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Verification of German Cache Coherence Protocol by Flow Analysis and Inductive Invariants

ZHANG Yu, SUN'Wen-Hui'
(School of Computer and Information Technology, Beijing Jiaotong University, Beijing 100044, China)

Abstract: German cache coherence protocol is used in parallel multi-processor systems, and the verification of German
protocol has always been a hot spot in international industry and academia. We generate the flow chart of German
protocol and describe each step of the flow chart. Besides, we present a method to verify the cache coherence protocol by

flow analysis and inductive invariants in this paper. By searching for the relations between the invariants and the flow

chart of German protocol, we can further analyze and verify the correctness of German protocol.
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CurCmd: = ReqS;
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Chan2 [i]. Cmd: =GntS;
Chan2 [i]. Data: =MemData;
ShrSet [i]: = true;
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Home N Client
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Chan3 [i].Cmd: = InvAck;
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MemData: = Chan3 [i]. Data;
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Chan2 [i]. Cmd: = GntE;
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inv_ 21: ((ExGntd = FALSE) & ((MemData =AuxData)))

inv__ 27: ((ExGntd = FALSE) & (!Cache[1].State = ¢))

inv_ 28: ((!(Chan3[1].Data = AuxData)) & (ExGntd = TRUE) &
(Chan3[1].Cmd = invack))

inv_ 36: ((ExGntd = FALSE) & (Chan2[1].Cmd = gnte))

inv__37: ((ExGntd = TRUE) & (!(Cache[1].State = ¢))

& (Chan2[1].Cmd = inv))

inv__45: ((ExGntd = TRUE) & (!(Cache[1].State =e))

& (Chan2[1].Cmd = empty) &(InvSet[1] =TRUE))

inv__50: ((ExGntd = TRUE) & (!(Cache[1].State = ¢))

& (Chan2[1].Cmd = empty) &(ShrSet[1] =TRUE) & (CurCmd = empty))
inv__53: ((ExGntd = TRUE) & (Chan2[1].Cmd =gnts))

inv__55: ((Chan3[1].Cmd = invack) & (CurCmd =reqs) & (ExGntd = FALSE))
inv__ 61: ((CurCmd = reqs) & (ExGntd =FALSE) & (Chan2[1].Cmd = inv))
inv_ 68: ((InvSet[1] = TRUE) & (ExGntd =TRUE) & (InvSet[2] = TRUE))
inv__69: ((ShrSet[2] = TRUE) & (ExGntd =TRUE) & (ShrSet[1] = TRUE))

s AR

inv_21: (ExGntd=FALSE) Client 7 s f 3l 5 R &
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inv_27: 5 5L 1 IGARIRES M IRES, HZ T A
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AU RS BRI TRUE, AT AT 1 6 1 a2
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inv_36: Home 1§ [ 45 &% 1 0 IR 4 31 8.,
WIAZ AT S RS AR 1R TRUE.

inv_37: 5 AU R A5 BRIE N TRUE, 36 L3 4
1 1 cache IRASAZM HIRE, M Home 5 sl AN 2 1] 1
R RIETORON 2.

inv_45: %5 5 1 IEAPIRE A M IRE, Home
RIEZSTH BT 1, T 1 XM InvSet  TRUE,
D 5 ARZSHR RN FALSE.

inv_50: 1A 1 FIZAERED 20 5 IR A, Home
RIEZWEEAT A1, 4 1 XN ShrSet A TRUE,
Home X4/ #7497, WA RS FR 1A FALSE.

