIFRICHB W THEFHIFR » [F UK TERITTE 5 Z
COMER T E 72, IBEOEBRTIXZ DB, BRI ¥5 8T, &
NHFIRENREZS I 2L —Y a v L, IBRFIELIERTFETOMRE L%
5z L7

4.6 1%
RETHITRELTZNEEZE DS, RELNT XA —RERL44I1TRT,
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K44 4T HEPUEFIHY X b
T =Xt & ZEES 91.8kW
GPU ¥ — \:DGX H100 {HE ] &K 10.2kW 9 &
SSD:RAIDO #tAiA A 6850MB/s x4 FH ZiAA 4150MB/s x4
Y 7 b v = 7B kubernetes

I L — X 7 — X:Alibaba cluster-trace-gpu-v2023
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HBSE GV

51 FHBEIRIE

HIIZBWTHnn, RFFEOHIEFEORBLFMiitHh s Z &, FHIR
BERHMi 3D GPU H — NOEHBMNETH S 2. b LREVH -7 HET
HARIBRFIEZ IS L 7= kubernetes 27 Y 2 — 7 B HE LU THIEZITO 2 L IdF:
MG ELB N L5 I 2 — g I Ko THREFHE 21T - 72,

5.1.1 FfEH

ARERTEOFMHNIC X, REHEH CTEM L BNHEHAROEHIRE -7 F
T Y REA L, LU THESE T X TORFEZFEEICTHEZ1T 5, mWEIEHR
ZREOD, WHTET X =757 F2 A4 LOMGOMETHRE S WHETZ
BIFERVWET 5,

51.2 LEB&FE

AP a—0) Y NIRRFEEZHEA LD, BIROT -2 2 2HEL
TREFEZMFEHET 7 7 2V 74 SFMPCEOETHBER 2K - 72 b DD _fEH
PRAEL. MRELIERZITS, WMERTFEEZ 7 72V T4 BRICEDELEER L1 Y 5
AR EFRBLEVWHFRERD, 27 Y 2 — WEETEEFROZEZIRNOATHEL,
Round Robin Z—H[{Th WV, 72 LA——a  Pa—XEREEL Y THAH
ENTWVWBZ L Z2EAT, FEY Y —ZAXR— 2D Backfill DAE L TW3,

52 YZal—4

a2l —REFMFEDOD DT, Python3 ZFHWTINRI T FENLRL
720 A L7z Python N"—Y 2 Vi 3.12.7 TH %, ¥IalL—XDTFRT733Iv7
Fig & LT Python 23 E LB L LTI, MEROTR LT X, a—T4 V7
ETNy TORGE, pyplot T/ 7 72T ES L Vo kHD»HFEE Lz, RIZ
¥ a L —2DEHERRINCHAT %,
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5.2.1 +#HAMk

I LTT =&Y XOFRE, DCXH =23 T v 2F, HERE DS
FIXA=REPHL LB D2 DMEEBE N 2 HRET & L TEBEOHEHE
BINTIE T %, H VT ML =R T =X 55 A - 723X TD pod DIERIRZ.
creation_times %, ¥ I 2l — a 3 AR E NS ZECHTH % event times I
B35, CRCEDEGF 22—V adPERL, AT a—V Y 7ORITH
HETDERA IV TSIal—2arvERKTZIeNTES, LLELY
HLONRTH %,

522 XA2IWL—T

XA = IZBWTIX event times T E I ZITS, RPN a TD—E%
AFxy L, ZORINHEREIND Z IR oTWBEY a 7DRHbNEZDT a7
PEEX L ICERT S, RICEGBF2—ZMHEL., Ya 7RBERELTWIES
Ry Y a—VERA, BIILIZGEZ DY a TP T T 5 TERLE event times
KBRS %, MOVTEITHFOY a 7V X PEfREL, D LK TR k2P a7
DBHIXEDY a 7ZHIFR, HWECY a 7R Y 2= Y7 2{T0i0w0
T event _times \ZIRiZ+1 BN %, 1 V— 7 DORIRIZIE. event_times D3RFEIE
WHRKTBEELIY—T 4 VT %17,

523 J3574H

FTNTD event_times #5E T Ly TRTDR AT DIFENSET L 7= 5 pyplot I &
h 27 7 2HlET %, HOFEREKS1ICYIaL—ROEE7n—F v — 1+ %
RY,
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E#OMEAL
v
==
event_times

creation_time lC
ot g FEm

AFya—Uwd
KR Hth
¥
deletion_timel | event_timeslc
ol a FElE [T IEREE T R SR

event_timesic

REE 1255

(4%
JaFHER LD

Wz

event_times
Y — E{T

ry

5 7

M51:>Ial—&70—Fr—F

HDADIE D, A I 2 b — XEGHIRHEET I Mo IaL—2a V&7
T 55 TIE L, FETREFEHED /2D 4 X b 3FEAE T 2R 2 BEFI L U THERL
HIRFEEICEIT T 2 AXRZHAH L TW5, BARNICE LR 7e—F v — MBI 3
event times IZFSN S NIRFL DA ZFITLTED. I D event times \Zi& csv 7 7
ANDBHEHAIN -7 a 7 (pod) DIEKRL. A7 Y 2—1 ¥ 7% O TR,
& %\ & Round Robin Scheduling OF5 [B] ) U] D & 2 R &I h b, a7
DIERRR & E TR ER LG E kY, AU ERL T I a2 — 3
YENBIEDDHED. FOENIEHEL T Ial—arydiBindis5vIia
L—Z I THRZIT> TV D,
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53 FL—RT—2DFRAE

ML —RT—=ZDOHMHAGEEZHHAT %, L —RT—XIZEHHRD@ED, A —
7> ) — R CHERE N7z pod D3R 5 CPU, GPU Y Y — 2R, XEVERE, 1ERNKF
MBI Tnd, VY — A OHEICHER ST 2EEHEE N OEIC
(¥ pod DER CPU, GPU VU Y — 2% L TEH D, BERANCIE CPU, GPU DK
)Y — 2B ZitEBORKHEENOE» OMEHBE M EABLTWS, %
7PV —RATF—=RIZBEWTCPUDERY Y —121000 IV, D% hH 1 Z@HZ 5
CPU VY —RZERINDZ T —ADH BB, FAUIEBAL v FOERERLT
BH, ALy RpOHEHBENEZEH L THEHBEE N 35, ¥ a 7IHEIC
P BRERNE, 32— a YIZBVTIE ML —RAF— XD pod DK T A
PoHFa— A YRR N EE §2 2 TRUAMNCEH LTV, %72, pod
DERAEFVAEBRIIZV Y R YE—RIZEE SV FyaryyIalb—ra
B BERERE R F LT 4 OFFEICHEH LTV,

54 >Zal—>3yvifil
541 FTRE7 7271 HIRTFTTOMEFM

PERBID 7 720 7 4 F&EFTTIE, BHIRN—RATORT Y 2—0 ¥ 7l z1TH7%
Wz, iR ORAMBENICE > T 7 ARDFBERDPHIBENTL %5 /M
D5, HlZIX9EDDGX HI0 2@ X 2720121k, ¥—27FBhERBL
T91.8kW DENEFRZ L TEMT 20BN D o7, L L, KERTFIETIERT
Va—INENR—RADRAT I 2 —) Y IHIHZITS 12D, 75 AZDERKNINE
BNDPHERR DR AMAGE %2 ER258TH-oTHEEERITS ZDARETH 5,

ZF T, fEEAEE 25 DGX 7 9 A& 1 BaY 7w 81.6kW, 3 B0 7w
61.2kW DFFBRENFFICB VT, 1ERE O FE NHHEZ1TH 720 backfill 27 Y 22—
VYT TIRDITARXT AL —RT =X BN LGEE., #EFEEFHL
TI9BDY 7 ARXRTHFT LGS DERELREZITS, Bohii—rT7 79U R
RA DD EHEEHEEBNIK S22 05 5.8 127 T/RL, 81.6kW St TDF
BR—27 792 REA L EFEITRETRENZERS. 1, 61.2kW S ToRERIZFRS.2
WELDTRT, FEHEX =759 FEA LINBUELIR 2 TR,
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7 5.1: 81.6kW FEA758 T IR ft] D FffififsG R 3R

Fi& X TAT(#D) | FEA75¢ TR (B)
BAHIEZ L 25788.0 12902961
REFIE 25788.0 12902961
7 5.2: 61.2kW F758 T i i D #Affifd SRR
Fik X TAT(RD) | FEA758 TR ()
CRaLiilli QP R R
REFIE 26605.0 12934909

kWwatts
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—_ kWWatts
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25




0ty -
107 4
=
=
g 10?
g
i
10% 4
107 ‘H| r“ J'HTHH 0 nm FH [ H
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Pod Execution time (Seconds) le7?

