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latency (ms)
operation mean | stddev | count

all reads 3.7 376.4 | 21.5B
single-site commit 72.3 112.8 | 31.2M
multi-site commit 103.0 52.2 32.1M

Table 6: Fl-perceived operation latencies measured over the
course of 24 hours.



CREATE TABLE Users {
uid INT64 NOT NULL, email
(uid), DIRECTORY;

} PRIMARY KEY

CREATE TABLE Albums {

uid INTe4 NOT NULL,
name STRING
} PRIMARY KEY

(uid, aid),

STRING

aid INTe4 NOT NULL,

INTERLEAVE IN PARENT Users ON DELETE CASCADE;

lllll

Users(1)

Albums(1,1)

Albums(1,2)

Users(2)

Albums(2,1)

Albums(2,2)

Albums(2,3)

ttttt

-----

Figure 4: Example Spanner schema for photo metadata, and
the interleaving implied by INTERLEAVE IN.



Labled

universemaster

placement driver

Zone 1

zonemaster

Zone 2

1

zonemaster

Zone N

| proxy

location

|

zonemaster

1
1

location

Proxy

1

l spanserver

location
proxy

spanserver

spanserver

Figure 1: Spanner server organization.
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Figure 3: Directories are the unit of data movement between

Paxos groups.

Table 5: Distribution of directory-fragment counts in F1.

# fragments || # directories
1 >100M
2-4 341
5-9 5336
10-14 232
15-99 34
100-500 7




A directory 1s also the smallest unit whose geographic-
p. 254 replication properties (or placement, for short) can
be specified by an application. The design of our
placement-specification language separates responsibil-
ities for managing replication configurations. Adminis-
trators control two dimensions: the number and types of
replicas, and the geographic placement of those replicas.
They create a menu of named options 1n these two di-
mensions (e.g., North America, replicated 5 ways with
[ witness). An application controls how data 1s repli-
cated, by tagging each database and/or individual direc-
tories with a combination of those options. For example,
an application might store each end-user’s data in 1ts own
directory, which would enable user A’s data to have three
replicas in Europe, and user B’s data to have five replicas
in North America.
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Method Returns

TT.now() TTinterval: |earliest, latest]
TT.after(t) true if ¢ has definitely passed
TT.before(t) || true if ¢ has definitely not arrived

Table 1: TrueTime API. The argument ¢ is of type TTstamp.



latency (ms) throughput (Kops/sec)
replicas write read-only transaction | snapshot read write read-only transaction | snapshot read
1D 04+.6 — — 4.0+.3 — —
1 14.44+1.0 1.4+.1 13,1 4.1+.05 10.9+.4 13.5+.1
3 13.9+.6 1.3k 1. 2.1 22455 13.8-43.2 3853
<! 14.44-.4 1.44.05 1.3£.04 2.8 3 22.3+>2 50.0+1.1

Table 3: Operation microbenchmarks. Mean and standard deviation over 10 runs. 1D means one replica with commit wait disabled.

latency (ms)
operation mean | stddev | count
8.7 376.4 21.5B
12.3 112.8 | 31.2M
103.0 52.2 32.1M

all reads
single-site commit
multi-site commit

Table 6: Fl-perceived operation latencies measured over the

course of 24 hours.
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