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Abstract: Executing workflows in cloud-edge collaborative environments can reduce data transmission latency be-
tween the cloud and terminal devices. Significant differences exist between cloud computing nodes and edge devices in
terms of computational capability, storage resources, and communication latency. Furthermore, the computational resources
of edge servers exhibit dynamicity due to factors like workload pressure and performance degradation. The complex topo-
logical dependencies within workflow applications introduce additional scheduling constraints. These combined factors ren-
der the workflow scheduling problem in this context NP-hard. To address these challenges, this paper proposes large lan-
guage model-assisted cloud-edge collaborative workflow scheduling algorithm (LAWS). The algorithm employs a knowl-
edge graph to structurally represent the chain-of-thought (CoT) reasoning process. It decomposes the scheduling problem in-
to multiple sub-problems and extracts sub-knowledge graphs to serve as chain-of-thought guides for the large model, facili-
tating collaborative reasoning for scheduling decisions. Experimental results demonstrate that compared with traditional al-
gorithms, the proposed algorithm achieves a reduction in workflow execution latency of 3% to 83% and a decrease in com-
putational energy consumption of 2.4% to 66.0%.
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1. SubSet = [];

2. FOR each sampleePS DO

3. f'= uniform(0,1);

4.1F f<y THEN

5. SubSet.append(sample);

6. END IF

7. END FOR

8. FOR each sampleeNS DO

9. f = uniform(0,1);

10. IF f'< y THEN
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19. END WHILE
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HeadE, O, |. Hid,BG Jy 4.2 45 d 20 415 2 Ay 1 548
78 iA], HeadE 2 1R K 3% InitKG ' head B i &7 5 1Y
SR, QO A YT DL )80 . B8R KRR O,
T SC, IR [R) R A 5 ) SEARLE EntityS, MR 48 SE 1A
£E EntityS M InitKG $2 HCHS > 5 7] 81 Y R 4R 55 K]
i CurKG.

PR B S Y o B SR 2 th R . A0
RE R FH RS Y 1y oy SRR B T, DA 42 Jmy R I i v
R YT IR) R i b O A LR — AR B AR O AR LR
YT ) A S 4R EE CurKG. TR TRMT sk
i 7 InitKG i BT A = o4, 3R BRI ST head F
B SR A R SR SE HeadE. 4535, 15 502/~ 17 BG 5
K % HeadE, 4§ T 1] & O, = & & [F] 1 Wl Ex-
tract_KG_Prompt. B Hfy A KABIAY | 5 T KR 7 Hr
Oco M1 L, I\ HeadE iR H 5[] R L 42 40 O 19 512
AR SR SE EntityS. feJe , FRUGE 7 InitkKG H g =
TG , T E Y head FBUAL & T EntityS i Y =04 24H 1
FHEE CurKG.

Wl FIREE IR K — A K BT g & KA
TUARAT BRI R RS SR — R i g A G
1Y HE B3 CurK G, 38 2 T BR M s 48, Sy KA A 4
Hik2 RINIREE
N WA AR EE InitkG, 24 5 f5 o 19 1) O

1i§ 5t 427~ 17 BG
Hrd: 7R CwKG

1. HeadE =[]
2. FOR each ¢ € InitKG DO

3. HeadF.append( 1[*head ] )

4. END FOR

5. Extract_KG_Prompt = (BG, HeadE, O, J:

6. 454 Extract_KG_Prompt ##/8 KA BRI O, 617 HeadE 195244,
JE A% EntityS

7. CurKG =]

8. FOR each ¢ € InitKG DO

9. IF ¢[‘head’] € EntityS THEN

10. CurKG.append(z);

11. END IF

12. END FOR

PET — AT R A A SR | AT R R AR
145 F R B HERR 1
4.3.2 @S FE

AT N fofp e ] B0y JEL 24 e ) R e 4 o 22 4 7
[P EAR | 55T 5 18 B SRR DG PR - [l R A 7 7 22 | i
28, DT 381 XoF 978D 88 i) R0 S Jroks A0 %) 20 A, A8 Rl 7
BRI A G R v B KT B G 22202T

iZ B BL LA Divide_Prompt= {BG, CurKG, Q. 1EHN
R, 15 3] F ] @ 4E SubQues = {(q, impact)}, SubQues
E—H T NES BT RS TN g ANZ TR
FEOGT 5 i (5] 491 79 5% 1 Xl - impact.
4.3.3 ERWBERFEE

IR gt A5 1) (1) - ) 1515 8 B () AL ) A S T
ANTR], Ry R B 546 W () SR |, 2R SCAR I 52 1 R 7 impact
X [a) B AT 400 43, I RIS [ ) SR m . ELAAR /) 512 it
BN 8 SubQues HP I (] 42 B S Bt impact #E17
TP HEST , IE0s I AR R 4y i = 2510, 0,, 0,1 LTl 2
10,| +]0,| +]0;] = |SubQues|. O, 107 15 i H 45 5t
R G R A% O TR, 5 38 3 32 U1 4 i B vk 10 AT K
FERE 5 O, F PSR S I RER) oK, 422 A O 78 A= i
F TR T7 26 5 O WD 553 A 5G4 ] AT, R FH -7 300 30 53 24 s
LN ARR . BEE K Q, T Q, Y Ia] BRI fige 25 2H B )
EXHEA Q&A={(g.ans) [ g € 0,U 0, }.
4.3.4 EWRTAHEZ QB