53: IBREBFIEBIOKW X—> 7 59V FR A LT

70 A

— k\Watts

60 1

50

kwatts

30 A

20 A

T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Seconds le7

5.4: BSHIEIZZ L 81.6kW #EHEEN ML — XK

26



089
107 4
"
§102;
= 3
&=
10% 4
0 4
1073 ‘H| rmLmHﬂ o nom FH H,H
0.0 0.2 0.4 0.6 0.8 L0 12

Pod Execution time (Seconds) le7?

5.5: BAHIEIZ L 81.6kW X—> 7 59 > R & A4 A ARK

604 — kWatts
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PIal—YarOFER, 81.6kW RHICBWTIREFIE L IERTFIE, 2 LT
FIRR E LEE L TR R -2 7 597 ¥ R R A AR OFETRE TREICEN W
Ebholz, TNIHBENZ 7 700 b5ANEHED, REFRICBWTHE
EHBENPRAHEEIESITH 2 81KWISEL TELTRFILT 4 DFEH L 125
TV a Vi, Hr0ET7 0y XU IRFEEL TVRWED, WHICE
WTRA LOADRFREL TVWRWI LDERTHIEEZHNS,

61.2kW SFHICB W TR, TERFIETIXENHIEZ —UTo TR o772
10134129 Mz B \WT, Hiak O MR 2 i U TERITITKR L T L % - 72,
—JTTHREFETIE, BHERICEOWER Y 2—) v 7 %175 Z e TIHER
PIAAEN 2R T 2 FRBIIEL 72D DD, 81.6kW Boeth & g L T & —
YTV REA LDI0%EMN L. FEITT TREIX0.2%E < IeoTzs T DFERD
5. IBEFEEBENHIR MCBWTIERFETIIRER I ZERLTLES> 7 7
AZBUIZBVTE, V7 by 72X B4 & D IHEE I O#GEERG < Z & 23]
HETH DD, X— 779 FXRA LM ETOEDRRONS Z bz,

29



542 U5 XAXGEEIRT TO4eesT

BEWT, 1 THEITITRIM L 72 61.2kW 2B W T, 1ERFE L IRETFEIIBL
T IARERE 6 BICHZA CTHEITR TR 2—>7 70 Y RREID> 2 21—
va MR 2 T o/e B—V T IOV REA LD e HEHNEE %X 5.9
PO S5 12T TRL, PR =7 702 REA L FET7ETREIZES3
WE & HTRT,
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7 5.3: 6 5 FAT5E 1 FFIE 0 GG H %
Fik P32 TAT(RD) | 52 T IRefE] (F9)
RR7 L 32195.4 13882687
FREFIE 25352.8 13880826
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X1 5.9: IR TFE61.2kW 6 B HEEMNBEE FL— K

7 I ARXRBRERZ I2RMICBWT, BEFIRIIIERTFIE L g LT & —
Y770V REA LD 21.2%BGE X, FAT5E TR 0.01%86GE X iz, Z D
oo, BEFEREIY a 7N LU TMIBD 7 9 2 228 W T HIERFIE L Hig
LTR—r7 90y FIEZEMBTE 22 ehbhrolzs ZHIREFEN T
o7 arEHES I FrE UHHIZFRHAL TWa D, Yad7oruyF
VI RERENEEREL TVDIHDEEZIONDS, —H THEITE TRMIIAE
EDLLRWIER oz, Zhid7vey o r7z2ivnwiEzRohic7 )y
avilkB A —N—ANy RBRFRELEIEDL, 7y F X o THAELRE
IEDSFE 2 o T-AIREMEDIE 2 BB,
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X 512: RR%ZL612kKW6HB XR—>7 79 KX A4 L71X

55 Zal—> 3 iffi2

AERTFHETIE, &= 7 77 FXA LBEERE LT Gang Scheduling 2 2%
WYY 7Y a %S Round Robin filfll 2R L TWA 0, 2> 7 FREET
TV Py avRETULEREEICEF =y 78 A ¥ MERUE, F v 78EL >
FERBEELZUEOB R Wo T2 R A4 AUARFEET S, ZHSLDNHEERIT5 T
Bz, EROBETIIMREEN X D RELS R EHENDL D 5,

LAY I2L—& BIWERHLEMNL — AT =001 3%F5 Lzary T+
DTV Ty Ta YIIZE OREARDEDLL D, £/X 4 L0 AN DIRERE
LT 200HEHIT 2 2 IEARATRETH 2720, RER LTV Ty a Vil
HE2To1GBIC AT Y5 SSDAT —ZRMPIFET 22 e Z2EL T, X
HHRFALT A BEEZEHLTMELTWS, BRI, Ya 7OERXEY
HED O SSD OEREHE 2 M L CTHXfF bR 2318 L. Z£41% Round Robin
2T a— ) RICET A I aL—a ke LTHEELTWE, BHE
B TRLZEDIZ, SSDIEAXA—H -T2 T7 =< VRSO END L7
O, BbEELELERHEREETT — Xk fES X4 ru X% Ial—Ta
YL, gz 1T - 7,

5.5.1 RAID

RAID ¥ X, Redundant Array of Inexpensive Disks DEEFTH D, HE D N— F
TARAIZRSSD ZHAT1DODT 4 A7 & LTHRVWENS, TTRIED 20 IiE8
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73— YADMALEEKBEHATDH 5,

RAIDO XA M A BV 7 bR I, T—X %270y 7 BAIZ5E LURKIC
MABZRTOAHARTH S, FHAGEEBIETIXRTDO R4 TOEFHERIC, 7
7 ZREIIEREBCHHI L CH ET 22, FoA4 7081 B THHHEL -5HE
2T — Z DT RATHEIC R B, DGX B — "D F v 2 2SSD Tl 4 AL X
NTWB7d, AEXIHEIIRIA THEAD 4FL 725,

5.5.2 LB

IR B 8T o+ —~ Y ADEDHEHE T D - 7z SK Hynix DE G, Micron 110D
D 22 = NZBWTHEZITS, HBIEX -7 702 FXRA A, FEIT5E
THEETIT 5, MHEE S5 91.8kW,81.6kW IZB W TIHER T EDICBWT Y
VIy 7y arvPREL TR olelzd, TV T arPEETWE L
WHERR T E /2 61.2kW 23 3,

34



7% 5.4: SSD 75 FA75¢ 1 e 0 AHiffifG SR 5=

Fik FETATR) | AT TR (M) | BTV > 7> a YEE
Micron RAIDO 25359.7 13880826 135596
Hynix RAIDO 25354.0 13880826 130939
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YIal—Ya VR OIFHRFEEDSEL, SV ST a iz kb pod

7 — X DELERF B KR A3 0272 % Hynix SSD DIE 5 2352 TR, SFEH&E—> 750

VREALEBICELSE T I AR o, FRZFABE L 2 A, BkHEE
DIE W Micron SSD TIXFEL VY 7o a VIBENRE T T A0, K&Ekhya s
DFVIZY TS arPElBEL TV eERTEE, ZHUCEkh, Ty

T avDRFIATADELFBEL. =V 779 REXA LADELZoTW3

EEZABNS,

AFEFGR 2T, TV > 7> a VRS X 2 ETE TREANDOZED

ﬁﬁ%ﬁ%?ﬁo 730
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TRTRER R =7 79 RRA LIS ERL 52 20 %5HS 5, BRI,
T 74N METH 23000 6F7D 158, 25D 60, 45D 120 ZEHE LT
TVLY Ty a v ETRRE. X—V 779 FXRA LCE R 2EERHRT 5,
RBERENFREI T Y T a VIERRET S 61.2kW, 7 7 AXRIZ6 A,
Z DERE X 4.4 DREHESMTIT S,
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£ 5.5: 61.2kW 27 + > & LR18 4758 TR &R

TV a VER®E) | FETATE) | E757% TRE @) | 87V > 7> a YEE
Quantum: 15 25271.0 13880826 201122
Quantum:30 25359.7 13880826 135596
Quantum:60 24234.1 13089187 93709
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YIal—=TalHiRrH, 74 YR LMEWNZIWEE TV LY T a vnEL
RETLZ1D, HIEEFBRFALTAWCE0TER =V T ITY REXAL LWEL LD
ZeBbhrol, WIZT 4 VR MMEPKRELRBRBE TV YT a P ialiRk
D, BR—=V 779V REALEEITETREPERINE ZeBbhrolz, L
L. ROMOFERICBWTIEZ + VR ADPEL BDTELZ =00, 60D TOFER
CHEL TR =770 FRA L EFITRTREDPHIE T 2R 2> TW 5,

37



1049 -
107 4
=
=
T 102 4
g
=
101 4
10 HWLW LHTHH 0 gm ﬂ i H
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Pod Execution time (Seconds) le7?

