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Overview

* Programming Model
— Active Computing Element (ACE) Abstraction
— Allocation of ACEs to microengines
— Packet Queues
« Software Development Kit
— Simulator
— Example: IP forwarding

« Lab 2: IP forwarding and classification on IXP1200
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Last Class

« Active Computing Element (ACE) abstraction:
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.
Microengine Assignment

Packet processing involves several microblocks

How should microblocks be allocated to microengines?
— One microblock per micorengine
— Multiple microblocks per microengine (in pipeline)
— Multiple pipelines on multiple microengines
What are pros and cons?
— Passing packets between microengines incurs overhead
— Pipelining causes inefficiencies if blocks are not equal in size

— Multiple blocks per microengine causes contention and requires
more instruction storage

Intel terminology: “microblock group”
— Set of microblock running on one microengine
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Microblock Groups

\
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* Microblock groups can be replicated to increase parallelism
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B
Microblock Group Replication

. Performance critical groups can be replicated:

microengine 1

ingress ACE IP ACE
1" | (microblock) *| (microblock) N A microengine 2
- -
input = egress ACE output
ports A A 1| (microblock) ™ ports
e "y
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/
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« Additional complexity:

— Single core component (not replicated) communicates with
multiple groups

— Multiple inputs, multiple output
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.
Control of Packet Flow

« Packets require different processing blocks
— IP requires different microblocks than ARP
— Special packets get handed off to core

« “Dispatch Look” control packet flow among microblocks
— Each thread runs its own dispatch loop
— Infinite loop that grabs packets and hands them to microblocks
— Return value from microblock determines the next step

* |nvocation of microblock is similar to function call
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Dispatch Loop

while (1) {
* Example: Get next packet from input device(s);
— Two microblocks [nvoke ingress microblock;
(ingress + IP) if ( retun code ==0) {
Drop the packet;
} elseif (return code == 1) {

Send packet to ingress core component;
+ else { ™ IP packet ™/
Invoke IP microblock;

if ( return code ==0) {

Drop packet;
+ elseif ( return code == 1) {

Send packet to IP core component;
r oelse {

Send packet to egress microblock;
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e
Dispatch Loop Conventions

« Parameters passed to microblock:
— Buffer handle for frame that contains a packet
— Set of state registers that contain information about the frame
— A variable called dl_next block in which return value gets stored

o State registers:
— Information about packet: length
— Information generated by software: classification result
— Registers can be changed by microblock

 Return values:

— Meaning assigned by programmer

— Conventions: zero = “drop packet”, other values for “pass on”
and “send to core” etc.
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E
Packet Queues

« Packet flow depends on packet data
* Processing time depends on packet data

« Packet movement can’t be predicted
— Microblocks need to continue processing without waiting

 Packets need to be huffered

— “Communication Queues”
— Unidirectional FIFO (yes, really FIFO)
— Bidirectional communication requires two queues

* Also between microblocks and core
— Single queue for all microblock group instances

— Uses exception mechanism “IX_EXCEPTION”
— Exception handler in core determines further steps
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Packet Queue Example

,—{ Stack ACE }

-
ingress ACE IP ACE egress ACE
(core) (core) (core)

t .
StrongARM

microengines
[,

' Y Y

input ingress ACE IP ACE egress ACE output
pﬁrts_{micmblﬂck microblock *_ I microblock * ports
A S A

Tilman Wolf m 11

University of Massachusetts Amherst




S
Crosscalls

e Mechanism for non-packet communication between ACEs
— Similar to remote procedure calls and remote method invocations

« Caller and callee need to agree on parameters
— Interface Definition Language (IDL) specifies details
— IDL compiler creates “stubs” to handle marshaling

* Types of crosscalls
— Deferred: caller does not block, asynchronous notification
— Oneway: caller does not block, no return value
— Twoway: caller blocks, callee returns value
* ACEs are prohibited from twoway calls
— No blocking allowed

* Other control software (non-ACE) may use all types
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SDK

« Software Development Kit:

Software Purpose
C compiler Compile C programs for the StrongARM
NCL compiler Compile NCL programs for the StrongARM
MicroC compiler Compile C programs for the microengines
Assembler Assemble programs for the microengines
Simulator Simulate an IXP1200 to debug code
Downloader Load software into the network processor
Monitor Communicate with the network processor and

Interact with running software

Bootstrap Start the network processor running

Reference Code

Example programs for the IXP1200 that show
how to implement basic functions
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oftware Setup

Figure 3: Linux software configuration for the Intel IXDF 1200 Advanced Development
Platform using only a Windows NT development environment

IXM1200 Network
Processor Base Card

Windows NT
platform

-

Linux

StrongARM Toolchain:

GNU C/C++ cross-compiler under Cygwin
Linux IDE {optional)