inv_53: Home ¥ ;i [0 9 i1 1 R AL ZIH A,

MRZAT s IR AR IR FALSE.
inv_55: 15 A 1 RIZTCRE 4 Home 9 A5, 11715
HH A R A FR RN FALSE, I Home 24 B iy 4 2 1
inv_61: Home [A] 75 55 1 A& TG 200H B, 101 2
MRS BRI N FALSE, W Home 4/ iy 4 2 15 3K
L=
inv_68: i &1 1 Xt InvSet A TRUE, H A A{k
PRI TRUE, AT AL 2 X2 InvSet iy FALSE.
inv_69: i 5 2 X ) ShrSet Jy TRUE, HA# 4R
AhRI) TRUES U A 1 M) ShrSet 9 FALSE.
32 BHBANSHERER
ATk BN RecvGntS Ml A4 =
((Cache[1].State = e) & (!(Cache[2].State = 1))) #4T EAk
58 B
ruleset i : NODE do rule "RecvGntS"
Chan2[i].Cmd = GntS ==> begin
Cache[i].State := S;

Cache[i].Data := Chan2[i].Data;
Chan2[i].Cmd := Empty; endrule; endruleset;

1 rule: n_RecvGntS[1]; inv: ((Cache[1].State = e) & (!(Cache[2].State =1)));
g: TRUE; rel: invHoldForRulel

2 rule: n_RecvGntS[2]; inv: ((Cache[1].State = e) & (!(Cache[2].State =1)));
g: TRUE; rel: invHoldForRule3 -inv__ 22:((Cache[1].State = e)

& (Chan2[2].Cmd = gnts))

3 rule: n_RecvGntS[3]; inv: ((Cache[1].State = ¢) & (!(Cache[2].State = 1)));
g: TRUE;rel: invHoldForRule2

¥
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R U RecvGntS 16 181 398 4 A 028 A 45
((Ca‘g:he[l]...State - e) & (!(Cache[2].State = i))) H A%
By W4 ARER ((Cache[1].State = ¢) &
(!(Cache[2].State = 1))) fEF ] RecvGntS AT J5 (4R
s FROL.

UTHOIRAS s 36 M RecvGntS Y 4544, 7 H
A AZE X inv_ 22:((Cache[1].State = ¢) &
(Chan2[2].Cmd = gnts)), AT HLN] RecvGntS J& KIRZS
J& s;, MAAAE ((Cache[1].State = e) & (!(Cache[2].
State = i))) TEIRAS ) L.
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inv_ 22: ((Cache[2].State = ) & (Chan2[1].Cmd = gnts))

inv__25: ((!(Chan2[1].Data = AuxData)) & (Chan2[1].Cmd = gnts))

inv_ 32: ((Chan2[1].Cmd = gnts) & (Cache[1].State = ¢))

inv__39: ((Chan2[1].Cmd = gnts) & (ShrSet[1] = FALSE))

inv_ 47: ((Chan2[1].Cmd = gnts) & (Chan3[1].Cmd = invack))
inv__53: ((ExGntd = TRUE) & (Chan2[1].Cmd = gnts))

7 WA
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I, BTN SendGntS B, Home 7 25 & 128 [F) 2 FL 22 1)
HERNT A1, A4 Home AKX FIEHE — & 2 IE# 3L
P, AR AR 2 MBAPIREH AR R,
A1 R ShrSet iy TRUE, X B A48 inwve 22,25,
32,39 K.

A AT AL T2 SRS, AT SendInvAck,
A Eﬁ%&ﬁm%{%%% Home, Home H €M%
R 1 R FE I B, MRS inv_ 47 SRFH
AT HN SendGntS K, Home i s A&i% [F] & L Z HIVE B
P 4 1, A4 ExGntd — 3 N FALSE.

5 45

German ZE A7 — EUHE MR T S WAL & # H
— M S AT TR AT S AMA L AL &
SR IGAIE B 572, IR Fh VRS EL T % German B
WS HT, B E] German PRI BT A SR BIAAR 5, Xt
TR LA AR 2 ST BB, IR SR B A AR

5 German Wi AL Bigh &, 3t — 70 Hr ANBGAE.

7 German PRSBTEI) IR, 1X P 5 AN T 30 1
T3, oIS 2 A S MR R L R A
FAEA T X German PRI 9 25458 1 52 BE IR,
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