X516: 7+ Y RAL30 Z—07 572 REAL LA

104 4

103 4

Frequency
=
%

10° 4 %ﬂ“‘ﬂ;ﬂﬂ L0 ﬂ H.H

0.0 0.8 1.0 1.2
Pod Execution time (Seconds) le7

X 517: 7Y RA60 Z—2 757 REAL LA

38



104 4

103 4

Frequency
=
4

10! 4
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X518: 7V RL 1200 X—>7 590 F&EAL LT

57 FHEFXC®

TMEZFEC T, IBEFEMERBDOR P 2a—F e LT, Y7 b7 2710k
% B 11 ¥ Round Robin fillflic X o T, RoNT-MIEGE SR ITBNTH X —
V7TV REA LEEEMZA R SBEERREL TAEMEERT I EMNT
A

571 EBAHFEARAEOMEL

3. HEHBBEBNCHSCBNEFRRN-ADRA T Y2 -1 72k b, &KH
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., Y7 b7l XD, FEERTIERSENEREFICY a 72 E h Y
TAHRRATYa— VY 7OMRTHD, FHTENFIRZ B L  3%E L 2iHii 5.4.1 1
BWT, BVWENFEHRIERTFIETIEIAARERED Y 7 A2 OBE EFEH L 7,

572 SaJoOvx>JDMbLE
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REE, JIARIZBI AV a7 7uy XY V2 KBS 2MRPMWERTE, £
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D—HT, TV Fya fREEELEERICBWT, RELERETIE 2o
PGB R — 7 79 Y KR A LARFETIE T REIDE 72 2 vl REME D /R X
7=,

58 EE

FHARER & D AMEREFRITHEBEBEIRN—ADRAr Y2 —-) k), BiEE
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i CHHS I 27203, SEMER L7z 7 — X TR OB WS a 787 —
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5 FZTRE M E N EZ 5N 5,
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SHBOBLEY LTI, RO XS BEBETON5S,

6.1.1 KD IFFEAEHE

AR DED, KRR 7P a—J1Fary7FREEHEELTVWE2HDTHEH, &~
2al—YarviHlo TV ayBOF oy 784 v MESEF o X,
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{FER

AFETER L7z, BEFEDI I 21 —ZDY — 23— FERIZRT,

Listing 6.1: simulator9.py

2 # Ryoma Resorce scheduler simulator with Round
Robin
4 # IMPORTANT

# XHNIZE B BETIEEEVT T, GANGRound & @A A T
72 Z W Robin
6 # The part in the sentence that says "GANG
scheduling" or "GANG" is misuse. Please read it

as Round Robin Scheduling.

8 import pandas as pd

9 import matplotlib.pyplot as plt

10 from queue import Queue

11

12 csv_file_path = "openb_pod_list_default.csv"

13 DC_POW = 61.2

14 num_Of DGXs = 9

15 variable_RR = True

16 RR_INTERVAL = 30

17

18 + ERDRE

19 #DC_POW = 20.4 # HANITHERE kw

20 DGX_PER_RACK = 1

21 ROOM_POW_LIMIT = DC_POW —EH/=H DRAKIHEET
# (kw)

2 NUM_OF_ROOMs = 1 H— N—)L— L%#

23 RACKROW_POW_LIMIT = DC_POW 7 v ZH|H7=H DRAKIMEE
F1# (kw)

24 NUM_OF_Rackrow = num_Of_DGXs 7 v ZF|DKEH

25 DGX_MAX_TDP = 10.2 #DGXx DI AHEE X
H100Max 10.2kw .

26 DGX_SSD_READBW = 6800+4 #DK MLty ZEHEHMH OFR
RRDGXSSDH I, MB/ s

27 DGX_SSD_WRIBW = 5300x4 #DAR by ZEEH OHIR

RRDGXSSDHA I, MB/ s
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28
29
30
31

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

67
68

H100_POW = 0.7 # DHEBEENIIHE H1001700W

XEON_POW = 0.35 #xeon 8480MDIHEE XA c1350W

XEON_TH_POW = XEON_POW/112 »7-b DIHEE1#1

DGX_BASIC_POW = DGX_MAX_TDP — XEON_POW*2 -
H100_POW«8

FTEMEZIT2 S 6. 3kw
DX 3. 9kw
DGX_num = 8

T T

# RR DHEX. X
RR = False
#variable RR = True

#RR_INTERVAL = 30
glo_TAT = 0
completed_counter = 0

# 1Bfl: clock ¥active_ Jobs D ZEERT S U A b
clock_list = []

active_gpus_count = []

active_jobs_count = []

—
—

secondqueue_count
watt_count = []
current_Watt = 0
TAT = {

}

RR_activations = 0

def init_Data() :
global csv_file_path
# 774 ILDIRR CSV
#csv_file_path = "testcsv_82.csv"
e N
data = pd.read_csv (csv_file_path)

# ZEfDscheduled _time Zcreation time THE®D 3

data[’effective_scheduled_time’] = datal’

scheduled_time’ ] .fillna(data[’ creation_time

1)

# execution duration DEIHE

data [’ execution_duration’] = datal’
deletion_time’] - datal’
effective_scheduled_time’ ]
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69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

84

85
86
87
88
89
90
91

92
93
94
95
96
97
98
99
100
101
102
103
104
105

106

107

return data

# Boewlits 2888 cru
def init_GPU_Array () :
return num Of DGXs

def init_DGX_Resources (num_dgxs) :
mnn )y — 2 DI,
DGXAITIE
DGX8 & GPU224 MEIDHTHN S, cru
mmwn
global current_Watt
dgx_resources = []
for i in range (num_dgxs) :

rackrow_id i // DGX_PER_RACK # 7w ZH4|%

TEER
room_id = int (i // (num_Of_DGXs /
NUM_OF_ROOMs) ) # ¥ —"—I)L—L%
A
dgx_resources.append ( {
rid": 1,
"available_gpus’ : 8,
"available_cpus’ : 224,
"rackrow’ : rackrow_id,
"room’ : room_id,
' power_usage’ : DGX_BASIC_POW # #ICH#HIHfRF
P& 71 DGx3. 9B BRE ku
})
current_Watt += DGX_BASIC_POW
#breakpoint ()
return dgx_resources

def allocate_resources (dgx_resources, task):
"N RRAGHRT Y 2a—VT 5D =R EEID YT,
DGX
mmon
global RR
global current_Watt
for dgx in dgx_resources:
¥ XA DBIMHAEN A
additional_power = ((task[’cpu_milli’] +
1000 - 1) // 1000 % XEON_TH_POW )+ task
["num_gpu’] * task[’gpu_milli’] // 1000
* H100_POW
#print (f"Current + additional power: {
additional_power+current_Watt}")

49



108
109

110
111

112
113
114
115
116
117

118
119

120

121

122
123

124

125

126

127
128

129

130

131
132

133
134

135

TRy R —2EROHEEEIHIR

ftotal_power_usage = sum(room_usage) # BIED
Y —N—)L— L DIEEES

if current_Watt + additional_power > DC_POW:
if variable RR: AJZ#RrrR EXYA0[I27 3 L HH)

