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Before introducing a directory-based cache coherence protocol, we make the following
assumptions about the interconnection network:
= Message passing iz reliable, and free from deadlock, livelock and starvation In other
words, the transfer latency of any protocel message 13 finite.
= Message passing 13 FIFO. That iz, protocel messages with the szame source and
destination sites are always recetved in the same order as that 1 which they were 1ssued.

Cache states: For each cache line, there are 4 possible states:

=  Canvalid (= Nothing): The accessed data 1s not resident in the cache.

= C-zhared (= 5h): The accessed data is resident in the cache, and possibly alzso cached at
other zites. The data in memory is valid.

» C-modified (= Ex): The accessed data 1s exclusively resident in this cache, and has been
modified. Memory does not have the most up-to-date data.

= C-transient (= Pending): The accessed data is in a iransient state (for example, the site
haz jost 123ued a protocol request, but has not received the corresponding protocol reply).

Home directory states: For each memory block, there are 4 possible states:

=  R{dir): The memory block 15 shared by the zites specified in dir (dir 15 a zet of sites). The
data 1n memory 1z valid in thiz state. If dir 13 empty (Le., dir = £), the memory block 1s
not cached by any site.

» W(id): The memory block 13 exclusively cached at site id, and has been modified at that
site. Memory does not have the most up-to-date data.

« Tr{dir): The memory block 1z in a transient state waiting for the acknowledgements to the
invalidation requests that the home site has 1ssued.

»  Tyiid): The memory block 13 in a transient state warting for a block exclusively cached at
site id (1.e., i C-modified state) to make the memory block at the home site up-to-date.

Protocol messages: There are 10 different protocol meszsages, which are summarnized in the
following table (their meaning will become clear later).

Category Messages

Cache to Memory Requests ShEeqg, ExReq

Memory to Cache Requests WhEReqg, InvBeg, FlushBEeq
Cache to Memory Responzes | WoRep (v), InvRep, FlushRep (V)
Memory to Cache Fesponszes | ShRep(v), ExRep(v)
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No | Cuarrent State Handling Mezzaze Next State Deguene Action

: Aezzage?

1 | C-nothing Load C-pendmnz No ShF.eq(1d Home a)

2 | C-nothing Store C-pendmz No ExFeq{id Home 3)

1 | C-nothine WbReq(a) C-nothmg Yes None

4 | C-nothing FlushReq(a) C-nothing Yes None

5 | C-nothing InvReqia) C-nothmg Yes None

6 | C-nothing ShRep (a) C-zhared Yes updates cache with prefetch data
7 | C-nothing ExRep (a) C-emchusive | Yes updates cache with data

8 | C-chared |Load C-shared Yes Feads cache

9 | C-zhared WhbReq(a) C-zhared Yes None

10 | C-zhared FlushReq(a) C-nothmg Yes InvEep(id. Home, a)

11 | C-shared InvReqia) C-nothmg Yes InvEep(id Home, a)

12 | C-sharad ExRepla) C-exchasive Yes Mone

13 | C-shared (oluntary Invalidate) C-nothing NiA ImFep(id. Home, a)

14 | C-excluzive Load C-emclozrve | Yes reads cachs

15 | C-emclo=ive Store C-emchisrve | Yes writes cache

16 | C-exclu=ive WhReq(a) C-shared Yes WhEep(id, Home, data(a))
17 | C-emclo=rve FlushReq(a) C-nothmg Yes FlushF ep(id, Home, data(a))
18 | C-emclo=ive (oluntary Writeback) | C-chared NiA WhEep(id, Home data(z))
1% | C-emclu=ive (oluntary Fluzh) C-nothmg NiA FlushF.ep(id, Home, data(a))
20 | C-pending WbReq(a) C-pandmz Yes None

21 | C-pending FlushReq(a) C-pendmnz Yes None

22 | C-pending InvReq(a) C-pendmz Yes None

23 | C-pending shRep{a) C-zhared Yes updates cache with data

24 | C-pendmns ExRep(a) C-exchzrve Yeas update cache wath data

Table H12-1: Cache State Tranzitions
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No. | Current State [ Mezzaze Received Next State EE::!EE“ Action
1 |R@ip&(dir=s) | ShReqia) | BT | SeRap(Fiome, 1, )
2 F{dir} & (dir = g) ExReq(a) Wiad) Yes ExFep(Home, 1d, datala))
3| Ridio) & (dir=¢) (Voluntary Prefetch) | Ri{id}) N/A | ShRep(Home, id, data(a)
4 Ridir) & GdEdi) | ShReg(a) Bidir + {adj) | Yes ShRep(Homea, id, data(a))
5 ﬁ&{ii; & EEi:tlitf dar) ExReq(a) Trdar) Na ImReq(Home, dir, a)
& ﬁ&{ﬁ; & (Ei:ili & dir) (Woluntary Prefetch) | Bidr +{id}) | N/A | ShRep(Home, id, data(a))
7 :}E & (Eju ={id}) | ShRegia) F{dir) Tas MNone
8 R{dir) & (dwr= {1d}) | ExReqia) | Wisd) Yes | ExRep(Home, id, data(a])
9 | Redit) & (dir= {id}) | InviRep(a) Riz) Vas Mone
10 | Ridin) & (d=dir) | ShReqia) F{dir) Vas Mone
& (dir  {udj)
11 |Ridin&(d=dr) | ExReqa) Tridir-{id}) | Mo Im:Feq(Home, dir - (i}, 2)
& (dr  {ud})
12 |Ridin&Gd=dr) | InviRep(a) Ridir- {id}) | Yes MNone
& (dir  {udj)
13 | Wad) ShReq(a) Twe(id ) Mo WhReq(Home, id ", 2)
14 | Wid) ExReq(a) Twrid ) Mo FlushFeq(Home, id . 2)
15 | Wad) ExReqa) Wiid) Tes Tone
16 | Wiid) WhRep(a) R {id}) Tes data -> memory
17 | Wiid) FlushRep(a) Fi=) Yaz data -> memory
13 | Tridin) & Gd = dir) | InviRep(a) | Tridir - {idr) | Ye= | Tlone
19 | Tridin) & (id S dir) | Invikep(a) Tr(dir) Tes None
30| Twid) [ WoRepia) R Lid}) Tes data > memory
21 | Twid) FlushRep(a) Riz) Tas data-> memery

Table H12-2: Home Directory State Tranzibions, Meszages sent from site id




