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Outline

ÅQuake Overview

ÅUsing Transactions for Synchronization

ÅRuntime Characteristics
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Quake

ÅInteractive first-

person shooter 

game

ÅVery popular among 

gamers

ÅChallenge for the 

modern multi-core 

processors
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Quake Server

The Server
-Where computations are done
-Maintains the game plot
-Handles player interactions
-Preserves game consistency

The Clients
-Send requests to convey their 
actions
-Render the graphics and 
sound
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Parallelization Methodology

ÅExecution divided in 3 
phases:

1. Physics Update

2. Read client requests 
& process

3. Send replies

ÅImportant is 
processing requests

ÅProcessing requests 
prepares the next 
frame 

[Abdelkhalek, IPDPSô2004]
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Processing Requests - The Move Operation

ÅMotion Indicators

ïangles of the playerôs 
view

ïforward, sideways, and 
upwards motion 
indicators

ïflags for other actions the 
player may be able to 
initiate (e.g. jumping)

ïthe amount of time the 
command is to be applied 
in milliseconds.

ÅExecution

ïsimulate the motion of the 
playerôs figure in the game 
world in the direction and for 
the duration specified

ïdetermine and protect the 
game objects close to the 
player that it may interact with

ÅCompute bounding box

ÅAdd all the objects inside the 
bounding box to list

ïexecute actions the client 
might initiate (shoot, weapon 
exchange)
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Synchronization

Shared Data Structure Synchronization

08.09.2008

ÅPer player buffer (arrays)

ÅGlobal state buffer (array)

ÅGame objects (binary 
tree)

ÅEach with a single lock

ÅSingle lock

ÅFine grain locking

ïLocks leaves 
corresponding to the 
computed bounding box

ïIf objects is on the parent 
lock the object only, but 
NOT the parent node.

22% overhead 
8 threads and 176 clients
[Abdelkhalek, IPDPSô2004]
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Areanode Tree

ÅMaps the location of 
each object inside the 
virtual world to a fast 
access binary tree 
areanode tree.

ÅChildren nodes split 
the region 
represented by the 
parent in two halves.
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Using Transactions

ÅGeneral Overview

ÅChallenges

ÅI/O

ÅWhere Transactions Fit

ÅError Handling Inside Transactions

ÅFailure Atomicity



Slide 10

Atomic Quake ïGeneral Overview

Å27,400 Lines of C 
code

Å56 files

Å63 atomic blocks

ÅIrregular 
parallelism

ïRequests are 
dispatched to their 
handler functions.

98% In Transactions
Single thread, 100% loaded
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Complex Atomic Block Structure

ÅCalls to internal functions

ÅCalls to external libraries

ÅNesting up to 9 levels

ÅI/O and System calls (memory allocation)

ÅError Handling

ÅPrivatization
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Example Callgraph Inside Atomic Block

SV_RunCmd is the function that dispatches the execution to the 
appropriate request handler function. 

Nodes drawn with clouds represent calls to functions with call graph as 
complicated as this one.
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Challenge ïUnstructured Use of Locks

Locks
1 for (i=0; i<sv_tot_num_players/sv_nproc; i++){
2     <statements1>
3     LOCK(cl_msg_lock[c - svs.clients]);
4     <statemnts2>
5     if (!c->send_message) {
6         <statements3>
7         UNLOCK(cl_msg_lock[c - svs.clients]);
8         <statements4>
9         continue;
10     }
11     <stamemnts5>
12     if (!sv.paused&& !Netchan_CanPacket(&c->netchan)) {
13         <statmenets6>
14         UNLOCK(cl_msg_lock[c - svs.clients]);
15         <statements7>
16         continue;
17     }
18     <statements8>
19     if (c->state == cs_spawned) {
20         if (frame_threads_num> 1) LOCK(par_runcmd_lock);
21         <statements9>
22         if (frame_thread_num> 1) UNLOCK(par_runcmd_lock);
23     }
24     UNLOCK(cl_msg_lock[c - svs.clients]);
25     <statements10>
26 }

Atomic Block
1 bool first_if = false;
2 bool second_if= false;
3 for (i=0; i<sv_tot_num_players/sv_nproc; i++){
4   <statements1>
5   atomic {
6     <statemnts2>
7     if (!c->send_message) {
8       <statements3>
9       first_if = true;
10     } else {
11       <stamemnts5>
12       if (!sv.paused&& !Netchan_CanPacket(&c->netchan)){
13         <statmenets6>
14         second_if= true;
15       } else {
16         <statements8>
17         if (c->state == cs_spawned) {
18           if (frame_threads_num> 1) {
19             atomic {
20               <statements9>
21             }
22           } else {
23             <statements9>;
24           }
25         }
26       }
27     }
28   }
29   if (first_if) {
30     <statements4>;
31     first_if = false;
32     continue;
33   }
34   if (second_if) {
35     <statements7>;
36     second_if= false;
37     continue;
38   }
39   <statements10>
40 }

Extra code

Complicated 
Conditional 

Logic

Solution
explicit ñcommitò