RR
RR = True
print ("RR activated")
else:
print ("DC POWER IS OVER!!")
exit (1)

return False # 7 —Xt ¥ X—2KDIEEE /i
Rz 570, HIbY¥Torhd
# =N — ADHEBNHIRZEZ L VD
if room_usage[dgx[’room’]] +
additional_power > ROOM_POW_LIMIT:

#print (f"Room {dgx[’room’]} is full. {
room_usage [dgx [’ room’ ]] +
additional_power}")

continue # Y —N—)L— 2L DHEEE IR ZEZ
258, ZDkAX v 7 pex

# 7 v 7HOHEBNHIRZEZ 720D
if rackrow_usage[dgx [’ rackrow’]] +
additional_power > RACKROW_POW_LIMIT:

#print (f"Rackrow {dgx[’rackrow’]} is
full. {rackrow_usage[dgx[’rackrow’]]
+ additional_power}")

#print (f"rackrow_usage: {rackrow_usage},
at {dgx[’rackrow’]}")

continue # T v ZHDOHBEBNFIRZEZ 255,
D% AF v 7 DGX

¥ BFORKHEEES (O A R\VD DGXDGX_MAX_TDP
if dgx[’'power_usage’] + additional_power >

DGX_MAX_TDP:

#print (£"DGX {dgx[’id’ ]} is full. {dgx[’
power_usage’] + additional_power}")

continue #DHBBENHIRZEZ 2565, Z0% X
¥ v 7 DGXDGX

# DY —=ANTanEY S h xR cpucpy

if dgx[’available_gpus’] >= int (task[’
num_gpu’]) and dgx[’available_cpus’] >=
int ((task[’cpu_milli’] + 1000 - 1) //

1000) :

# VY —2DEIH YT

dgx [’ available_gpus’] —-= int (task[’
num_gpu’ 1)

dgx [’ available_cpus’] —-= int ((task[’
cpu_milli’] + 1000 - 1) // 1000)
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136
137

138

139
140
141
142

143

144
145
146
147
148

149
150
151
152
153
154
155
156
157
158
159
160
161

162

163

164
165

166

dgx [’ power_usage’] += additional_power

rackrow_usage [dgx [’ rackrow’ ]] +=
additional_power # 7 v ZH|DIHEE%
BT

room_usage [dgx [’ room’ ]] +=
additional_power # H—N—)L—LDHEE

1% B

current_Watt += additional_power

# XAZIZH D BT o2l pox

task[’assigned_dgx’] = dgx[’id’]

print (f"Resources allocated: DGX {dgx[’id
"1}, GPUs: {dgx[’"available_gpus’]},
CPUs: {dgx[’available_cpus’]}")

print (f"PowerUsage is now {current_Watt

)

if current_Watt > DC_POW:
breakpoint ()
return True
#print (f"Insufficient resources for Task {task
["name’ 1}.M")
if variable_RR: FAJZ#RR #HY AR/ % & HH RR
RR = True
#breakpoint ()
return False # TRV Y —=ADBRWEEIFES

def release_resources (dgx_resources, task):

wn vv&xﬁ%?ﬂ#&i’fﬁﬁﬁ L7zV \/“‘X%%ﬁ&j—éo

wmon

global current_Watt
for dgx in dgx_resources:
if dgx[’id’] == task[’assigned_dgx’]:
released_power = (task[’cpu_milli’] +
1000 - 1) // 1000 » XEON_TH_POW +
task [’ num_gpu’] * task[’'gpu_milli’]
// 1000 % H100_POW
dgx [’ available_gpus’] += int (task[’
num_gpu’ 1)
dgx [’ available_cpus’] += int ((task[’
cpu_milli”] + 1000 - 1) // 1000)
dgx [’ power_usage’ ] —-= released_power
rackrow_usage [dgx [’ rackrow’ ]] —-=
released_power # 7 v ZH|DEEE %
R
room_usage [dgx [’ room’ ]] —-=
released_power # Y —N—)L—LDHEET]
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167
168
169
170

171
172
173
174
175
176
177
178

179

180
181
182
183

184
185

186
187

188

189
190
191
192
193
194
195
196
197
198

199

200
201

ZRY
current_Watt —= released_power
return

def execute_Task (clock, queue, event_times,
dgx_resources) :
"N R ERAELT
creation RANZHR - 7=2HIE L. YR E1T S,
mmn
temp_list = []
for i in range (queue.gsize()) :

task = queue.get () # Fa—Dn56XA7EEUR

if any (job[’name’] == task[’name’] for job
in active Jobs): HEZMH L CHIR
#

print (f"Duplicate task ' {task[’'name’]}’
found in active_Jobs. Discarding the
task.")

continue

if clock < task[’creation_time’]:
temp_list.append (task) # F7/creation 1537

W0 b O B R
else:
# creation WAIZEMWMZ /2R X7 % scheduler IZ
®iTiAte

#print ("Throw:", task[’name’])
if not scheduler (task, clock, event_times
, dgx_resources) :
temp_list.append (task) # RAT7 T a—1J v
KLU Tz BHtemp_list IR

# MR TRR I ERESR 2 —ICRT
for task in temp_list:

queue.put (task)
return queue

def execute_Penalty (memory_mib, bandwidth) :
return int (memory_mib // bandwidth)

def scheduler (task, clock, event_times,
dgx_resources) :
"R RRT Y 2 =T BB, ATV 2= YT
WL7EaER. RRUEGER

True False 75_’:‘@3"0
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202
203
204
205
206
207
208

209
210

211

212
213
214

215
216
217

218
219
220
221

222

223
224
225

226
227
228

229

230
231
232
233

wmwun

global RR
global RR_activations

if task[’execution_duration’] < 1:
return False
if allocate_resources (dgx_resources, task): #
Yy —2DED
T
#TAT [’ Task’ ] .append (task [’ name’ ])
if RR and task[’execution_duration’] >
RR_INTERVAL:
gang_sum =RR_INTERVAL + execute_Penalty (
task [’ memory_mib’ ], DGX_SSD_READBW
*0.954) + execute_Penalty (task[’
memory_mib’ ], DGX_SSD_WRIBW+x0.954)
#breakpoint ()
RR_activations += 1
task[’deletion_time’] = int (clock +
gang_sum)
task[’gang’] = True
else:
task[’deletion_time’] = int (clock + task
[ execution_duration’])
task[’gang’] = False

active_Jobs.append (task)

event_times.append (task[’deletion_time’]) #
H£E518
il

print (f"Task {task[’name’]} scheduled on DGX

{task["assigned_dgx’]1}.")
return True
else:

#print (f"Task {task[’name’]} cannot be
scheduled due to insufficient resources
A n)

return False # A7 P a—1 Y712k

def process_completed_tasks (clock, active_jobs,

second_Queue, dgx_resources) :
nSET LR R 7B, RBEIZIGUTY Y — R BRI
35,

wmwn

global RR
global completed_counter
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237
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240
241

242

243
244
245
246

247
248
249

250
251
252
253

254
255
256
257
258
259
260
261
262
263
264

265
266
267

268
269
270
271

global glo_TAT
completed_tasks = [task for task in active_jobs
if task[’deletion_time’] == clock]

for task in completed_tasks:

if RR and task[’gang’]:

task [/ execution_duration’] —-= RR_INTERVAL
second_Queue.put (task) # HRAFrTa2-—-1J 7
HIZFxF 2 —ITRET

print (f"Task {task[’name’ ]} rescheduled
with {task[’execution_duration’]} ms
remaining.")
else:
print (f"Task {task[’name’]} completed.")
TAT [task['name’ ]] = []
TAT [task [’ name’ ]] .append(clock — task[’
creation_time’ ])
glo_TAT += clock - task[’creation_time’ ]
completed_counter += 1
release_resources (dgx_resources, task) # )

Y — R % R

active_jobs.remove (task)
if variable RR AJZ:#RR
RR = False
return len (completed_tasks) # 51 L7zXR R T D%
Rg

def process_new_tasks (clock, data, queue):

n n"%ﬁbb\&zﬁ%f\’l‘——ﬁ:ﬁbuj—émii

nmuon

global oldclock
if oldclock == clock:
return

oldclock = clock
new_tasks = data[data[’creation_time’] == clock
]
for _, task in new_tasks.iterrows () :
queue.put (task.to_dict ())
#print (f"Task added to queue: {task.to_dict
Orm