# Prompt={BG, Q&A , CurKG, Q. | s A KA AL 15
P e 2R B DR . R M, I UR T O, =0 =" T L 45
PRSI . A, CurKG=InitK G. 7% SO~ [a) 31 i 1% 15
A% 1 DEPTH ., 1 M 5% 1k ] 8043 fif 0 42 il AR £ . Horp
DEPTH,,,=DEPTH,,,+1, DEPTH,, =0, DEPTH,,, } &
] B3R . 24 DEPTH ., =MAX_DEPTH i , A 5% [1]
AT IR AT

68 FH T PR 33 ) 43 ) R S Y e R AR BT 3 op
4.4 KEEHSEERE

LS R T SR S [ BB A 4 AR ) B AL
SRR SR . NE ST LLE KA ) -1
eI IE AR T 375 s, %0 I8 B 3R G0 1 SRR A B TR
BT . A, A SCHE T SR W BB AR e AT 45 O AR
P 520 UME S . 5 I T T A DL BT 1 Polli-
cyKG WTE 20 A1 55 1] B AR He P A1 JEL A4 |, A 55 ) A
Btz JE Policy KG i B 5 I 10 S5 AT T4 W PhA 7485
TR ML W BT AR B B Ak SR e
4.4.1 REEEH

() o BT () ¢, DA TT3 S 08 8 K000 v e IR 9 1 AR
RAEREALR S, SR )5 Hie BBV 3 45 31 SOl iR 19 5w
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Policy, i Ji KA HDEG Policy S 2 B — I SR S Poli-
eyKG HEAE L I8 B 5 | M SR8 1
%53 RESMRSKRE

BN FEAKE SHILA MRS itk G, 24 1 7% O .. % DEPTH
HrtH: VA EE N ans
. IF DEPTH #0 THEN
. i Ff] Extract. KG_Prompt £/~ KA %I 3K B EntityS
. CurKG =];
. FOR each relation € InitKG DO
. IF relation[ ‘head’] € EntityS THEN
. CurKG.append(relation);
.END TF // K248 EntityS $EBCS A1 [n] 8504 8 4k 4 1R B %
. END FOR
ELSE
10. CurKG = InitKG; // WA A1 O, B A58 RSN InitkG
11. END IF
12. IF DEPTH = MAX_DEPTH THEN
454 Prompt $i78 SOREAL R e [a) AR R % ans
RETURN ans
13. END IF // S35 53 fiff 1] B i1 5L 45 1k 0] 525 i
14. 2545 Divide_prompt 7~ KA A K HL T[] SubQues
15. % SubQues 1% 18 impact 7 Bt & 7 HE T
16. Q&A =[I; // MEXEA
17. 0,=SubQues [0...| 0, | |/ s —

18.0,=SubQues| [0, |...(|Q, | +] Q.| )] 45— i

© ® N L R W N —

19. Q3=subQues[(|Q1 |+ |0, |)...|SubQues\] VE =20k
20. FOR each g € 0, DO
96 U 73t (0] g ARARRR T curans,
Q&A .append ((g, curans));
21. END FOR
22. FOR each g € 0, DO
23. 254 Prompt $2 78 KATEHY figt ok (] RE S HUE 58 curans;
24. Q&A.append ((g, curans));
25. END FOR
26. 4545 Prompt $& 78 KA ans
27. RETURN ans
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Widss RIS R , RS 55208 TAE g 7.

R P RS 2 i D [ S P BB 1 S B 5, AR S
i 1 25 S A Y s A B U O S BN I )
S AR R k8snode 1 5 5 B BE R AL 4ol , i HH A5 M
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Kisnoded CPU: 8 C M 27 GB, Bandwith: 900 Mbit/;
N : ore, Memory: , bandwith: 1t/s
(LS5 1%)
k8snode5
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BT X REA B S B0k I SO S T, AR SR FH 25 1]
Y K AH 2R R IR TSR A RN LAWS 2R 56 o it f 52
SLEGEE AN 8 TR . Y k=3 0], REIL BRI,
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timerate rate

K8 ANIF Kl SR PERE TR bR

5.3.1 XfLeE%

A S B LA R B AE A X H : Kubernetes (k8s) #R
TA TR B S W | 5L T IR 3 5 1k 2% ) 1) Kubernetes 8 & %
(Deep Reinforcement learning based kubernetes Sched-
uler, DRS) . FE F K A5 A (%) 98 i 32 15 (Large Language
Model-based Scheduling Algorithm, LLM) , 4> CPU(Re-
maining CPU,RCPU). EARBE N EMW T .