Figure 4: Linux software configuration for the Intel IXDFP 1200 Advanced Development
Platform using both Windows NT and Linux development environments

Windows NT

| platform

XM 1200 Network
Processor Base Card
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platform
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e
Simulator

Cycle-accurate simulation of IXP1200

Allows for easy experimentation
— Packet generator
— Visualization for thread behavior, memory accesses
— Runs under Windows
We will use simulator for Lab 2
— Part I: run existing IP forwarding example, collect statistics
— Part Il: make a minor modification for classification
We have lab machines set up for you
— You can also install simulator on your own machine (big!)
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e
IP Forwarding Example

e Full-blown RFC1812-compliant IP forwarding
— Lots of special cases
— Look for main program structure
— 4 uE for IP processing (0-3)
— 3 uE for output queuing (4-5)

* Run program and collect workload statistics
— Thread behavior
— Memory accesses
— Instruction coverage
— Etc.
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r_m:lve(descriptnr_adc Lo m.up
endif - ] tw_ether] O0m_fill v
whuf fremf Snom wferd - 5] sbuf.uc
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Surmrnany | Microengine Al | = buf L
zbuf alloc(%pop =zfer. S| constants.uc
ish i Z] critzect.uc
if (packet buf addr =- Statiztics were gathered starting at cycle 1. S
buf_popi$pop =fer[l ) . ) = LIS
endif &% Show complete it Show customized list z Q drarmn, uc
- 1q E] endian.uc
port_rzrdy_chk{@rdread: Select statistic: Add to Custamize LIStl Z] etheruc
e ESED t_EnterE(Ei'req_lni latency distribution for SDRAR refz returning data ta f4 ;I g] fielduc
Pori_TE TEOUESLITEC TS latericy distibution for SORAM refs returning data to f5 g] ip.uc
. Hatency distibution for SEAKM non-read lock refs reburning data bo fO NEE
#ifdef IEFCI 812 . ( latency distribution for SRAM non-read_lock refs returning data to A1 = |:-:|:|I.||I:|b.uc
tel pori_TE Tecelvel s latency distribution for SRAM non-read_lock refz returning data ko £2 = Wl E
El=e . latency distibution for SRAM non-read lock refs returning data to £3 LI - [E] mem_map.h
port_rx_recelive(ex: B packetquc
#endif < RFCLS12 latericy distribution for SPéaM non-read_lock refs returning data to f0 é T '
npacket_receivedf: Total samples: 122, Min = 0, Max =233, Ave = 38 -~ [E] ports_validcard b
i - - |E] project_config.h
if (packet buf_ addr =- cycles | # of Samples Percent | Cumulative percent = = pf'f [Ech_ o}
buf_waiti): 16 17 1319 1349 g rfifo.uc
#if (FREELIST ID == 17 10 8.2 221 <R re_etherD0m.uc
#definse BASE AT 18 i 0.8 730 ~ 8] seratchouc
telse ME
) | 19 2 16 245 =l sem.uc
#define eval H: nER
#define eval Bi 20 3 25 27.0 — =| sigue
#endif 4 1 0.8 279 ISl sram.uc
.while (Spop _=fer[l 22 3 7.4 2R.2 - ] stdmac.uc
dbuf_pn:up{ Spop_=i 23 3 a5 77 % tifo, L
cendw e
buf_dram_addr_from_ 24 2 1.6 333 é :-:.uch 100 |
nove{descriptor_ade 25 b 41 424 tw_ether! 00m. uc
endif - a5 5 41 475 - ] tw_ether] O0m_fill v
whuf fresl Snom =fer’ s a0 5 41 BE - |E] wbuf.uc
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S main loo

while (1) SR 2 oier Sourcs Fies &

Jf.uc
zbuf_al Select a chip: Mext Dl Frev EI| Mext >EI| Frev >D| | f_l ﬁl I ] nstants.uc
I <unnarned: 7 I beect. U

—

.1f (pa m013_checl_port_end#: cle e
buf Select a micioenaine: n:sr[read 5100091 rec_rdy. rov_rdy_lo], defer[l]. ct=z = )
cendif dine- ERANCH LATENCY FILL OPTIMIZATION: the uword below was "push Am. Lc
! | immed[@rdready_inflight. 0] _1 dianuc
port_r= M!CTDEHQ!HE 1 critzect_exit[@rdready_inflight] coalla el LG
critsec |Micoengine 2 alu_shf[-—-. rec_reg. b. 0.0] : =zhif Id.uc
port_ T M!CTDEHQ!HE a alu shf[—. 1. and. $10009!rec _rdy., :rrindirect] )
Microengine 4 br!=0[m013 port rdyl#]. defer[l] s
#ifdetf Microengine 5 BRANCH LATEHCY FILL OPTIMIZATIOHN: the uword below was "push lib.uc
por immed[@rdready_inflight, O=mffffffff] ilbioe. iz
ftel=s ct®E_arb[voluntarvy] . 1f our p Lrry_map.h
por br[m013_checlk port#] k_t
fendif Select the threads for which pou .endlocal sl
want o see coverage: critszect_enter[@reg inflight] ; bloc . uc
npaclket W Contest 0 [Threadd) nll3_por 1_:_rd1_:,rl# : itz_waldcard. h
nll5 _begin#:

bject_config.h

if (pa ™ Contest1(Thieadl] alul——. ——, b, @req inflight] .
buf, |V Contest 2 [ThreadZ) br«0[mn0l5_end#]. gues=s branch :
#if ¥ Context 3 (Thiead3 ctx arb[vwoluntary] | ether? O0m. e
stz S [ Lsad] br[n015_begin#] ratch.u
tel port_rE_request{rec_req): £ get m.uc
Custormize. . | local 5100100lreq c=r e
move[ 510010 lreq csr. rec _redg) hd )
fen S . U
“wh Reszet Counts | Hrac U
Walues were collected starting at cycle 0. 0.LC
.en e
buf

L

| ether100m. uc b

cendif | ether1 00m_fill.uc
=huf f+ El L.
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ok — - =-E3 .ﬁxxemhlerﬁnur:e Files ;'
v Project Workspace - |E] bufuc
¥ Qubput Wwindow r. 1) % cgnstants.uc
Debug Windows Command Line z C”tiECt-uc
= buf_poplspop = WDLE, =ig_d : T =| CYEIEUC
.Endi? _popl Spop_X= Data Watch sig_done) i i g e
Memory Watch E| endian.uc
port_rzrdy_chk(@rd: Histary *_I‘EEI:' 5 Z] etheruc
critsect_enter[@re hread block other contexts from sendis = figlduc
port_rE request(re Thread Status << get mpacket = .
Cueue Skatus = !p.u_c
#ifdef RFC181Z2 1% Bus Device Status - | E] implib.uc
pPoTt_rE_receiwm 3% B LevIEe LAt ort, rec =tate. ETHER_100K): S get mpacket st - |E] mailboxuc
ftel=s Run Contral ~[E] mem_map.h
port_rE receiveterceporon, rec =tate, ETHEE _100MY: - get mpacket =tatus = k_t
#endif ~-RFCL1E1Z2 ISl PAckER.uC
- |E] portouc
npacket_receivedf: _ - |E] ports_validcard.h
. A walt £ - |E] project_config.h
c1f (packet_buf_ addr == THALLOCATED) nERT
buf_wait(}: é .h 100
#if (FEEELIST ID == o re_esther] Ol uc
#define BASE_ADDE SEAM BUFF_DESCRIFTOR _BASE % soratch.uc
tel=e= - |2 semuc
#define eval HALF BUFFER_COUHT (BUFFER_COUNHT .~ 23 -[B siguc
#define eval BASE ADDE (SEAM EBEUFF DESCREIFPTOER_BASE + (HALF BUFFER_COUHT * 4)) = )
fendif Bl sram.uc
.while (Spop _=fer[0] == BASE ADDR) - | E] stdmac.uc
buf _pop({$pop_=fer[0]. FREELIST HANDLE, ctx_swap): A7 1f no 1 % tifo.uc
.endw e
buf_dram_addr from_sram_addr{packet_buf_addr, Spop_xfer[0]. FEEELIST HAHDIE:: é t:-:.uc;h - |
movel{descriptor_addr, Spop _=fer[0]): = e m.up
cendif - | E] te_ether! 00m_fill.uc
whuf fresel Snomn =far) - _ILI - | E] =buf.uc
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Lab 2

« Part I: Collect statistics
— Microengine utilization for all microengines
— Detailed statistics of one thread from uk 0 and one from uE 5
— Processing power of microengines (in MIPS).
— Memory utilization and bandwidth.

— Latency distribution for SDRAM refs for microengine 0 and
SRAM non-read_lock refs for microengine 0. Show a graph.

— Show a screenshot for the thread history that shows overlapping
SRAM and SDRAM requests by the same microengine.

— ldentify the overall delay for either request (in cycles). What
factors contributed how much to the overall delay?

« DUE NEXT TUESDAY.
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S
Lab 1 Results

Grading: 20 points total

— Results: 10 points

— Code: 3 points

— TCP state machine + explaination: 2+1 points
— |IP and TCP headers: 1+1 points

— Report (written content): 2 points

Average: 16.6
Max: 20
Min: 14

Tilman Wolf m 31
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Next Class
e Microengine programming
— Assembler
— Instructions

— Register access
— Assembler directives
— Etc.

 Read Chapter 24
e Turnin Part| of Lab 2

Tilman Wolf m 32

University of Massachusetts Amherst
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