¥ UIalL—arOuRE
clock = 0
second_Queue = Queue () # AHlEF¥az2—
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272
273
274
275
276
271
278
279
280
281
282
283

284
285
286

287

288
289

290
291
292
293
294
295
296
297
298
299
300
301

302
303
304

305
306
307
308

first_Queue = Queue() # IR MEBRFOEIFFHEF 2 —
active_Jobs = [] # FEBRIZEE L T\ AE] cru
oldclock = -1

if

name == "_ main

# DBEEZE I Dex

num_Of_DGXs = init_GPU_Array ()

print ("DGX cluster is", num_Of_DGXs)
print ("DC Power is", DC_POW, "kW")

# DY —XIRAEZ WAL pex

dgx_resources = init_DGX_Resources (num_Of_DGXs)

w.

print ("Initialized DGX resources:",
dgx_resources)

data = init_Data ()

rackrow_usage = [DGX_PER_RACK * DGX_BASIC_POW]
* NUM_OF_Rackrow # &7 v ZH|DHBEE %]
AL

room_usage = [DGX_BASIC_POW * (num_Of_DGXs //
NUM_OF ROOMs) ] * NUM_OF_ROOMs # &H¥— N—)L—

L DIHEET) 2 WL

# A X MR (BAGRRFRE e M THRRE) 2V 2 MB L.
V= b

event_times = sorted(
list (data[’ creation_time’ ])

)

# RETOETIIE LT I a2l —Y a Y BFELT
for next_clock in event_times:
clock = next_clock

# FMLWVWERR T DI
process_new_tasks (clock, data, second_Queue)
if not second_Queue.empty () :
second_Queue = execute_Task (clock,
second_Queue, event_times, dgx_resources

)
# SET L72RZ R 7 OHRIZAE L 728 return

deleted_Tasks = process_completed_tasks (
clock, active_Jobs, second_Queue,
dgx_resources)
if deleted_Tasks != 0:
if not second_Queue.empty () :
print ("TRYING BACKFILL")
event_times.append (clock+1)
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309

310 clock_list.append(clock)

311 secondqueue_count . append (second_Queue.gsize
())

312

313 total_active_gpus = sum(int (task [’ num_gpu’])

for task 1n active_Jobs)
314 total_active_cpus = sum(int ((task[’cpu_milli
"1 + 1000 - 1) // 1000) for task in

active_Jobs)

315
316 print (f"Clock: {clock}, Total active GPUs in
use: {total_active_gpus} / {num_Of_DGXs
* 8}, Watt: {current_Watt}")

317

318 active_gpus_count.append(total_active_gpus)

319 active_jobs_count .append(len (active_Jobs) )

320 watt_count .append (current_Watt)

321 event_times.sort ()

322

323 print (f"Clock: {clock}™)

324 #breakpoint ()

325 print (f"All Jjobs are completed at: {clock}l")

326 print (f"Total Average TAT is: {glo_TAT/

completed_counter}")

327 print (f"RR allowed: {RR_activations}")

328

329 plt.figure (figsize= (10, 6))

330

331 # ROt 2 1R Rk

332 fig, axl = plt.subplots()

333 mon

334 # DHDHH1: Active GPUs

335 color = ’'blue’

336 axl.set_xlabel (' Clock’)

337 axl.set_ylabel (' Number of Active GPUs’, color=
color)

338 axl.plot (clock_list, active_gpus_count, label=’
Number of Active GPUs’, color=color, marker=’o
")

339 axl.tick_params (axis="y’, labelcolor=color)

340 axl.legend (loc="upper left’)

341

342 # DHODEH2: second Queue Jobs

343 ax2 = axl.twinx () # Twin the x—axis

344 color = ’red’
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345

346

347
348
349
350
351
352

353
354
355
356
357
358
359
360
361
362

363
364
365
366
367
368
369
370
371
372
373
374
375
376
371
378

379
380
381
382

383

ax2.set_ylabel (! Number of Queue Jobs’, color=color
)

ax2.plot (clock_list, secondqueue_count, label=’'
Number of Queue Jobs’, color=color, marker='"x’")

ax2.tick_params (axis="y’, labelcolor=color)

ax2.legend (loc="upper right’)

color = ’"green’

axl.set_ylabel ("Active Jobs’, color=color)

axl.plot (clock_list, active_jobs_count, label=’'
Number of Active Jobs’, color=color, marker=’o
")

axl.tick_params (axis="y’, labelcolor=color)

axl.legend(loc='"upper left’)

color = 'green’
plt.xlabel (' Seconds’)
axl.set_ylabel ("kWatts’, color=color)

¥ 7 7ICER

axl.step(clock_list, watt_count, where='post’,
label="kWatts’, color=color, linewidth=2)

axl.tick_params (axis="y’, labelcolor=color)
axl.legend (loc='"upper left’)
#axl.set_ylim (0, DC_POW+5)

# XA bLETY YR

fig.tight_layout ()

plt.grid(True)

¥ 7T 7 RFR
plt.show ()

# F— (M) xfE (el 20U

tasks = 1list (TAT.keys())

values = [v[0] for v in TAT.values()] # VU RID
A DA % BUS

# BRAMTT LDIERR
plt.hist (values, bins=50, color='skyblue’,
edgecolor='black’, alpha=0.7)

# AEE 2 XL o — VIR
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384 plt.yscale (' log’)
385

386 # TN XA ML

387 plt.xlabel (' Pod Execution time (Seconds)’)

388 plt.ylabel (' Frequency’)

389

390 plt.grid(axis=’"y’, linestyle='--', alpha=0.7)
391 plt.tight_layout ()

392 plt.show ()

393 wmun
394 wmun

Belr T, TERFEbackfil HHDY I 21 —&DY — R a— RERIZRT,

Listing 6.2: simulator9b.py

1 # no resorce controll backfill wversion

2

3 import pandas as pd

4 import matplotlib.pyplot as plt

5 from queue import Queue

6

7

8 csv_file_path = "openb_pod_list_default.csv"

9 DC_POW = 81.6

10 num_Of_DGXs = 9

11 variable RR = False

12 RR_INTERVAL = 30

13

14 # EBOBE

s #DC_PoW = 20.4 # BN CEE kw

16 DGX_PER_RACK = 1

17 ROOM_POW_LIMIT = DC_POW —ubkEdH7/=h DRAKHEES
# (kw)

18 NUM_OF_ROOMs = 1 H— N—)L— AH#

19 RACKROW_POW_LIMIT = DC_POW 7 v ZH|H7=H DKM E =
J1# (kw)

20 NUM_OF_Rackrow = num_Of_DGXs 5/75”@%%%(#

21 DGX_MAX_TDP = 10.2 #DGX ODHRAHBEENIIX
H100Max 10.2kw B

2 DGX_SSD_READBW = 6532.67x4 #DKR MLt v ZEtEH @
HIR GANGDGXSSDHEA IE, MiB/ s

23 DGX_SSD_WRIBW = 3957.75x4 #DR MLt v ZEIEH OF
B GANGDGXSSDHNIIX, MiB/ s

24 H100_POW = 0.7 # ODHBEZTEIIXE H1001700W

25 XEON_POW = 0.35 #xXeon 8480MDIHEE XA c1350w

2 XEON_TH_POW = XEON_POW/112 ®»7=DH DIHBEEI#1

27 DGX_BASIC_POW = DGX_MAX TDP — XEON_POWx2 —

H100_POW=*8
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

62
63

64
65

67
68
69

STEMIZ TS 6. 3kw
DIk 3. 9kw
DGX_num = 8

H o oH o

# GaNG DERL. HER)
RR = False
#variable RR = True
#RR_INTERVAL = 30

glo_TAT = 0
completed_counter = 0

# JBIN: clock Yactive Jobs D ZEFETHVU R b
clock_list = []
active_gpus_count = []

—
[—

active_jobs_count
secondqueue_count = []
watt_count = []

current_Watt = 0
TAT = {

}

gang_activations = 0

def init_Data() :
global csv_file_path
# 77 AILDINA CsV
#csv_file_path = "testcsv_82.csv"
T = REFHGHIAD
data = pd.read_csv(csv_file_path)