Kubernetes (k8s) ¥R IA I £ &7 TSGR @ 1 — L9743
BL F={ £, (State, )ls € S}, B4 S0 AT AR (94T
i Weight,, 59 915 70 iR 5 X (24) 315, 985 b
VEFEATF I3 d5c o 1T R SR VA BE 5 R
Yf/(State, ) x Weight,

> Weight,

DRS i FH VA BE 5 Ak 2 > 0K 3h S s ik A 7.
IR AT PR e A PR A 2 ) 55 R R TR ATy
P BEAT 55 MBI AT oK, Sl A2 ) S T e 5 B T
ARy B IR A IS 19 i 18] AN B 7 R T2 il R

LLM H fo) FAHY PR AT SRS AR R State FIEF I B2
1 TAEDL G, Wi FH A AAS B e e As 7 X

RCPU FE R BE I, B[] — Py BLA% O F i A7 B AR 2 A
14 B KR 384 S i A 0 ) R P 38 s ) 1 4% 9
AT Ak, Wk 22 2 i 22 ) T 2 1 W 0 5 4 i
5.3.2 MEREIEAR

B AT I ] B A AR SE PR Is A T i ) 5 Fii iz
AT B 2Z e P41

Priority = (24)

z TimeRate ,
We Wm

timerate= (25)

w.

set

Horp, TimeRate , A4 (18) T35 21]

A REFE 18 TAR M P T BTl FERY RE &L, 15 20
HAUF
PxZGSXPbase (26)

E= > > Pt (27)

seS

Horbr, 0, 75 S BIR A IR, Py, R fm i akiz
AT )58 AR B Py, N 50 WL
TS5 FBE A LT A LR T AR AR 555
BAEN G -2 1E
z Rate,

We WSCI

rate= (28)

Hirr Rate , M4 (17) 715575 2]
5.3.3 XEEMERDW

ARG T 25050, G R BE % Bk R 55
A LA B TAE ST 55 2 A4 B X HEAS [R) B0k i P T
fie. [T, B T I Al 208 LA M LAWS B35 45 41 14 %)
A BE Y BTk
5.3.3.1 ARZELEERIE XN

LS YA 7 2R 2 38 R A AR 43 A5, 43 ST 5%
TEARRIE R EGA R LR RPERER L. L, 25 ik
BoR10.11.12.13 .14 .15, 52525 B4 9 Ff s .

WE 9(a) FizR , 78 TAER AT LE 7 1T, LAWS 55
AT k8s BRIAVAFE e mE \DRS .LLM .RCPU 43 51| F A%
T 49% . 71% .54% 17%. TEXF LB, k8s BRINTAE R
s FH T ME LA I 2 1 P RS , S 8T 55 4 i
i, 2L R T 2 R NS IR IR S i
SBEHIE A HE , Fe & B K T AR A RA T EE ; DRS
BRAUAEAETZ ACRE SIS 2 B [T, X DA > 75 i 8 B4 9 5
W, 2 B LA IS, DI REAIR 4T 55 B A TRLR
LLM BE3E AR 25t U [R) PR 0 T AR I 9 5 i) R A A
S5 maAEAR R, SEHLORRJIILT LAWS 5
2% RCPU 8 1 A6 A KT 5% Y5 1] FH 36 1) S BT R 2% il 1 ¢
PR 4 AL, SR HLBR = X6 14T 55 TR A G 2R TR A 9
M, A5 T AR AR SE B B AT e T LAWS B3k .

B9 (b) 7R T AN ) I B 5 s N T AR 0 i 11530 Ak
FE. BEA R BA R T m , SEHEIN B RRFETT RS FRAS, 1T
AREFE LN T A IR R E LAWS I8 B R m
T AHEE T k8s BRINIA FE S m \DRS \LLM \RCPU, J1-5 58
KB DIREAR T 15% .21% . 10% . 14%. %F b8 pe 32
REFERC e R B IR PR AE T AT 55 1] 14 9% 6 58 S 8 51
FLRTT T, k8s BRI\ 82 5 s PR L wfE AT 1 25 340 P ) 340
5e, B AT 55 il BE R R T = T, T 51 & ™ E
B9 U8 55 4 s DRS B3 th T 5 b 2% ) B AU AT AE 1 0L
A TR, X LA > 45w R0 R 88 SR, S T 3 i e ) 5
AE55 43 B SR A, I T R RIS AE s LLM B89k 2 IR T =il
PRI ERBE 1 AR BE 0 AN 2, A BB SO AN 2% i AT
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TR Z A A TERE 22 5 . A A R 20k R 1 {8 %
13, S EE SN 10 R .

WE 10 (a) fr s, 76 R 20 A 15 R Bl R R,
LAWS %5 5 A0 3¢ T k8s #K W\ 4 J& 5K % . DRS. LLM.,
RCPU, T AE it $AAT B ZE 43 3 AR T 40% . 77% . 49%
39%. ST RN, X WS AEAE LU AN M2 - k8s BRI 2
SR PRI LATE iE 25 A DR R RS, S8 19 i B AT S5 1)
) 9 U S R 2 TR I T AR PR AT IR AE  DRS 33
153% 12 AL RE T3 AS & RS R 3 8145 10 1 247, 52 i ) 2
FE 5 LLM 5575 D0 DR fike =2 %o B B PR S58  TR A0, FLARE L
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HHREFE R FTF. M T LLM 3 LAWS S 0% TAE
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