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Software programmable “actions”
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1.3 — PISA differences

Mix of SRAM and TCAM for: lookup tables,
counters, meters, Bloom filters

ALUs for: Standard boolean and arithmetic
operations & add/delete fields, hashes
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We don’t want “atomic” action on a packet going on a pipeline. Instead, we want to collect all the matches for the
packet and then arrange the code to perform the desired actions optimizing the hardware.

Match

Programmable Parser

Gatherer

Scheduler

Action
Performer
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Static 8-issue microprocessor (VLIW)

32bit dataplane

32x32bit general purpose registers and 32x1bit branch registers
VHDL described

Branch prediction

Lane forwarding
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Tor Vergata
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gr_7_data_read[31:0] & br_0_data_read

8 * gr_X_add_read[4:0] & 8 * br_X_add_read[4:0]

To DATA BUS
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Lane Forwarding
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gr_x_data_read[31:0] dbus_add_x_read[31:0] |
I i

gr_x_add_wrt[4:0]
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» dbus_add_x_wrt[31:0]

dbus_data_x_read[31:0]
P dbus data x wrtl31:01
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The instruction set is somehow derived from the one of the MIPS (altough has been enriched

with specific instruction to handle branches).

At the current development phase, the compiler toolchain is missing (we “manually” write the

bytecode in the instruction memory)

We are working on an assembler that works with a C compiler for VLIW from HP(not

opensource sadly).
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To ease the task of implementing the PMP, we provide a complete PMS (Packet Manipulator
System) wich includes:

* PMP Core

* AXI-S Input interface
e AXI-S Output Interface
* [nstruction Memory

* Toolchain (Would be nice to have one actually © )
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Input arbiter PMP Bus
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(, \\
dbis_0_wrt_data[31:0] Simply concatenates ALL the outputs of the store units.
, - =
! \
dbus_1_wrt_data[31:0] Can be addressed with word-alignement to obtain 40320 permutations in TDATA
? ’ - And in TUSER.
! dbus_2_wrt_data[31:0] - BRAM Out. Quete
! dbus_3_wrt_data[31:0]
' i P-| Master MO_axis_tdata[255:0]  /
| ; TDATA — >
' dbus_4_wrt_data[31:0] . Interlock v ,"
. dbus_5_wrt_data{31:0]
 dbus_6_wrt_dat[31:0] ’ )
\ ; = dbus_O;_'wrt_data[ﬁa‘:U]
dbus_7_wrt_data[31:0] \ o
N > dbus/1_wrt_datal1 5:0]
o ",I 00 4" ‘||
:r dbu§_2_wrt_data[15:0]‘.\ . BRAM Out. Queue
E dbus_3_wrt_data[15:0] |
| ’ E »- Master MO_axis_tuser[127:0] K
; ; i TUSER — >
. dbus_4_wrt_data[15:0], Interlock v
: ‘. : >
E dbus_5_wrt_data[15:0]; -
i dbusi‘.Tﬁ_er_data[1 5:0] __
| dbus_7_wrt_data[15:0]
E PMP Bus
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One instruction (= 8 syllables) per clock cycle

3-stage pipeline for each lane

3 clock cycle delay

1 clock cycle branch penalty

Heavy use of prefetch (data to be used in decode stage are required in fetch stage...)

256 bit parallel load/store in one clock cycle (ideal for AXIS NetFPGA-SUME data interface®©)
Lane forwarding to avoid penalty arising from the pipes (if data required is the same as the
one currently in writeback, the data is forwarded in an earlier stage of the lane to avoid data

hazards)
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ame
MNarme 25,820 ns 25,835 ns 25,5840 ns
A A A U