# 2B Dscheduled time % creation time TH®D 3

data[’effective_scheduled_time’] = datal’

scheduled_time’ ] .fillna (data[’ creation_time

1)

# execution_duration DFIHE

data [’ execution_duration’ ] = datal’
deletion_time’] - datal’
effective_scheduled_time’ ]

return data

+ BewHt 3 32 B% cpu
def init_GPU_Array () :
return num_Of DGXs
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70 def init_DGX_Resources (num_dgxs) :

71 mnn 1)) — 2 ORI,

72 DGXAHITIE

7 DGX8 & GPu224 DHIDHTHN S, cpU

74 mmn

75 global current_Watt

76 dgx_resources = []

77 for 1 in range (num_dgxs) :

78 rackrow_id = i // DGX_PER_RACK # 7 v Z¥|%
B

79 room_id = int (i // (num_Of_DGXs /
NUM_OF_ROOMs)) # ¥ —N—/L—L%
A

80 dgx_resources.append ( {

81 rid’" : i,

82 "available_gpus’: 8,

83 "available_cpus’ : 224,

84 "rackrow’ : rackrow_id,

85 "room’ : room_id,

86 ' power_usage’ : DGX_BASIC_POW # 5 ICH#IHAfF

P&E I Dex3. 9B FIE kw

87 1)

88 current_Watt += DGX_BASIC_POW

89 #breakpoint ()

90 return dgx_resources

91

92 def allocate_resources (dgx_resources, task):

93 "N RRAG R a—)LT B0 Y —REE YT,

94 DGX

95 nmwn

96 global RR

97 global current_Watt

98 for dgx in dgx_resources:

99 # ZR 7 OEMHEENZEE

100 additional_power = ((task[’cpu_milli’] +

1000 - 1) // 1000 % XEON_TH_POW )+ task
["num_gpu’] * task[’gpu_milli’] // 1000
x H100_POW

101 ffprint (f"Current + additional power: {
additional_powert+current_Watt}")

102

103

104 if dgx[’available_gpus’] >= int (task[’
num_gpu’ ]) and dgx[’available_cpus’] >=
int ((task[’cpu_milli’] + 1000 - 1) //
1000) :

105 7=ty —2RDIHEEIHIR
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106 #total_power_usage = sum(room_usage) # WHED

Y —N—L— LDHEE]
107 if current_Watt + additional_power >
DC_POW:
108 print (f"", current_Watt +

additional_power, "kW attemped. DC
POWER IS OVER!!")

109 breakpoint ()

110

111 plt.figure (figsize= (10, 6))

112 # RO 2 7R Rk

113 fig, axl = plt.subplots()

114 color = ’'green’

115 plt.xlabel (' Seconds’)

116 axl.set_ylabel (' kWatts’, color=color)
117 t BT 7ICEE

118 axl.step(clock_list, watt_count, where

='post’, label='kWatts’, color=
color, linewidth=2)

119 axl.tick_params (axis="y’, labelcolor=
color)

120 axl.legend (loc="upper left’)

121 #axl.set_ylim (0, DC_POW+5)

122 # XA LY R

123 fig.tight_layout ()

124 plt.grid(True)

125 ¥ 7T 7R

126 plt.show ()

127

128 exit (1)

129 # VY —Z2DEIH YT

130 dgx [’ available_gpus’] —= int (task[’
num_gpu’ ])

131 dgx[’available_cpus’] —= int ((task[’
cpu_milli’] + 1000 - 1) // 1000)

132 dgx [’ power_usage’] += additional_power

133 rackrow_usage [dgx [’ rackrow’ ]] +=
additional_power # 7 v ZHDIEEE %
BT

134 room_usage [dgx [’ room’ ]] +=
additional_power # Y —NN—)L—ALDHEE
71% B

135 current_Watt += additional_power

136 # R ZIZE D BT o= %E0Ek DeX

137 task[’assigned_dgx’] = dgx['id’]

138 print (f"Resources allocated: DGX {dgx[’id

"1}, GPUs: {dgx[’'available_gpus’]},
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139

140
141
142
143
144

145
146
147
148
149
150
151
152
153
154
155
156
157

158

159

160
161

162

163
164
165
166

167
168
169
170
171

CPUs: {dgx[’available_cpus’]}")
print (f"PowerUsage is now {current_Watt

")

if current _Watt > DC_POW:
breakpoint ()
return True
#print (f"Insufficient resources for Task {task
["name’ ]}.")
if variable_RR: AJZ#canG FNYAn[I27 % & FH) canc
RR = True
#breakpoint ()
return False # TRV Y —=ADBRWEEFS

def release_resources (dgx_resources, task):

wn vv&x?%?ﬂ#b(’,fﬁm L7zV \/"‘X%‘f%ﬁ&j_éo

wmmon

global current_Watt
for dgx in dgx_resources:
if dgx[’"id’] == task[’assigned_dgx’]:
released_power = (task[’cpu_milli’] +
1000 - 1) // 1000 = XEON_TH_POW +
task [’ num_gpu’] * task[’gpu_milli’]
// 1000 % H100_POW
dgx[’available_gpus’] += int (task[’
num_gpu’ ])
dgx["available_cpus’] += int ((task[’
cpu_milli’] + 1000 - 1) // 1000)
dgx [’ power_usage’ ] —-= released_power
rackrow_usage [dgx [’ rackrow’]] —-=

released_power # 7 v ZH|DEEE %
R

room_usage [dgx [’ room’ ]] -=
released_power # ﬁ—)\—}L_A@{ﬁﬁ-éﬁvﬁ
PR

current_Watt —= released_power
return

def execute_Task (clock, queue, event_times,

dgx_resources) :
R 27 RRRELT
creation WRZNZZ o 7=0¥E L. WYL AT S,
temp_list = []
for 1 in range (queue.gsize()) :
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172
173
174

175

176
177
178
179

180
181

182
183

184

185
186
187
188
189
190
191
192
193
194

195

196
197
198
199
200
201
202
203
204

205
206

task = queue.get () # Fa—"6XRTZHEUF

if any (job[’name’] == task[’name’] for job
in active_ Jobs): HEEZMHEHE L CHIFR
#

print (f"Duplicate task ' {task[’name’ ]}’
found in active_Jobs. Discarding the
task.")

continue

if clock < task[’creation_time’]:
temp_list.append (task) # F7Zcreation REZ

W72 70 b O AR
else:
# creation WANZMZ /2R A7 % scheduler IZ
BFiA T

#print ("Throw:", task[’name’])
if not scheduler (task, clock, event_times
, dgx_resources) :
temp_list.append (task) # A7 a—1J
KLUz Htemp_list KRS

SR TRAVREEX 2 —ICRT
for task in temp_list:

queue.put (task)
return queue

def execute_Penalty (memory_mib, bandwidth) :
return int (memory_mib // bandwidth)

def scheduler (task, clock, event_times,
dgx_resources) :

"N Z2AT AT a— VT 5 AT a—1 TR
WL75alid, KRB858

True False ZIR7T,

mmon

global RR

global gang_activations

if task([’execution_duration’] < 1:
return False
if allocate_resources (dgx_resources, task): #
)Y —ZXDEID
=N
#TAT [’ Task’ ] .append (task [’ name’ ])
if RR and task[’execution_duration’] >

63



207

208
209
210

211
212
213

214
215
216
217

218

219
220
221

222
223
224

225

226
227
228
229
230
231
232

233
234
235
236
237

238

RR_INTERVAL:

gang_sum =RR_INTERVAL + execute_Penalty (
task [’ memory_mib’ ], DGX_SSD_READBW) +
execute_Penalty (task[’'memory_mib’ ],
DGX_SSD_WRIBW)

#breakpoint ()

gang_activations += 1

task [’ deletion_time’] = int (clock +
gang_sum)
task[’gang’] = True
else:
task [’ deletion_time’ ] = int (clock + task

[ execution_duration’])
task[’gang’] = False

active_Jobs.append (task)

event_times.append (task[’deletion_time’]) #
E£EE
hn

print (f"Task {task[’name’]} scheduled on DGX

{task[’assigned_dgx’1}.")
return True
else:

