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add x y z =

X+y+2z

gource

N

x56



etba_info: ; Code for helper (\a b > asb)
Letbo: ; Check for ctack cpace
leag —‘/0(%rbp},%rﬂx
empq K15, Zrax
Jb LeTbp ; Jump if ctack full
Lebg: ; Reduce helper
movg Sctq_upd_frame_infe,~16(%rbp)
movg %rbx‘—i’(%rb/’]
movg 16(%rbx),Grax : Load a & b from heap
movqg 24(%rbx), %rbx
movl $base_ GHCzilum_zdfNumInt-closure, §r14d
5 Puch ‘a+b " onto ctack
movg .}‘;tg,ap,pp, info,- ‘/0{%»*6/})
movg %mx,—iz(%rb/’/
movq %rbx;Z#(%rbp}
addg $-40,%rbp
Jmp base_ GHCziNum_zp_info ; Enter
Le1bp: ; Ak RTS for stack space
Jmp “16(%r13)
Add_add_info: - Code for “add
Letbr: ; Check for stack cpace
leag -24(%rbp), %rax
empq Sr15, Brax
Jb LeTbs ; Jump if ctack full

add x y z =

X+y+z

goukce

Le1bt: ; Check for heap space

addg $32,5012
empq 555{%r13},%r72
Ja-Leby ; Jump if heap full

Letbu: ; Peduce “add’

i7 Build “x+y" thunk on heap

movq $cTbainfo,-24(%r12)

movg %r14,-5(%r12)

movg Grei(%r12)

leag -29(%¥12), %rax

movl $base_ GHCzilum_zdfMNumInt-clocure, 5r14d
57 Push “thunk+z' to stack

movg fg‘ty,ap,pp,r‘hfa,-Z‘/(%rbp}
movq %mx,46(%rb/>)

movq Grdi-5(%rbp)

addg $-24,%rbp

Jmp base_GHCzifum_zp_info ; Enter

Lebv: ; Ack RTS for heap space

movg $32,904(%r13)

Letbe: ; Ack RTS for stack space

movl $Add_add_clocure, Yebx
Jmp “8(%r13)



Heron
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A graph reduction processor.
Performs template instantiation in one clock

eycle via multiple, wide, multi-ported memoriec.

' Ramsay and Stewart, ‘Heron: Modern Graph Reduvction Hardware’.
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Jemplate example

enumFrom == Int -> [Tnt]
enumFrom n = let m = n + 7
ne = enumfFrom m

" C’am‘ nne

{

let  APP | ARG True 0, PRI 2 +, INT 7]
APP | FUNTrue 10, VAR False 0, ]

in  APP | CON 2 o, ARG True 0, VAR False 1 |



Primitive §’ Tock

template ptr

AU AU =
Update Stack Reduction Stack
PRS Reg
(stack size, ptr) P—06
/% P—5
P — 4
Y P — 3
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—y
Control (sgic

[T

Case Alt Stack
AddrB DataB
AddvA DatoA Data Addr
[ Heap ] [ Templates ]



Primitive Stack
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Primitive Stack
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Update Stack PReduction Stack
PRS Reg
Tstack size, ptr) ‘ ] g
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Primitive Stack
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Update Stack Reduction Stack Atoms
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Primitive Stack

template ptr
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Primitive Stack

Update Stack
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...But what about
heap u,bc(atec?



ALY ALY frimitie <t Avoid moct updates via
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run-time charing Ana/yf/c/
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Primitive Stack

int

Update Stack

PRS Reg

Reduction Stack

(stack size, ptr) - 4 P— 6
] =%
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p P — 3 hef— 1
p P — 2 hef— 1
P T .
Template ptr
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AddrB DataB
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Avoid most updatec via
run-time charing ana/yf/g'./

Atoms

~ One-bit

reference counting!



Reference counting

Cazy reclamation

Deferred reference counting

Mark-and-cweep

[\

Concurrent
Copying

tracing

-

Generational



Lazy reclamation Copying

Deferred reference counting Generational



Software for Concurrent GC

1790
Real-Time Garbage Collection on General-Purpose
Machines
Taiichi Yuasa
Reseurch Intite or Mathematica Siencs, Kyoto Univesit, Kyoto, Japun

{

2020  Alligator Collector: A Latency-Optimized Garbage
Collector for Functional Programming Languages

Ben Gamari Laura Dietz
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Software for Concurrent GC

7970

2020

Real-Time Garbage Collection on General-Purpose
Machines

Taiichi Yuasa

Kvoto. Japan
Alligator Coll A Latency-Optimized Garbag
Collector for Functional P ing L

Ben Gamari




C/aaca

noun [ C ]
[kloh-ah-kub/

A concurrent hardware

garbage coflector for Heron

'Ramsay and Stewart, “Cloaca: A Concurrent Hardware Garbage Collector for Non-ctrict Functional (anguages”
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noun [ C ]
[kloh-ah-kub/

A concurrent hardware

garbage collector for Heron

Ramsay and Stewart, “Cloaca: A Concurrent Hardware Garbage Collector for Non-ctrict Functional (anguages”
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Reduction Core

Memory Management

Mutation
e
Bubble

Requect
Reg

Heap

(_M

RAM
(read-first mode)

data GC Node
= Freelict Addr
| Worklist Addr
| Marked

| Unmarked




write a x = do

Reduction Core Memory Management

— Mutation

y <= readMem a

writeMem a x

bb
Bubble 2es Lo pure y
Request Reg— (read-first mode
A
_ MNext frees
5 [data 6C Node |
= Freelist Addr
| Worklist Addr
[ | Marked
Hea,b | Unmarked

J |
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Which Architectures?

Heron GHC + Intel iz 12500/
Platform Xilinx Alveo (/280 Performance Power-caver
Clock 185 MH= 4.7 GH= ~2 GH-
Power est. 0.8W/ dynamic + Cores 15 W or Cores 2W/ or
3.1 W Static’ Package 16 W Package 6 W

1 Heron only occupiec 1.13% of any resource type though!



Platform
Clock

Power est.

Fabrication

Which Architectures?

Heron GHC + Intel iz 12500/
Xilinx Alveo (/280 Performance Power-caver
185 MH= 4.7 GH= ~2 bz
0.8W/ dynamic + Cores 15 W or Cores 2W/ or
3.1 W Static’ Package 16 W Package 6 W
16 nm (FP&A/) 70 nm 70 nm

1 Heron only occupiec 1.13% of any resource type though!



Wall-clock timee ve GHC -02
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Heron median = 1.30

Normalised
wall-clock time

W GHC + i2-12500) @ 4.7 GH=I GHC + i7-12500) @ ~ 2 GH-I0 Heron @ 185 MH=




Normaliced

wall-clock time

Wall-clock timee ve GHC -00

Heron median = 1.06

B GHC + i7-12500) @ 4.7 GH-I0 GHC + i7-12500) @ ~ 2 GH-[ Heron @ 185 MHz
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Conclusion

A tiny template instantiation core nearly keepe vp with a modern CPl/
running at x10 cpeed!

Assicted by a fully concurrent GC (moduls = 20 cycles per pass).
(ays a path towards a cingle-chip multi-core architecture.

We want to see more research towarde cuctom FP architectures!
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