| | |
620a05d608bScas E5dE05h Scaa 6065 00400 1 5002001
1

ooooooooooooond GOo00G00000000000000G00000000000000000R000000A000000R0A0000000000
"™ dbus_data_out_0_s[31: Qoooo000 | felelelelelele] S5420c00
" dbus_data_out_1_s[31: Q00O0000 ielelelelelele] 21009539
"™ dbus_data_out_2_s[31: Qoooo000 felelelelelele] S53751le52
"™ dbus_data_out_3 s[31: Qoooooo0 Telelelelelele] OR4ASE06E
™ dbus_data_out_4_s[21: Ooooo000 elelelelelele] b150b=00
"™ dbus_data_out 5 _s[31: QoQo0oo0 iTelelelelelele] QEGe 0040
" dbus_data_out_&_s[31: ooo0oO000 Jelelelelcle]e] OSbScaas
"™ dbus_data_out_7_s[31: Qoooo000 elelelelelelc] E30af5dE
wlclbus data_in_0 = 3542 ] [T\ (TN
"™ dbus_data_in_1_s[31:0] 36420c00 |_||_||_ui_||_||_||_||_| S5420c00 EREEEE]
" dbus_data_in_2_s[31:0] IGA20c00 uuuti_luuuu 3642000 B7EleS9
"™ dbus_data_in_3_s[31:0] 36420c00 |_||_||_ui_||_||_||_||_| S5420c00 B4AS0005
"™ dbus_data_in_4_s[31:0] 36420c00 uuuﬂJuuuu 35420c0l LS8baBn
"™ dbus_data_in_5_s[31:0] 36420c00 uuuti_luuuu S5420c00 E5e 0040
"™ dbus_data_in_6_s[31:0] 26A20c00 Lluuﬂ,luuuu SE420c00 EbScaas
" dbus_data_in_7_s[31:0] 26420c00 NN (RN, 3542000 BO=O5d&
"™ dbus_addr_read_0_s[31 Q0000000
"™ dbus_addr_read_1 _s[31 00000000 B DEOOOEL
"™ dbus_addr_read_2_s[31 Q0000000 b PEEOOEZ
"™ dbus_addr_read_3 s[31 Q0000000 elele] Jele]ile POEOBEES
"™ dbus_addr_read_4_s[31 Q0000000 b PEEOoE4
"™ dbus_addr_read 5 s[31 Q0000000 elele] Jele]ile POEOEES
™ dbus_addr_read_&_s[31 eToToToToToToTe} : elclelelelel=
"™ dbus_addr_read_7_s[31 Q0000000 ]ele] Jole]ls PEE0OET
m dbus_add_wrt_0_s[31:0] ooooo000
™ dbus_add wrt_ 1 =s[31:0] Qoooo000 JelcleTeleleTe] 0E0EEEA1
" dbus_add wrt_2 =[31:0] Q00O0000 ielelelelelele] 0000002
™ dbus_add wrt_3 s[31:0] Qoooo000 JelcleTeleleTe] 0E0EREAS
"™ dbus_add wrt_4 s[31:0] QoQo0oo0 iTelelelelelele] [elc[eleeelcr:]
™ dbus_add_wrt_S_s[31:0] oo0oo000 elelelelelele] 0E00R00S
"™ dbus_add wrt_6_s[31:0] QoQo0oo0 iTelelelelelele] [elcleleeec =]
" dbus_add_wrt_7_s[31:0] 0o000000 Jelelelelcle]e] 00oo0ooa7
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1. 5lice Logic

2. Memory
o ———_————— +————— +—————— +—————— - +
| Site Type | Used | Fixed | Available | Util% |
———————— +—————— +—————— Fm—————————— e + e . o I e +
| Slice LUTs* | 3224 | @ | 433200 | @.74 | | Site Type | Used | Fixed | Available | Util% |
| LUT as Logic | 3224 | | 433208 | 8.74 | — —— — — — +
| [LUT as Memory I @ | @ | 174200 | 8.0 | | Block RAM Tile | a4 | B | 1478 | 2.99 |
| S1Ice Registers [ 1278 | g BEood00 | B.15 | | RAMB36/FIFO# | 44 | B | 1470 | 2.99 |
| Register as Flip Flop | 1278 | B | BEG4BB | B.15 | | RAMB3IGE1 only | 44 | | | |
| Register as Latch | B | B | BoodBE | B.e8 | | RAME1R | g | B | 2040 | 0.08 |
| F7 Muxes | 112 | g | 216600 | 9.85 | e M e e e N
| FE Muxes | B | B | 108300 | B.80 |
+—— +————— +—————— +———— +————— +

Very small HW footprint!
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Clock Summary

@, __Mame | Waveform | Period (ns) | Freguency (MHz) |

E_IJ —master {0.000 2,000} 4,000 250,000

="}

e

Design Tirming Surnrmary

Setup Hold
Worst Negative Slack (WNS): 0,677 ns wiorst Hold Slack 0.020 ns
Total Megative Slack (TNS) 0,000 ns 0,000 ns
mMurnber of Failing Endpoints: 0 ]

27423 27423
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Total Mumber of Endpoints:

All user specified timing constraints are met.

interface!

Pulse Width

Worst Pulse Width Slack (WPWS):

Total Pulse Width Negative Slack (TPWS):
Hurmber of Failing Endpoints:

Total Mumber of Endpoints:
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Fully synthesized at 250MHz!
Way over 156.25MHz needed for in-out

1.3265 ns
0,000 ns
o]

7736



Provide a complete toolchain for the PMP
Porting of the ISA to RISC-V

Adding more network-specific instruction (eg. Checksum recalculation)

OOOOOOOOOOOOOOOO

pltlm



https://bitbucket.org/marco spaz/pmp

https://riscv.org/
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https://bitbucket.org/marco_spaz/pmp
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This project has been developed within the European project Superfluidity.

Thanks for your attention!