#print (f"Task {task[’name’]} cannot be
scheduled due to insufficient resources
. ")

return False # AT T a—VU v 7IZkK

def process_completed_tasks (clock, active_jobs,

second_Queue, dgx_resources) :
nnSET LR R 2L, BB T TY Y — AR IR
35,

wmmun

global RR
global completed_counter
global glo_TAT

completed_tasks = [task for task in active_jobs
if task[’deletion_time’] == clock]

for task in completed_tasks:

if RR and task[’gang’]:

task [/ execution_duration’] —-= RR_INTERVAL
second_Queue.put (task) # HRATFTa2-—-1J 7
HIZxF a2 —ICRET

print (f"Task {task[’name’]} rescheduled
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239
240
241
242

243
244
245

246
247
248
249

250
251
252
253
254
255
256
257
258
259
260

261
262
263

264
265
266
267
268
269
270
271
272
273
274
275
276
271

with {task|[’execution_duration’ ]} ms

remaining.")
else:
print (f"Task {task[’name’ ]} completed.")
TAT [task['name’]] = []
TAT[task['name’ ]] .append(clock - task[’

creation_time’ ])
glo_TAT += clock — task[’creation_time’]
completed_counter += 1
release_resources (dgx_resources, task) # U

Y — R % R

active_jobs.remove (task)
if variable RR H]Z :#GANG
RR = False
return len (completed_tasks) # 587 L72XR R 7 D%
Ry

def process_new_tasks (clock, data, queue) :

wn vv%ﬁbp\&xy%f\'lb‘Kﬁ‘lﬁbuT%&&fE

wmon

global oldclock
if oldclock == clock:
return

oldclock = clock
new_tasks = data[data[’creation_time’] == clock

]
for _, task in new_tasks.iterrows () :
queue.put (task.to_dict ())
#print (f"Task added to queue: {task.to_dict
Om

# I a2l —3a YOUEERE

clock = 0

second_Queue = Queue() # BHlE¥Fa—

first_Queue = Queue () # IR MELEKRFDOEILFHEF 2 —
active_Jobs = [] # SEFRIEME L T 2% cpu
oldclock = -1

if _ name_ == "_ _main_ ":

# DHEEZE WA Dex

num_Of_DGXs = init_GPU_Array ()

print ("DGX cluster is", num_Of_DGXs)
print ("DC Power is", DC_POW, "kW")

# DY Y —RIRFEZ WML Dex
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279

280
281
282

283

284
285

286
287
288
289
290
291
292
293
294
295
296
297

298
299
300

301
302
303
304
305
306
307

308
309

310

dgx_resources = init_DGX_Resources (num_Of_DGXs)
print ("Initialized DGX resources:",
dgx_resources)

data = init_Data/()

rackrow_usage = [DGX_PER_RACK * DGX_BASIC_POW]
* NUM_OF_Rackrow # &7 v ZH|DHBEE %]
ik

room_usage = [DGX_BASIC_POW * (num_Of_DGXs //
NUM_OF ROOMs)] % NUM_OF ROOMs # #H¥— N—)L—

L DIHEET 2 WL

# ANV MR (BGARR & R TR 2V X MEL.
V= b

event_times = sorted(
list (data[’ creation_time’ ])

$ B OEFIIB LTy I a2l — a Y EBET
for next_clock in event_times:
clock = next_clock

# FMLWVWRR T DI
process_new_tasks (clock, data, second_Queue)
if not second_Queue.empty () :
second_Queue = execute_Task (clock,
second_Queue, event_times, dgx_resources

)
# SET L72R A7 OUHIIIE U728 return

deleted_Tasks = process_completed_tasks (
clock, active_Jobs, second_Queue,
dgx_resources)
if deleted_Tasks != 0:
if not second_Queue.empty () :
print ("TRYING BACKFILL")
event_times.append (clock+1)

clock_list.append(clock)
secondqueue_count . append (second_Queue.gsize

()

total_active_gpus = sum(int (task [’ num_gpu’])
for task 1n active_Jobs)
total_active_cpus = sum(int ((task[’cpu_milli
"1 + 1000 - 1) // 1000) for task in
active_Jobs)
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312

313
314
315
316
317
318
319
320
321
322

323
324
325
326
327
328
329
330
331
332
333

334

335
336
337
338
339
340
341

342

343
344
345
346
347
348

print (f"Clock: {clock}, Total active GPUs in
use: {total_active_gpus} / {num_Of_DGXs
* 8}, Watt: {current_Watt}")

active_gpus_count .append (total_active_gpus)
active_jobs_count.append(len (active_Jobs) )
watt_count.append (current_Watt)
event_times.sort ()

print (f"Clock: {clock}™)
#breakpoint ()
print (f"All Jjobs are completed at: {clock}l")
print (£"Total Average TAT is: {glo_TAT/
completed_counter}")
print (f"GANG allowed: {gang_activations}")

plt.figure (figsize=(10, 6))

# ROoH 2 AR

fig, axl = plt.subplots()

mmnw

# DHODl1: Active GPUs

color = ’'blue’

axl.set_xlabel (' Clock’)

axl.set_ylabel (' Number of Active GPUs’, color=
color)

axl.plot (clock_list, active_gpus_count, label=’'
Number of Active GPUs’, color=color, marker='o
")

axl.tick_params (axis="y’, labelcolor=color)

axl.legend (loc="upper left’)

# DHODHH 2: Second Queue Jobs

ax2 = axl.twinx () # Twin the x—axis

color = ’red’

ax2.set_ylabel (' Number of Queue Jobs’, color=color
)

ax2.plot (clock_list, secondqueue_count, label=’'
Number of Queue Jobs’, color=color, marker='x'")

14

ax2.tick_params (axis="y’, labelcolor=color)
ax2.legend (loc='"upper right’)

color = 'green’

axl.set_ylabel (' Active Jobs’, color=color)
axl.plot (clock_list, active_jobs_count, label=’'
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352
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357
358

359
360
361
362
363
364
365
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367
368
369
370
371
372
373
374

375
376
371
378

379
380
381
382
383
384
385
386
387
388
389

Number of Active Jobs’, color=color, marker='o
")
axl.tick_params (axis="y’, labelcolor=color)
axl.legend(loc='"upper left’)

color = 'green’
plt.xlabel (' Seconds’)
axl.set_ylabel (' kWatts’, color=color)

+ I 7ICEE

axl.step(clock_list, watt_count, where='post’,
label="kWatts’, color=color, linewidth=2)

axl.tick_params (axis="y’, labelcolor=color)
axl.legend (loc="upper left’)
#axl.set_ylim (0, DC_POW+5)

# XA eV R

fig.tight_layout ()

plt.grid(True)

¥ 7T 7 RFR
plt.show ()

# F— (Bh) cfE Gitllh) Z2HUS

tasks = list (TAT.keys())

values = [v[0] for v in TAT.values()] # HFVURAID
A DfE % BUS

¥ BRI T LDIERK

plt.hist (values, bins=50, color='skyblue’,
edgecolor='black’, alpha=0.7)

# MR R SRR o — VZERE

plt.yscale (' log’)

# IV XA ML
plt.xlabel (' Pod Execution time (Seconds)’)
plt.ylabel (' Frequency’)

plt.grid(axis="y’, linestyle=’'--', alpha=0.7)
plt.tight_layout ()
plt.show ()

68



390

69



FlhtbityIar—koa—7 4 Y I@INcBWT, ChatGPT 2 fEH L7, #
FALEETVXER TS > D GPT-40 TH %, IR L7z ChatGPT @ 71~
T e hERT,

a7 hpython3 TR P 2a—Y) 7Y Ial—REFoThaLVEENE
T, csv 7 7 A NVZEANCFEAIAA, clock B8 % 1 3o Lo, REID
LTCesv 77 ANET—RRAT P 12— C5225a—RE2ENTHHLIEITHN?

Listing 6.3: chatGPT outputl

1 IR, 2oz 2ArPa—) 07y Ial—20a—FHlERLET,
ZDA—FTiE. 77 AN RRY F—REGHAL, L
Z3OWEPLLLEDS, KHIGCTRRAZ 2R T Y 2— 71
JELCETT MMHAZIERL TVET,

Python3CSVclocklT — X

csVBIRDERD 7 » A LV Z2REL £5,

CSV

start_time, duration, task_name
0,3, Task A

2,5, Task B

5,2, Task ca—F

O 00 N N W kR W N

—_
No= O

Python

_
= o

import csv

—
W

import time

—_
=)}

class Scheduler:

—_ =
o 3

def _ _init_ (self, csv_file):
self.tasks = self.load_tasks (csv_file)
self.clock 0

NN =
- S &
I

(3]
[\S)

def load_tasks(self, csv_file):
" > ANIPHRRAT T — R EHiAAL csv "
tasks = []
with open(csv_file, ’'r’) as file:

BN NN
A B~ W

reader = csv.DictReader (file)
for row in reader:

NN
[o IR

tasks.append ({

3%
N=)

"start_time": int (row["start_time
"1)

30 "duration": int (row["duration"]),

31 "task_name": row|["task_name"]

2 1)

33 return tasks
34
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35
36
37
38

39
40
41
42
43
44

45
46

47
48

49
50
51
52
53
54
55
56
57
58
59
60
61

62

63
64
65
66
67
68
69
70

71
72

def run(self) : AT T a—FDAA )L —F

mwwmwww

print ("Starting scheduler...")

while self.tasks or self.clock <= max (task["
start_time"] for task in self.tasks):
print (f"Clock: {self.clock}")
self.execute_tasks ()
self.clock += 1
time.sleep(l) # I al— a YHIIHE 1

def execute tasks (self) :IREDRLNIHIDT B XA

& FAT

for task in list (self.tasks): # XAZVURX %
av¥—LTRIE
if task(["start_time"] == self.clock:

print (f"Executing {task[’task_name’]}
(Duration: {task[’duration’]}
seconds) ")
# FEITRICR A7 ZHIBR

self.tasks.remove (task)

# 77 A ILDNRZABRIEE csv

csv_file_path = "tasks.csv"

¥ AT a— 75T
scheduler = Scheduler (csv_file_path)

scheduler.run () EITHE RO T — &2 fl%

CSV tasks.csv EWIHHKEITHREFLE S, Licoa— K%

7741 (f
Python: scheduler.) &L TIREFELE S, py¥—IF L F

a7 ary S T NOav Yy REFEITLETD,

python3 scheduler.pyd— KDEAHAT — X DFHiAIAA

CSV:
load_tasks XY v RTI7 7 A NV EitAIAA, RAVG

W2V AP UTIRIFLE T, csVRAT Y2 —FDX
A ="
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73

74
75
76

run XY v RTclock ZI3OHR9LELS, HEXA LR

v T TCRR%F 2y 7 LTEITLET, 1XRY

clock WK—H T Dstart_time ZHFDODX AT % HDOIT,

%’ﬁk&x&&x%#%%%bi? WRRHET

I
Aﬁﬂ\
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a7 rclock Z+1 L TW3B & EITICKRD 22> TLEVWET, XDA X
Y FETclock A%y S TEEHEAN?

Listing 6.4: chatGPT output2

1 RfET

2 (clock) ZFOHEPLTOTIERL, RDANY b+ (XR7DOBIGE
TAIET) HBRETBIFEETAF Yy 73528 T, ¥Ial—
Y a YORIRENBCHETEET, IUTIRZOREFZRL
£3, Ra—Fpl

3

4

5

6 import pandas as pd

7

8 # 77 A4LDIRA Csv

9 csv_file_path = "/mnt/data/openb_pod_list_default.csv"

11 TR EHAATL

12 data = pd.read_csv(csv_file_path)

13

14 # %t:ﬂ%@scheduled_time %creation_time THH 3
15 data[’effective_scheduled_time’] = datal’

scheduled_time’ ] .fillna(data[’ creation_time’ ])

17 # execution_duration DEFIE
18 data [’ execution_duration’] = data[’deletion_time’] -
data[’effective_scheduled_time’ ]

20 # >Ial—3aryOuHEE

21 clock = 0

2 current_tasks = [] # BREDXAZZREFTEV A b

23

2 # A XY MR (BRI & & TR 2V X MEL, V=1

25 event_times = sorted(

26 list (data[’effective_scheduled_time’]) +

27 list (data[’effective_scheduled_time’ ] + datal’
execution_duration’ ])

28 )

29

30 # RETOEITIR LTy I 2L —Y a Y BHET

31 for next_clock in event_times:

32 # RDOAXRY MREEFTAF Y 7

33 clock = next_clock

34

35 # B LWARY Zcurrent_tasks 2B

36 new_tasks = data[ (data[’effective_scheduled_time’ ]

== clock) ]
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37
38
39
40
41
42

43
44
45
46
47

48
49
50
51
52

53
54
55
56

57
58

59
60
61

62
63
64
65
66
67
68
69
70
71
72
73

current_tasks.extend (new_tasks.to_dict (' records’))

# B2 A7 ZHIER
current_tasks = |
task for task in current_ tasks
if clock < task([’effective_scheduled _time’] +
task [’ execution_duration’ ]

]

$ B RN

print (f"Clock: {clock}"™)

print (f"Current tasks {[task['name’ ] for task in
current_tasks]} ") BE S DI

HA

event_times D¥EfE: (X 27 OFIBER) &
effective _scheduled_time

effective_scheduled time + (XA Z D TKH)

ZUVAMEBEL, TRTDOARY FREZEUR L 5,
?ixecutlon_duratlong.ﬂfo YV — b LUTIER L

o

for N—FTAXRY MLH:
clock ZRDA XY bEE O WKEERY vy F28%F 75,
next_clockA N> ~ALH

SHLWERZZ7DENME., T LEEZRA7OHIBREITWE T, KR
NESDIENS

:iﬁfOL®6ﬁka\ﬁgﬁﬁ%ﬁykyffét®\M@
HENKEICH ELF
1&ﬁ%ﬂ?@m7@~%@@f?

Clock: O

Current tasks: [’openb-pod-0000"]

Clock: 427061

Current tasks: [’openb-pod-0000’, ’openb-pod-0001"']
Clock: 1558381

Current tasks: [’openb-pod-0001’, ’openb-pod-0002"]
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74 Clock: 12537496

75 Current tasks: [IMOHIZIOHERERKED T —E2LEMEODOY I 2
L=y a BB L TWE S, DEICBET, 4> MLBEIC
X HIEMRDY Yy 2 2BIITE XY, BEIIL L THOKREZ
HAADHIEIIOWTHBFENTEE T |
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Tay N ST T Ot E B LT W

20
21
22
23
24
25
26
27
28

29

30
31
32
33
34
35
36
37

Listing 6.5: chatGPT output3

ChatGPT:
ChatGPTHEEI Z MR 7 — T F 2 Z 8 T, DR D /NS IR HHE

HESLTRYEY, DU ZNBIC LI XA 77 LD
a— FHIc3 ! a— K

import matplotlib.pyplot as plt

# ERXNTTLDMEN GHElhZ R T —i s 5)

plt.hist (values, bins=20, color=’"skyblue’, edgecolor
="black’, alpha=0.7)

# HEE 2 B A T — WACERE

plt.yscale ('’ log’)

$# IR XA L

plt.xlabel (' Execution Duration (Values)’)

plt.ylabel (! Log Frequency’)

plt.title (' Log—Scaled Frequency Distribution of
Execution Durations’)

14

plt.grid(axis='y’, linestyle=’'--', alpha=0.7)

# LATY ML TERR
plt.tight_layout ()
plt.show () fili &

plt. yscale( log’) | T THEENZ MNE R 7 —MITEEH LTV

blns m@I:F"EJG’/\H'CL‘i?# EDBZ WE DI VR D
iﬂﬂ%ﬁﬁmu 7iJ|:1\ —202072@{&%’@: CE:’CEJEJM_JE‘E’C
T, blﬁS?U/]“ﬁ W 77 ) v Rz 5[ 22T, fHD
A FEART T TNET, T HEA > b E:faﬁ Q)

[V

optionalNEIZIL U CHIPHZHIR S 5 728

range= (min_value, max_value) %ﬁbﬂbi? .
plt.hist (values, bins=20, range=(0, 15000000),
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39
40

color="green’, edgecolor=’'black’ r alpha=AO .7) A
gm%ﬁ%%%%ﬂ%@?t\%ﬁﬁib#ﬁmﬁﬁfg

(o]

bins3050 ZALTHMDIRE D LCHIUEZHEANCIR IR TR
FTIHALTATLEEN
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